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agents that cannot safely be stud-
ied anywhere else, such as patho-
gens that can be transmitted with-
in a laboratory through the air. 
This level of biosafety is often re-
quired for the development of di-
agnostic tests, therapies, and vac-
cines and as the starting point for 
work on newly recognized agents 
whose risks have yet to be estab-
lished.1 At the same time, these 
laboratories are seen as potential 
targets of a terrorist attack or as 
possible sources of the very con-
tagions that their researchers seek 
to prevent. Some cities and regions 
want no part of such laboratories 
(for example, a facility was built 
in Toronto that never went “hot”) 
despite their extensive and redun-
dant safety features.

A biosafety level 4 laboratory 
is a box within a box — a sealed 
environment within a larger build-
ing (see diagram), buttressed by 
strict security measures. Since mid-
2004, one such laboratory, 2000 ft2 
in size, has operated in the mid-
dle of a medical school campus, 
at the University of Texas Medi-
cal Branch (UTMB) in Galveston 
(see photo). Led by David Walk-
er, chair of the pathology de-
partment, planning for the facil-
ity began at UTMB in the 1990s 
— years before the attacks on 
September 11, 2001, and before 
emerging infectious diseases and 
bioterrorism became widespread 
concerns. Walker explained the 
rationale to me when I visited the 
university; it is to allow deadly 

pathogens to be studied with 
the same rigor as are other or-
ganisms.

The pathogens currently un-
der study include the viruses that 
cause hantavirus pulmonary syn-
drome, a public health problem in 
North and South America; virus-
es that cause tick-borne encephali-
tis; Crimean–Congo hemorrhag-
ic fever virus, a bunyavirus found 
in Asia and Africa; and Rift Val-
ley fever virus, another bunyavirus 
found in Africa. Work is also focus-
ing on avian influenza A (H5N1) 
virus, the arenavirus that causes 
Lassa fever, and other arenaviruses 
that are found in South America.

Named after Robert Shope, the 
eminent virologist who worked 
at UTMB from 1995 until his death 
in 2004, the laboratory contains 
areas for research involving cell 
cultures; research in animals, such 
as mice, hamsters, and guinea 
pigs; and necropsies. For example, 
H5N1’s ability to combine with 
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R esearch conducted at biosafety level 4, popu lar-
ly known as the hot zone, continues to be 

both revered and feared. Biosafety level 4 laborato-
ries are the places to study dangerous and exotic 
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other influenza virus strains that 
infect humans will be studied in 
cell culture. Testing of its suscep-
tibility to antiviral medications 
should begin this month in fer-
rets, the animals thought to best 
reflect humans in terms of influ-
enza infection, according to Slo-
bodan Paessler, the project lead-
er for these tests.

Biosafety laboratories are found 
at many institutions. Biosafety 
level 2 is for agents presenting a 
moderate risk; level 3 is for patho-
gens of greater risk that can cause 
lethal infections and that can be 
transmitted through the air. The 
first biosafety level 4 laborato-
ries in the United States were at 
the U.S. Army Medical Research 
Institute of Infectious Diseases 
(USAMRIID), at Fort Detrick in 
Frederick, Maryland, and the Cen-
ters for Disease Control and Pre-
vention (CDC) in Atlanta. Today, 
there are five such laboratories 
(see map). Existing facilities are 
being upgraded, and additional 
facilities are under construction. 

New laboratories at the CDC will 
more than triple their biosafety 
level 4 space. A new USAMRIID 
facility is planned. In September 
2003, the National Institute of 
Allergy and Infectious Diseases, 
using money appropriated by Con-
gress after the anthrax attacks of 
2001, funded two national biocon-
tainment laboratories: the Galves-
ton National Laboratory at UTMB 
and the National Emerging In-
fectious Diseases Laboratories at 
Boston University Medical Cen-
ter, in Boston.2

The $167 million Galveston Na-
tional Laboratory is being built 
on the UTMB campus, immedi-
ately adjacent to the Shope Lab-
oratory (see photo), and is expect-
ed to open in 2008. It will contain 
63,000 ft2 of laboratory space, in-
cluding about 12,000 ft2 classi-
fied as biosafety level 4, and will 
be surrounded by a 200-ft security 
perimeter from which private ve-
hicles will be excluded. In general, 
the Galveston project has had the 
support of the community, largely 

because of the extensive ground-
work that had been laid during 
the planning and construction of 
the current laboratory. By contrast, 
there has been substantial com-
munity opposition in Boston. On 
December 9, 2005, the final en-
vironmental impact statement for 
the Boston University laborato-
ries was published in the Federal 
Register. A “record of decision” 
is expected soon. If the decision 
is favorable — and a building 
permit and state building-code 
variances are approved — con-
struction could start as early as 
February 2006 and be completed 
in 2008.

The city of Galveston is a bar-
rier island in the Gulf of Mexico 
with a population of nearly 60,000. 
The Shope Laboratory is housed 
in a windowless three-story pa-
vilion that is attached to a larger 
research building (see photo) and 
is designed to withstand the bat-
tering it might receive in a hurri-
cane-prone area. The facility’s ap-
proximately 60 concrete pilings 
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Cross-Sectional Diagram of a Biosafety Level 4 Laboratory (BSL 4 Lab).

Safety cabinets may recirculate HEPA-filtered air to the laboratory air space or exhaust air directly through HEPA filters. Adapted 
from Smith Carter.
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extend 120 ft into the ground, and 
both building and laboratory have 
concrete walls 10 in. thick.

The laboratory is surrounded 
by a secure “buffer zone,” from 
which windows look into the lab. 
The air is under negative pressure 
so that it will not escape. All doors 
and other openings in the walls 
are sealed so that air would be 
contained even in the event of a 
complete power failure. Both in-
take and exhaust air are rendered 
noninfectious by means of high-
efficiency particulate air (HEPA) 
filters: intake air is filtered once 
to protect against back drafts, and 
the exhaust air is filtered twice. 
Material that leaves the laboratory 
is rendered noninfectious through 
processes such as autoclaving or 
by “cooking” liquid waste. The ex-
ception is biologic materials that 
need to remain viable or intact. 
These are transferred in sealed 
containers, such as plastic freezer 
vials or glass ampules, which are 
enclosed in a second unbreakable 
container and removed through 
a “dunk tank” filled with disinfec-
tant or passed through a fumiga-
tion chamber.

Charles Fulhorst, a veterinarian 
and associate professor of pathol-
ogy at UTMB who has extensive 
experience with biosafety level 4, 
explained, “There is nothing that 
can go wrong in a lab like this 
that will ever get outside. The ex-
ception is if somebody intention-
ally takes something, if they put 
a vial in their pocket and keep 
walking. So we depend on the high 
integrity of those selected to work 
in biosafety level 4 laboratories.”

In the laboratory, all person-
nel wear full-body positive-pres-
sure “space suits” that are connect-
ed by tether hoses to a common 
air supply. Research is conducted 
within specialized areas known 
as “biological safety cabinets,” 

which contain aerosols by creat-
ing a curtain of airflow away from 
the open laboratory space and by 
filtering any aerosols generated 
inside the cabinet. Not infrequent-
ly, researchers who pipette a vi-
rus create an aerosol. Infected an-
imals are also constantly shedding 
viruses, so their cages are opened 
only inside a safety cabinet. In the 
animal room, each cage has an air 
supply with HEPA filtration so 
that animals in different experi-
ments are prevented from infect-
ing one another. The laboratory is 
designed to remain virtually ster-
ile at all times and to keep the air 
safe for breathing.

In 1900, Galveston was large-
ly destroyed by one of the dead-
liest hurricanes in U.S. history. So 
in September 2005, as Hurricane 
Rita bore down on the Gulf Coast, 
the UTMB research staff followed 
the procedures they use whenever 
the Shope Laboratory is brought 
down for annual maintenance. 
They secured and fumigated the 
laboratory after destroying all in-
fectious cultures and euthaniz-
ing the animals. Culture stocks 
were maintained in plastic vials 

in padlocked freezers that were 
sealed with duct tape and protect-
ed by dry ice or liquid nitrogen 
and backup generators. In the end, 
the power remained on, and the 
laboratory sustained no damage, 
although the work that was in 
progress had to start over, at ad-
ditional expense.

Biosafety level 4 research is 
slower, more physically demand-
ing, and more expensive than com-
parable research that can be con-
ducted at lower biosafety levels. 
The CDC designates many of the 
pathogens that are worked with 
at level 4 as “select agents,” which 
are subject to strict legal require-
ments for possession, use, and 
transfer — rules that complicate 
the research process. 1,3 For ex-
ample, researchers must register 
with the government and be ap-
proved. Merely entering or leav-
ing the facility is not a trivial 
matter. The exit procedures take 
about 30 minutes and include a 
chemical shower to decontami-
nate the surface of the suit, fol-
lowed by a body shower after 
the suit is removed. In the labo-
ratory, the full-body suits and 

research in the hot zone

The Galveston National Laboratory under Construction on the Campus 
of the University of Texas Medical Branch, October 2005.

The arrow shows the location of the Robert E. Shope Laboratory, a biosafety level 4 facil-
ity that has been operational since mid-2004. 
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protective gloves, which are simi-
lar to dishwashing gloves, limit 
manual dexterity. Researchers use 
cameras and video monitors 
when direct observation is diffi-
cult, sometimes looking at a 
computer screen rather than into 
a microscope. As they move be-
tween different areas, researchers 
disconnect and reconnect their 
space suits from the central air 
supply. Extensive training is re-
quired — to master the environ-
ment and to perform research pro-
cedures safely. The researchers 
themselves face immediate risks, 
such as needle sticks, cuts dur-
ing necropsies, or infections from 
aerosols.

In the Shope Laboratory, the 
air supply is sufficient for only 
four people at a time. The Galves-
ton National Laboratory, which 
is expected to have annual oper-
ating costs of $20 million or more, 
will support a greater volume of 
research, provide space for more 
sophisticated research tools, and 

have a focus on applied research 
and product development. Stanley 
Lemon, the principal investigator 
for the laboratory, expressed the 
hope that in five years “we actu-
ally are doing the kind of research 
with agents like Marburg and 
Ebola that can lead to practical 
vaccines.” According to Scott Weav-
er, a virologist and director for 
tropical and emerging infectious 
diseases at UTMB’s Center for 
Biodefense and Emerging Infec-
tious Diseases, perhaps the best 
example of the anticipated tools 
is magnetic resonance imaging 
of animals, such as macaques and 
other primates. This imaging will 
enable researchers to visualize 
disease processes in vivo over 
time. Such studies will replace 
some experiments in which ani-
mals are sacrificed daily or ev-
ery several days so that necrop-
sies can be performed to examine 
their tissues.

The rapid expansion of bio-
safety level 4 research in the Unit-

ed States has left unanswered 
questions. There is debate about 
whether the current federal invest-
ment in building and upgrading 
laboratories is excessive, inade-
quate, or on target, relative to 
spending on other public health 
priorities. There is uncertainty 
about the level of ongoing gov-
ernment support for operations, 
for the training of researchers, 
and for research. Training more 
researchers who can safely work 
with deadly pathogens may also 
increase the likelihood that one 
or more will be sympathetic to a 
terrorist organization or misuse 
their expertise in other ways.4 
The risks associated with biosafe-
ty level 4 laboratories, including 
those to the researchers and to 
the surrounding communities, 
can be greatly minimized, but 
they can never be eliminated en-
tirely. Nonetheless, a research en-
terprise that seeks scientific un-
derstanding of deadly pathogens, 
as well as effective diagnostic 
tests, therapies, and vaccines, 
needs facilities that are up to 
the task.

Dr. Steinbrook is a national correspondent 
for the Journal.
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Biosafety Level 4 Laboratories in the United States.

The laboratories in Atlanta are at the Centers for Disease Control and Prevention and 
Georgia State University; the latter is a “glove-box” facility, in which the researcher’s 
body remains outside the part of the containment area that is classified as level 4. The 
laboratories in Frederick, Md., are at the National Interagency Biodefense Campus at 
Fort Detrick.
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Bioterrorism — Preparing to Fight the Next War
David A. Relman, M.D.

bioterrorism — preparing to fight the next war

The United States has become 
preoccupied with the threat 

of bioterrorism — the potential 
for the poisoning of the milk sup-
ply with botulinum toxin, the hy-
pothetical dissemination of small-
pox by self-infected terrorists, the 
possibility of a massive release 
of aerosolized anthrax spores in 
the subway, even the newly raised 
specter of misuse of a reconstruct-
ed 1918 influenza virus. These 
concerns have had important con-
sequences for the biomedical re-
search agenda, funding priorities, 
and the regulatory environment.

In fiscal year 2003, $1.5 billion 
was allocated for biodefense re-
search to the National Institutes 
of Health (NIH). These new re-
search dollars, which have been 
reallocated yearly, now account for 
roughly one third of the budget 
of the National Institute of Allergy 
and Infectious Diseases (NIAID) 
at the NIH. Although some of 
these funds are intended for the 
study of emerging infectious dis-
eases, unprecedented attention is 
being paid to pathogens that 
currently cause rare diseases. For 
example, the number of NIH 
grants for work on Francisella tula-
rensis increased from 4 in 2001 to 
71 in 2003, although there are 
only 100 to 150 cases of tulare-
mia in the United States each 
year; in October 2005, $60 million 
was awarded by NIAID for work 
on new tularemia vaccines.

Government concern about bio-
terrorism has also led to new fed-
eral restrictions on the handling 
of infectious agents; such rules 
have hampered both the ability 
of U.S. researchers to participate 
in international collaborations and 

efforts to train foreign scientists 
in this country. All these chang-
es reflect a radical shift in the 
political and social climate — a 
shift highlighted by the incar-
ceration in 2004 in federal prison, 
on charges of improper handling 
of Yersinia pestis, of Dr. Thomas But-
ler, chief of infectious diseases at 
Texas Tech University and an ex-
pert on plague.

How well founded is this height-
ened concern about bioterrorism? 
If it is justified, how can we best 
allocate our intellectual, techni-
cal, and financial resources, giv-
en the imminent dangers from 
avian influenza and other natural 
threats? On what principles should 
we build a biodefense strategy?

Policymakers weighing the like-
lihood and dangers of bioterror-
ism tend to seek guidance from 
a past era of large, state-sponsored 
bioweapons programs that used 
industrial-scale processes, empha-
sized quality control, and based 
their projections of use on tradi-
tional military doctrine. The lead-
ers of those programs that then 
viewed biologic agents as credi-
ble strategic weapons believed 
that a few particular agents had 
the most potential for use and saw 
the technology for preparing and 
delivering those agents as an es-
sential component of a weapons 
program.

But we cannot assume that the 
logic behind biowarfare programs 
of the past will guide future mis-
uses of the life sciences. Indeed, 
the lessons of this history can be 
dangerously misleading. First, the 
notion that only a certain few 
agents pose a plausible threat is 
largely an artifact of weapons pro-

grams that predated our current 
knowledge of molecular biology 
and that selected agents on the 
basis of their natural properties 
and the limited technical expertise 
then available. Among the agents 
that remain on today’s threat lists, 
anthrax and smallpox make par-
ticularly compelling weapons, but 
as science and technology advance, 
the number of worrisome agents 
is expanding greatly.

Furthermore, large-scale indus-
trial processes are not necessary 
for the development of potent bio-
logic weapons. Increasingly, the 
means for propagating biologic 
agents under controlled conditions 
are being made accessible to any-
one. Even our traditional concept 
of “weaponization” is misleading: 
nature provides mechanisms for 
packaging and preserving many 
infectious agents that can be 
manipulated through biologic and 
genetic engineering — for exam-
ple, by enhancing the virulence of 
naturally sporulating organisms. 
Materials science and nanoscale 
science — advances in encapsu-
lation technology, for instance — 
will provide new ways to package 
such agents. And self-replicating 
agents that are highly transmis-
sible among humans, such as va-
riola virus and influenza virus, 
need little or no alteration in order 
to be disseminated efficiently by 
terrorists.

Nor should we presume, on 
the basis of history, that when bio-
logic agents are used deliberately 
and maliciously, they are capable 
of causing only relatively limited 
harm. The large biologic-weapons 
programs of the late 20th centu-
ry were never unleashed. And the 
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use of such weapons by smaller 
groups, such as the Aum Shinri-
kyo cult, has been relatively un-
sophisticated — far from repre-
sentative of what moderately well 
informed groups might do today. 
The consequences would have 
been far more dire, for example, 
had the anthrax spores circulated 
in the U.S. mail in 2001 been dis-
seminated by more effective routes. 
Tomorrow’s science and technol-
ogy will present a new landscape 
with features that are both wor-
risome and reassuring: the meth-
ods and reagents used for re-
verse-engineering a novel virus, 
for instance, can also be used to 
engineer a vaccine against it.

New insights into biologic sys-
tems are emerging rapidly, and 
new tools for manipulating these 
systems continue to be devel-
oped.1,2 Information is now dis-
seminated globally, many relevant 
procedures require far fewer re-
sources than ever before, and 
much life-science technology has 
been miniaturized. Today, any-
one with a high-school education 
can use widely available protocols 
and prepackaged kits to modify 
the sequence of a gene or replace 
genes within a microorganism; 
one can also purchase small, dis-
posable, self-contained bioreac-
tors for propagating viruses and 
microorganisms. Such advances 
continue to lower the barriers to 
biologic-weapons development.3,4

So far, nature has been the 
most effective bioterrorist. In the 
future, however, the ability of ex-
perimenters to create genetic or 
molecular diversity not found in 
the natural world — for example, 
with the use of molecular breed-
ing technologies — and to select 
for virulence-associated traits may 
result in new biologic agents with 
previously unknown potency. Al-

though such agents may not 
survive long in the natural world 
and could, from an evolutionary 
standpoint, be dismissed as poorly 
adapted competitors, they may 
prove extremely destructive dur-
ing their lifespan.

In devising a robust biodefense 
strategy, a key challenge will be 
to define the optimal balance be-
tween fixed and flexible defenses. 
The Maginot Line built by the 
French in the 1930s serves as a 
symbol of static defenses designed 
to protect against known threats. 
Although these elaborate fortifi-
cations bought the French some 
time, the advancing German army 
maneuvered around them. Simi-
larly, the creation of static de-
fenses can be justified for clear, 
imminent, and potentially cata-
strophic biologic threats — in-
cluding avian influenza virus 
and prominent drug-resistant bac-
teria, such as Staphylococcus aureus, 
as well as anthrax and smallpox. 

For the vast array of other po-
tential threats, however, we should 
invest even more in f lexible, dy-
namic defenses, which will rely 
on integrative science, new in-
sights into biologic systems, and 
advancing technology. We need 
methods and technologies that 
can generate effective diagnos-
tics, therapeutics, and prophylac-
tics against a new or variant infec-
tious agent within days or weeks 
after its characterization.

Lists of specific agents and the 
scrutiny of past events can inhibit 
creative thinking about univer-
sal tools and generic approaches 
for a dynamic world. A robust bio-
defense plan must be anticipato-
ry, f lexible, and rapidly respon-
sive. It should exploit crosscutting 
technologies and cross-disciplin-
ary scientific insights and use 
broadly applicable platforms and 

methods that offer substantial 
scalability. Examples include the 
use of “lab-on-a-chip” technolo-
gy, based on advances in micro-
fluidics, for rapid, sensitive, point-
of-care diagnostics; computational 
approaches for predicting drug–
ligand interactions; genomic tools 
such as microarrays and genome-
wide screening for protective an-
tigens; and automated robotic sys-
tems for rapid, high-throughput 
drug screening and the scale-up 
of vaccine production. Efforts to 
understand microbial virulence 
should emphasize the study of 
mechanisms and structures that 
are shared by a variety of agents.

Given the importance of early 
intervention, a greater emphasis 
should be placed on approaches 
to diagnosing diseases early and 
specifically. We need such tools 
now for naturally occurring mi-
crobial diseases, if only to reduce 
the inappropriate use of antibiot-
ics. For example, analyses of host 
responses to infection in which 
advanced mass spectroscopy or 
DNA microarray technology is 
used to assess patterns of pro-
tein abundance or genome-wide 
patterns of transcript abundance 
may lead to a new capability for 
diagnosing presymptomatic dis-
ease and predicting clinical out-
comes or responses to therapy. 
The NIH, the Centers for Disease 
Control and Prevention, the De-
partment of Homeland Security 
— in response to the federal 
strategic plan for defense against 
biologic weapons outlined in 
Homeland Security Presidential 
Directive 10 — and other agen-
cies have discussed these needs,5 
but investments in these broad 
approaches have been insuffi-
cient.

Such efforts will require 
strengthening our public health 
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infrastructure, especially in terms 
of personnel, communications, 
and surge capacity. Scientists and 
clinicians will need to play a 
bigger role in biodefense plan-
ning, including the articulation 
of needs, policymaking, and the 
assessment of future threats.

It is often said that military 
forces are trained to fight the last 
war, not the next one. The same 
may be true of public health of-
ficials and scientists working to 
strengthen the public health in-
frastructure. But given the pace 
of change in the life sciences, we 
cannot afford to be constrained 
by the past, nor can we afford to 

make incremental, short-term 
fixes. Recent investments in bio-
defense offer immense potential 
benefit, if guided by a creative, 
future-oriented perspective. Now 
is the time to begin making se-
rious, sustained investments in 
the science and technology on 
which we can build agile defens-
es against an ever-evolving spec-
trum of biologic threats.

An interview with Dr. Relman can be heard 
at www.nejm.org. 

Dr. Relman is an associate professor in the 
Departments of Medicine and of Microbiol-
ogy and Immunology, Stanford University, 
Stanford, Calif., chief of infectious diseases 

at the Veterans Affairs Palo Alto Health Care 
System, Palo Alto, Calif., and a member of the 
National Science Advisory Board for Biose-
curity.
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The Burden of Illness in International Travelers
David R. Hill, M.D., D.T.M.&H.

Related article, page 119

In 2004, 763 million people 
crossed international borders, 

reflecting an increase of 73 per-
cent over the course of 15 years.1 
International travel has rebound-
ed since the attacks of September 
11, 2001, and is steadily increasing 
despite a variety of global health 
crises, the threat of terrorism, and 
the war in Iraq. Nearly 55 percent 
of travelers are vacationing, and 
about 15 percent are conducting 
business, but a growing number 
are visiting friends and relatives. 
Typically, such travelers were 
born in a resource-poor country, 
now live in a resource-rich coun-
try, and are returning to their 
country of birth to visit. More-
over, though most people travel 
voluntarily, thousands of uncount-
ed travelers cross borders to flee 
war or persecution or to seek bet-
ter opportunities. During the past 
25 years, a new specialty of travel 
medicine has evolved to address 

the health of these international 
travelers — particularly those 
who visit resource-poor regions. 
Travel to these regions carries 

health risks and requires preven-
tive measures that may be unfa-
miliar to many physicians.

In order to fully understand the 
risk to an individual traveler, the 

physician must undertake a care-
ful pretravel assessment, deter-
mining the person’s destinations, 
duration of travel, planned activ-
ities, and health and immuniza-
tion status. Prevention and self-
treatment measures can then be 
matched to the traveler and the 
planned trip. The information about 
imported disease that Freedman 
and colleagues, drawing on data 
from the GeoSentinel Surveillance 
Network, provide in this issue of 
the Journal (pages 119–130) helps 
to define the relative risks of vari-
ous illnesses according to geo-
graphic region. For example, Plas-
modium falciparum malaria tends to 
occur in travelers to sub-Saharan 
Africa (particularly West Africa), 
dengue in visitors to the Carib-
bean and Southeast Asia, cutane-
ous leishmaniasis in those who 
visit Central America and South 
America, and typhoid fever in 
travelers to south central Asia. 

Leg Ulcer from Leishmania.
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TropNetEurop, a surveillance net-
work of experts in infectious 
disease and tropical medicine 
throughout Europe, has reported 
similar trends.2 

Travelers who return home 
with a tropical illness serve as 
windows into the diseases that 
are endemic in the countries 
they visited. By connecting tropi-
cal and travel medicine centers 
located around the world, sur-
veillance networks document the 
spectrum of illness in returned 
travelers. This documentation en-
hances physicians’ ability to rec-
ognize diseases that are rare in 
their own regions by alerting 
them and public health authori-
ties to disease occurrence. With-
out information on the number of 
travelers to specific regions, the 
GeoSentinel surveillance data do 
not permit travel health advisers 
to determine the individual level 
of risk. However, they do help 
such professionals decide which 
diseases to emphasize. One clear 
message from the GeoSentinel 
data is the importance of mea-
sures that help travelers to avoid 
insect bites, given the frequency 
of vector-borne disease — ma-
laria, dengue, leishmaniasis, 
and rickettsial infection — as 

well as the number of 
skin infections associ-
ated with these bites.

If all international 
travelers sought medi-
cal care before leaving 
home, and if all health 
care providers were 
well versed in the ap-
propriate prophylactic 
regimens and in admin-
istering vaccines on the 
basis of risk, there 
would be much less 
travel-related illness. 
Unfortunately, probably 
less than half of travel-

ers to regions with high risk for 
illness seek pretravel care, and 
many physicians make errors in 
judgment about measures such 
as malaria chemoprophylaxis 
and vaccines. Engaging travelers 
who are returning to their coun-
tries of origin for a visit is par-
ticularly difficult, since they of-
ten believe that they have little 
risk of contracting disease in a 
place that was once their home. 
This mistaken belief has trans-
lated into disproportionate bur-
dens of such diseases as malaria 
and typhoid fever in this group 
of travelers.3

Even if all travelers sought 
health advice, however, they would 
still need to comply with it. For 
example, they would need to take 
their malaria chemoprophylaxis 
before, during, and after their trip 
and avoid behavior that would 
put them at risk for accidents, 
injuries, and sexually transmitted 
infections, including HIV infec-
tion. Data on the behavior of trav-
elers are frequently not reassur-
ing. Perhaps travelers would be 
more compliant with health rec-
ommendations if they understood 
the burden that diseases, such 
as malaria, tuberculosis, HIV in-
fection and AIDS, and diarrheal 

and respiratory illnesses, have on 
populations in regions where the 
diseases are endemic.

Still, even the best-intentioned, 
compliant traveler cannot pre-
vent all travel-related disease: 20 
to 60 percent of visitors to re-
source-poor regions will have trav-
eler’s diarrhea because of wide-
spread contamination of food 
and drink. Indeed, the GeoSenti-
nel survey found a high frequen-
cy of all types of diarrhea. In 
addition, not all travel-related in-
fectious disease comes from re-
source-poor regions: legionello-
sis is often associated with hotel 
stays in warm climates in the 
Mediterranean region; norovirus 
outbreaks, with cruise ships; and 
cryptosporidiosis, with exposure 
to water in swimming pools.

The documentation of illness 
in returned travelers raises sev-
eral issues. First, how do we get 
travelers to realize that travel 
carries health risks and that they 
should seek pretravel advice from 
a physician or a clinic that spe-
cializes in travel medicine? As a 
start, we should encourage the 
travel industry to inform custom-
ers that health measures may need 
to be taken for certain destina-
tions; we should also publicize 
the benefits of pretravel medical 
care, develop systems for provid-
ing such care specifically to travel-
ers who visit their countries of 
birth, and educate physicians in 
the assessment of the health risks 
of travel.

Next, when faced with a pa-
tient, physicians need to ask, 
“Have you traveled abroad in the 
past six months?” It is important 
to recognize that 36 percent of 
travelers in the GeoSentinel sur-
vey presented with an illness a 
month or more after returning 
home. A travel history is partic-
ularly critical if the patient pre-
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sents with a febrile syndrome, 
chronic diarrhea, or an unusual 
rash. A failure to associate a syn-
drome with travel may lead to 
delays in diagnosis and to adverse 
outcomes. Two common factors 
in death from malaria are a fail-
ure of the patient to take malaria 
chemoprophylaxis and a failure 
of the physician to consider the 
diagnosis early in the course of 
the illness.

Finally, although physicians do 
not need to be specialists in tropi-
cal medicine, they do need to be 
familiar with the current resourc-
es available for travel advice (see 
the Supplementary Appendix, 
available with the full text of 
this article at www.nejm.org) 
and with the most common travel-

associated syndromes: those in-
volving fever, acute and chronic 
diarrhea, skin disorders, and re-
spiratory illness. Disease-specif-
ic testing needs to be performed 
in order to establish a diagnosis 
of an unusual parasitic, bacterial,  
or viral infection. And when phy-
sicians are uncomfortable mak-
ing a diagnosis, they need to 
refer the patient to a specialist. 

Given the increasing number 
of travelers with tropical diseas-
es who are returning to Western 
regions and the heavy burden of 
disease in resource-poor regions, 
there is a clear need for continued 
education and training in tropi-
cal medicine, as well as for the 
development and supply of effec-
tive medications and vaccines. 

As more and more informed trav-
elers receive pretravel health care 
and informed physicians increas-
ingly consider the travel history 
when caring for ill returned trav-
elers, international travel should 
become a healthier experience.

Dr. Hill is the director of the National Travel 
Health Network and Center and an honor-
ary professor at the London School of Hygiene 
and Tropical Medicine — both in London.
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original article

Etiology of Illness in Returned Travelers

More than 17,000 ill returned travelers were evaluated 
within the GeoSentinel network, 30 specialized travel 
clinics around the globe. Some of the most common 
pathogens identified were those causing malaria, den-
gue, and rickettsial disease. The proportionate morbidi-
ty of various travel-related infectious diseases was 
calculated according to region of travel.

SEE P. 119; PERSPECTIVE, P. 115; CME, P. 219

original article

Benazepril for Advanced Chronic Renal 
Insufficiency

Angiotensin-converting–enzyme (ACE) inhibitors pro-
vide renal protection in patients with mild-to-moder-
ate renal insufficiency, slowing progression. However, 
the efficacy and safety of this class of medications in 
patients with advanced renal insufficiency are less clear. 
The results of this randomized, double-blind study in-
dicate that benazepril, an ACE inhibitor, confers substan-
tial renal benefits in patients without diabetes who have 
advanced renal insufficiency.

SEE P. 131; EDITORIAL, P. 189

original article

Randomized Trial of Inhaled Cyclosporine 
in Lung-Transplant Recipients

The survival of patients receiving transplanted lungs is 
poorer than that of patients receiving transplants of 
many other organs. In this trial, inhaled cyclosporine, 
in addition to systemic immunosuppression, did not 
improve rejection rates but was associated with better 
overall survival and chronic rejection–free survival.

SEE P. 141; EDITORIAL, P. 191

brief report

Familial Sinus Bradycardia and a Mutation 
in the Cardiac Pacemaker Channel 

Pacemaker channels in the sinoatrial node generate the 
sinus rhythm and regulate the heart rate. In an Italian 
family affected by sinus bradycardia, a mutation was 
identified in the α-subunit of the cardiac pacemaker 
channel. This mutation mimics the effect of mild vagal 
stimulation on heart rate.

SEE P. 151

clinical practice

Chronic Daily Headache

A 36-year-old woman with a long history of catamenial 
migraines had had a headache almost every day for a 
year. The background headache was mild, but it became 
severe and incapacitating at least twice a week, inter-
fering with work and sleep. She took six to eight tablets 
containing a combination of aspirin, acetaminophen, 
and caffeine per day, with minimal relief. She did not 
have fever, weight loss, diplopia, or tinnitus. Her head-
aches were not exacerbated by a Valsalva maneuver or 
positional change. Her physical examination was nor-
mal. How should she be evaluated and treated?

SEE P. 158; CME, P. 217

drug therapy

Treatment of Acute Lymphoblastic Leukemia

Although the overall cure rate of acute lymphoblastic leuke-
mia (ALL) in children is about 80 percent, affected adults 
fare less well. This review considers recent advances in the 
treatment of ALL, emphasizing issues that need to be ad-
dressed if treatment outcome is to improve further. 

SEE P. 166; CME, P. 218

case records of the massachusetts general hospital

A Male Lung-Transplant Recipient with Fever, 
Cough, Hemoptysis, and Abdominal Pain

A 64-year-old man who had received a double-lung al-
lograft because of emphysema six months previously 
was admitted to the hospital with cough, hemoptysis, 
and abdominal pain of three days’ duration. He had a 
history of smoking, chronic obstructive pulmonary dis-
ease, and lung cancer. Since the transplantation, he had 
had an episode of rejection and had recently had throm-
bophlebitis of the leg. A chest radiograph revealed a new 
right upper-lobe infiltrate, and a cytomegalovirus anti-
genemia test was positive at 185 cells per two slides. 
A diagnostic procedure was performed.

SEE P. 180

sounding board

Reform of Drug Regulation

The authors argue that extensive reform of the system 
of drug regulation in the United States is needed to 
improve drug safety. In order to develop a more com-
prehensive system that is not so narrowly focused on 
testing of drugs before marketing, the authors propose 
a new federal authority for drug regulation, to be made 
up of three independent centers: a Center for New Drug 
Approval, a Center for Post-marketing Studies, and 
a Center for Drug Information.

SEE P. 194
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background

Approximately 8 percent of travelers to the developing world require medical care 
during or after travel. Current understanding of morbidity profiles among ill returned 
travelers is based on limited data from the 1980s.

Methods

Thirty GeoSentinel sites, which are specialized travel or tropical-medicine clinics on 
six continents, contributed clinician-based sentinel surveillance data for 17,353 ill re-
turned travelers. We compared the frequency of occurrence of each diagnosis among 
travelers returning from six developing regions of the world.

results

Significant regional differences in proportionate morbidity were detected in 16 of 
21 broad syndromic categories. Among travelers presenting to GeoSentinel sites, 
systemic febrile illness without localizing findings occurred disproportionately among 
those returning from sub-Saharan Africa or Southeast Asia, acute diarrhea among 
those returning from south central Asia, and dermatologic problems among those 
returning from the Caribbean or Central or South America. With respect to specific 
diagnoses, malaria was one of the three most frequent causes of systemic febrile ill-
ness among travelers from every region, although travelers from every region except 
sub-Saharan Africa and Central America had confirmed or probable dengue more 
frequently than malaria. Among travelers returning from sub-Saharan Africa, rick-
ettsial infection, primarily tick-borne spotted fever, occurred more frequently than 
typhoid or dengue. Travelers from all regions except Southeast Asia presented with 
parasite-induced diarrhea more often than with bacterial diarrhea.

conclusions

When patients present to specialized clinics after travel to the developing world, travel 
destinations are associated with the probability of the diagnosis of certain diseases. 
Diagnostic approaches and empiric therapies can be guided by these destination-
specific differences.
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Health problems are self-reported 
by 22 to 64 percent of travelers to the de-
veloping world1; most of these problems 

are mild, self-limited illnesses such as diarrhea, re-
spiratory infections, and skin disorders. More im-
portantly, each year, up to 8 percent of the more 
than 50 million travelers to these regions, or 4 mil-
lion persons, are ill enough to seek health care 
either while abroad or on returning home.1-3

Much of the current understanding of mor-
bidity profiles among ill returned travelers is 
based on data that were collected in the 1980s.1-4 
Although some morbidity studies have been de-
signed to examine individual diseases,5-9 specific 
high-risk destinations,10 and certain types of trav-
elers,11-13 a comprehensive, multicenter compari-
son of the spectrum of illnesses acquired by a broad 
range of travelers returning from developing re-
gions on all continents has been lacking.14

GeoSentinel sites are specialized travel or tropi-
cal-medicine clinics on six continents that collect 
clinician-based surveillance data on travel-related 
diseases. These data include a broad sample of 
travel destinations and of morbidity among per-
sons who have become ill while traveling. We used 
the GeoSentinel database to verify the assumption 
that the destination of travel is associated with 
the probability of each diagnosis among travelers 
returning from the developing world.

methods

geosentinel sites

The 30 current GeoSentinel sites are specialized 
travel or tropical-medicine clinics on six conti-
nents. They are recruited, on the basis of demon-
strated training and experience and a record of 
publication in travel or tropical medicine, to con-
tribute clinician-based sentinel surveillance data 
on all ill returned travelers seen (as detailed by the 
International Society of Travel Medicine, at www.
istm.org, and by Freedman et al.15). The sites ac-
counting for the majority of patients seen are with-
in academic centers; several smaller-volume sites 
(almost all with a current academic affiliation) are 
in freestanding locations. Intake at the sites re-
flects a mixed population of patients requiring ter-
tiary care and self-referred patients. Some sites 
are restricted to outpatient care, and at no site is 
practice limited to the care of ill travelers.

data collection

Criteria for Entry into the GeoSentinel Database
Patients must have crossed an international bor-
der within 10 years before presentation and have 
sought medical advice for a presumed travel-relat-
ed illness. Anonymous surveillance data (includ-
ing travel history) that could not be linked back 
to an individual patient were entered into a data-
base at a central data center. Final diagnoses were 
assigned codes by the treating clinician from a 
standardized list of 524 possible individual diag-
noses that were also categorized under 21 broad 
syndromes. (Diagnosis codes grouped according 
to syndrome are listed in the Supplementary Ap-
pendix, available with the full text of this article 
at www.nejm.org.) All sites used the best available 
reference diagnostic test in their own country. Pa-
tients were assigned as many diagnosis codes as 
needed. Since most infections are associated with 
fever, diagnoses predominantly localized to one 
organ system were included in that organ-system 
syndrome category and were not attributed to the 
broader category of systemic febrile disease.

The GeoSentinel data-collection protocol was 
reviewed by the institutional review board officer 
at the National Center for Infectious Diseases at 
the Centers for Disease Control and Prevention 
and classified as public health surveillance and 
not as human-subjects research requiring submis-
sion to institutional review boards.

Eligibility for Analysis
All travelers who presented to a GeoSentinel site 
after travel to the developing world were eligible 
for analysis. Patients with diagnoses that were 
either laboratory-confirmed or deemed probable 
were included in the analysis. Eligible patients 
who were ultimately found after medical assess-
ment to have no underlying disease (1942 patients) 
and those found to have final diagnoses that were 
not confirmed or probable (1518 patients) were 
excluded.

comparative morbidity according to 

travel destination

We analyzed the six developing regions of the 
world where the majority of these illnesses were 
acquired (Fig. 1). Recent, temporally clustered trav-
el to more than one country within a region often 
makes it difficult to attribute the illness to a spe-

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at CANADIAN JRNL PUB HLTH on April 7, 2006 . 



illness in tr avelers returning from the developing world

n engl j med 354;2 www.nejm.org january 12, 2006 121

cific country. The place of exposure during travel 
was therefore determined to be the single region 
visited or, for travelers who entered more than 
one region, was determined according to the data 
field for “most likely place of exposure” if that in-
formation could be designated as certain by the 
clinician by virtue of incubation period or known 
patterns of endemicity (Fig. 1). To calculate a cu-
mulative morbidity profile for all ill returned trav-
elers, data from patients for whom a single region 
of exposure could be determined were grouped 
and then combined with data for ill travelers to 
multiple regions in whom ascertainment of the 
relevant place of exposure was impossible.

statistical analysis

The data analysis was performed with the use of 
SAS software, version 8 (SAS Institute). The pri-
mary variable analyzed was proportionate mor-
bidity, calculated as the number of patients with 
a specific diagnosis or group of diagnoses as a 
proportion of all ill travelers returning from a 
developing region. All results are given in terms 
of the number of patients per 1000 patients in the 
group. Analyses of specific etiologic organisms ac-
cording to region were performed only within 
an individual syndrome group. This analytic ap-

proach prevented a very frequent diagnosis with-
in a region, such as malaria among travelers to 
sub-Saharan Africa, from overwhelming the con-
tributions of various causes associated with other 
syndrome groups, such as diarrhea, that supplied 
proportionately fewer cases. Chi-square tests were 
used to compare these proportions among regions. 
Because of the large numbers of statistical tests 
performed, a conservative two-sided significance 
level of P<0.01 was chosen.

results

overall morbidity

The characteristics of 17,353 patients whose data 
were reported to GeoSentinel from June 1996 
through August 2004 and who met the inclusion 
criteria are shown in Table 1. These patients, with 
travel exposures in 230 countries, presented to 
GeoSentinel sites located in Europe (49 percent), 
the United States or Canada (33 percent), Israel 
(8 percent), Australia or New Zealand (8 percent), 
and other sites (3 percent). More than 50 percent 
of the ill travelers had obtained documented ad-
vice from a medical provider before traveling. Di-
agnoses for 67.0 percent of all the returned trav-
elers fell into 4 of 21 major syndrome categories: 

Regions Included in Analysis

Central America (n=1326)
Carribean (n=1115)
South America (n=1675)
Sub-Saharan Africa (n=4524)
Southeast Asia (n=2793)
South Central Asia (n=2403)
Other developing regions (n=1868)

Figure 1. Regions of Travel Exposure among Ill Travelers Returning from the Developing World. 

Data for 17,353 patients who presented to a GeoSentinel site were analyzed. (Ascertainment of exposure within a 
single developing region was not possible for 1649 travelers.) Other developing regions were West Asia, Northeast 
Asia, eastern Europe, Oceania, North Africa, and Antarctica.
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systemic febrile illness, acute diarrhea, dermato-
logic disorders, and chronic diarrhea (Table 2). 
The median duration of the most recent trip ranged 
from 14 days for the Caribbean to 35 days for South 
America. Although most of the patients (64 per-
cent) were seen within a month after travel, 10 
percent had indolent diseases or diseases with a 
long incubation period and were not seen until 
more than six months after travel (Table 1). The 
effects of pretravel care were not measured.

In this study, diagnoses were classified as con-
firmed at the following rates: malaria, 98.2 per-
cent; campylobacter infection, 98.1 percent; shi-
gella infection, 100 percent; cyclospora infection, 
100 percent; dengue, 82.6 percent; and tickborne 
rickettsial disease, 62.6 percent. Overall, for spe-
cific infectious causes, 90.3 percent were classi-

fied as confirmed, suggesting appropriate rigor 
in the use of the “probable” classification.

destination analysis

For 13,836 of the ill returned travelers (80 per-
cent), the relevant place of exposure could be de-
termined to be one of the six major regions that 
receive travelers in the developing world. Most of 
the patients had traveled as tourists, except for 
travelers to sub-Saharan Africa, which had the high-
est proportions of business travelers and travelers 
visiting friends and relatives (Table 1). Unlike those 
returning from all other regions, less than a third 
of ill persons returning from the Caribbean had 
received advice before traveling.

Significant differences in proportionate mor-
bidity (P<0.01) were seen among the travel regions 

Table 1. Characteristics of Ill Travelers Returning from the Developing World, According to Region Visited.*

Variable
All 

Regions Caribbean
Central 
America

South 
America

Sub-
Saharan 

Africa

South 
Central 

Asia
Southeast 

Asia

Other or 
Multiple 
Regions†

No. of travelers 17,353 1115 1326 1675 4524 2403 2793 3517

Age (yr) 

Median 33 37 32 30 34 32 32 35

Interquartile range  26–45 27–50 24–45 23–42 27–45 25–45 25–42 27–49

Duration of most recent travel (days)

Median 23 14 18 35 28 30 24 18

Interquartile range  14–60  7–19  9–42 20–120 14–61 17–70 15–42 10–49

Time from travel to presentation at 
clinic (% of travelers)‡

≤1 mo 64 59 61 61 70 71 72 52

>1–2 mo 11 14 12 13 10 9 9 11

>2–6 mo 15 19 19 17 13 13 12 20

>6 mo 10 8 8 9 7 8 7 17

Female sex (% of travelers)‡ 48 54 52 45 44 50 47 51

Reason for travel (% of travelers)‡

Tourism 59 75 66 56 43 67 74 59

Business 14 8 8 11 17 13 11 19

Research or education 4 1 6 4 6 3 3 4

Missionary or volunteer purpose 8 4 11 15 11 3 5 7

Visit to friends or relatives 15 12 8 14 24 14 8 12

Documented pretravel health advice 
(% of travelers)‡

55 30 48 62 59 61 62 46

Inpatient care (% of travelers)‡ 11 5 4 6 18 10 11 11

* Percentages may not total 100 because of rounding.
† This category includes travel to West Asia, Northeast Asia, eastern Europe, Oceania, North Africa, or Antarctica (1868 travelers) or to multi-

ple developing regions, for which ascertainment of exposure was impossible (1649 travelers).
‡ P<0.01 for the comparison among regions.
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for 16 of the 21 syndrome categories (Table 2). 
In particular, systemic febrile illness was found 
disproportionately among patients presenting to 
GeoSentinel sites after travel to sub-Saharan 
Africa or Southeast Asia and acute diarrhea 
among those presenting after travel to south cen-
tral Asia. Dermatologic disorders were seen 
disproportionately less commonly among travel-
ers returning from sub-Saharan Africa or south 
central Asia. Diagnoses contributing to death in-
cluded severe and complicated malaria, pulmonary 
embolism, pneumonia, and pyogenic abscess.

regional morbidity according to specific 

diagnosis

Destination-specific variations in the proportion-
ate morbidity associated with etiologic diagnoses 
within each of the top four syndromic categories 
are presented in Table 3. Etiologic diagnoses were 
not commonly ascertained for chronic diarrhea, 
so they are not listed.

Overall, malaria was the most frequent cause 
of systemic febrile illness without localizing organ-
system findings among ill travelers returning from 
the developing world (Table 3). In addition, for 
each of the six geographic regions, malaria was 
one of the three most frequent specific causes of 
systemic febrile illness among travelers, and it 
was the predominant cause of systemic febrile ill-
ness among those presenting after travel to sub-
Saharan Africa. Travelers with dengue presented 
more frequently than did those with malaria for 
every region except sub-Saharan Africa and Cen-
tral America. Rickettsial infections, primarily tick-
borne spotted fever, appeared almost exclusively 
among travelers returning from sub-Saharan Af-
rica, and typhoid fever was a primary contributor 
to systemic febrile illness among travelers return-
ing from south central Asia.

For all regions except Southeast Asia, parasite-
induced diarrhea was more common among ill 
returned travelers than was bacterial diarrhea. 
Patients with bacterial diarrhea presented most 
commonly after travel in Southeast Asia; campy-
lobacter was the predominant cause. Of the para-
sitic causes, giardiasis was reported dispropor-
tionately among travelers returning from south 
central Asia.

Overall, insect bites were the most common 
cause of dermatologic problems, followed by cuta-
neous larva migrans, allergic reactions, and skin 
abscesses. However, cutaneous larva migrans was 

the most common dermatologic disorder among 
patients presenting after travel to the Caribbean, 
among whom it was seen much more com-
monly than among those returning from sub-Sa-
haran Africa, south central Asia, or Central or 
South America. Bacterial skin infections, in-
cluding skin abscesses, were found more com-
monly among patients returning from sub-Saha-
ran Africa, south central Asia, or Southeast Asia 
than among those returning from the other 
three regions. Leishmaniasis was found mostly 
among patients who had traveled to South America 
or, to a lesser extent, Central America. Myiasis was 
reported most frequently among patients who had 
traveled to South America or Central America.

Travelers returning from each of the regions 
presented with intestinal nematode infestations, 
primarily involving ascaris and intestinal stron-
gyloides. Of all ill returned travelers who pre-
sented with nondiarrheal gastrointestinal diag-
noses, 40 per 1000 seen at our sites were reported 
to have acute hepatitis A, 20 per 1000 hepatitis B, 
6 per 1000 hepatitis C, 13 per 1000 hepatitis E, 
and 36 per 1000 unspecified hepatitis. The sam-
ple size was too small to allow us to assess re-
gional differences for hepatitis. Schistosomiasis 
(due to Schistosoma mansoni or S. haematobium) was 
seen predominantly among travelers returning 
from sub-Saharan Africa (196 per 1000). Acute 
brucellosis, leptospirosis, cysticercosis, filaria-
sis, histoplasmosis, and echinococcosis occurred 
too infrequently to allow comparison among re-
gions.

rare diagnoses

Clinicians evaluating returned travelers frequent-
ly entertain rare or exotic diagnoses. Travel-related 
cases of Ebola virus disease, Japanese encephali-
tis, rabies, tetanus, diphtheria, plague, tularemia, 
murine typhus, Rift Valley fever, poliomyelitis, 
primary amebic meningoencephalitis, anthrax, 
or yellow fever are reported sporadically in the 
literature. No cases of any of these diagnoses 
occurred among the 17,353 travelers whose data 
were analyzed in this study or among any of the 
25,023 patients whose records were included in 
any category in our database but were excluded 
from this study. Among the 17,353 patients in 
our cohort, each of the following diagnoses oc-
curred only once: Angiostrongylus cantonensis in-
festation, A. costaricensis infestation, hantavirus 
infection, cholera, melioidosis, Ross River virus 
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infection, African trypanosomiasis, legionellosis, 
and meningococcal meningitis.

proportionate morbidity according to 

region

A summary profile of proportionate morbidity 
among ill returned travelers according to diag-
nosis or diagnosis group, expressed in terms of 
the proportion per 1000 ill returned travelers, is 
presented in Figure 2. Shown is the proportion, not 
the incidence rate, of each of the top 22 specific di-
agnoses among all ill returned travelers and among 
travelers returning from each of the regions.

discussion

Our database represents a large sample of ill 
travelers returning from the developing world. 
GeoSentinel sites are located primarily within 
academic centers, so some of the patients seen at 
each site present on the basis of consultations or 
outside referrals. Patients with imported illness-
es that are neither self-limited nor mild are gen-
erally seen at such practices at some point during 
their care. At the same time, these practices are 
also the initial point of entry for many returned 
travelers who had pretravel medical preparation 
at the same clinic or for those who are affiliated 
with corporations, religious organizations, aid 
agencies, or governmental entities with which the 
clinic has an ongoing relationship or contractual 
arrangement. With significant growth in inter-
national travel, a travel or tropical-medicine clinic 
or infectious-diseases practice generally emerges 
in a community as the local specialized resource 
for providers and as the primary entry point for 
increasingly sophisticated travelers. Our data pro-
vide a reference for likely diagnoses, stratified ac-
cording to destination, among travelers seeking 
care at or referred to such practices.

The data do not represent a comprehensive 
epidemiologic analysis of all illness in all travel-
ers. Similarly, they do not represent a sample of 
illnesses in returned travelers such as those who 
would be seen at a nonspecialized, primary care 
practice, where mild or self-limited conditions 
would occur with higher frequency. Diagnoses 
with frequencies that may be underrepresented in 
GeoSentinel include diseases with a short incu-
bation period, such as dengue; many cases of such 
diseases manifest during travel, so cases reported 
in returned travelers represent those acquired at 

the end of a trip. Finally, the small proportion of 
returned travelers with severe acute disease who 
need immediate hospitalization and are initially 
admitted through an emergency department may 
be underrepresented if the diagnosis is not con-
sidered related to travel or if care was sought out-
side the network. Travelers to destinations self-
perceived to be particularly risky may present to 
a specialized unit earlier or with milder illness 
than travelers to more familiar destinations. Our 
data do not allow us to estimate incidence rates 
or to provide numerical risk for travel to particu-
lar destinations.

On an aggregate basis, the GeoSentinel data-
base is a sample of illnesses acquired during 
exposure in 230 countries by sentinel travelers 
presenting in 13 countries for care. Neverthe-
less, biases for certain behavior-related diagnoses 
probably exist because of the geographic distri-
bution and proportionate contributions of the 
individual sites. Patient intake at each site reflects 
local or national differences in the makeup of the 
traveling population, the distribution of travel des-
tinations, and access to medical care. In addition, 
accommodations, eating habits, and other risk 
behaviors at a given destination may reflect the 
national and cultural background of the traveler. 
European travelers are more heavily represented 
in the sample than are North Americans (49 per-
cent vs. 33 percent), and those from other re-
gions (18 percent) are relatively underrepresent-
ed. Travel-related sexually transmitted diseases 
(proportionate morbidity, 8 per 1000 patients) and 
infections with the human immunodeficiency 
virus (2 per 1000 patients) were reported, but they 
are probably underrepresented in tropical-disease 
units; persons with self-recognized risk exposures 
or characteristic genitourinary symptoms may 
seek care in other settings.

At the same time, the benefit of a multicenter 
perspective over smaller, single-site studies, which 
have often reflected local patterns of travel, is dem-
onstrated by the analysis of dermatologic disease. 
The most widely cited study of dermatologic dis-
orders in travelers included 269 persons return-
ing to France.16 In that study, more than 60 per-
cent of the patients had returned from travel to 
francophone countries of the Caribbean (Marti-
nique and Guadeloupe), from French Guiana, and 
from sub-Saharan Africa. The finding that cuta-
neous larva migrans, pyodermas, and arthropod 
bites were among the top diagnoses agrees with 
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our own overall findings in all ill travelers. How-
ever, the significant destination-specific differ-
ences that we are able to describe for conditions 
such as cutaneous larva migrans, leishmaniasis, 
myiasis, swimmer’s itch, and animal bites were 
not assessed in the earlier study.

The geographic dispersion of our sites, the full 
range of possible diagnoses, and the range of di-
agnostic tests necessary to identify the causes of 
tropical diseases preclude centralized laboratory 
testing for all patients. We used the best available 
national reference diagnostics for confirmed diag-
noses. Probable diagnoses were restricted to pa-
tients who had an indisputable physical finding 
(e.g., tickborne rickettsiosis, cutaneous larva mi-
grans, myiasis, or tungiasis), a response to a highly 
specific therapeutic agent, or a classic clinical pre-
sentation and exposure history, with other pos-
sible causes definitively ruled out by laboratory 
analysis. The last situation is particularly appli-
cable to dengue, for which results of serologic 
tests are often difficult to obtain immediately and 
are often negative during the acute illness at the 
time of clinical presentation; in addition, patients 
with dengue often do not return for follow-up 
when faced with the cost of expensive diagnostic 
evaluation of a self-limited illness, particularly 
when the symptoms have resolved. 

Codes available for a full range of syndromic 
diagnoses were used to classify patients con-
sistently when a specific etiologic diagnosis was 
not assignable. Reasons included the frequency 
of self-limited acute infections and the effective-
ness of empiric treatment or self-treatment for 
many syndromes, as compared with the expense 
and difficulty of diagnostic evaluation for exotic 
agents. For the syndromic groups of acute diar-
rhea and systemic febrile illness, specific etiologic 
diagnoses were not made in 40 percent or more 
of cases. Other studies have also found similarly 
high rates of undiagnosed fever17,18 and diarrhea19 
in similar patients. Nonetheless, the clinicians in 
our study are experienced in disease recognition 
and diagnosis and have access to usually available 
diagnostic methods; the treatable causes of ill-
ness that are routinely sought in an initial clinic 
visit would probably not have been missed.

Our data on diarrheal illness illustrate impor-
tant differences among studies that evaluate ill-
ness occurring during travel as compared with that 
seen after travel. All etiologic studies of travelers’ 
diarrhea performed in the visited country during 

travel have shown a predominance of bacterial 
causes and a relative paucity of parasitic causes.19-21 
With respect to post-travel illness seen at our sites, 
diarrhea caused by parasites predominated over 
bacterial diarrhea in the overall analysis of ill re-
turned travelers and in the analysis of every in-
dividual region except Southeast Asia. The likely 
explanation is that parasite-induced diarrhea tends 
to have a longer incubation period than bacterial 
diarrhea and to be more chronic and less treat-
able by the empirical antibiotic agents carried by 
travelers or prescribed at an initial medical en-
counter. Similar considerations most likely apply 
to other syndrome groups as well.

The high frequency of rickettsial disease re-
flects the emergence of Rickettsia africae in recent 
years in southern Africa, as has been reported in 
several single-site studies.22 Dengue in travelers is 
well reported in studies from the 1980s onward, 
but in contrast to earlier data, it now appears to 
occur more frequently than malaria among trav-
elers returning from any region except Africa and 
Central America. This change may reflect the use 
of effective antimalarial chemoprophylaxis by trav-
elers. The proportionate morbidity associated with 
dengue is especially high among travelers return-
ing from Southeast Asia and the Caribbean.

The current data provide a reference for likely 
diagnoses in returned travelers, with stratification 
according to destination but not according to 
prophylaxis designed before travel. The profile of 
proportionate morbidity generated by these data 
is important for guiding post-travel diagnosis and 
empiric therapy as well as for prioritizing pre-
travel intervention strategies.
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abstract 

background

Angiotensin-converting–enzyme inhibitors provide renal protection in patients with 
mild-to-moderate renal insufficiency (serum creatinine level, 3.0 mg per deciliter or 
less). We assessed the efficacy and safety of benazepril in patients without diabetes 
who had advanced renal insufficiency.

methods

We enrolled 422 patients in a randomized, double-blind study. After an eight-week 
run-in period, 104 patients with serum creatinine levels of 1.5 to 3.0 mg per decili-
ter (group 1) received 20 mg of benazepril per day, whereas 224 patients with serum 
creatinine levels of 3.1 to 5.0 mg per deciliter (group 2) were randomly assigned to 
receive 20 mg of benazepril per day (112 patients) or placebo (112 patients) and 
then followed for a mean of 3.4 years. All patients received conventional antihyper-
tensive therapy. The primary outcome was the composite of a doubling of the serum 
creatinine level, end-stage renal disease, or death. Secondary end points included 
changes in the level of proteinuria and the rate of progression of renal disease.

results

Of 102 patients in group 1, 22 (22 percent) reached the primary end point, as com-
pared with 44 of 108 patients given benazepril in group 2 (41 percent) and 65 of 107 
patients given placebo in group 2 (60 percent). As compared with placebo, bena-
zepril was associated with a 43 percent reduction in the risk of the primary end 
point in group 2 (P = 0.005). This benefit did not appear to be attributable to blood-
pressure control. Benazepril therapy was associated with a 52 percent reduction in 
the level of proteinuria and a reduction of 23 percent in the rate of decline in renal 
function. The overall incidence of major adverse events in the benazepril and pla-
cebo subgroups of group 2 was similar.

conclusions

Benazepril conferred substantial renal benefits in patients without diabetes who 
had advanced renal insufficiency. (ClinicalTrials.gov number, NCT00270426.)
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A ngiotensin-converting–enzyme 

(ACE) inhibitors slow the progression 
of  chronic kidney disease in the presence 

or absence of diabetes, particularly in patients 
with mild-to-moderate renal insufficiency, as re-
flected by a serum creatinine level of 1.5 to 3.0 
mg per deciliter (133 to 265 μmol per liter).1-3 

Data, however, have been limited to patients with 
serum creatinine levels of 3.0 mg per deciliter or 
less. Many physicians are reluctant to use ACE 
inhibitors in patients with advanced renal insuf-
ficiency because of concern that serum creati-
nine or potassium levels will rise.4,5 Many infer 
that the unique benefits of these drugs in patients 
with advanced renal failure might not be superi-
or to those afforded by blood-pressure control 
alone.4 As a result, patients with advanced chronic 
kidney disease have not been included in prospec-
tive, large-scale clinical trials of ACE inhibitors.1,6 

Consequently, the renal outcome and the risk–
benefit profile of ACE inhibitors in this popula-
tion remain poorly defined.

In China, the primary cause of end-stage renal 
disease is nondiabetic chronic kidney disease.7,8 
In 1999, 41,000 registered patients were receiv-
ing dialysis, accounting for 5 percent of the total 
population requiring renal-replacement therapy.7"

Thus, therapy that could delay the progression of 
chronic kidney disease to end-stage renal disease 
is an essential management goal. Our previous 
open-label study involving a small number of pa-
tients with advanced chronic renal disease, some 
with and some without diabetes, suggested that 
benazepril, a nonsulfhydryl-containing ACE in-
hibitor, may confer renal benefits.9 The present 
randomized, double-blind study was designed to 
determine whether benazepril could slow the pro-
gression of renal dysfunction in patients without 
diabetes who had advanced renal insufficiency.

methods

study design

The study was conducted at the Nanfang Hospi-
tal Renal Division, a center of kidney disease care 
in southern China. The catchment area of the 
center includes eight cities near Guangzhou with 
a total population of 29.8 million as of 2000. The 
principal investigator and the steering commit-
tee designed the study and wrote the article. An 
adjudicating committee, whose members were un-

aware of patients’ treatment assignments, re-
viewed the data to determine which patients had 
reached study end points; this committee also 
evaluated safety. The study protocol was approved 
by the Nanfang Ethics Committee, and all sub-
jects provided written informed consent. A study 
period of three years was chosen on the basis of 
the results of previous trials involving patients 
with nondiabetic chronic kidney disease, which 
suggested that a three-year follow-up is adequate 
to assess efficacy.1.2

patients

Between May 1999 and May 2001, we screened 
consecutive patients with chronic kidney disease 
who were 18 to 70 years of age. All the patients 
were Chinese. Eligible patients had not received 
ACE inhibitors or angiotensin II–receptor antago-
nists for at least six weeks before screening and 
met the following inclusion criteria: a serum cre-
atinine level of 1.5 to 5.0 mg per deciliter (133 to 
442 μmol per liter) and a creatinine clearance10 of 
20 to 70 ml per minute per 1.73 m2, with variations 
of less than 30 percent in the three months be-
fore screening; nondiabetic renal disease (as es-
tablished on the basis of their history and the 
results of serum biochemical tests and renal biop-
sy); and persistent proteinuria (defined by urinary 
protein excretion of more than 0.3 g per day for 
three or more months without evidence of uri-
nary tract infection or overt heart failure [a New 
York Heart Association class of III or IV]). Exclu-
sion criteria included an immediate need for di-
alysis; current treatment with corticosteroids, 
nonsteroidal antiinflammatory drugs, or immu-
nosuppressive drugs; renovascular disease; myo-
cardial infarction or cerebrovascular accident in 
the year preceding the trial; connective-tissue dis-
ease; and obstructive uropathy.

treatment

Eligible patients were divided into two groups 
according to their serum creatinine levels: group 
1 consisted of patients with serum creatinine lev-
els of 1.5 to 3.0 mg per deciliter, and group 2 con-
sisted of patients with serum creatinine levels of 
3.1 to 5.0 mg per deciliter (274 to 442 μmol per li-
ter). All patients entered an eight-week run-in 
phase during which they received 10 mg of bena-
zepril per day for four weeks under close obser-
vation, including weekly measurements of blood 
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pressure, serum creatinine, and serum potassium. 
The dose of benazepril was increased to 10 mg 
twice daily for an additional four weeks if serum 
creatinine levels remained unchanged or increased 
less than 30 percent, serum potassium levels re-
mained below 5.6 mmol per liter, and no adverse 
events were reported. Open-label antihypertensive 
agents (diuretics, calcium-channel antagonists, 
alpha- or beta-blockers, or some combination of 
these medications, excluding ACE inhibitors and 
angiotensin II–receptor antagonists) were added 
as necessary to achieve a systolic blood pressure 
of less than 130 mm Hg and a diastolic blood pres-
sure of less than 80 mm Hg.

After the run-in phase, benazepril was discon-
tinued for three weeks and alternative antihyper-
tensive agents (as described above) were admin-
istered as necessary to maintain blood-pressure 
control. After three weeks, all patients in group 1 
received 10 mg of benazepril twice daily. Because 
of the known renal protective effects of ACE in-
hibitors in patients with this stage of chronic kid-
ney disease, the ethics committee decided that 
these patients should not receive placebo. Patients 
in group 2 were randomly assigned to receive ei-
ther 10 mg of benazepril twice daily or placebo, 
along with conventional antihypertensive thera-
py as required. A computer-generated list, main-
tained by a party not involved in the conduct of 
the study, was used for randomization.

A physician who was unaware of the patients’ 
treatment assignments examined each patient ev-
ery two weeks during the first month and every 
three months thereafter. At each examination, 
blood pressure was measured while the patient 
was seated three to four hours after the admin-
istration of the study drug and laboratory mea-
surements were performed to assess whether ad-
verse events had occurred or end points had been 
reached.

All patients were advised to reduce their salt 
intake to approximately 5 to 7 g of sodium chlo-
ride per day, to eat 0.5 to 0.7 g of protein per ki-
logram of body weight per day, and to restrict their 
intake of foods rich in potassium. Dietary com-
pliance was assessed by evaluating daily urinary 
urea and chloride excretion.

outcome measures

The primary efficacy measure was the time to 
the first event in the composite end point of a dou-

bling of the serum creatinine level, end-stage re-
nal disease, or death. A doubling of the serum cre-
atinine level was defined as two serum creatinine 
values obtained at least four weeks apart that were 
twice the baseline value. End-stage renal disease 
was defined by the need for long-term dialysis or 
renal transplantation.

Secondary end points included changes in the 
rate of urinary protein excretion and the progres-
sion of renal disease, as assessed by the recip-
rocal of the serum creatinine level,11 creatinine 
clearance, and the glomerular filtration rate, as 
calculated with the use of the four-component 
Modification of Diet in Renal Disease equation 
incorporating age, race, sex, and serum creatinine 
level12-15: estimated glomerular filtration rate =  
186 × (serum creatinine level [in milligrams per 
deciliter])–1.154 × (age [in years])–0.203. For women, 
the product of this equation was multiplied by a 
correction factor of 0.742.

statistical analysis

The sample size was estimated before the study 
with the use of nQuery Advisor software. Our pre-
liminary study 9 of the treatment of patients with 
advanced renal dysfunction showed that the two-
year rate of the primary end point among patients 
who were not taking an ACE inhibitor was 60 
percent. It was estimated that ACE-inhibitor treat-
ment would reduce this rate to 40 percent. Thus, 
the enrollment of 100 patients per group would 
provide the study with a statistical power of 80 
percent at a two-sided significance level of 0.05.

The primary and secondary end points were 
analyzed according to the intention-to-treat prin-
ciple. A Cox regression model was used to deter-
mine the hazard ratio for the primary end point. 
The risk reduction was calculated as 100 percent 
× (1 − the hazard ratio). Event curves are based on 
Kaplan–Meier analysis, and significance was as-
sessed by means of the log-rank test.

Changes in the level of urinary protein excre-
tion, creatinine clearance, and blood pressure were 
analyzed by repeated-measures analysis of vari-
ance. To identify interactions between the treat-
ment groups and blood pressure, we used pro-
portional-hazards regression and the most recent 
measurement of mean arterial pressure as a time-
varying covariate. The relationship between the 
reduction in proteinuria and the rate of the de-
cline in renal function was analyzed by Pearson 
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correlation. SPSS software for Windows (version 
12.0) was used for analyses.

results

We screened 468 patients, and 422 entered the run-
in phase: 141 had a serum creatinine level of 1.5 to 

3.0 mg per deciliter and were therefore in group 
1, and 281 had a serum creatinine level of 3.1 to 
5.0 mg per deciliter and were thus in group 2 
(Fig. 1). Before randomization, 94 patients were 
excluded: 72 patients had a dry cough (17 percent, 
30 in group 1 and 42 in group 2), 9 had an acute 
increase in the serum creatinine level of more 

422 Stratified according to baseline
serum creatinine level

468 Patients screened

46 Excluded

57 Excluded
42 For dry cough
6 Owing to acute

increase in serum
creatinine >30%

4 For hyperkalemia
5 Owing to poor

adherence

37 Excluded
30 For dry cough
3 Owing to acute

increase in serum
creatinine >30%

1 For hyperkalemia
3 Owing to poor

adherence

141 in group 1
Serum creatinine, 1.5–3.0 mg/dl

(133–265 µmol/liter)

281 in group 2
Serum creatinine, 3.1–5.0 mg/dl

(274–442 µmol/liter)

102 Could be analyzed
for primary end point 

107 Could be analyzed
for primary end point

108 Could be analyzed
for primary end point 

8-Wk run-in period 8-Wk run-in period

104 Assigned
to benazepril

224 Underwent randomization

112 Assigned
to benazepril

112 Assigned
to placebo

4 Lost to follow-up5 Lost to follow-up2 Lost to follow-up

Figure 1. Enrollment and Outcomes.
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Table 1. Baseline Characteristics of the Patients with Chronic Kidney Disease.*

Characteristic Group 1 (N = 104) Group 2†

Benazepril
(N = 112)

Placebo
(N = 112)

Age — yr  45.1±13.0  44.4±16.8  45.0±14.1

Male sex — no. (%) 51 (49)  56 (50)  55 (49)

Body-mass index† 23.0±4.2 23.2±6.1 22.5±3.5

Body-surface area — m2  1.7±0.1  1.8±0.2  1.7±0.1

Renal disease — no. (%)

Glomerular disease 62 (60)  68 (61)  69 (62)

Hypertension 19 (18)  19 (17)  20 (18)

Polycystic kidney disease 13 (12)  14 (12)  11 (10)

Interstitial disease 2 (2)  3 (3)  6 (5)

Unknown 8 (8)  8 (7)  6 (5)

Hypertension — no. (%) 92 (88) 103 (92) 102 (91)

No. of antihypertensive drugs 

Median 2 2 2

Interquartile range 0–3 0–3 0–3

Blood pressure — mm Hg

Systolic 150.6±27.6 153.2±23.8 151.6±22.5

Diastolic  85.9±11.8  87.0±10.0  84.8±10.7

Renal function‡

Serum creatinine — mg/dl   2.3±0.5§  4.0±0.7  3.9±0.7

Calculated GFR — ml/min/1.73 m2  37.1±6.3§ 26.3±5.3 25.8±5.3

Creatinine clearance — ml/min/1.73 m2   38.2±14.4§  27.1±13.3 26.1±8.2

Urinary protein excretion — g/day  1.6±0.8  1.6±0.7  1.7±0.8

Laboratory variables — mmol/liter¶

Serum cholesterol  4.6±1.3  4.7±1.2  4.6±1.5

Serum triglycerides  1.9±0.8  2.0±0.9  1.9±0.8

Serum potassium  4.4±0.7  4.5±0.7  4.6±0.6

Hemoglobin — g/liter 113.2±8.2§ 101.1±13.5 98.6±8.7

Urinary urea excretion — g/day  5.1±1.6  5.0±1.5  4.8±1.8

Urinary chloride excretion — mmol/day 107.2±13.8 104.5±14.2  102.6±12.8

* Group 1 had a serum creatinine level of 1.5 to 3.0 mg per deciliter, and group 2 had a serum creatinine level of 3.1 to 
5.0 mg per deciliter. Plus–minus values are means ±SD. The five stages of chronic kidney disease are as follows: stage 1, 
kidney damage with a normal or increased glomerular filtration rate (GFR) of at least 90 ml per minute per 1.73 m2; 
stage 2, kidney damage with a mild decrease in the GFR (60 to 89 ml per minute per 1.73 m2); stage 3, moderate de-
crease in the GFR (30 to 59 ml per minute per 1.73 m2); stage 4, severe decrease in the GFR (15 to 29 ml per minute 
per 1.73 m2); and stage 5, kidney failure, as defined by a GFR of less than 15 ml per minute per 1.73 m2 or the need 
for dialysis. The body-mass index is the weight in kilograms divided by the square of the height in meters. 

† There were no significant differences between the benazepril group and the placebo group. 
‡ To convert values for creatinine to micromoles per liter, multiply by 88.4. Serum and urinary creatinine levels were de-

termined by an enzymatic method (sarcosine oxidase–peroxidase–antiperoxidase). The baseline serum creatinine value 
is the mean of all values obtained during the run-in period. The GFR was calculated with the use of the four-component 
Modification of Diet in Renal Disease12 equation: 186 × (serum creatinine level [in milligrams per deciliter])– 1.154 × (age 
[in years])– 0.203. For women, this equation was multiplied by a correction factor of 0.742.

§ P<0.05 for the comparison with the patients in group 2. 
¶ To convert values for cholesterol to milligrams per deciliter, divide by 0.02586. To convert values for triglycerides 

to milligrams per deciliter, divide by 0.01129. 
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than 30 percent (2 percent, 3 in group 1 and 6 in 
group 2), 5 had an increase in the serum potas-
sium level to more than 5.6 mmol per liter (1 per-
cent, 1 in group 1 and 4 in group 2), and 8 had a 
rate of adherence to medication of less than 80 
percent (2 percent, 3 in group 1 and 5 in group 
2). There were no significant differences in these 
events between the two groups.

All 104 patients in group 1 received 20 mg of 
benazepril per day, whereas in group 2, 112 pa-
tients were randomly assigned to receive 20 mg 
of benazepril per day and 112 were assigned to 
receive placebo. The baseline characteristics of 
the patients were similar in the two subgroups 
of group 2 (Table 1). The average age and the dis-
tribution of the primary causes of renal dysfunc-
tion in the various groups were similar to those 
reported in the registry of the Chinese Society of 
Nephrology.7"The mean length of follow-up was 
3.4 years (range, 2 to 5). Eleven patients were lost 
to follow-up (2 in group 1, 5 assigned to benaze-
pril in group 2, and 4 assigned to placebo in 
group 2), leaving 102 patients in group 1 and 215 
patients in group 2 (107 assigned to benazepril 
and 108 assigned to placebo) who could be in-
cluded in the efficacy analysis.

primary outcomes

In group 2, 44 patients assigned to benazepril 
reached the primary end point, as compared with 
65 patients assigned to placebo (41 percent vs. 
60 percent, P = 0.004) (Fig. 2). However, renal out-
come, as measured by the number of patients 
who reached the primary end point, was worse 
among patients assigned to benazepril in group 
2 than among patients in group 1, even though 
all patients received the same dose of benazepril 
(P = 0.003) (Fig. 2).

In group 2, treatment with benazepril, as com-
pared with placebo, resulted in a 43 percent over-
all reduction in the risk of the primary end point 
(P = 0.005). The decrease in the risk (hazard rate, 
40 percent) remained significant after adjustment 
for differences in the mean arterial pressure 
(P = 0.009). The intention-to-treat analyses of the 
individual components of the primary end point 
indicated that the risk of a doubling of the se-
rum creatinine level was 51 percent lower among 
patients who received benazepril than among 
those given placebo (P = 0.02). Benazepril also re-
duced the risk of end-stage renal disease by 40 
percent (P = 0.02).

blood pressure

Classes of conventional antihypertensive drugs 
used before and during the study are listed in 
Table 2. Blood pressure declined progressively 
during the study (Fig. 3A). The decline in blood 
pressure was similar in the two groups (P = 0.26) 
and in the two subgroups of group 2 (P = 0.18).

secondary outcomes

In group 2, there was a significantly greater re-
duction in the level of proteinuria among patients 
assigned to benazepril than among those assigned 
to placebo (52 percent vs. 20 percent, P<0.001) 
(Fig. 3B). Urinary protein excretion was also de-
creased in group 1, with an average reduction of 
49 percent (P = 0.57 for the comparison with pa-
tients assigned to benazepril in group 2) (Fig. 3B). 
Benazepril also reduced the rate of decline in re-
nal function by 23 percent in group 2, as assessed 
by the reciprocal of the serum creatinine level 
(median slope, –0.09 dl per milligram per year 
among those assigned to benazepril, as compared 
with –0.11 dl per milligram per year among those 
assigned to placebo; P = 0.02).

Likewise, benazepril was associated with a 24 
percent reduction in the estimated decline in the 
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Figure 2. Kaplan–Meier Estimates of the Percentage of Patients Not Reach-
ing the Primary Composite End Point of a Doubling of the Serum Creatinine 
Level, End-Stage Renal Disease, or Death.

Group 1 had a serum creatinine level of 1.5 to 3.0 mg per deciliter, and 
group 2 had a serum creatinine level of 3.1 to 5.0 mg per deciliter at baseline.
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glomerular filtration rate in group 2: the me-
dian rate of decline was 6.8 ml per minute per 
1.73 m2 per year among the patients assigned to 
benazepril, as compared with 8.8 ml per minute 
per 1.73 m2 per year among the patients assigned 
to placebo (P = 0.006). There was no significant 
difference between the two benazepril groups in 
the rate of decline in the estimated glomerular 
filtration rate (P = 0.23) or creatinine clearance 
(P = 0.19) (Fig. 3C). However, there was a signifi-
cant correlation between the extent of the reduc-
tion in proteinuria and the rate of decline in both 
the estimated glomerular filtration rate (P = 0.03) 
and creatinine clearance (P = 0.03) in patients with 
proteinuria of at least 1 g per day at baseline.

safety

One patient assigned to benazepril in group 2 died 
of pneumonia. The last measurement obtained in 
this patient showed good blood-pressure control 

(120/80 mm Hg) and a normal serum potassium 
level. There were no significant differences in the 
number of nonfatal cardiovascular events between 
the two groups or between the two subgroups 
in group 2 (Table 3). The incidence of other ad-
verse events was also similar in the two groups 
and in the two subgroups of group 2. Hyperka-
lemia (defined as a serum potassium level of at 
least 6.0 mmol per liter) occurred in 11 patients 
(5 percent) in group 2. Of these 11 patients, 8 were 
successfully treated with dietary modifications, 
concomitant diuretic therapy, and optimized acid–
base balance. The remaining three patients with-
drew from the study. Follow-up serum potassium 
levels in group 2 were higher among patients re-
ceiving benazepril than among those receiving 
placebo (P = 0.001), but the differences never ex-
ceeded 0.5 mmol per liter. In group 2, the propor-
tion of patients receiving recombinant human 
erythropoietin, the mean dose of recombinant hu-
man erythropoietin, and hemoglobin levels were 
similar in the two subgroups at baseline and dur-
ing the study (data not shown).

discussion

Our findings indicate that benazepril, along with 
conventional antihypertensive treatment, as need-
ed, confers renal protection in patients without 
diabetes who have advanced renal insufficiency. 
Benazepril therapy reduced the risk of the pri-
mary end point by 43 percent among patients 
quite close to end-stage renal disease during an 
average follow-up of 3.4 years. The difference be-
tween the slopes of the reciprocal of the serum 
creatinine level and the slower decline in creati-
nine clearance and the glomerular filtration rate 
with benazepril therapy provide further evidence 
of the renal protection afforded by this ACE in-
hibitor. Thus, the primary analysis of this con-
trolled trial provides evidence that treatment 
with the ACE inhibitor benazepril is beneficial in 
patients with stage 4 chronic kidney disease (de-
fined by a glomerular filtration rate of 15 to 29 
ml per minute per 1.73 m2). Although a previous 
secondary analysis suggested a benefit of ACE 
inhibitors among patients with severe renal dys-
function,16 evidence from a randomized, con-
trolled trial is necessary to confirm the efficacy 
and tolerability of these agents in this patient 
population. Since current information indicates 
that 85 percent of patients with stage 4 chronic 

Table 2. Use of Conventional Antihypertensive Medications at Baseline 
and during Study Treatment.*

Drug
Group 1 
(N = 104) Group 2

Benazepril 
(N = 112)

Placebo 
(N = 112)

number (percent)

Calcium-channel antagonist 

At baseline 72 (69) 74 (66) 77 (69)

During treatment 79 (76) 83 (74) 88 (79)

Dihydropyridine

At baseline 53 (51) 54 (48) 58 (52)

During treatment 62 (60) 65 (58) 69 (62)

Nondihydropyridine

At baseline 19 (18) 20 (18) 19 (17)

During treatment 17 (16) 18 (16) 19 (17)

Diuretic 

At baseline 60 (58) 59 (53) 62 (55)

During treatment 85 (82) 90 (80) 93 (83)

Beta-blocker 

At baseline 53 (51) 57 (51) 53 (47)

During treatment 49 (47) 54 (48) 58 (52)

Centrally acting agent

At baseline 26 (25) 36 (32) 32 (29)

During treatment 35 (34) 36 (32) 40 (36)

* Group 1 had a serum creatinine level of 1.5 to 3.0 mg per deciliter, and group 
2 had a serum creatinine level of 3.1 to 5.0 mg per deciliter at baseline.
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kidney disease are not offered such renal protec-
tive treatment,16 our results may have important 
implications for the development of new thera-
peutic guidelines.

Consistent with previous findings,16,17 our 
data suggest that the response to ACE inhibitors 
was independent of the baseline glomerular fil-
tration rate. The rate of decrease in the glomeru-
lar filtration rate appeared to be higher among 
patients in group 2 than among those in group 
1 and was moderately reduced by ACE inhibi-
tors. This observation is consistent with the 
report that enalapril slowed the progression of 
advanced chronic kidney disease in patients 
without diabetes.18 The higher proportion of 
patients reaching the primary end point in 
group 2 might be explained by the fact that the 
ACE-inhibitor–associated reduction in risk is time-
dependent18,19 and that patients with advanced 
chronic kidney disease had been treated for a 
shorter period than those with more preserved 
renal function. Thus, to achieve maximal renal 
protection, treatment with ACE inhibitors should 
arguably be initiated at earlier stages of chronic 
kidney disease.

Our study was also designed to determine 
whether the renal protective effect of benazepril 
in patients with advanced chronic kidney disease 
is dependent on its antihypertensive action. Blood 
pressure and the use of conventional antihyper-
tensive drugs were similar at baseline and dur-
ing treatment in both subgroups of group 2. Fur-
thermore, the reduction in the risk of the primary 
end point changed little after correction for blood 
pressure, suggesting that the renal protection 
conferred by benazepril is not dependent on blood 
pressure when the drug is used as part of com-
bination antihypertensive therapy.

The most striking difference between the pa-
tients who received benazepril and the patients 
who received placebo in group 2 was the change 
in urinary protein excretion. Benazepril greatly 
reduced urinary protein excretion in patients with 
advanced chronic kidney disease. This observa-
tion, as well as the close correlation between the 
extent of the reduction in proteinuria and the rate 
of decline in renal function, provides further sup-
port for, but does not prove, the hypothesis that 
proteinuria has a causal role in the progression of 
renal dysfunction.17,20

Patients with stage 4 chronic kidney disease 
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Figure 3. Changes in Blood Pressure (Panel A), the Lev-
el of Proteinuria (Panel B), and Creatinine Clearance 
(Panel C) during Follow-up. 

Group 1 had a serum creatinine level of 1.5 to 3.0 mg 
per deciliter, and group 2 had a serum creatinine level 
of 3.1 to 5.0 mg per deciliter at baseline.
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are particularly vulnerable to the effects of ACE 
inhibitors on the glomerular filtration rate and 
potassium excretion.21,22 For safety’s sake, as well 
as because of the higher incidence of dry cough 
among Chinese patients taking ACE inhibitors 
than among other ethnic groups receiving these 
drugs,23 we treated all eligible patients with 
benazepril and observed them closely during the 
run-in period. Dry cough and an acute increase 
in the serum creatinine level occurred mostly 
within the first two months after the initiation 
of benazepril therapy, but there were no signifi-
cant differences in the incidence of these adverse 
events between patients in group 1 and those in 
group 2. Benazepril-associated cough was report-
ed in 17 percent of patients during the run-in 
period, though as compared with patients in 
other studies, fewer of those with cough reported 
that this was an intolerable side effect.23 Nine 
patients had an increase in the serum creatinine 
level that exceeded 30 percent during the run-in 
phase, and five patients were evaluated for re-
nal-artery stenosis (two in group 1 and three in 
group 2).

In the cohort with advanced renal dysfunc-
tion, the tolerability of benazepril and placebo 
was similar, as evidenced by the similar incidence 
of major adverse events in the two subgroups. 
As predicted, a nonsignificant trend toward a 
higher frequency of hyperkalemia was observed 
in group 2 as compared with group 1. However, 
the incidence of hyperkalemia was similar among 
patients who received benazepril and those who 
received placebo in group 2, and benazepril ther-
apy resulted in an average increase in the serum 
potassium level that never exceeded 0.5 mmol 
per liter. Furthermore, benazepril had no signifi-
cant effects on patients’ hemoglobin levels or 
the dose of recombinant human erythropoietin. 
These data suggest that the addition of bena-
zepril to a conventional regimen of antihyperten-
sive therapy is acceptable, even in patients with 

serum creatinine levels exceeding 3.0 mg per deci-
liter. Nonetheless, blood pressure, renal function, 
and serum potassium levels should be monitored 
regularly in patients with advanced chronic kid-
ney disease, especially during the first two months 
of ACE-inhibitor therapy and as renal function 
changes.

In summary, benazepril therapy was associ-
ated with a significant improvement in renal out-
come and surpassed that attributable to blood-
pressure control in patients without diabetes who 
had advanced renal dysfunction.
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abstract

background

Conventional regimens of immunosuppressive drugs often do not prevent chronic 
rejection after lung transplantation. Topical delivery of cyclosporine in addition to 
conventional systemic immunosuppression might help prevent acute and chronic 
rejection events.

methods

We conducted a single-center, randomized, double-blind, placebo-controlled trial 
of inhaled cyclosporine initiated within six weeks after transplantation and given 
in addition to systemic immunosuppression. A total of 58 patients were randomly 
assigned to inhale either 300 mg of aerosol cyclosporine (28 patients) or aerosol 
placebo (30 patients) three days a week for the first two years after transplantation. 
The primary end point was the rate of histologic acute rejection.

results

The rates of acute rejection of grade 2 or higher were similar in the cyclosporine 
and placebo groups: 0.44 episode (95 percent confidence interval, 0.31 to 0.62) vs. 
0.46 episode (95 percent confidence interval, 0.33 to 0.64) per patient per year, re-
spectively (P = 0.87 by Poisson regression). Survival was improved with aerosolized 
cyclosporine, with 3 deaths among patients receiving cyclosporine and 14 deaths 
among patients receiving placebo (relative risk of death, 0.20; 95 percent confidence 
interval, 0.06 to 0.70; P = 0.01). Chronic rejection–free survival also improved with 
cyclosporine, as determined by spirometric analysis (10 events in the cyclosporine 
group and 20 events in the placebo group; relative risk of chronic rejection, 0.38; 
95 percent confidence interval, 0.18 to 0.82; P = 0.01) and histologic analysis (6 vs. 
19 events, respectively; relative risk, 0.27; 95 percent confidence interval, 0.11 to 0.67; 
P = 0.005). The risks of nephrotoxic effects and opportunistic infection were similar 
for patients in the cyclosporine group and the placebo group.

conclusions

Inhaled cyclosporine did not improve the rate of acute rejection, but it did improve 
survival and extend periods of chronic rejection–free survival. (ClinicalTrials.gov 
number, NCT00268515.)
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Outcomes after lung transplanta-

tion are poor as compared with those after 
heart, kidney, or liver transplantation, with 

a three-year survival rate of only 55 percent for 
recipients of lung transplants. Death is common-
ly due to chronic rejection,1 which presents histo-
logically as bronchiolitis obliterans2-7; the latter 
is thought to be a complex response to immuno-
logic, ischemic, and infectious injury.8-11 Preven-
tive and therapeutic strategies for this process have 
been largely unsuccessful.12-14

Since the immunosuppressive effect of cyclo-
sporine is dose-dependent, targeted delivery of 
this drug might improve efficacy by increasing 
the concentration of cyclosporine in the allograft. 
In animal models of lung transplantation, inhaled 

cyclosporine remains in high concentrations in 
lung tissue and reduces rejection without toxic-
ity.15-18  Moreover, in human lung-transplant recipi-
ents with refractory acute and chronic rejection, 
open-label rescue treatment with inhaled cyclo-
sporine improves clinical markers of rejection and 
improves survival.19-25 In light of these findings, 
we tested whether prophylactic inhaled cyclospo-
rine would improve outcomes after lung trans-
plantation.

methods

study design

A randomized, double-blind, placebo-controlled 
trial of aerosol cyclosporine inhalation, given in 
addition to conventional immunosuppression, was 
conducted at the University of Pittsburgh Medical 
Center with approval of the institutional review 
board. Recipients of single or bilateral lung trans-
plants who were at least 18 years of age were eli-
gible. Patients were excluded from the study if 
they had active fungal or bacterial pneumonia, un-
resolved diffuse alveolar damage, or untreated 
bronchial stenosis or if they were receiving me-
chanical ventilation. From November 1998 to Au-
gust 2001, patients were offered enrollment if they 
met the study criteria before day 42 after trans-
plantation and were randomly assigned to a treat-
ment group immediately after the provision of 
written informed consent. Study treatment began 
as soon as was practically possible thereafter, but 
no more than 55 days later.

Because mismatches between donor and re-
cipient with respect to cytomegalovirus (CMV) 
serologic status are known to have an adverse ef-
fect on the outcome of transplantation, the ran-
domization was stratified according to donor–
recipient CMV status. The two categories were a 
primary mismatch (a CMV-positive donor and a 
CMV-negative recipient) and all other serologic 
combinations. Patients were then randomly as-
signed to groups according to permuted blocks 
of four in a 1:1 ratio to receive either inhaled cy-
closporine or placebo for two years. All patients 
were followed for clinical outcome until the last 
subject completed the scheduled two-year regi-
men (August 2003). As a result, follow-up ranged 
from 24 to 56 months.

Novartis Pharmaceuticals provided cyclospor-
ine powder, which was compounded by the Uni-

58 Underwent randomization

121 Patients underwent
lung transplantation

during enrollment period

18 Died before meeting
inclusion criteria

28 Did not meet inclusion
criteria

10 Refused consent
7 Not approached

28 Assigned to receive cyclo-
sporine

26 Received cyclosporine
13 Completed 2-yr course of

cyclosporine
0 Lost to follow-up

28 Were included in intention-
to-treat analyses

26 Were included in follow-up
survival analysis

30 Were included in follow-up
survival analysis

30 Assigned to receive placebo
30 Received placebo
13 Completed 2-yr course of

placebo
0 Lost to follow-up

30 Were included in intention-
to-treat analyses

Figure 1. Study Enrollment and Inclusion in the Intention-to-Treat and Sur-
vival Analyses.
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versity of Pittsburgh experimental pharmacy. Uni-
versity investigators were solely responsible for the 
trial design, data accrual, and study management. 
After completion of the study, Chiron obtained 
a license agreement for inhaled cyclosporine. The 
analyses presented in this article are those of the 
university investigators, unless otherwise noted. 
The data and safety monitoring board took no ac-
tion regarding early trial cessation.

administration of inhaled cyclosporine

Patients inhaled cyclosporine mixed in propyl-
ene glycol (62.5 mg per milliliter) or placebo (pro-
pylene glycol alone) initially for 10 consecutive 
days, then three times weekly with the use of a jet 
nebulizer (AeroTech II, CIS-US). Patients were in-
structed to continue treatment for two years. Pa-

tients were premedicated by inhalation of 2 per-
cent lidocaine (3 ml) and 2.5 mg of albuterol by 
means of a nebulizer (Airlife, Cardinal Health). 
Inhaled cyclosporine was initiated at a dose of 
100 mg and increased by incremental doses of 
100 mg up to 300 mg or a maximally tolerated 
dose or an aerosol equivalent volume of placebo. 
Aerosols were self-administered by the patients 
and were temporarily discontinued if the treating 
physician reported an infection that persisted af-
ter antibiotic therapy. A study coordinator con-
tacted the patients at least monthly to verify com-
pliance.

transplant monitoring

Patients followed a typical care regimen for pa-
tients after lung transplantation, including surveil-

Table 1. Characteristics of the Patients.*

Characteristic
Cyclosporine

(N = 28)
Placebo
(N = 30) P Value

Age — yr 51.3±2.3 51.7±2.0 0.89

Sex — no. (%) 0.96

Male 17 (61) 18 (60)

Female 11 (39) 12 (40)

Diagnosis before transplantation — no. (%) 0.18

Emphysema 10 (36) 19 (63)

Cystic fibrosis 5 (18) 4 (13)

Idiopathic pulmonary fibrosis or mixed connective-tissue 
disease

7 (25) 3 (10)

Other condition 6 (21) 4 (13)

Type of transplantation — no. (%) 0.11

Single lung 17 (61) 24 (80)

Double lung 11 (39) 6 (20)

Donor–recipient CMV status — no. (%) 0.89

+/+ 9 (32) 8 (27)

+/− 5 (18) 7 (23)

−/+ 7 (25) 9 (30)

−/− 7 (25) 6 (20)

No. of HLA mismatches 

HLA-A 1.43±0.12 1.33±0.12 0.58

HLA-B 1.64±0.09 1.80±0.07 0.19

HLA-DR 1.39±0.11 1.33±0.13 0.73

Ischemic time — min 254±15 245±18 0.69

Age of donor — yr 36.0±2.3 35.8±2.8 0.96

* Plus–minus values are means ±SE. Percentages may not sum to 100 because of rounding. CMV denotes cytomegalo-
virus.
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lance bronchoscopy with transbronchial biopsy 
and bronchoalveolar lavage, spirometry, blood work, 
and a complete history and physical examination 
one month after transplantation and at intervals of 
approximately three months for the first two post-
operative years, then at intervals of four to six 
months. Histologic rejection was defined accord-
ing to established criteria.26 Spirometry was per-
formed according to American Thoracic Society 
standards27 and the results expressed in terms of 
the percentage of predicted values.28 Because bron-
chiolitis obliterans is not uniformly detectable by 
biopsy, spirometry is routinely used as a surrogate 
marker to diagnose chronic rejection. Airflow mea-
surements were evaluated for criteria of the bron-
chiolitis obliterans syndrome, which was defined 
as a sustained decrease in the forced expiratory 
volume in one second (FEV

1
) of at least 20 percent 

from the patient’s maximum values in the ab-
sence of other causes.29 Cytomegalovirus status 

was assessed by CMV pp65 antigenemia at weekly 
intervals for six months after transplantation.

clinical management

Both groups received conventional immunosup-
pression, including tacrolimus (0.06 mg per kilo-
gram of body weight per day), azathioprine (2 mg 
per kilogram per day), and prednisone (20 mg per 
day). Subsequent adjustments were made at the 
discretion of the treating clinician on the basis 
of lung function and biopsy results. Enhanced 
immune suppression for treatment of acute rejec-
tion (grade 2 or higher), active bronchiolitis ob-
literans, or both consisted of pulsed corticoste-
roids (intravenous methylprednisolone at a dose 
of 1 g per day for 3 days or oral prednisone at a 
dose of 100 mg tapered to 10 mg over 14 days) or 
rabbit antithymocyte globulin (Thymoglobulin 
[SangStat] at a dose of 1.5 mg per kilogram per 
day for 5 to 7 days). Intravenous ganciclovir was 

Table 2. Characteristics of the Patients after Enrollment.*

Characteristic
Cyclosporine

(N = 28)
Placebo
(N = 30) P Value

Days from transplantation to start of treatment 26.2±3.2 23.6±2.5 0.52

Total days of aerosol administration 400±57 431±50 0.70

Percentage of eligible doses received† 57.4±7.8 65.5±6.0 0.41

Patients completing two-year study — no. (%) 13 (46) 13 (43)

Reasons for discontinuation — no. (%) 0.85

Decision of investigator

Infection 5 (18) 6 (20)

Renal failure 0 (0) 1 (3)

Smoking 0 (0) 1 (3)

Patient entered in rescue study 1 (4) 2 (7)

Decision of patient

Symptoms caused by aerosol administration 2 (7) 2 (7)

Withdrawal from study 7 (25) 5 (17)

Duration of follow-up — yr

Mean 3.1±0.2 2.7±0.2 0.16

Median 3.1 2.6 0.29

Interquartile range 2.4–4.1 2.1–3.9

No. of tests of pulmonary function per patient 20.5±1.6 18.5±2.0 0.43

Time from transplantation to last test of pulmonary function — yr

Median 2.9 2.4 0.11

Interquartile range 2.1–3.9 2.0–3.5
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used if the level of antigenemia was more than 
10 CMV-positive cells per 2 × 105 leukocytes.

end points

The primary end point of the study was the fre-
quency of histologic acute rejection. Secondary end 
points included chronic rejection–free survival and 
overall survival. Chronic rejection was identified 
on the basis of both histologic markers (for bron-
chiolitis obliterans) and spirometric markers (for 
the bronchiolitis obliterans syndrome).29

Adverse events were defined as infections re-
quiring treatment, hospitalizations, and symptoms 
as reported by questionnaire. All evaluations of 
outcomes were performed in a blinded manner.

statistical analysis 

Power analysis stipulating a 33 percent differ-
ence in the frequency of acute rejection suggested 
the enrollment of 136 patients on the basis of a 

two-sided test (α = 0.05, β = 0.15), an assumed acute-
rejection rate of 2.8 events per year, and a drop-
out rate of 15 percent. The study prespecified a 
three-year enrollment period. During this time, 
all qualifying lung-transplant recipients were ap-
proached for participation. Enrollment was dis-
continued after three years, after the accrual of 
only 58 subjects. The failure to achieve enrollment 
goals was due to an overestimation of the num-
ber of transplantations that would be performed 
during the accrual period (anticipated number, 
180; actual number performed, 121). The study was 
closed two years after the last subject had been 
enrolled. All outcome variables were followed until 
either the death of the patient or the end of the 
study (in August 2003), independent of the con-
tinuation or discontinuation of study medication 
or the conclusion of the scheduled two-year study-
treatment period. Patients were analyzed accord-
ing to the intention to treat, and no patients were 

Table 2. (Continued.)

Characteristic
Cyclosporine

(N = 28)
Placebo
(N = 30) P Value

No. of biopsies per patient 12.0±0.7 11.1±0.8 0.43

Time from transplantation to last biopsy — yr

Median 2.2 2.2 0.99

Interquartile range 1.6–3.3 1.6–2.7

Daily dose of prednisone AUC — mg‡ 12.1±0.6 12.2±0.6 0.88

Calcineurin-inhibitor regimen 0.90

Tacrolimus — no. of patients (%) 23 (82) 25 (83)

Conversion from tacrolimus to cyclosporine — no. of patients (%) 5 (18) 5 (17)

Tacrolimus level AUC — ng/ml§ 12.4±0.4 11.9±0.4 0.20

Cyclosporine level AUC — ng/ml§ 190±19 179±16 0.89

Cytostatic regimen — no. of patients (%) 0.26

Azathioprine 11 (39) 16 (53)

Mycophenolate mofetil 4 (14) 1 (3)

Conversion from azathioprine to mycophenolate mofetil 13 (46) 13 (43)

Daily dose of azathioprine AUC — mg‡ 69.5±9.2 63.9±10 0.69

Daily dose of mycophenolate mofetil AUC — mg‡ 726±194 738±175 0.96

No. of methylprednisolone pulses — 3 g/patient/yr 0.68±0.18 1.06±0.45 0.45

No. of antithymocyte globulin treatments — per patient per yr 0.17±0.06 0.60±0.45 0.37

* Plus–minus values are means ±SE unless otherwise indicated. Percentages may not sum to 100 because of rounding. 
AUC denotes area under the concentration–time curve.

† Compliance was determined on the basis of the number of doses patients were eligible to receive up to the time of 
their death or at two years as a percentage of the doses they received.

‡ Mean daily doses of prednisone, azathioprine, and mycophenolate mofetil were calculated from the reported doses at 
follow-up visits.

§ Mean calcineurin-inhibitor levels were calculated on the basis of values obtained for each patient. 
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lost to follow-up. Group means were compared 
with the use of unpaired, two-tailed t-tests or 
Mann–Whitney tests. All reported P values are two-
sided and have not been adjusted for multiple 
testing.

The frequency of acute rejection was calculated 
by determining the number of rejection events of 
grade 2 or higher per year of study time for each 
subject. Differences between groups were also con-
sidered with the use of a Poisson regression model, 
with covariates including treatment group, CMV 
mismatch, and the occurrence or nonoccurrence 
of a rejection episode before the start of the study 
treatment. The Poisson model was calculated by 
Chiron.

Log-rank and Cox proportional-hazards anal-
yses were used to compare survival and chronic 
rejection–free survival. Nonaerosol covariates that 
were tested in multivariate analyses included CMV-
mismatch status, HLA-mismatch status, the age 
and sex of the recipient, the age and sex of the 
donor, smoking history of the recipient, diagno-
sis before transplantation, type of transplantation 
(single or double), and ischemic time. After closure 
of the study and unblinding, Chiron performed 
a follow-up analysis of survival as of June 2004. 
Statistical analyses were performed with Statview 
software (SAS).

results

characteristics of the patients

Of the 121 patients who received lung transplants 
during the enrollment period, 58 were randomly as-
signed to a study group and 56 received at least 
one dose of study medication (inhaled cyclospo-
rine, 26; placebo aerosol, 30) (Fig. 1). The baseline 
characteristics and clinical management in the 
two groups were similar (Table 1). The CMV-
mismatch status, the number of biopsy proce-
dures, the number of spirometric measurements, 
immunosuppressive-drug regimens, and tacrolimus 
levels were similar in patients in the two groups 
(Table 1 and Table 2).

The mean duration of treatment was 400±57 
days among patients receiving cyclosporine and 
431±50 days among patients receiving placebo. 
Thirteen of the 28 patients in the cyclosporine 
group (46 percent) and 13 of the 30 patients in the 
placebo group (43 percent) completed the two-
year inhalation period. Reasons for discontinua-
tion are given in Table 2. Discontinuation that was 

initiated by patients (i.e., patients tolerated the 
aerosol administration but withdrew from the 
study) and concern on the part of investigators re-
garding infection accounted for most of the dis-
continuations in the cyclosporine group (43 per-
cent) and the placebo group (37 percent), and 
there were no significant differences between the 
groups. Two patients in each group stopped treat-
ment because of symptoms related to aerosol in-
halation. Two patients in the placebo group and 
one in the cyclosporine group with refractory re-
jection were withdrawn from the study and en-
tered into the separate open-label, “rescue” trial 
of inhaled cyclosporine. Two additional patients 
received open-label therapy after study medication 
was stopped. All data from these five patients af-
ter crossover were included in the statistical re-
sults in the intention-to-treat analysis.

acute rejection

We performed a total of 335 biopsies in patients 
in the cyclosporine group and 333 biopsies among 
patients in the placebo group. The mean num-
ber of biopsies (5.5 per patient per year) exceed-
ed the minimum protocol requirements. The 
mean follow-up for acute rejection (mean time 
from study initiation to the last biopsy) was 
2.4±0.2 years for the cyclosporine group and 
2.2±0.2 years for the placebo group (P = 0.43). The 
estimated number of acute-rejection episodes of 
grade 2 or higher per patient per year after the 
start of study-drug administration was 0.44 (95 
percent confidence interval, 0.31 to 0.62) for the 
cyclosporine group and 0.46 (95 percent confi-
dence interval, 0.33 to 0.64) for the placebo group. 
In each group, 17 patients had no more than one 
event per year; 26 patients in the cyclosporine 
group and 23 patients in the placebo group had no 
more than two events per year; and 26 patients in 
each group had no more than three events per year. 
A Poisson regression model with control for CMV-
mismatch status and the occurrence or nonoccur-
rence of a rejection episode of grade 2 or higher 
before study-drug administration demonstrated 
that there was no significant difference between 
the treatment groups (P = 0.87).

chronic rejection

Chronic rejection–free survival was improved 
among patients who were treated with inhaled 
cyclosporine as determined by spirometric and 
histologic evaluation. Figure 2A shows the re-
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sults of a hazards analysis of survival free of the 
bronchiolitis obliterans syndrome, with 10 events 
in the cyclosporine group and 20 events in the 
placebo group (relative risk, 0.38; 95 percent confi-
dence interval, 0.18 to 0.82; P = 0.01). Figure 2B 
shows the results of a similar analysis of survival 
free of histologic bronchiolitis obliterans, with 
6 events among patients in the cyclosporine group 
and 19 events among patients in the placebo 
group (relative risk, 0.27; 95 percent confidence 
interval, 0.11 to 0.67; P = 0.005). None of the four 
patients in the cyclosporine group in whom histo-
logic bronchiolitis obliterans was diagnosed were 
receiving study drug at the time of diagnosis.

There was no significant difference in the num-
ber of methylprednisolone pulses or treatments 
with antilymphocyte globulin between the two 
groups. However, none of the 28 patients in the 
cyclosporine group were treated with sirolimus 
after other therapies for chronic rejection failed 
(as determined by histologic or spirometric analy-
sis), as compared with 7 of 30 patients in the pla-
cebo group (P = 0.006). Overall, more patients re-
quired treatment for histologic bronchiolitis 
obliterans in the placebo group (8 of 30 patients) 
than in the cyclosporine group (2 of 28 patients) 
(P = 0.05).

survival analysis

The use of inhaled cyclosporine was associated 
with a substantial survival advantage (Fig. 3). There 
were 14 deaths (47 percent) in the placebo group, 
as compared with 3 deaths (11 percent) in the cy-
closporine group (P = 0.005 by log-rank analysis). 
Multivariate survival regression confirmed that 
the risk of death for patients receiving placebo 
was higher by a factor of 5 (relative risk of death 
in the cyclosporine group as compared with the 
placebo group, 0.20; 95 percent confidence inter-
val, 0.06 to 0.70; P = 0.01) and revealed no signifi-
cant effect for CMV strata, transplant type, or HLA 
mismatch.

Ten deaths were attributed to rejection, pneu-
monia, or sepsis (eight in the placebo group and 
two in the cyclosporine group). Three other pa-
tients with a known previous diagnosis of clini-
cally significant rejection or pneumonia died of 
either pulmonary embolism (two patients in the 
placebo group) or congestive heart failure (one 
in the placebo group). Four patients with a known 
previous diagnosis of rejection (three with bron-
chiolitis obliterans) or pneumonia died outside 

our institution (three in the placebo group and 
one in the cyclosporine group) without postmor-
tem verification of the cause of death.

A follow-up analysis of survival including all 
56 patients who received study medication was 
conducted during the 10 months that followed the 
end of the study. During that period, an additional 
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Figure 2. Kaplan–Meier Estimates of Chronic Rejection on the Basis of 
Bronchiolitis Obliterans Identified by Spirometric and Histologic Analyses.

Multivariate time-to-event regression on the basis of spirometric analysis 
(Panel A) shows a relative risk of 0.38 for inhaled cyclosporine as com-
pared with placebo (95 percent confidence interval, 0.18 to 0.82; P = 0.01 by 
both Cox proportional-hazards analysis and log-rank analysis). Multivariate 
time-to-event regression on the basis of histologic analysis (Panel B) shows 
a relative risk of 0.27 for cyclosporine as compared with placebo (95 per-
cent confidence interval, 0.11 to 0.67; P = 0.005 by Cox proportional-hazards 
analysis and P=0.004 by log-rank analysis).
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two patients in the cyclosporine group and one 
patient in the placebo group died. The results of 
log-rank analysis of survival were similar to those 
reported at study closure (P = 0.02).30

infection

The pneumonia rate was not significantly differ-
ent in the two groups (13 patients in the cyclo-
sporine group and 17 patients in the placebo 
group, P = 0.44), and patients receiving aerosol 
cyclosporine were no more likely to be treated 
for infection than were patients in the placebo 
group (2.3±0.4 vs. 3.1±0.6 courses of antibiotic 
per patient per year, respectively; P = 0.29). The 
risk of CMV pneumonitis was less in the cyclo-
sporine group (3 of 28 patients) than in the pla-
cebo group (10 of 30 patients; P = 0.04). The differ-
ence was confirmed by Cox proportional-hazards 
analysis with study drug and donor–recipient 
CMV status as covariates, with a relative risk of 
assignment to cyclosporine of 0.27 (P = 0.05) and 
of CMV mismatch of 4.33 (P = 0.009) among CMV-
positive donors with CMV-negative recipients, 
as compared with all other combinations.

adverse events

Both cyclosporine and placebo aerosols were as-
sociated with local irritation, including cough, 

pharyngeal soreness, or dyspnea in 52 percent of 
study participants on the basis of responses to a 
questionnaire administered during clinical visits 
(Table 3). Such symptoms were observed in both 
groups, were typically transient, and were either 
mild or moderate in severity. When symptoms 
occurred, they usually resolved within 30 to 45 
minutes after inhalation.

Twelve patients were given a diagnosis of can-
cer (6 of 28 patients in the cyclosporine group and 
6 of 30 patients in the placebo group, P = 0.89). 
Although the overall area under the concentra-
tion–time curve (AUC) for the mean serum creati-
nine level was not significantly different in the 
two groups (1.5±0.1 mg per deciliter in the cyclo-
sporine group and 1.7±0.1 mg per deciliter in the 
placebo group), a higher proportion of patients 
in the placebo group had an AUC mean creatinine 
level that was more than 1 SD above the all-patient 
mean (0 of 28 patients in the cyclosporine group 
and 6 of 30 patients in the placebo group, P = 0.01). 
There was no significant difference between the 
groups in the number of hospital days per patient 
per year (23±4 in the cyclosporine group and 
48±12 in the placebo group, P = 0.07) or the num-
ber of hospitalizations per patient per year (2.1± 
0.5 in the cyclosporine group and 3.8± 1.0 in the 
placebo group, P = 0.17).

discussion

Chronic rejection remains the leading cause of 
death after lung transplantation despite the use 
of systemic calcineurin inhibitors.31-33 The im-
munosuppressive effects of cyclosporine have 
been shown to be dose-dependent. However, high 
systemic levels of the drug cannot be achieved 
without significant toxicity, especially to the kid-
neys. We hypothesized that the inhalation of an 
aerosol cyclosporine would provide high pulmo-
nary concentrations of the drug with minimal 
systemic toxicity, resulting in less acute and chron-
ic rejection. This double-blind, placebo-controlled 
trial of inhaled cyclosporine given in addition to 
conventional immunosuppression after lung 
transplantation was negative with respect to its 
primary end point, since rates of acute rejection 
were similar in the group receiving cyclosporine 
and that receiving placebo. However, survival 
improved significantly with aerosol cyclosporine, 
as did the rate of chronic rejection–free survival 

1.0

O
ve

ra
ll 

Su
rv

iv
al

0.8

0.6

0.4

0.2

0.0
0 1 2 3

Cyclosporine

Placebo

Years after Transplantation

No. at Risk
Cyclosporine
Placebo

14 
11

20 
18

25 
23

26 
24

27 
25

28 
27

28 
30

P=0.01

Figure 3. Kaplan–Meier Estimates of Overall Survival.

There were 14 deaths in the placebo group (47 percent) as compared with 
3 deaths in the cyclosporine group (11 percent). Survival regression yielded 
a relative hazard of 0.20 for inhalational cyclosporine as compared with 
controls (95 percent confidence interval, 0.06 to 0.70; P = 0.01 by Cox pro-
portional-hazards analysis and P = 0.005 by log-rank analysis).
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(on the basis of both histologic and spirometric 
analysis).

In the absence of notable differences in rates 
of acute rejection, a positive result in terms of 
chronic rejection was unexpected, since previous 
studies have linked repeated acute rejection events 
with chronic rejection.2 Histologically, chronic 
rejection presents in the airways as bronchiolitis 
obliterans, whereas acute rejection presents as  
vasculitis. Bronchioles would have higher local 
concentrations of a drug as a result of direct aero-
sol delivery, whereas pharmacokinetic studies 
suggest a much less substantial vascular concen-
tration of the drug.34-36 Therefore, it is possible 
that aerosol cyclosporine has a local airway an-
tiinflammatory effect that decreases the likeli-
hood of chronic rejection while having a lesser 
effect on vascular acute rejection.

The rates of pneumonia were similar in the 
two groups, as were serum creatinine levels. More 
than half the study patients had some level of 
local irritation (pharyngeal soreness, cough, or 
dyspnea), with no significant differences noted 
between patients in the two groups. Less than 
10 percent of patients in the cyclosporine group 
withdrew because of symptoms associated with 
the aerosol. However, supervision during the first 
several treatments would probably be required, 
given the tenuous respiratory status of patients 
soon after transplantation. Many patients who 
had some initial minor respiratory symptoms de-
veloped a tolerance for the medication after a few 
treatments.

Local cyclosporine treatment had some ben-
efit in this small, single-center trial. Further expe-
rience with inhaled cyclosporine is needed to 
confirm the magnitude and durability of the ob-
served effects in recipients of single-lung and dou-
ble-lung transplants.
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Table 3. Adverse Events.* 

Reported Event
Cyclosporine

(N = 28)
Placebo
(N = 30) P Value

no. of patients (%)

Dyspnea 7 (25) 8 (27) 1.00

Wheezing 2 (7) 1 (3) 0.61

Cough 10 (36) 4 (13) 0.07

Headache 3 (11) 1 (3) 0.34

Pharyngeal soreness 12 (43) 12 (40) 1.00

Difficulty swallowing 10 (36) 8 (27) 0.57

Fatigue 0 1 (3) 1.00

Anxiety 2 (7) 0 0.23

Nausea 3 (11) 1 (3) 0.34

Dizziness 2 (7) 1 (3) 0.61

General intolerance 1 (4) 0 0.48

Tremor 1 (4) 2 (7) 1.00

Other condition 1 (4) 4 (13) 0.35

* The number of adverse events was determined on the basis of patients’ 
answers to a questionnaire administered at regularly scheduled clinic visits. 
Some patients had more than one adverse event. Fisher’s exact test was used 
to compare rates of individual events.
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summary

We found that sinus bradycardia in members of a large family was associated with 
a mutation in the gene coding for the pacemaker HCN4 ion channel. Pacemaker 
channels of the sinoatrial node generate spontaneous activity and mediate cyclic 
AMP (cAMP)–dependent autonomic modulation of the heart rate. The mutation as-
sociated with bradycardia is located near the cAMP-binding site; functional analy-
sis found that mutant channels respond normally to cAMP but are activated at more 
negative voltages than are wild-type channels. These changes, which mimic those 
of mild vagal stimulation, slow the heart rate by decreasing the inward diastolic 
current. Thus, diminished function of pacemaker channels is linked to familial 
bradycardia.

Bradycardia is conventionally defined as a heart rate lower 

than 60 beats per minute. Asymptomatic sinus bradycardia is usually harm-
less and is often a sign of good physical conditioning. On the other hand, 

symptomatic sinus bradycardia, such as that associated with the sick-sinus syn-
drome, can be a life-threatening condition and deserves prompt medical attention. 
The fact that sinus bradycardia can be inherited1 indicates that it can have a ge-
netic basis.

The pacemaker (“funny”) current (I
f
) of sinoatrial-node myocytes determines 

the slope of the diastolic depolarization of pacemaker cells and thus has a key role 
in the generation and autonomic regulation of sinus rhythm and rate.2 Because of 
their specific involvement in pacemaking, f-channels are the target for the phar-
macologic control of heart rate. Indeed, substances acting by specific f-channel 
blockade slow the heart rate without side effects, such as the negative inotropic 
effects typical of beta-blockers or calcium antagonists.3 This property is particu-
larly useful in the treatment of coronary heart disease.4

The f-channels are encoded by the hyperpolarization-activated, cyclic nucle-
otide–gated (HCN) channel gene family.5,6 Of the four known HCN subunits 
(1 through 4), HCN4 is the most highly expressed in the mammalian sinoatrial 
node.7 We therefore screened a panel of persons with asymptomatic or symptom-
atic bradycardia (including sick-sinus syndrome and atrioventricular block) for 
mutations in the hHCN4 gene. The hHCN4 gene is located on chromosome 15 
(15q24–25)8; the genes coding for other channels contributing to the electrical 
activity of sinoatrial-node cells, including the L- and T-type calcium channels and 
delayed-rectifying potassium channels, are all located on different chromosomes.9

We report here on a family with a hereditary form of asymptomatic bradycardia 
associated with a mutation in the pacemaker-channel α-subunit HCN4. Functional 
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analysis revealed that the mutant channels are 
activated at voltages more negative than those at 
which wild-type channels are activated; as a re-
sult, they supply less current during diastolic 
depolarization, which in turn results in slowing 
of the heart rate. The mutation mimics the effect 
of moderate vagal stimulation.

methods

Our research protocol was reviewed and approved 
by the institutional review board for the Depart-
ment of Biomolecular Sciences and Biotechnolo-
gy, University of Milan.

sequence analysis and mutagenesis

All subjects gave written informed consent be-
fore undergoing genetic analysis. Screening for 
mutations was performed on genomic DNA sam-
ples extracted from whole blood, saliva, or both 
(Puragene, Gentra Systems). The primers were 
designed to amplify DNA fragments of 200 to 
350 bp in order to screen all of the coding por-
tion of hHCN4. The polymerase-chain-reaction 
(PCR) products were analyzed by single-strand 
conformation polymorphism (SSCP) analysis. We 
used the primers 5′ATGCCTCATCCTGAGTCCTG3′ 
(F) and 5′CTCACCAATGCGGTCCAG3′ (R) to am-
plify exon 7 by Pfu polymerase (Stratagene). Muta-
genesis was identified by DNA sequencing (MWG 
Biotech). A control group of 373 healthy subjects 
was used to exclude DNA polymorphisms. The 
hHCN4 complementary DNA was inserted in the 
eukaryotic expression vector pcDNA 1.1 (Clontech 
Laboratories), and the point mutation (2016 C→A) 
was generated by a PCR overlap method. The oligo-
nucleotide used to incorporate the mutation into 
hHCN4 was 5′ACAGCCAGAGTGAGGGCC3′.

electrophysiological methods

Wild-type and mutant human (h) HCN4 channel 
complementary DNA was transfected for transient 
functional expression into HEK293 cells with a  
plasmid containing green fluorescent protein, as 
described previously.10  From one to five days after 
transfection, the cells were dispersed by trypsin 
and plated on 35-mm plastic petri dishes. A dish 
was placed under the stage of an inverted micro-
scope, and GFP-expressing cells were selected for 
patch-clamp analysis at room temperature (25° to 
26°C). The cells were initially superfused with 
Tyrode’s solution containing 140 mM sodium chlo-

ride, 5.4 mM potassium chloride, 1.8 mM calcium 
chloride, 5.5 mM D-glucose, and 5 mM HEPES–
sodium hydroxide buffer (pH 7.4). The pipettes 
used in the whole-cell patch-clamp experiment 
contained 10 mM sodium chloride, 130 mM potas-
sium chloride, 1 mM egtazic acid (EGTA), 0.5 mM 
magnesium chloride, 2 mM ATP (sodium salt), 
0.1 mM guanosine triphosphate (sodium salt), 
5 mM phosphocreatine, and 5 mM HEPES–potas-
sium hydroxide buffer (pH 7.2). The control extra-
cellular solution in whole-cell experiments con-
tained 110 mM sodium chloride, 30 mM potassium 
chloride, 1.8 mM calcium chloride, 0.5 mM mag-
nesium chloride, and 5 mM HEPES–sodium hy-
droxide buffer (pH 7.4); 1 mM barium chloride, 
2 mM manganese chloride, 100 μM nickel chlo-
ride, and 20 μM nifedipine were added to improve 
dissection of the pacemaker current. The pipettes 
used in inside-out macropatch11 experiments con-
tained 70 mM sodium chloride, 70 mM potassi-
um chloride, 1.8 mM calcium chloride, 1 mM mag-
nesium chloride, 1 mM barium chloride, 2 mM 
manganese chloride, and 5 mM HEPES–sodium 
hydroxide buffer (pH 7.4); a solution containing 
130 mM potassium aspartate, 10 mM sodium chlo-
ride, 2 mM calcium chloride, 5 mM EGTA–potas-
sium hydroxide, and 10 mM HEPES–potassium 
hydroxide buffer (pH 7.2; pCa [the negative log of 
the concentration of Ca2+ ions] 7) perfused the in-
tracellular sides of the patches.

For the investigation of mutant channels, 
HEK293 cultures were split into two halves, one 
to express control channels and one to express 
mutant channels, and the two halves were treated 
by identical procedures; experiments comparing 
the properties of mutant and control channels 
were always performed on cells matched accord-
ing to the day of culture.

The activation curves for hHCN4 currents re-
corded under whole-cell conditions were obtained 
by standard activation and deactivation proto-
cols and analyzed by the Boltzmann equation, 
y = 1 ÷ {1 + exp[(V − V

1/2
) ÷ s]}, where y is the frac-

tional activation, V is the voltage in millivolts, V
1/2 

is the half-activation voltage in millivolts, and s is 
the inverse slope factor in millivolts. Mean acti-
vation curves were obtained by fitting individual 
curves from each cell to the Boltzmann equation 
and averaging half-activation voltages and inverse 
slope factors. The activation curves in inside-out 
macro patches, the time constants of current ac-
tivation and deactivation, and the shifts induced 
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by cAMP were calculated as previously report-
ed.12 The dose–response curves of cAMP-induced 
shifts in inside-out macropatches were analyzed 
by the Hill equation, as follows: S ÷ Smax 

= 1 ÷ [1 +  
(k

1/2
 ÷ cAMP concentration)h], where S is the shift, 

k
1/2

 is the half-maximal concentration, and h is 
the Hill factor. Each patch was exposed to cAMP 
only once. The holding potential was −35 mV in 
all experiments.

measurements of heart rate 

Heart-rate measurements were performed dur-
ing the daytime (between 10 a.m. and 6 p.m.) with 
the patient at rest. The rates for children 10 years 
of age or younger were normalized to adult rates 
by linear scaling according to published data (Ta-
ble A1.46 in Macfarlane and Lawrie13). The mean 
adult rates used for normalization were calcu-
lated by averaging the rates for the age groups 18 
through 29 years, 30 through 39 years, 40 through 
49 years, and 50 years or more from Table A1.1 
in Macfarlane and Lawrie.13  These rates (±SE) were 
71.0±0.7 beats per minute for men and 76.7±0.2 
beats per minute for women.

statistical analysis

Data were compared by the independent Stu-
dent’s t-test or two-way analysis of variance, and 
P values of 0.05 or less were considered to indi-
cate statistical significance. Genetic-linkage analy-
sis and lod-score calculations were performed 
with the MLINK program of the LINKAGE soft-
ware package.14

results

We screened 52 persons with bradycardia for 
mutations anywhere in the coding region of the 
pacemaker-channel gene hHCN4. This procedure 
led us initially to identify a missense mutation in 
exon 7, S672R, in one member of an Italian fam-
ily (the proband) with asymptomatic sinus brady-
cardia (heart rate, 43 beats per minute). We then 
collected and examined DNA from a total of 27 
members of the same family. PCR–SSCP analysis 
showed that the S672R mutation cosegregates 
with the bradycardic phenotype, indicating an au-
tosomal dominant pattern (Fig. 1). The heart rate 
varied from 43 to 60 beats per minute in persons 
with the mutated gene (mean value for 15 persons, 
52.2±1.4 beats per minute) and from 64 to 81 
beats per minute in those with the wild-type gene 

(mean value for 12 persons, 73.2±1.6 beats per 
minute; P<0.001 by Student’s t-test) (Fig. 1 and 2B). 
The presence of the S672R mutation was con-
firmed by electropherograms (Fig. 2A). The same 
mutation was absent in 746 control chromosomes 
from unrelated persons of Italian origin.

To quantify the cosegregation of bradycardia 
with the hHCN4 gene, we calculated the two-point 
lod score for the family shown in Figure 1. Since 
no estimates of the frequency of the gene for sinus 
bradycardia exist, for the purposes of this study 
we assumed a frequency of 0.005 for this gene 
and a penetrance of 0.9. The maximum lod score 
was 5.47 (at θ = 0, the range of θ is 0 to 0.5, step 
0.01), indicating tight linkage. Changing the pen-
etrance over the range from 0.7 to 1.0 generated 
maximum lod scores (at θ = 0) in the range of 5.07 
to 5.66.

The HCN channels are six transmembrane-
domain channels that are dually activated by volt-
age hyperpolarization and cAMP,2,5 and the 
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Figure 1. Mutation in hHCN4 Resulting in Sinus Bradycardia.

Panel A shows the pedigree of a four-generation family with sinus bradycar-
dia (the arrow indicates the proband). Solid symbols represent persons 
carrying the mutation, and open symbols those without the gene (termed 
controls). Gray symbols indicate persons who are not represented in Pan-
els B and C. The asterisk indicates the control whose electrocardiogram is 
shown in Figure 2B, left-hand panel. Panel B presents an analysis of exon 7 
of hHCN4 by polymerase chain reaction–single-strand conformational poly-
morphism that shows control (wild type/wild type) and aberrant (wild type/
R672) band patterns, aligned in correspondence with the pedigree diagram. 
Panel C shows a corresponding plot of the heart rates of persons carrying 
the mutation and controls (solid and open diamonds, respectively), mea-
sured at rest.
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native cardiac pacemaker f-channels are composed 
mainly of hHCN4 subunits.7 The cAMP activates 
the channels by direct binding11 and partial re-
moval of an intrinsic inhibitory mechanism,15,16 

resulting in a depolarizing shift of the open prob-
ability curve12; this shift underlies the modula-
tion of the heart rate by autonomic neurotrans-
mitters.17-19

Since the S672R mutation is located within 

the cyclic nucleotide–binding domain (CNBD) of 
hHCN4 (Fig. 2C), it might affect cAMP binding 
and thus interfere with the autonomic modula-
tion of heart rate. The fact that S672 is highly 
conserved throughout the animal kingdom (Fig. 
2C) supports the view that it has an essential 
functional role.

To evaluate the functional effect of the S672R 
mutation, we transfected wild-type and mutated 
hHCN4 complementary DNA into HEK293 cells 
(Fig. 3A). The mutant S672R channels were ex-
pressed in HEK293 cells as efficiently as were 
wild-type channels. However, the S672R mutant 
channels were activated at more negative voltages 
than were wild-type channels. The half-activation 
voltages, as calculated from the Boltzmann equa-
tion, were −76.1±1.3 mV for the wild-type chan-
nels and −84.5±1.5 mV for the mutant channels 
(P = 0.002 by Student’s t-test), with a negative shift 
of 8.4 mV; inverse slope factors did not change 
significantly (10.2±0.8 and 11.2±0.8 mV for wild-
type and mutant channels, respectively; P = 0.41) 
(Fig. 3A, left-hand panel). Moreover, the mutant 
channels were deactivated faster than were the 
wild-type channels, as shown by plotting mean 
activation and deactivation time-constant curves 
for wild-type and mutant channels (Fig. 3A, right-
hand panel). The deactivation time constants were 
significantly faster in mutant than in wild-type 
channels, according to two-way analysis of vari-
ance (P<0.001). These properties of the mutant 
channels are compatible with a reduced contribu-
tion of the pacemaker current to diastolic depo-
larization.

A negative shift of the activation range could 
be due to a reduced ability of the basal cAMP con-
centration in HEK293 cells to activate S672R chan-
nels; this possibility is suggested by the local-
ization of the mutation within the CNBD (Fig. 
2C), close to residues (such as R669) affecting 
cAMP binding.20 However, cAMP-induced shifts 
of the current activation curve measured in in-
side-out patches were similar for wild-type and 
mutant channels (Fig. 3B, left-hand panel): fitting 
with the Hill equation (lines) yielded maximal 
shifts of 9.79 and 9.67 mV, half-maximal concen-
trations of 1.53 and 1.66 μM, and Hill slopes of 
0.787 and 0.982 for wild-type and mutant chan-
nels, respectively.

Since the S672R mutation does not interfere 
with cAMP-induced channel activation, the nega-
tive shift of the activation curve in Figure 3A prob-
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Figure 2. Sequence Identification of the hHCN4 Mutation Associated 
with Bradycardia.

Panel A shows the sequence identification of a C-to-A substitution (arrow) 
of one hHCN4 allele at position 2016 in an affected person (right), causing 
the replacement of serine 672 by arginine. Panel B shows the electrocardio-
grams of a control (left, 80 beats per minute; indicated by an asterisk in 
Fig. 1) and of a person (the proband) carrying the mutation (right, 43 beats 
per minute). Panel C shows the sequence alignment of the cyclic nucleo-
tide–binding domains (CNBDs) of hHCN4, hHCN1, hHCN2, and hHCN3 
and the homologous regions of related ion-channel proteins from many 
species. Red indicates α-helices and cyan β-sheets. Serine 672 (red back-
ground) is conserved throughout the animal kingdom from invertebrates 
to humans. OM denotes Oncorhynchus mykiss, PA Panulirus argus, Apis Apis 
mellifera, DM Drosophila melanogaster, AG Anopheles gambiae, HV Heliothis 
virescens, and SP Strongylocentrotus purpuratus.
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Figure 3. Kinetic Properties of Mutant hHCN4 Channels.

Panel A (left) shows the mean activation curves for wild-type channels (solid circles, six cells) and homomeric 
S672R mutant hHCN4 channels (open circles, eight cells) expressed in HEK293 cells. Sample traces recorded at the 
voltages indicated are shown at the top; the vertical scale bars represent current (50 picoamperes per picofarad) and 
the horizontal scale bars, time (5 seconds). Panel A (right) shows the time-constant curves of activation (less than 
−90 mV) and deactivation (greater than or equal to −90 mV) obtained as averages of five curves for wild-type channels 
and nine curves for mutant channels. Panel B (left) shows mean cAMP-dependent shifts of the activation curve mea-
sured in inside-out macropatches expressing wild-type channels (solid circles, 27 patches) and mutant channels (open 
circles, 25 patches). Each data point is the average of three to nine exposures. Panel B (right) shows the mean activa-
tion curves of wild-type channels (averaged from five curves) and mutant channels (averaged from nine curves) mea-
sured in inside-out macropatches by slow voltage ramps.12 Panel C (left) shows the mean activation curve for hetero-
meric wild-type–mutant channels (solid line, seven cells). Panel C (right) shows the time constants of activation and 
deactivation, as averaged from eight curves. The curves for wild-type and homomeric mutant channels, which are also 
shown in Panel A, are plotted here as broken lines. Mean ±SE values are plotted in Panels A, B (left), and C.
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ably reflects a constitutive new biophysical prop-
erty of the channel caused by the mutation. This 
was confirmed by measuring activation curves 
in inside-out macropatches in the absence of 
cAMP: the V

1/2
 of the mutant channels was −94.4 

mV, 9.1 mV more negative than that of the wild-
type channels (−103.5 mV), and s was 8.7 mV in 
both cases (Fig. 3B, right-hand panel). Thus, S672R 
channels are constitutively activated at voltages 
about 8 to 9 mV more negative than are wild-type 
channels.

Finally, in order to produce channels hetero-
meric for wild-type and mutant α-subunits, such 
as those occurring in heterozygotes, we cotrans-
fected identical amounts of wild-type and S672R 
complementary DNA into HEK293 cells and mea-
sured the resulting currents (Fig. 3C). The prop-
erties of heteromeric wild-type–mutant channels 
were intermediate between those of wild-type and 
homomeric S672R channels. The mean activation 
curve had a V

1/2
 of −81.0±1.6 mV, with a shift of 

−4.9 mV relative to the control (P = 0.042 by Stu-
dent’s t test); s was 11.2±0.7mV (P = 0.38) (Fig. 3C, 
left-hand panel); the deactivation time constants 
were significantly different from those of wild-
type channels according to two-way analysis of 
variance (P = 0.008) (Fig. 3C, right-hand panel).

Shifting of the I
f
 activation curve underlies 

physiologic frequency changes in pacemaker cells.2 

Moderate vagal activity slows the heart rate by a 
muscarinic-induced negative shift of the I

f
 acti-

vation curve,18 a mechanism contributing to 
the basal slow rate associated with vagal tone19; 
this effect is accompanied by a marked accelera-
tion of channel deactivation18 and is fully ex-
plained by a reduction of intracellular cAMP.11 The 
effects of the heterozygous S672R mutation on 
hHCN4 channels (a shift of −4.9 mV in the ac-
tivation curve and acceleration of deactivation) 
are therefore analogous to those of a low dose (10 
to 30 nM) of acetylcholine.19 This led us to specu-
late that the bradycardic rate slowing in persons 
heterozygous for the S672R mutation might be 
similar to the slowing induced in freely beating 
pacemaker myocytes by 10 to 30 nM acetylcho-
line. Published data indicate that the slowing in 
pacemaker rate caused by acetylcholine at these 
concentrations varies between 15 and 41 per-
cent.19 Indeed, in the family investigated, the bra-
dycardic mutant rates were on average 29 percent 
slower than nonbradycardic rates (Fig. 1), a result 
compatible with the above concept.

discussion

We report that familial sinus bradycardia is as-
sociated with a mutation in the HCN4 pacemaker-
channel α-subunit. HCN4 is the major HCN isoform 
contributing to native f-channels in the sinoatrial 
node, the natural cardiac pacemaker region.7 De-
fective HCN4 channels have been found to be 
associated with disorders of cardiac rhythm, but 
previous reports either were based on a single pa-
tient21 or described a complex array of rhythm dis-
turbances without clarifying which specific effect 
was mechanistically related to the mutation.22

The f-channels control pacemaker activity by 
generating the diastolic depolarization phase of 
the action potential, and they mediate the chrono-
tropic action of autonomic neurotransmitters.2 

They are activated by cAMP11; by increasing cAMP 
levels, β-adrenergic stimulation increases dia-
stolic I

f
 and consequently steepens diastolic depo-

larization, thus causing an acceleration of the heart 
rate17; the opposite mechanism operates when 
muscarinic stimulation by acetylcholine decreases 
cAMP levels and I

f
 and slows the heart rate.18,19

The hHCN4 mutation associated with brady-
cardia, S672R, is located in the CNBD (Fig. 2C), 
a region composed of several residues that af-
fect cAMP binding.23 We found, however, that the 
S672R mutation does not affect cAMP-induced 
channel activation, but it does modify channel ki-
netics by shifting the current activation range to 
hyperpolarized voltages and slowing current deac-
tivation; these changes mimic those caused by a 
low concentration (10 to 30 nM) of acetylcholine19 

and lead to a reduced flow of inward current dur-
ing diastolic depolarization and hence to slow-
ing of the heart rate.

Finally, it is known that several mutations may 
alter the kinetics and cAMP dependence of HCN 
channels24,25; furthermore, HCN kinetics are mod-
ified by β-subunits.6 Thus, the mutation reported 
here may represent a specific case of a broader 
mechanism for sinus bradycardia based on con-
stitutive inhibition of pacemaker channels.
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This Journal feature begins with a case vignette highlighting a common clinical problem. 
Evidence supporting various strategies is then presented, followed by a review of formal guidelines, 

when they exist. The article ends with the author’s clinical recommendations. 
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A 36-year-old woman with a long history of catamenial migraines had had a head-
ache almost every day during the previous year. The background headache was 
mild but became severe and incapacitating at least twice a week, interfering with 
work and sleep. She took six to eight tablets containing a combination of aspirin, 
acetaminophen, and caffeine per day, with minimal relief. She had no fever, weight 
loss, diplopia, or tinnitus. Her headaches were not exacerbated by a Valsalva maneuver 
or positional change.  Her physical examination was normal.  How should she be 
evaluated and treated?

the cl inic a l probl em

Chronic daily headache refers to the presence of a headache more than 15 days per 
month for longer than 3 months. Chronic daily headache is not a diagnosis but a 
category that contains many disorders representing primary and secondary head-
aches.1,2 Secondary causes must be ruled out before the diagnosis of a primary 
headache disorder is made. Approximately 3 to 5 percent of the population world-
wide3-5 and 70 to 80 percent of patients presenting to headache clinics in the 
United States6 have daily or near-daily headaches. The disability associated with 
this disorder is substantial and includes a diminished quality of life related to 
physical and mental health, as well as impaired physical, social, and occupational 
functioning.7-9

Risk factors for chronic daily headache as identified in population-based and 
clinic-based studies include obesity, a history of frequent headache (more than one 
per week), caffeine consumption, and overuse (more than 10 days per month) of 
acute-headache medications, including analgesics, ergots, and triptans.10-14 Over 
half of all patients with chronic daily headache have sleep disturbances and mood 
disorders such as depression or anxiety, and these disorders can exacerbate the 
underlying headache.

Transformed migraine and medication-overuse headaches are among the 
most common and challenging of the chronic daily headache disorders and are 
the focus of this review (Table 1). The clinical features of primary chronic daily 
headache disorders are summarized in Table 2.15 Primary chronic daily headache 
disorders are classified on the basis of the usual length of each episode — that is, 
prolonged (four hours or longer) or brief (less than four hours).1

s tr ategies a nd e v idence

diagnosis

Before a primary headache can be diagnosed, secondary causes must be considered. 
The development of progressively frequent and severe headaches within a period 
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of three months, neurologic symptoms, focal or 
lateralizing neurologic signs, papil ledema, head-
aches aggravated or relieved by assuming an 
upright or supine posture, headaches provoked 
by a Valsalva maneuver such as a cough or sneeze, 
systemic symptoms or fever, or a history of head-
ache of sudden onset or onset after the age of 50 
years should prompt a diagnostic evaluation with 
appropriate imaging.

Most patients with transformed migraine and 
medication-overuse headache are women and 
have a history of episodic migraine that dates 
back to adolescence or early adulthood.16,17 Pa-
tients often report a period of transformation that 
occurs over months or years in which headaches 
become more frequent, until a pattern of daily 
or near-daily headaches develops that clinically 
resembles a mixture of tension-type headache 
and migraine. This clinical phenotype explains 
why labels such as “mixed headache” and “ten-
sion–vascular headache” have been informally 

applied to this group of patients.
The overuse of acute-headache medications 

by patients with frequent headache may lead to 
medication-overuse headache, a syndrome of 
daily headaches that is induced and maintained 
by the very medications used to relieve the pain.18,19 
The prevalence in the population of chronic 
daily headache associated with the overuse of 
acute-headache medication was recently esti-
mated to be 1.4 percent overall and was particu-
larly high among women (2.6 percent), especially 
those over the age of 50 years (5 percent).20 Over-
use of acute-headache medications is reported 
by approximately 80 percent of the patients with 
transformed migraine who are seen in head-
ache clinics,21 but by fewer than a third of those 
with transformed migraine in the general pop-
ulation.3 Furthermore, in a substantial propor-
tion of patients, daily headache may continue 
once they stop overusing acute-headache medi-
cation. Therefore, the overuse of acute-headache 

Table 1. Criteria for Transformed Migraine and Medication-Overuse Headache.

Transformed migraine*

Daily or almost daily (>15 days per month) head pain for >1 mo

Average headache lasting >4 hr per day (if untreated)

At least one of the following criteria:

History of any form of episodic migraine meeting IHS criteria†

History of increasing headache frequency with decreasing severity of migrainous features over a period
 of at least 3 mo

Headache at some time meets IHS criteria for migraine other than duration

Does not meet criteria for new daily persistent headache or hemicrania continua

Medication-overuse headache2

Headache present at least 15 days per month characterized by the development or marked worsening of  pain during 
medication overuse and resolution of pain and reversion to previous episodic pattern (<15 days per month) within 
2 mo after discontinuation of medication

Definition of overuse of medication

Regular overuse of a headache medication for >3 mo

Use of ergotamine, triptans, opioids, and combination analgesics >10 days per month

Use of simple analgesics ≥15 days per month

Total use of all headache medications ≥15 days per month

* The criteria for transformed migraine are those of Silberstein et al.1,2 These criteria have been used in clinical, popula-
tion-based, and treatment studies during the past 10 years. The criteria for chronic migraine have not been field-tested 
or validated.

† The criteria of the International Headache Society (IHS) for migraine without aura2 include at least five attacks that last 
4 to 72 hours (untreated or unsuccessfully treated). The headaches must have at least two of the following characteris-
tics: unilateral location, pulsating quality, moderate or severe pain intensity, and reason for avoidance of routine physi-
cal activity (e.g., walking or climbing stairs). During the headaches, at least one of the following must be present: nau-
sea, vomiting, or both; photophobia and phonophobia; and no attribution to another disorder.
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medications is neither necessary nor sufficient 
to cause transformed migraine.

Patients with transformed migraine most of-
ten overuse acute-headache medications such 

as analgesics (especially analgesics that combine 
aspirin, acetaminophen, and caffeine and those 
that contain butalbital), opioids, ergotamine, or 
triptans or a combination of these medications. 

Table 2. Other Types of Primary Chronic Daily Headache.*

Disorder Male:Female Ratio Prevalence Clinical Features

%

Transformed migraine 1:3 2 Migraine with or without aura >15 
days per month for >3 mo

Chronic tension-type headache 1:1 2 Mild-to-moderate severity; no mi-
grainous symptoms; bilateral

New daily persistent headache More common in women Rare Bilateral, persistent, moderately 
severe; may be preceded by 
viral infection; may resemble 
migraine or tension-type 
headache 

Hemicrania continua More common in women Rare Rare, unilateral, and constant ex-
acerbations of severe headache; 
cranial autonomic symptoms; 
“ice-pick” pain; responsive to 
indomethacin by definition

Cluster headache 3:1 0.4 Cluster periods lasting 4–8 wk 
1–3 times per year; daily head-
aches, often nocturnal, occur-
ring 1–8 times per day, lasting 
about 1 hr on average, ex-
tremely severe, mostly peri-
orbital or temporal, and asso-
ciated with motor restlessness 
and autonomic symptoms 
(tearing, rhinorrhea)

Hypnic headache 1:2 among the elderly (>60 yr
of age)

0.07 Occurring daily but only during 
sleep; moderately severe; 
often bilateral; lasting about 
1 hr; not associated with auto-
nomic symptoms

Paroxysmal hemicrania 1:2 Rare Headaches identical to cluster 
headaches except that attacks 
occur more often (>5 and up 
to 24 times per day) and are 
briefer (8–25 min); responsive 
to indomethacin by definition

Short-lasting, unilateral, neuralgi-
form headache with conjunc-
tival injection and tearing 
syndrome

3:1 Rare Headaches resembling cluster 
and paroxysmal hemicranias 
except that attacks occur more 
often (30–100 per day) and are 
much briefer (20–120 sec); 
may be mistaken for trigemi-
nal neuralgia, except pain is 
strictly periorbital (V1) with 
cranial autonomic symptoms

* Secondary causes require careful consideration and exclusion. These include medication-overuse headache, cervicogenic headache (pain re-
ferred from a source in the neck and perceived in one or more regions of the head, face, or both), intracranial hypertension or hypotension, 
intracranial infection (meningitis or sinusitis), space-occupying lesions, post-traumatic headache, arterial dissection, venous sinus thrombo-
sis, and giant-cell arteritis. Prolonged (four hours or longer) chronic daily headache disorders include chronic migraine, chronic tension-type head-
ache, hemicrania continua, and new daily persistent headache. Transient (less than four hours) disorders include cluster headache, hypnic head-
ache, paroxysmal hemicrania, and the short-lasting, unilateral, neuralgiform headache with conjunctival injection and tearing syndrome.
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The interval from the frequent intake of these 
medications to the development of medication-
overuse headache has been reported to be short-
est for triptans (1.7 years), longer for ergots 
(2.7 years), and longest for analgesics (4.8 years). 
It is unclear whether this observation relates to 
the pharmacologic characteristics of the medi-
cations.22

Although it is often difficult to be certain 
whether the overuse of acute-headache medica-
tion is the cause or the consequence of the daily 
headaches, accurate diagnosis and management 
require the withdrawal of such medications in 
all patients, especially in the light of the obser-
vation that their overuse may preclude the efficacy 
of preventive medications. If a pattern of episodic 
headaches (fewer than 15 days per month) re-
curs within 2 months after drug withdrawal, 
medication-overuse headache is diagnosed.2 If 

headache continues to occur on at least 15 days 
per month despite the withdrawal of acute-head-
ache medications, a diagnosis of transformed mi-
graine is often made. Although this distinction 
is obviously arbitrary, the reduction in the fre-
quency of headache after the withdrawal of medi-
cation is often dramatic in patients who have 
true medication-overuse headache.

treatment

Nonpharmacologic Therapy
Although data are lacking from controlled tri-
als, clinical experience suggests that lifestyle mod-
ifications such as limiting or eliminating caffeine 
consumption, engaging in regular exercise, and 
establishing regular mealtimes and sleep sched-
ules can be beneficial for some patients. Depres-
sion, anxiety, and sleep disturbances should be ad-
dressed.23 Training in relaxation techniques and 

Table 3. Preventive Medications Used in Cases of Transformed Migraine or Medication-Overuse Headache.*

Medication Class and Drug Target Daily Dose Titration Period Common Side Effects

Antidepressants

Tricyclic antidepressants such as
amitriptyline

50–100 mg 1–2 mo Weight gain, dry mouth, constipa-
tion, palpitation, drowsiness, 
dizziness, fatigue

Selective serotonin-reuptake inhibitors 
such as fluoxetine

20–60 mg 1 mo Anorexia, insomnia, anxiety, trem-
or, asthenia, dizziness, somno-
lence

Anticonvulsants

Divalproex 500–2000 2–4 wk Nausea, somnolence, dizziness, 
vomiting, tremor, alopecia, 
weight gain

Gabapentin 900–3600 mg 1–2 mo Dizziness, somnolence, ataxia, ab-
normal thinking, peripheral ede-
ma, weight gain, incoordination

Topiramate 50–200 mg 1–2 mo Paresthesia, difficulty with word-
finding and concentration, 
weight loss 

α
2
-Adrenergic agonists

Tizanidine 8–20 mg 1–2 mo Dry mouth, somnolence, asthenia, 
dizziness, constipation, hypo-
tension, bradycardia

Neurotoxin

Botulinum toxin type A 25–260 U every 3 mo Injection every 3 mo Weakness of injected muscle,
 ptosis, neck pain

* All the listed agents (except divalproex) have been studied in at least one randomized trial involving patients with a primary chronic daily 
headache (more than 15 days per month). However, these were not studies specifically of patients with transformed migraine or medica-
tion-overuse headache. Most of the patients in some studies and all the patients in other studies had a history of migraine; none of the 
studies evaluating these therapies uniformly used the definition of the International Headache Society for chronic migraine or the criteria 
of Silberstein et al.1 for transformed migraine. Overuse of acute-headache medications was present in a substantial proportion of patients 
in several studies. This table is not intended to be exhaustive. No medications are approved by the Food and Drug Administration for the 
prevention of headache in patients with transformed migraine or medication-overuse headache.
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biofeedback may be beneficial, although data to 
support these interventions come from patients 
with chronic tension-type headache, rather than 
transformed migraine.24 Patients should be pro-
vided with support and close follow-up, particu-
larly during the first eight weeks after treatment 
is initiated.

Preventive Medications
Randomized trials of the use of preventive med-
ications in chronic daily headache are scarce.25-34 
In a single trial involving the tricyclic amytrip-
tyline, the reported response rates (the percent-
age of patients whose frequency of headache is 
reduced by more than 50 percent) have exceed-
ed 50 percent. Response rates superior to those 
achieved with placebo have also been reported 
for gabapentin (36 percent, as compared with 11 
percent for placebo), topiramate (71 percent, as 
compared with 11 percent), and botulinum tox-
in type A (54 percent, as compared with 38 per-
cent).25,30,31 However, available studies are lim-
ited by small numbers of patients, the failure to 
account for the overuse of acute-headache med-
ications, the concomitant use of other preventive 
medications, the lack of a specific diagnosis, or a 
combination of these factors.

Nonetheless, on the basis of these data and 
clinical experience, several potential preventive 
therapies are being used in patients with trans-
formed migraine (Table 3). Given the high rate 
of associated sleep and mood disorders in these 
patients, sedating antidepressants such as amitrip-
tyline may be particularly useful, although data 
are lacking to compare this category of drugs with 
a placebo or other preventive medications.

Preventive medications are generally titrated 
to the minimal effective or maximal tolerated dose 
over a period of one or two months. This target 
dose is maintained for at least two months; if 
the patient has a response (more than a 50 percent 
reduction in the number of days on which head-
ache occurs), the medication is continued for at 
least three to six months. At that point, clinical 
experience suggests that it is reasonable to at-
tempt to taper and discontinue the medication, 
after consultation with the patient.

The use of preventive medications in patients 
with headaches thought to be due to overuse of 
acute-headache medications is more controversial. 
Some investigators believe that most patients who 
overuse these medications have medication-
overuse headache and that withdrawal of the 

overused medications alone will allow the head-
ache to revert to an episodic pattern, without the 
need for preventive therapy.35 However, given 
the relatively poor long-term success rates after 
the withdrawal of medication alone, other in-
vestigators recommend preventive therapy in such 
patients in an attempt to reduce the frequency 
and severity of the withdrawal headaches, as 
well as the potential for relapse, which can oc-
cur during or after the withdrawal period.

The use of daily opioid therapy in patients 
with chronic daily headache is controversial. A 
recent prospective study with an initial cohort 
of 160 patients who were prescribed daily opi-
oid therapy reported the outcomes among 70 pa-
tients with medically refractory chronic daily 
headache who continued this therapy for at least 
three years.36 Only 41 of the original 160 pa-
tients (26 percent) had greater than 50 percent 
improvement in a headache index that took into 
account the frequency and severity of headaches 
each week. Fifty percent of the patients had “prob-
lem drug behavior” (defined as “lost” prescrip-
tions, seeking medication from other sources, 
and most commonly, dose violations). Most of 
these patients (74 percent) either did not show 
marked improvement or were dropped from the 
program because of problem drug behavior. These 
data from a highly specialized center with very 
close follow-up underscore the low efficacy of 
long-term opioid therapy and the high risk of 
misuse in this patient population.

withdrawal from acute-headache medication 

No controlled studies have yet assessed the ef-
ficacy of withdrawal of medication alone. Treat-
ment strategies for patients with transformed 
migraine associated with overuse of acute-head-
ache medication are therefore based on case series, 
prospective uncontrolled studies, controlled trials 
involving patients with unspecified chronic daily 
headache, and clinical experience. Withdrawal 
studies are confounded by the addition of pre-
ventive medications, behavioral techniques, lifestyle 
modifications, and acute-headache medications, all 
of which may influence the frequency and severity 
of headaches. Nonsteroidal antiinflammatory 
drugs and dihydroergotamine mesylate (unlike 
ergotamine tartrate) are generally considered to 
have a low risk of medication-overuse headache 
and are often used to treat breakthough head-
aches during the withdrawal period. It is unclear 
whether the rarity of overuse of acute-headache 
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medication associated with dihydroergotamine 
reflects a pharmacologic mechanism or whether 
the rarity is explained by the more limited use 
of this medication, which requires parenteral ad-
ministration, as compared with ergotamine tar-
trate, which is taken orally.

In general, most patients can be treated on 
an outpatient basis (Table 4). Simple analgesics, 
ergotamine, triptans, and most combination anal-
gesics can be discontinued abruptly, whereas opi-
oids and butalbital-containing analgesics should 
be tapered over a period of one month. To mini-
mize the potential for troublesome or serious 
withdrawal symptoms from analgesics contain-
ing barbiturates and opioids, some experts have 
drawn on clinical experience to recommend a 
short (two to six weeks), tapering course of phe-
nobarbital or clonidine for patients who have 
been using such agents.

A prospective study demonstrated that with-
drawal symptoms and headaches generally re-
solved within four days after the cessation of 
triptan, whereas fewer than 20 percent of patients 
reported being free of headache within four days 
after the discontinuation of analgesics.22 With-
drawal from ergotamine tartrate and combina-
tion analgesics may cause severe headache, nau-
sea, vomiting, hypotension, and tachycardia that 
can last several days to weeks.

A recent double-blind, placebo-controlled study 
evaluated the effect of 100 mg of prednisone for 
five days on the duration of severe withdrawal 
headache in 20 patients with presumed medica-

tion-overuse headache.37 There was a significant 
reduction in the number of hours of severe with-
drawal headache in the active-treatment group 
(18.1 vs. 36.7 hours, P = 0.04), which confirmed 
earlier observations from uncontrolled studies. 
In a 12-week open-label study, a single bedtime 
dose of tizanidine ranging from 2 to 16 mg (aver-
age, 3.6) in combination with a single morning 
dose of a nonsteroidal antiinflammatory drug 
resolved chronic daily headache in 34 of 55 pa-
tients (62 percent).38

Inpatient treatment may be necessary if the 
patients are not successful in decreasing their 
use of acute-headache medications, if the amount 
of barbiturate or opioid makes withdrawal on 
an outpatient basis unsafe, or if there are seri-
ous coexisting medical or psychiatric conditions.39 
Although there is a paucity of controlled trials 
to guide inpatient therapy, a meta-analysis of 
uncontrolled inpatient studies demonstrated that 
81 percent of patients had a decreased severity 
or frequency of headache of at least 50 percent 
after two months of follow-up and that 61 per-
cent had such an improvement after one to four 
years of follow-up.39

However, relapse is common after the with-
drawal of acute-headache medications, both in 
patients who were no longer experiencing chronic 
daily headache after medication withdrawal 
and in those who continued to have chronic 
daily headache but who were initially success-
ful in decreasing their intake of acute-headache 
medications. One large, prospective study indi-

Table 4. Suggested Treatment of Transformed Migraine or Medication-Overuse Headache.

Education, support, and close follow-up for 8–12 wk

Lifestyle modifications (quitting smoking, eliminating caffeine consumption, exercising, eating regular meals,
 and establishing regular sleep schedule)

Behavioral therapy (relaxation therapy, biofeedback)

Abrupt withdrawal of overused medications for acute headache, except barbiturates or opioids*

Prednisone (100 mg for 5 days [optional])

Acute-headache treatment (for moderate or severe headache)

Nonsteroidal antiinflammatory drugs (e.g., 500 mg of naproxen sodium)

Dihydroergotamine (1 mg) intranasally, subcutaneously, or intramuscularly

Antiemetics (10–20 mg of metoclopramide, 10 mg of prochlorperazine, or 4–8 mg of ondansetron)

Preventive therapy

* For butalbital overuse, taper the drug over a period of two to four weeks; if there is concern about the possibility of 
withdrawal syndrome, provide a tapering course of phenobarbital (30 mg twice daily for two weeks, followed by 15 mg 
twice daily for two weeks). For opioid overuse, taper the drug over a period of two to four weeks; if there is concern 
about the possibility of withdrawal syndrome, provide clonidine (transdermal therapeutic system patch for one to two 
weeks).
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cated a relapse rate of 38 percent in the first 
year and a rate of 42 percent after four years.40,41 
In another report, 60 percent of the patients con-
tinued to have chronic daily headache and were 
overusing acute-headache medications four years 
after the initial withdrawal of the medication.42

a r e a s of uncerta in t y

The mechanisms by which headache becomes dai-
ly and sometimes continuous remain unclear. Re-
peated attacks of migraine in susceptible persons 
may lead to a state of chronic central sensitization 
of trigeminal-pain pathways, resulting in continu-
ous headache. The overuse of analgesics, espe-
cially opioids, may also sensitize central-pain path-
ways. Randomized, controlled trials of different 
treatment strategies that can be used to inform 
therapy for patients with transformed migraine 
or medication-overuse headache are lacking. The 
role of novel treatments for certain subtypes of 
chronic daily headache also remains uncertain. 
Occipital-nerve stimulation has shown some prom-
ise in individual patients with chronic migraine, 
but controlled trials are needed.43

guidel ines

There are no formal recommendations from the 
American Academy of Neurology or the American 
Headache Society for the management of trans-
formed migraine or medication-overuse headache. 
However, consensus guidelines of the American 
Academy of Neurology for the management of 
chronic migraine recommend “guarding against 
medication overuse headache by avoiding acute 
headache medication escalation and initiating pre-
ventive medication in patients with frequent head-
ache or in those who overuse acute therapies.” 42

conclusions a nd 

r ecommendations

Most patients with chronic daily headache have 
a history of episodic migraine and overuse acute-
headache medications. A careful history-taking 

and examination should rule out features sug-
gestive of a secondary cause. The presentation of 
the patient in the vignette is consistent with a 
diagnosis of transformed migraine resulting from 
overuse of acute-headache medication. Although, 
strictly speaking, the diagnosis of medication-over-
use headache requires the withdrawal of the over-
used medication and an evaluation of the frequen-
cy of headache after two months of follow-up, 
patients tend to tolerate this approach poorly. 
Thus, in this case, in combination with abrupt-
ly discontinuing the patient’s overused medica-
tions, I would treat her with 60 mg of prednisone 
for five days to minimize withdrawal headaches 
and other symptoms, even though only limited data 
are available to support the use of this approach. 

Although data are lacking from randomized 
trials of patients with transformed migraine or 
medication-overuse headache to guide the use of 
preventive therapy, I would also recommend start-
ing therapy with amitriptyline (10 mg) at bed-
time and increasing the dose in increments of 
10 mg until the frequency of the headaches be-
gins to decline or dose-limiting side effects occur, 
with monthly follow-up for the first three months. 
On the basis of clinical experience, I would also 
encourage the patient to limit or eliminate caffeine 
consumption, exercise regularly, and maintain 
a regular sleep schedule. Moderate or severe head-
aches that occur after the withdrawal of overused 
acute-headache medication could be treated with 
a nonsteroidal antiinflammatory agent or intra-
nasal or parenteral dihydroergotamine; antiemet-
ics are helpful for headache-induced or drug-
induced nausea. If the patient were to make good 
progress and have a marked reduction in the 
frequency of headache for three to six months, 
it would be reasonable to try to taper the dose 
of amitriptyline gradually. However, she should 
be reminded that the need to use acute-head-
ache medications for more than two days per 
week indicates the need to resume a preventive 
medication.

Dr. Dodick reports receiving research funding from Allergan.
No other potential conflict of interest relevant to this article 

was reported.
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Chronic Daily Headache . On page 160, in Table 2, the male:female

ratio for cluster headache should have read `̀ 3:1,´́ rather than `̀ 1:3,´́

as printed. Also, on page 217, in the Continuing Medical Education

section, choice A under Question 1 (which was listed as an incor-

rect choice) should have read, `̀ Cluster headaches are more common

among women than among men,´́ rather than `̀ more common among

men than among women,´́ as printed. Likewise, the explanation that

followed the choices, which appeared at www.nejm.org, should have

read, `̀ Cluster headache is more common among men,´́ rather than

`̀ among women,´́ as printed. This article and its Continuing Medi-

cal Education examination have been corrected on the Journal ’s Web

site. We regret the errors.
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A lmost 4000 cases of acute lymphoblastic leukemia (ALL) are di-

agnosed annually in the United States, approximately two thirds of which 
are in children and adolescents, making ALL the most common cancer in 

these age groups.1 Optimal use of the same antileukemic agents that were devel-
oped from the 1950s through the 1980s, together with a stringent application of 
prognostic factors for risk-directed therapy in clinical trials, has resulted in a steady 
improvement in treatment outcome.1 In the 1990s, the five-year event-free survival 
rates for childhood ALL generally ranged from 70 to 83 percent in developed coun-
tries (Table 1),2-11 with an overall cure rate of approximately 80 percent.1 Emerging 
results suggest that a cure rate of nearly 90 percent will be attained in the near 
future12 (Fig. 1). 

Unfortunately, the experience with adult ALL has been far less rewarding: 
reported cure rates seldom exceed 40 percent (Table 2), despite the use of hemat-
opoietic stem-cell transplantation in many cases.13-20 The poor outcome in adult 
ALL has been variously attributed to an increased frequency of high-risk leukemia 
with greater drug resistance, poorer tolerance of and compliance with treatment, 
reluctance to accept certain temporary toxic effects, and less effective treatment 
regimens, as compared with childhood ALL. In this review, we consider recent ad-
vances in the treatment of ALL, emphasizing issues that must be addressed if treat-
ment outcome is to improve further.

R isk A ssessmen t

A stringent assessment of the risk of relapse for subgroups of patients is critical in 
selecting therapy that will avoid excessive toxicity but maintain a high cure rate. 
Risk classification has been based mainly on readily apparent clinical features of 
patients and characteristics of leukemia cells.1 Certain host factors are now recog-
nized to exert a critical influence on treatment efficacy and toxicity.21,22 In some 
patients, for example, treatment failure results from inadequate drug dosing rather 
than from an intrinsic drug resistance of the leukemia cells.1,23 Although most 
pediatric study groups classify patients into categories of standard, high (i.e., inter-
mediate or average), or very high risk, the Children’s Oncology Group has proposed 
a four-category system that recognizes patients with a very low probability of re-
lapse.24 Adults are generally divided into only standard-risk and high-risk groups.

Fac t or s Pr edic t ing Cl inic a l Ou t c ome

treatment regimen

Improved treatment has abolished the prognostic strength of many clinical and 
biologic variables that previously were related to outcome. For example, T-cell ALL 
or mature B-cell ALL in children, once associated with a very poor prognosis, has a 
cure rate of 75 to 80 percent with contemporary treatments.25,26 Similarly, although 
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black children still have poor outcomes in nation-
al studies, they have the same high cure rates as 
white children when given equal access to effective 
treatment in trials at single institutions.27 The ad-
verse prognostic effect of male sex has also been 
abolished in clinical trials involving children in 
which the overall five-year event-free survival rate 
was 80 percent or more.7,10 More interesting, per-
haps, is that retrospective studies have indicated 
that the event-free survival rates among adoles-
cents 15 to 20 years of age who were treated ac-
cording to pediatric protocols were significantly 
higher than those among the same age group who 
were treated according to adult protocols.28,29 
Whether this discrepancy in outcome reflects dif-
ferences in treatment regimens, protocol compli-
ance on the part of the patients and physicians, or 
other factors is unknown. Whatever the explana-
tion, joint efforts by pediatric and adult oncologists 
are under way to develop common protocols for 
adolescents and young adults.

clinical features

Age and leukocyte count at diagnosis continue to 
be strong prognostic indicators of outcome, main-
ly among patients with B-cell precursor ALL. In 
this subgroup, an age of one to nine years and a 
leukocyte count of less than 50 × 109 per liter usu-
ally define standard-risk disease.1 Among adults, 
the outcome worsens with increasing age and 
leukocyte count, but there are no clear guidelines 
for assigning adults to different risk groups on 
the basis of increments of age or leukocyte count. 
With only a few exceptions,13,15,17 patients older 
than 60 years are not included in adult trials be-
cause they have many coexisting health problems 
and are particularly susceptible to treatment-related 
illness and death.

genetics of leukemia cells

Primary genetic abnormalities of leukemia cells 
have important prognostic significance.30-32 In 
B-cell precursor ALL, hyperdiploidy (more than 
50 chromosomes per leukemia cell) and t(12;21) 
with the TEL-AML1 fusion gene, accounting for 
approximately 50 percent of childhood cases but 
only 10 percent of adult cases, confer a highly fa-
vorable prognosis. Childhood cases with trisomies 
4, 10, and 17 may have a particularly favorable out-
come.33 Hypodiploidy (fewer than 45 chromosomes 
per leukemia cell), found in less than 2 percent of 
pediatric or adult cases, confers a poor outcome 

that is even worse in subgroups with rare low hy-
podiploidy (33 to 39 chromosomes) or near-hap-
loidy (23 to 29 chromosomes). A poor prognosis is 
also associated with t(4;11) with the MLL-AF4 fu-
sion gene, which occurs in approximately 50 per-
cent of cases in infants, 2 percent of cases in chil-
dren, and 5 to 6 percent of cases in adults, and 

Glossary

BCR-ABL: A reciprocal t(9;22) fuses the BCR (breakpoint cluster region) 
gene from chromosome 22 to the ABL (Abelson) gene from chromo-
some 9. The fusion protein is a constitutive protein kinase that alters 
signaling pathways that control the proliferation, survival, and self-re-
newal of hematopoietic stem cells.

E2A-PBX1: In the t(1;19), the N-terminal transactivation domain of E2A (a 
helix–loop–helix protein-coding gene on chromosome 19) fused to the 
C-terminal DNA-binding homeodomain of PBX1 (pre-B-cell transform-
ing) gene on chromosome 1. The chimeric protein interferes with he-
matopoietic differentiation by disrupting patterns of gene expression 
that are normally regulated by HOX-PBX1 complexes.

FLT3: This class 3 receptor tyrosine-kinase (fms-related tyrosine kinase 3) 
gene plays an important role in normal hematopoiesis. Constitutive 
activation of the gene contributes to the abnormal growth of leukemic 
cells.

HOX: Homeobox genes, master transcriptional regulators of early devel-
opment, play a critical role in regulating hematopoietic stem-cell sur-
vival and proliferation.

MLL-AF4: The t(4;11) results in a chimeric protein consisting of the N-ter-
minal portion of MLL (mixed-lineage leukemia) encoded by the gene 
on chromosome 11 and the C-terminal portion of AF4 (ALL1 fused 
gene from chromosome 4). The fusion protein disrupts the normal ex-
pression pattern of homeobox genes, causing a change in the self-re-
newal and growth of hematopoietic stem cells and committed progen-
itor cells.

MLL-ENL: The fusion of the MLL gene with the ENL (eleven nineteen leu-
kemia) gene.

NOTCH1: This gene (Notch homologue 1, translocation-associated 
[Drosphila]) encodes a member of the transmembrane protein family, 
which plays a role in the developmental processes of a variety of tis-
sues. Constitutive Notch signaling in hematopoietic progenitors dis-
rupts both normal T-cell and B-cell development and leads to T-cell 
cancers.

NUP214-ABL1: This fusion between NUP214 (nucleoporin of 214 kD) and 
ABL1 is associated with increased HOX expression and contributes to 
the multistep pathogenesis of T-cell ALL.

TEL-AML1: The t(12;21) creates a fusion gene that includes the 5′ portion 
of TEL (translocation-ETS-leukemia) gene on chromosome 12, which 
encodes a nuclear phosphoprotein that is a member of the ETS family 
of transcription factors, and almost the entire coding region of AML1, 
another transcription-factor gene that encodes the alpha subunit of 
core-binding factor, a master regulator of the formation of definitive 
hematopoietic stem cells. The fusion protein inhibits normal AML1-
mediated transcriptional activity, resulting in the alteration of self-re-
newal capacity and the differentiation capacity of hematopoietic stem 
cells.

TTK: The tramtrack gene encodes a protein kinase detectable in all prolif-
erating cells and tissues; its expression is markedly reduced or absent 
in normal resting cells and in tissues with a low proliferative index.
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with t(9;22) with BCR-ABL fusion, which increases 
in frequency with age, from 3 percent in children 
to 20 percent in adults to more than 50 percent in 
patients older than 50 years.30,31,34 

Age influences the prognostic effect of these 
genetic lesions. Among patients with t(9;22), 
children one to nine years of age have a better 
prognosis than adolescents with the same dis-
ease,35 who in turn fare better than adults.31,34 
Among patients with MLL-AF4 fusion, infants fare 
considerably worse than older children, and adults 
have an especially poor outcome.31,36 In T-cell ALL, 
the presence of t(11;19) with MLL-ENL fusion and 
overexpression of the HOX11 gene confer a good 
prognosis.32,36-38 More than half of the cases of 
T-cell ALL have activating mutations of the NOTCH1 
gene,39 although the prognostic significance of 
this finding has yet to be determined.

host pharmacodynamics 

and pharmacogenetics

Host factors can influence treatment efficacy.21,22 
With the same dosages of either methotrexate or 
mercaptopurine, reduced accumulation of active 
metabolites in leukemia cells — due to fast clear-
ance, inactivation, or other reasons — has been 
associated with a poor outcome.40 The concomi-
tant administration of certain anticonvulsants (e.g., 
phenytoin, phenobarbital, or carbamazepine) sig-
nificantly increases the systemic clearance of an-
tileukemic agents by inducing the production of 
cytochrome P-450 enzymes and can therefore ad-
versely affect treatment outcome.41 Thus, it is pref-
erable to use anticonvulsants (e.g., gabapentin or 
valproic acid) that are less likely to induce the 
activity of these enzymes.

Genetic polymorphisms in genes that encode 
drug-metabolizing enzymes, transporters, recep-
tors, and drug targets result in wide differences 
among patients in terms of drug disposition and 
pharmacologic effects.21,22 Patients who inherit 
homozygous or heterozygous deficiency of thio-
purine methyltransferase, the enzyme that cat-
alyzes the S-methylation (inactivation) of mercap-
topurine, have a significantly increased risk for 
hematopoietic toxic effects,42 but they tend to 
have a better treatment response than do patients 
without this inherited deficiency, possibly because 
they receive a higher dose intensity of mercap-
topurine.43,44 The null genotype of glutathione 
S-transferases, enzymes that catalyze the inac-
tivation of many antileukemic agents, has been Ta
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associated with a reduced risk of relapse.45 A tan-
dem-repeat polymorphism within the enhancer 
region of the thymidylate synthase gene, one of 
the major targets of methotrexate, has been linked 
to increased expression of the enzyme and an in-
creased risk of relapse.45,46 However, the prognos-
tic importance of individual pharmacogenetic 
variables is also influenced by the treatment.47,48 
Moreover, multiple genetic polymorphisms prob-
ably interact to influence the treatment response 
so that polygenic pharmacogenetic models may 
be necessary to predict treatment outcome reli-
ably.45 Finally, the acquisition of additional chro-
mosomes in leukemia cells can create discordance 
between germ-line genotypes and leukemia-cell 
phenotypes, including pharmacogenomics.49

global gene-expression patterns

Global gene-expression profiling has the potential 
to reveal new dimensions of the pathologic fea-
tures of ALL and to identify novel therapeutic 
targets. Several studies have revealed distinct 
gene-expression patterns in specific subtypes of 
leukemia.37,50-52 In TEL-AML1–positive ALL, the 
erythropoietin receptor was found to be highly 
expressed in leukemia cells, potentially affecting 
proliferation and survival signals.51 In T-cell ALL, 
the levels of expression of several known T-cell 
oncogenes were related to the expression of many 
genes that define discrete stages of T-cell differ-
entiation.37,53 Cases in the HOX11+ cluster showed 
an increased expression of genes that promote pro-
liferation and a lack of expression of antiapoptotic 
genes, which may explain the better response of 
these patients to therapy.37 In T-cell ALL in adults, 
TTK, a gene with kinase activity that is overex-
pressed in proliferating cells, was found to have 
decreased expression in the blast cells of patients 
whose disease ultimately relapsed.53 Consistent 
with the idea that impaired cell proliferation may 
be a mechanism for resistance to treatment, ex-
pression of this gene was also reduced among 
children with B-cell precursor ALL who had poor-
er responses to remission-induction therapy.54 
Gene-expression profiling that was performed in 
patients with rearrangements of the MLL gene iden-
tified two subgroups of patients with prognostic 
significance that was independent of the gene-
fusion partner and of clinical factors.55 The iden-
tification of high levels of FLT3 expression in cases 
with MLL rearrangement or hyperdiploidy 50,56 has 
led to the development of FLT3 inhibitors.57

The gene-expression profiles of leukemia cells 
have also been used to identify genes related to 
the intracellular disposition of antileukemia agents 
in vivo58-60 and to reveal distinct sets of genes 
associated with resistance to each of four struc-
turally different and widely used medications 
(prednisolone, vincristine, asparaginase, and dau-
norubicin).61 The independent prognostic signifi-
cance of the resistance patterns was validated in 
a separate cohort of patients treated with the 
same agents at a different institution.61 A sub-
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Figure 1. Kaplan–Meier Analyses of Event-free Survival (Panel A) and Over-
all Survival (Panel B) in 2628 Children with Newly Diagnosed ALL.

The patients participated in 15 consecutive studies conducted at St. Jude 
Children’s Research Hospital from 1962 to 2005. The five-year event-free 
and overall survival estimates (±SE) are shown, except for Study 15, for 
which preliminary results at four years are provided. The results demon-
strate steady improvement in clinical outcome over the past four decades. 
The difference in event-free and overall survival rates has narrowed in the 
recent periods, suggesting that relapses or second cancers that occur after 
contemporary therapy are more refractory to treatment.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at CANADIAN JRNL PUB HLTH on April 7, 2006 . 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 354;2 www.nejm.org january 12, 2006170

sequent study revealed a robust pattern of drug 
cross-resistance, which identified patients at very 
high risk for relapse.62

It is not yet clear why genes associated with 
drug resistance are expressed at different levels 
in leukemia cells from different patients. Possibly, 
genetic polymorphisms in the germ line influ-
ence gene expression in leukemia cells.63 Ongo-
ing studies will determine whether germ-line 
polymorphisms affect the expression of genes 
that have been associated with resistance to an-
tileukemic drugs and with treatment outcome. 
Additional studies are also needed to determine 
whether expression profiling of microRNAs, which 
reflect the lineage and state of differentiation of 
cancer cells, could enhance our ability to clas-
sify ALL.64

early response to treatment

Response to therapy, which reflects the genetics 
of leukemia cells and the pharmacodynamics and 
pharmacogenetics of the host, has greater prog-
nostic strength than does any other biologic or 
clinical feature tested to date.65 In this regard, 
the measurement of minimal residual disease, 
with the use of either flow cytometry or poly-
merase-chain-reaction (PCR) analysis, affords a 
level of sensitivity and specificity that cannot be 
attained through traditional morphologic assess-
ments. A residual disease level of less than 0.01 
percent during or on completion of initial remis-
sion-induction therapy reliably identifies patients 
with an exceptionally good treatment outcome.65 
By contrast, patients with a level of 1 percent or 
more at the end of remission-induction therapy 
or those with a level of 0.1 percent or more at 
later times have a very high risk of relapse. Tan-
dem application of flow cytometry and PCR anal-
ysis has enabled the study of minimal residual 
disease in virtually all patients.65 We currently 
treat patients who have a residual leukemia level 
of 0.01 percent or more after six weeks of remis-
sion-induction therapy with intensified therapy, 
an approach that improved outcome in patients 
with poor early responses according to morpho-
logic criteria.66
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ward the reduction of deleterious acute and late 
effects of treatment. Thus, drugs with carcino-
genic or major organ-damaging effects are avoid-
ed or reduced in dosage in patients who have 
standard-risk ALL. Attempts to reduce treatment-
related toxic effects also include the precondi-
tioning of patients with agents that counteract 
the toxic effects of antileukemic drugs. Use of 
the iron-chelating agent dexrazoxane, for example, 
was associated with a reduction in serum levels 
of cardiac troponin T, a surrogate measure of 
early anthracycline-induced myocardial injury,67 
but extended follow-up is needed to assess the 
safety and long-term cardioprotective effects of 
this agent.68

Regardless of whether patients receive dexra-
zoxane or some other protective agent, the toxic 
reactions they have to therapy are influenced by 
many factors, such as age, sex, race, constitutional 
syndrome, and pharmacogenetics.22,44 As one ex-
ample, life-threatening infections and organ fail-
ure are more likely to develop in elderly patients 
than in younger patients. Among children, those 
over 10 years of age, especially adolescents, are 
at increased risk for the development of osteo-
necrosis, hyperglycemia, mucositis, and typhlitis, 
and for dying from infections.69-71 Widely adopted 
strategies to reduce toxic effects include the re-
duction of vincristine doses in infants, the omis-
sion of cranial irradiation in young children, girls, 
and patients with ataxia–telangiectasia, and the 
reduction of methotrexate doses in patients with 
Down’s syndrome. In the estimated 10 percent 
of patients with thiopurine methyltransferase defi-
ciency, we lower the starting dose of mercapto-
purine to reduce the risk of acute myelotoxicity 
and the late development of second cancers.22,40,44 
Other pharmacogenetic factors will probably serve 
as the basis for treatment modifications in future 
clinical trials.

tr e atmen t

The recognition that ALL is a heterogeneous dis-
ease has led to treatment directed according to 
phenotype, genotype, and risk. Thus, mature B-cell 
ALL is the only subtype that is treated  with short-
term intensive chemotherapy.26,72 For all other pa-
tients, specific treatment approaches differ but con-
sistently emphasize remission-induction therapy 
followed by intensification (or consolidation) ther-
apy and continuation treatment to eliminate re-

sidual leukemia. Therapy directed at the central 
nervous system, which starts early in the clinical 
course, is given for varying lengths of time, de-
pending on the patient’s risk of relapse, the in-
tensity of systemic treatment, and whether or not 
cranial irradiation is used. It should be stressed 
that the effect of individual drugs within the con-
text of a combination regimen depends on the 
dosage and schedule of administration and on the 
types of drugs given simultaneously.

remission induction

The goal of remission-induction therapy is to eradi-
cate more than 99 percent of the initial burden of 
leukemia cells and to restore normal hemato-
poiesis and a normal performance status. This 
treatment phase almost always includes the ad-
ministration of a glucocorticoid (prednisone, pred-
nisolone, or dexamethasone), vincristine, and at 
least one other agent (usually asparaginase, an 
anthracycline, or both). Children with high-risk 
or very-high-risk ALL and nearly all young adults 
with ALL receive four or more drugs during re-
mission-induction therapy. Improvements in che-
motherapy and supportive care have resulted in 
complete remission rates of about 98 percent for 
children and about 85 percent for adults (Tables 
1 and 2). Attempts have been made to intensify 
induction therapy on the premise that more rapid 
and complete reduction of the leukemia-cell bur-
den can prevent drug resistance and improve 
cure rates. However, intensive induction therapy 
may not be necessary for children with standard-
risk ALL, provided that they receive adequate 
postinduction intensification therapy.4,73 Overly 
aggressive induction therapy may, in fact, lead to 
increased morbidity and mortality.74 The addition 
of cyclophosphamide, high-dose cytarabine, or 
high-dose anthracycline has yielded no clear ben-
efit in adults, partly because such therapy is poor-
ly tolerated by older patients.14,17,75

Presumably because of its increased penetra-
tion into the central nervous system and its lon-
ger half-life, the use of dexamethasone in in-
duction and postremission therapy appears to 
provide better control in the central nervous sys-
tem and systemically than do either prednisone 
or prednisolone.76,77 However, one small study 
suggested that an increased dose of predniso-
lone in the context of other intensive treatment 
can yield results similar to those achieved with 
dexamethasone.78
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The development of imatinib mesylate, a tyro-
sine kinase inhibitor, has enhanced the manage-
ment of leukemia with BCR-ABL fusion, especially 
in elderly adults. Imatinib either as a single agent 
or as part of combination regimens has success-
fully induced and consolidated remissions.79,80 
Although its capacity to improve the cure rate 
remains uncertain, imatinib has clearly contrib-
uted to extended disease-free survival and im-
proved quality of life among these patients.

intensification (consolidation) therapy

When normal hematopoiesis is restored, patients 
in remission become candidates for intensifica-
tion therapy. Commonly used regimens for child-
hood ALL include high-dose methotrexate with 
mercaptopurine, high-dose asparaginase given 
for an extended period, and reinduction treat-
ment.7,23,66,81 The use of one regimen should not 
preclude the use of others, and it may be desirable 
to use all of these treatments in patients with 
high-risk or very-high-risk ALL.

Very high doses of methotrexate appear to im-
prove the outcome in patients with T-cell ALL.24,81 
This finding is consistent with a lower accumu-
lation of methotrexate polyglutamates (i.e., ac-
tive metabolites) in T-cell ALL than in B-cell pre-
cursor ALL; hence, higher serum concentrations 
of methotrexate are needed to produce an ade-
quate therapeutic effect.60 Blast cells with either 
TEL-AML1 or E2A-PBX1 fusion accumulate sig-
nificantly lower levels of methotrexate polyglu-
tamates than do those with other genetic abnor-
malities,60 suggesting that patients with these 
genotypes may also benefit from an increased 
dose of methotrexate.

The intensive use of asparaginase during the 
postinduction period has yielded excellent treat-
ment results with relatively low morbidity, espe-
cially in terms of thrombotic complications and 
hyperglycemia,7,73 which have impeded the use of 
asparaginase during remission-induction thera-
py when a glucocorticoid is used concomitantly. 
There are several forms of asparaginase, each 
with a unique pharmacokinetic profile and hence 
a different dosing requirement.82 In terms of the 
control of leukemia, the dose intensity and du-
ration of asparaginase therapy are more impor-
tant than the type of asparaginase used. In one 
study, no difference in outcome was observed 
between patients randomly selected to receive two 
different forms of asparaginase, but the clinical 

outcome among patients who received fewer than 
25 weekly doses was significantly worse than 
that among patients who received the agent for 
26 to 30 weeks.7 In another study, a form of as-
paraginase with a shorter half-life yielded an in-
ferior treatment outcome,83 a finding now widely 
acknowledged to have resulted from the use of 
an inadequate dose.

Reinduction treatment — essentially a repeti-
tion of the initial induction therapy administered 
during the first few months of remission — has 
become an integral component of successful ALL 
treatment protocols.4,10,81 In one study, a second, 
delayed intensification treatment further improved 
the outcome among patients with intermediate-
risk ALL.84 It is interesting to note that addi-
tional vincristine and prednisone after one rein-
duction treatment were not beneficial, suggesting 
that the observed improvement was due to the 
increased dose intensity of other agents, such as 
asparaginase.84 Because of the frequent occurrence 
of osteonecrosis after reinduction treatment, glu-
cocorticoid therapy given on alternating weeks is 
being investigated as a strategy to reduce this 
complication.

Although previous studies failed to show a ben-
efit of intensification treatment in adults, more 
recent nonrandomized studies strongly suggested 
that intensive consolidation treatment improved 
outcome, especially in young adults.17,85 In cases 
of T-cell ALL, the therapeutic benefit appears to 
have been contributed by cyclophosphamide and 
cytarabine, whereas in other types of ALL it re-
flected the use of high-dose cytarabine.85

allogeneic hematopoietic stem-cell 

transplantation

Allogeneic transplantation is the ultimate form 
of treatment intensification. Among adults with 
ALL, long-term disease-free survival rates of 30 
to 40 percent have been obtained with the use of 
chemotherapy, as compared with 45 to 75 percent 
with the use of allogeneic transplantation.16,19 
Interpretation of these results is complicated by 
the criteria used to select patients for transplan-
tation and by the small number of patients stud-
ied. Even so, allogeneic transplantation clearly 
benefits certain very-high-risk pediatric and adult 
patients, such as those with BCR-ABL+ ALL or 
those with a poor initial response to treatment.16,19 
The procedure also appears to improve the clini-
cal outcome among adults who have ALL with 
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t(4;11), but whether it is beneficial for infants with 
the same genotype remains controversial.86-88 Re-
cent studies suggest that among adults, transplan-
tation with cells from a matched unrelated donor 
or from cord blood could yield results similar to 
those achieved with matched related-donor trans-
plantation.89,90 Thus, the indications for trans-
plantation should be continuously evaluated in 
light of improvements in this procedure and in 
chemotherapy.

continuation treatment

Patients with ALL generally require prolonged 
continuation therapy, for reasons that are still 
poorly understood. Attempts to shorten the du-
ration of moderately intensive chemotherapy to 
12 to 18 months or less have yielded poor results 
in both children and adults. Although as many as 
two thirds of childhood cases may be curable with 
only 12 months of treatment, it is not possible to 
reliably identify this subgroup prospectively.91 Thus, 
in most contemporary clinical trials, patients are 
treated for two years or more.92

A combination of methotrexate administered 
weekly and mercaptopurine given daily consti-
tutes the basis of most continuation regimens. 
Accumulation of increased intracellular concen-
trations of the active metabolites of methotrex-
ate and mercaptopurine, and administration of 
this combination to the limits of tolerance, have 
been associated with improved clinical outcome.40,93 
Many investigators advocate the maintenance of 
white-cell counts below 3 × 109 per liter during con-
tinuation therapy.92 Overzealous use of mercap-
topurine is counterproductive, because it can cause 
severe neutropenia, which necessitates the inter-
ruption of chemotherapy and leads to a reduction 
in overall dose intensity.40

Mercaptopurine is more effective when admin-
istered in the evening than in the morning; it 
should not be given with milk or milk products 
that contain xanthine oxidase, which can degrade 
the drug.92 Weekly intravenous administration at 
a higher dosage is ineffective6-8,76 and may yield 
an inferior outcome.93 The identification of inher-
ited deficiency of thiopurine-S-methyltransferase 
among patients with hematopoietic toxic effects 
allows the clinician to lower the dose of mercap-
topurine selectively without modifying the dose 
of methotrexate.21,22,44 The relative merits of oral 
versus parenteral administration of methotrexate 
are uncertain, but the latter method circumvents 

problems of decreased bioavailability and poor 
compliance. Elevation of serum aminotransferase 
levels, a common finding during antimetabolite-
based continuation treatment, appears to be caused 
by the methylated metabolites of mercaptopurine, 
resolves promptly after the completion of thera-
py, and correlates with a favorable outcome.94 In 
the absence of other evidence of severe liver tox-
icity or viral hepatitis, it is generally not necessary 
to withhold or reduce the dose of continuation 
chemotherapy.

treatment directed to the central 

nervous system

Factors associated with an increased risk of re-
lapse in the central nervous system include high-
risk genetic features, T-cell immunophenotype, a 
large leukemia-cell burden, and the presence of 
leukemia cells in the cerebrospinal fluid (even 
from iatrogenic introduction through a traumatic 
lumbar puncture).3,95 Because cranial irradiation 
can cause many acute and late complications, in-
cluding second cancers, late neurocognitive defi-
cits, and endocrinopathy,96 it has largely been 
replaced by intrathecal and systemic chemother-
apy. In most clinical trials, irradiation is still rec-
ommended for patients at very high risk for re-
lapse, such as those with leukemia of the central 
nervous system or those with T-cell ALL, espe-
cially with presenting leukocyte counts of more 
than 100 × 109 per liter. Limited studies suggest 
that the radiation dose can be lowered to 12 Gy 
for patients with T-cell disease and to 18 Gy for 
those with leukemia of the central nervous sys-
tem, provided that effective systemic chemotherapy 
is used.81 We are testing the feasibility of omit-
ting irradiation for all patients and reserving it 
for patients who have a relapse. Whether or not 
cranial irradiation is used, intrathecal therapy 
should be administered optimally, with careful 
attention to the prevention of traumatic lumbar 
punctures, especially at diagnosis, when most pa-
tients have abundant circulating leukemia cells.95,97 
To this end, patients diagnosed with overt testicu-
lar leukemia may also be spared testicular irradia-
tion if effective systemic chemotherapy is given.98

F u t ur e dir ec tions

The future of treatment for leukemia resides in 
defining the molecular pathways underlying the 
pathogenesis of this disease and in further eluci-
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dating the pharmacogenetic factors of the host 
(Fig. 2). If successful, these efforts would identify 
new genes whose protein products are suitable 
for targeted therapy (Table 3).30 The paradigm for 
such therapy is the use of imatinib mesylate and 
second-generation ABL kinase inhibitors, which 
were recently developed to overcome resistance to 
imatinib.99 Imatinib may also benefit a subgroup 
of patients who have T-cell ALL with NUP214-ABL1 
fusion and extrachromosomal (episomal) ampli-
fication of the ABL1 gene.100 Other novel agents 
in the early phase of clinical testing include FLT3 
inhibitors, farnesyltransferase inhibitors, γ-secre-
tase inhibitors, and epigenetic drugs to reactivate 
silenced tumor-suppressor genes.39,57,101,102 Pro-

teasome inhibitors and short interfering RNAs are 
also being investigated as potential therapies.103,104

Although not directed at molecular targets, 
several new formulations of existing agents have 
been produced to improve the efficacy and reduce 
the toxic effects of the parent compounds. Aspara-
ginase, for example, was modified by covalently 
conjugating it with monomethoxypolyethylene 
glycol to increase its half-life and reduce immu-
nogenicity.82 A recently developed recombinant 
form of asparaginase may be less immunogenic 
than the original product. The administration of 
vincristine and daunorubicin in liposomal form 
to decrease neurotoxicity and cardiotoxicity, re-
spectively, is being explored. Liposomal cytara-
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Figure 2. Factors Affecting Pathogenesis and Prognosis of ALL.

In ALL, multiple factors affect leukemogenesis and prognosis. In addition to the conventional clinical features and 
specific genetic abnormalities of leukemia cells, studies of global gene expression and proteomics, as well as host 
genome variability, should enhance our understanding of the pathogenesis of leukemia and improve risk assess-
ment. The improved understanding of the pathologic features of the disease could in turn lead to the identification 
of new drugs or targets for specific treatments and may even suggest strategies for disease prevention. Precise risk 
assessment would ensure that patients are neither overtreated nor undertreated.
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bine with a prolonged half-life is also being tested 
as intrathecal therapy to improve the control of 
disease in the central nervous system.105 Several 
novel nucleoside analogues, such as gemcitabine, 
clofarabine, and nelarabine, have shown promise 
in the treatment of ALL; nelarabine appears to 
be preferentially effective against T-cell ALL.106,107 
The monoclonal antibodies rituximab, gemtu-
zumab ozogamicin, alemtuzumab, and epratu-
zumab have been incorporated into some antileu-
kemic regimens because of their activity against 
certain leukemia-associated antigens.108 Finally, 
recent advances in immunology could lead to ef-
fective adoptive cellular immunotherapy.109 To-
gether, these advances in therapy in the future 
may boost the cure rate in childhood ALL to more 

than 90 percent and in adult ALL to more than 
50 percent.
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Table 3. Selected Recently Developed Antileukemic Agents Being Tested in Clinical Trials.

Agent Mechanism of Action
Subtype of Leukemia 

Targeted

Imatinib mesylate ABL kinase inhibition BCR-ABL+

BMS-354825 ABL–SRC kinase inhibition BCR-ABL+

AMN107 ABL kinase inhibition BCR-ABL+

PKC412
MLN518
CEP701

FMS-like tyrosine kinase 3 inhibition MLL-rearranged, hyperdiploid

Tipifarnib Farnesyltransferase inhibition All

MK0752 Gamma secretase inhibition (interference with NOTCH 
signaling)

T-cell

Decitabine DNA demethylation All

SAHA
Valproic acid
MS-275

Histone deacetylase inhibition All

Bortezomib Inhibition of ubiquitin proteasome pathway All

Clofarabine Deoxyadenosine analogue All

Nelarabine Deoxyguanosine analogue T-cell

Rituximab Anti-CD20 chimeric murine–human monoclonal antibody CD20+

Gemtuzumab ozogamicin Anti-CD33 monoclonal antibody conjugated with calichea-
micin

CD33+

Alemtuzumab Anti-CD52 humanized monoclonal antibody CD52+

Epratuzumab Anti-CD22 humanized monoclonal antibody CD22+
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A 37-year-old woman from illinois with a history of an idiopathic T-cell deficiency (CD4 cell 

count, 249 cells per cubic millimeter, and negative for infection with the human immunodeficiency virus), 
histoplasma  pneumonia in childhood, and recurrent vulvovaginal candidiasis presented with nausea and ody-

nophagia for three days. Physical examination was unremarkable except for the presence of oral candidiasis and mild 
tenderness in the left upper quadrant. As a part of the workup, she underwent computed tomography (CT) of the 
abdomen, which showed extensive, diffuse calcification of the spleen (Panel A, large arrow) with several calcified 
lymph nodes within the abdominal cavity (Panel A, small arrows). A chest CT also showed numerous calcified me-
diastinal lymph nodes (Panel B, arrows). The patient’s acute symptoms were diagnosed as esophageal candidiasis. She 
was administered fluconazole, to which the infection responded. The calcifications visualized in the radiographic 
studies were diagnosed as due to a prior infection with Histoplasma capsulatum. The central United States is an area 
where histoplasmosis is endemic. Most cases of histoplasmosis are associated with enlargement of mediastinal lymph 
nodes, which can calcify and cause mediastinal obstructive syndromes. H. capsulatum infection is a common cause of 
diffuse splenic calcification; other considerations include brucellosis and tuberculosis.
Copyright © 2006 Massachusetts Medical Society.
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presentation of case

A 64-year-old man with emphysema who had received a double-lung allograft six 
months previously was admitted to the hospital because of cough, hemoptysis, and 
abdominal pain.

Three days before admission, abdominal pain that was localized to the left lower 
quadrant developed. Two days before admission, the patient began to have small-
volume hemoptysis (approximately one teaspoon) on awakening. His appetite was 
poor, but he was able to drink liquids. He did not have diarrhea, melena, hematoche-
zia, shortness of breath, or chest pain. On the evening before admission, fever to 38.3°C 
developed, associated with shaking chills. The patient vomited once the next morning 
and came to the transplantation clinic. A chest radiograph revealed a new infiltrate 
in the right upper lobe, and a test for cytomegalovirus (CMV) antigenemia was posi-
tive at 185 cells per two slides. He was admitted to the hospital.

The patient had smoked three packs of cigarettes per day for 25 years; he quit 
9 years before admission when he started to become short of breath. Over the course 
of the year after he stopped smoking, his exercise tolerance declined and he was 
started on home oxygen therapy. Eight years before admission, a lung mass in the 
left lower lobe was seen on a routine chest radiograph. A thoracoscopic wedge resec-
tion and mediastinal lymph-node dissection were performed; pathological exami-
nation disclosed a moderately to poorly differentiated squamous-cell carcinoma; 
the surgical margins and lymph nodes were negative for carcinoma. He received 
no further treatment for the cancer. Five years before admission, pulmonary-func-
tion tests documented findings that were consistent with emphysema with severe 
obstruction, as defined by a ratio of forced expiratory volume in one second to forced 
vital capacity of 28 percent, a peak expiratory flow rate of 3.08 liters per second (36 
percent of the predicted rate), elevated lung volumes (total lung capacity, 11.1 liters; 
176 percent of predicted volume), residual volume of 7.98 liters (327 percent of the 
predicted volume), and decreased diffusing capacity (15 percent of the predicted ca-
pacity). The patient was placed on a waiting list for lung transplantation.

In the three years before admission, the patient had had five admissions for 

Case 1-2006: A 64-Year-Old Male 
Lung-Transplant Recipient with Fever, 

Cough, Hemoptysis, and Abdominal Pain
Robert H. Rubin, M.D., Matthew D. Gilman, M.D., and Richard L. Kradin, M.D.
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acute respiratory failure. During one of those ad-
missions, a pulmonary nodule, 2.1 cm in diameter, 
was revealed in the right lower lobe by computed 
tomographic (CT) evaluation of the chest. Wedge 
resection was performed, and a pathological ex-
amination revealed caseating granulomas; cul-
tures grew Mycobacterium avium complex, and the 
condition was treated with ethambutol and clar-
ithromycin up to the time of the patient’s trans-
plantation.

Six months before admission, bilateral pneu-
monectomy and double-lung transplantation were 
performed. The patient’s initial immunosuppres-
sive regimen consisted of antithymocyte globu-
lin, cyclosporine, azathioprine, and prednisone. 
Four months before admission, he received meth-
ylprednisolone pulse treatment for a possible epi-
sode of rejection. Cyclosporine and azathioprine 
were replaced by tacrolimus and mycophenolate 
to decrease renal toxicity. The patient had been 
negative for CMV antibodies at the time of 
transplantation; the donor had been positive for 
CMV antibodies. Fourteen days before admission, 
a test for CMV antigen in the patient’s blood was 
negative.

Two months before admission, edema of the 
right lower leg, dyspnea, and lightheadedness de-
veloped; the patient was admitted to the hospi-
tal and was found to have a right popliteal deep 
venous thrombosis. A ventilation–perfusion scan 
showed an intermediate probability of pulmonary 
embolism; the patient received five days of anti-
coagulant therapy and then was discharged, still 
taking oral warfarin.

Other medical problems included diverticulo-
sis (with no history of diverticulitis) and chronic 
renal insufficiency (two weeks before admission, 
the blood level of urea nitrogen was 50 mg per 
deciliter [1.8 mmol per liter] and the creatinine 
level was 2.3 mg per deciliter [203.3 μmol per 
liter]), diabetes mellitus, benign prostatic hyper-
trophy, osteoporosis, and depression. The patient’s 
medications at the time of admission included 
tacrolimus, mycophenolate mofetil, prednisone, 
acyclovir, trimethoprim–sulfamethoxazole clotri-
ma zole troches, alendronate, erythropoietin, tam-
sulosin, warfarin, neutral protomine Hagedorn 
insulin, regular insulin, atorvastatin, furosemide, 
esomeprazole, docusate, senna, calcium, magne-
sium, folic acid, and vitamin B6 and vitamin B12 
supplements.

On the patient’s admission to the emergency 
room, the blood pressure was 112/66 mm Hg, 
the pulse 110 beats per minute, the respiratory 
rate 18 breaths per minute, and the temperature 
36.5°C. The oxygen saturation was 96 percent, and 
the patient’s weight was 106.5 kg. He was com-
fortable and in no respiratory distress. Ausculta-
tion of the lungs revealed a few crackles at the left 
base, with no wheezes. The abdomen was soft 
and obese, with hypoactive bowel sounds and 
tenderness to palpation in the left lower quad-
rant. There were no masses, no rebound, and no 
guarding. A rectal examination revealed guaiac-
positive brown stool. There was moderate ede-
ma of the right leg with mild erythema over the 
lower tibia. The remainder of the physical ex-
amination and the results of a neurologic exami-
nation were normal. Laboratory-test results are 
shown in Table 1.

Chest radiography showed a new infiltrate 
in the right upper lobe. CT scanning of the chest 
confirmed the presence of airway disease in the 
right upper lobe, consistent with pneumonia. 
Small bilateral pleural effusions were slightly 
smaller than those seen on the radiographic study 
obtained two months before admission. Atelec-
tasis in the lingula and left lower lobe and air 
trapping in the right middle lobe were stable. CT 
scanning of the abdomen and pelvis showed 
sigmoid diverticulosis, without any signs of di-
verticulitis, and no other abnormalities.

Anti-CMV hyperimmune globulin was admin-
istered intravenously in the emergency room. 
Rigors developed after the infusion of 75 percent 
of the dose and resolved after treatment with 
acetaminophen, diphenhydramine, and meperi-
dine. Ganciclovir, 5 mg per kilogram, was admin-
istered intravenously. Intravenous vancomycin and 
cefepime and oral azithromycin were begun to 
treat a possible bacterial pneumonia, and metro-
nidazole was included as coverage for possible 
diverticulitis. The patient was admitted to the 
hospital.

A diagnostic procedure was performed.

differential diagnosis

Dr. Robert H. Rubin: This patient presented with 
cough, hemoptysis, fever, and abdominal pain six 
months after he underwent bilateral lung trans-
plantation. His pretransplantation course had in-
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cluded surgical removal of a poorly differentiated 
squamous-cell carcinoma of the left lower lobe 
and the discovery of biopsy-proven M. avium com-
plex infection. He had not had a recurrence of the 
cancer in eight years, and there had been no evi-
dence of M. avium complex infection since the 
excisional biopsy; antimycobacterial therapy had 
been maintained. Other clinical problems before 
the current admission included possible trans-
plant rejection and a right popliteal deep venous 
thrombosis. May we see the radiology studies?

Dr. Matthew D. Gilman: The baseline chest ra-
diographic study, performed two months before 
admission, showed subsegmental atelectasis in 
the lung bases and mild bilateral pleural thicken-
ing or pleural effusions, findings frequently seen 

in patients who have received lung transplants. 
Chest radiography performed on the day of ad-
mission revealed a new right upper-lobe consoli-
dation (Fig. 1A). The remainder of the chest ra-
diograph was unchanged. Images from a chest CT  
scan with lung windows revealed a focal consoli-
dation in the posterior segment of the right up-
per lobe, correlating with the findings in the chest 
radiograph (Fig. 1B). There was no evidence of 
hilar or mediastinal lymphadenopathy. The ab-
dominal CT scan showed mild diverticulosis.

Dr. Rubin: The most likely diagnosis of the pul-
monary infiltrate, in view of the hemoptysis and 
prolonged prothrombin time, is hemorrhage, with 
fluid overload, aspiration, and infection being 
other possibilities. However, the fever and abdomi-

Table 1. Laboratory Values on the Day of Admission.*

Variable Value Variable Value

White-cell count (per mm3) 6,400 Phosphorus (mg/dl) 4.4

Red-cell count (per mm3) 3,110,000 Magnesium (mmol/liter) 1.5

Hemoglobin (g/dl) 9.8 Bilirubin (mg/dl)

Hematocrit (%) 30.3 Total 0.3

Platelet count (per mm3) 193,000 Direct 0.1

Differential count (%) Protein (g/dl)

Neutrophils 91 Total 6.6

Lymphocytes 6 Albumin 3.7

Monocytes 3 Globulin 2.9

Eosinophils  0 Amylase (U/liter) 61

Basophils  0 Lipase (U/liter) 1.6

Prothrombin time (sec) 20.8 Alanine aminotransferase (U/liter) 11

International normalized ratio 3.0 Aspartate aminotransferase (U/liter) 24

Partial-thromboplastin time (sec) 30.8 Alkaline phosphatase (U/liter) 64

Sodium (mmol/liter) 144 Glycosylated hemoglobin (%) 6.20

Potassium (mmol/liter) 4.6 Tacrolimus (ng/milliliter) 5.0

Chloride (mmol/liter) 100 Cytomegalovirus antigenemia assay Positive: 185 cells

Carbon dioxide (mmol/liter) 32.3 Urine culture No growth

Urea nitrogen (mg/dl) 46 Rectal vancomycin-resistant enterococcus Negative

Creatinine (mg/dl) 2.4 

Glucose (mg/dl) 97

Calcium (mg/dl) 9.6

* To convert the value for urea nitrogen to millimoles per liter, multiply by 0.357. To convert the value for creatinine to 
micromoles per liter, multiply by 88.4. To convert the value for glucose to millimoles per liter, multiply by 0.05551. 
To convert the value for calcium to millimoles per liter, multiply by 0.250. To convert the value for phosphorus to milli-
moles per liter, multiply by 0.3229. To convert the values for total and direct bilirubin to micromoles per liter, multiply 
by 17.1.
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nal pain suggest an infectious process — and as 
we consider a possible infection in this patient 
with a lung transplant, two principles need to be 
kept in mind.1,2 First, the signs and symptoms of 
infection may have been greatly muted by the im-
munosuppressive therapy; because early diagno-
sis and treatment are essential in cases involving 
immunosuppression, the clinician must evaluate 
minor signs and symptoms, and the approach 
taken must be more invasive (e.g., biopsy of in-
nocuous-looking lesions that are unexplained). 
Second, the occurrence of infection in a lung-trans-
plant recipient is due to the interaction of three 
factors: anatomical or technical problems that are 
associated with the surgical procedure, particu-
larly the bronchial anastomosis; environmental 
exposure to pathogens in the air or water; and the 
net state of immunosuppression (Table 2). All 
these factors need to be considered in the case 
of this patient.

This patient’s illness developed six months af-
ter he underwent transplantation. Although in-
fections can occur at any time in the post-trans-
plantation period, the causes are very different at 
different times.1,2 The post-transplantation course 
can be divided into three parts: the first month 
after transplantation, one to six months after trans-
plantation, and more than six months after trans-
plantation. In the first month, the three primary 
causes of infectious conditions are infection from 
the donor that travels with the allograft, pretrans-
plantion infection in the recipient, and infections 
that result from technical or anatomical problems 
at the time of the transplantation.1,2 

From one to six months after transplantation, 
the net state of immunosuppression (Table 2) is 
high because of sustained immunosuppressive 
therapy and the effects of immunomodulating vi-
ruses; viral infections are common, particularly 
CMV, Epstein–Barr virus (EBV), human herpes-
virus-6, hepatitis viruses B and C, and the human 
immunodeficiency virus; opportunistic infections 
may occur, such as those with Pneumocystis carinii, 
Listeria monocytogenes, and a variety of fungi. CMV 
accounts for more than 50 percent of febrile epi-
sodes in transplant recipients during this time 
period.1,2 

More than six months after transplantation, 
the majority of patients have had a good result, are 
receiving minimal immunosuppression, and are 
primarily at risk from respiratory pathogens.1-3 At 

this point in their course, a minority of transplant 
recipients have had a poor result, with too much 
exposure to immunosuppressive therapy because 
of ongoing rejection, chronic viral infection, or 
residual effects of previous infections and ana-
tomical abnormalities, and are at high risk for 
late opportunistic infections.1-3

This patient was on the border between two 
risk groups, the group that is from one to six 
months after transplantation and the group that 
is more than six months after transplantation. 

A

B

Figure 1. Radiologic Images of the Chest.

A posterior-anterior view of the chest obtained on hos-
pital admission (Panel A) reveals a new focus of con-
solidation in the right upper lobe (arrow). Sternal 
wires, subsegmental atelectasis, and mild elevation of 
the left hemidiaphragm are present and are unchanged, 
as compared with prior examinations. CT scanning of 
the chest (Panel B) performed one day after admission 
shows consolidation in the posterior segment of the 
right upper lobe (arrow). A small right pleural effusion 
is present, but decreased in size, as compared with 
earlier chest CT scans.
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There was no evidence of anatomical or technical 
problems, he had no early opportunistic or other 
serious infections, and an episode of rejection re-
sponded to treatment. He was almost past the 
window of opportunity in which a new or reacti-
vated CMV infection should occur. Thus, he fell 
into the group that has had a good result since 
the transplantation and should be primarily at 
risk for community-acquired respiratory infection. 
However, although this patient had been receiv-
ing therapy to prevent CMV infection, the titer of 
CMV antigen had recently increased. An incom-
plete protective strategy against CMV will prolong 
the incubation period but not prevent disease, and 
therefore, infection with CMV may occur six or 
more months after transplantation, rather than 
in the more limited window of one to six months 
after transplantation.1,2

The possible causes of this patient’s problems 
can be divided into the following categories: a re-
currence of the squamous-cell carcinoma that he 
had before transplantation or his proven M. avium 
complex infection; CMV infection with CMV as the 
sole pathogen; and CMV infection plus a second 
process, such as an angioinvasive fungus (e.g., 
Aspergillus fumigatus). Although he had a very stormy 
course before the transplantation, his problems 
were aggressively identified and treated and there 
was no evidence of either cancer or mycobacte-
rial infection at the time of bilateral pneumonec-
tomy and transplantation. Recurrence of either of 
these processes is unlikely to have been respon-
sible for the patient’s difficulties.

The cough and pulmonary infiltrates could be 
signs of infection, pneumonia related to either 
CMV or another pathogen, or both. The patient had 

been vomiting, and in an immunosuppressed host, 
there is a risk for aspiration during any vomiting 
episode. Given the history of repeated hemop-
tysis, pulmonary hemorrhage was a likely com-
ponent of the infiltrate. Pulmonary hemorrhage 
would be an unusual manifestation of CMV pneu-
monia and would suggest the presence of a second 
process, such as angioinvasive fungal infection 
or even post-transplantation lymphoproliferative 
disease (PTLD), as well as pulmonary emboli in 
a patient with a history of thrombophlebitis in 
his legs. However, in the context of anticoagulant 
therapy, pulmonary hemorrhage can occur with-
out the presence of a second major process.

PTLD must be considered, and it would be of 
interest to know if the patient harbors replicat-
ing EBV and the level of the viral load. At 64 years 
of age, he was assuredly EBV-seropositive, and re-
activation of endogenous virus at some stage in 
the post-transplantation course would be expect-
ed. The presence of CMV antigenemia is associ-
ated with an increase by a factor of 7 to 10 in the 
incidence of PTLD, and the condition can occur 
in the allograft. Although PTLD would be an 
unusual cause of this patient’s clinical syndrome, 
I cannot rule it out.1

There are at least four potential causes of the 
patient’s abdominal pain. Diverticulitis is a clini-
cally important problem in transplant recipients, 
which can be occult, usually requires surgery, and 
has to be a primary concern until an abdominal 
CT scan, preferably with rectal contrast material, 
rules it out (as in this case). Other considerations 
include an adverse effect of mycophenolate mofetil, 
an intercurrent bacterial enteritis (e.g., salmo-
nellosis, campylobacter infection, listeriosis), or 
CMV-related enterocolitis.4 Although bacteriologic 
cultures were indicated, CMV was a particularly 
strong consideration in this patient.

For many years, the interaction of CMV with 
the gut has been controversial, because immu-
nofluorescence examination of pathological speci-
mens has revealed relatively few cells infected 
with the virus. It is now apparent that even though 
they are few, these infected cells produce large 
amounts of inflammatory cytokines, particularly 
interleukin-1, which have profound effects on 
the uninfected tissue. It is now accepted that, in 
addition to ileus, CMV can have a variety of func-
tional and structural effects on the gut, including 

Table 2. Factors That Determine the Net State of Immunosuppression.

Host-defense deficits engendered by the underlying disease

Dose, duration, and temporal sequence of immunosuppressive drugs

Neutropenia

Metabolic derangements (possible protein–calorie malnutrition, anemia, 
hyperglycemia)

Viral infection (infection with cytomegalovirus, Epstein–Barr virus, hepatitis B 
and C viruses, human immunodeficiency virus)

Age

Underlying immune deficiency
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decreased gastric motility, as well as clinically 
significant enterocolitis.1,2

The diagnosis of CMV infection and disease has 
improved considerably in recent years. The semi-
quantitative antigenemia assay, as used in this 
case, and quantitative polymerase-chain-reaction 
measurements of virus in the blood are major ad-
vances, providing useful indicators of viral load. 
In this case, we are told that over the course of 
a two-week period, the results of the antigen-
emia assay went from negative to 185 cells on 
two slides. Such a rapid and marked elevation is 
likely to be associated with clinical disease. The 
critical host defense against CMV is mediated by 
major-histocompatibility-complex–restricted, vi-
rus-specific, cytotoxic T cells. This patient had 
primary CMV infection, because we know that 
the organ donor was seropositive and the recipi-
ent was seronegative. Thus, it is likely that the 
patient’s immune response was still rather weak, 
particularly since antiviral prophylaxis was admin-
istered, which would have decreased viral repli-
cation. Viral replication, so-called endogenous 
vaccination, may be necessary to mount the po-
tent, cytotoxic T-cell response that is needed for 
sustained control.

In summary, with the exception of the he-
moptysis (and probable pulmonary hemorrhage), 
infection with CMV could easily be responsible for 
all of the clinical abnormalities in this patient. 
However, CMV also predisposes a patient to po-
tentially lethal superinfection with a variety of 
pathogens. In this case, the particular concern 
would be an angioinvasive fungal infection, such 
as A. fumigatus. There would be three consequenc-
es of invasive aspergillosis in this immunocom-
promised host: hemorrhage, infarction, and me-
tastases. Particularly in the lung, this secondary 
infection could have been present, and that pos-
sibility illustrates the need for precise diagnosis. 
I suspect the two procedures carried out were 
colonoscopy and bronchoscopy with bronchoal-
veolar lavage.

Dr. Nancy Lee Harris (Pathology): Dr. Ginns, will 
you describe your thoughts and the diagnostic 
procedure?

Dr. Leo Ginns (Pulmonary Medicine): I thought 
that this patient had CMV disease and colitis, and 
I concluded that the pulmonary process was prob-
ably related to aspiration. The diagnostic proce-

dure was colonoscopy with biopsy, followed by 
bronchoscopy with lavage and transbronchial 
biopsy.

clinical diagnosis

Primary CMV infection.
Possibly aspiration pneumonitis.

dr. robert h.  rubin’s  diagnosis

Primary CMV infection, with viremia and colitis.
Pulmonary hemorrhage due to anticoagula-

tion therapy.

pathological discussion

Dr. Richard L. Kradin: At colonoscopy, diverticula 
were seen, but there were no mucosal abnormal-
ities. A biopsy specimen of the right colon shows 
surface injury, edematous mucosa with mild ir-
regularity of the colonic crypts, and a small amount 
of chronic inflammatory infiltrate (Fig. 2A). There 
were a few abnormal epithelial cells in the co-
lonic crypts with cytomegalic features. One cell 
had a large amphophilic nuclear inclusion, char-
acteristic of CMV infection (Fig. 2B). The histo-
pathological features of CMV infection include 
cytomegaly, an enlarged amphophilic-to-basophil-
ic nuclear inclusion with a surrounding halo, and 
intracytoplasmic inclusions that stain with peri-
odic acid–Schiff and Gomori methenamine silver 
preparations. Immunohistochemical staining for 
CMV early antigens revealed large numbers of in-
fected cells (Fig. 2C), mostly macrophages, in the 
colonic mucosa. Bronchoscopic lavage performed 
the day after the colonoscopy showed alveolar 
macrophages with no evidence of CMV infection. 
A biopsy of the lung several days later showed 
edematous bronchial mucosa with a slight increase 
in tissue eosinophils but no CMV-infected cells. 
No lung parenchyma was sampled.

CMV is a betaherpesvirus5 that targets epi-
thelial cells lining the respiratory or gastroin-
testinal tract in primary infection; macrophages 
and endothelial cells harbor latent infection. CMV 
replication causes direct cellular injury, but viral 
infection also modulates immune responses by 
promoting the induction of chemokines and by 
the induction of cytokines. CMV-infected patients 
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may produce a range of autoantibodies that could 
potentially contribute to tissue damage, including 
antinuclear antibodies, rheumatoid factor, and 
anti–smooth-muscle antibodies. CMV has pro-
found effects on the immune response and am-
plifies preexisting levels of immunosuppression. 
The greatest effects appear to be on T-cell–medi-
ated immunity.

The diagnosis of CMV 6 requires evidence of 
active colitis and the presence of activated CMV. 
The colonic mucosa may be mildly inflamed, as 
in the present case, but frequently it is also ul-
cerated because of microvascular injury. Pseudo-
membranous colitis7 can be seen, and in severe 
cases toxic megacolon8 with peritonitis has been 
reported. These changes rarely occur in immu-
nocompetent patients. The diagnosis of CMV is 
confirmed by biopsy with viral culture, immu-
nohistochemical analysis, in situ hybridization, 
or ultrastructural examination.

Dr. Harris: Dr. Gilman, may we see the follow-
up chest radiograph?

Dr. Gilman: A chest radiograph obtained four 
days after admission shows clearing of the right-
upper-lobe consolidation and return to baseline.

Dr. Rubin: This finding strongly suggests that 
the pulmonary infiltrate and hemoptysis were 
due to pulmonary hemorrhage, rather than in-
fection.

Dr. Harris: Dr. Ginns, would you give us the 
follow-up information?

Dr. Ginns: The patient responded well to the 
combination of intravenous ganciclovir therapy 
and a reduction in his immunosuppressive thera-
py. As Dr. Rubin predicted, he did present again 
approximately one year later with abdominal pain, 
which on this occasion was due to diverticulitis 

with a ruptured diverticulum and abscess, and he 
underwent surgical resection of his colon.

anatomical diagnosis

Cytomegalovirus colitis.

Dr. Rubin reports having served as a consultant to Novartis 
and Merrimack and having received grant support from Pfizer 
and Merck. No other potential conflict of interest relevant to this 
article was reported.

A

B

C

Figure 2. Biopsy Specimen of the Colon.

There is mild mucosal inflammation and irregularity 
of the colonic crypts (Panel A). An intranuclear inclu-
sion can be seen within an epithelial cell (Panel B, ar-
row) that also shows cytomegalic changes. With an im-
munohistochemical stain that reacts to CMV antigen 
(Panel C), numerous cells are shown to be infected. 
(Panels A and B, hematoxylin and eosin; Panel C, im-
munoperoxidase stain.)
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Optimizing ACE-Inhibitor Therapy for Chronic Kidney Disease
Lee A. Hebert, M.D.

In this issue of the Journal, Hou and colleagues1 
present data indicating that the use of benazepril, 
an angiotensin-converting–enzyme (ACE) inhibi-
tor, is feasible and beneficial in patients with ad-
vanced chronic kidney disease, a point that has 
been much debated. This clinical trial in China, 
which confirms pilot data from the same group,2 
provides some clarity, demonstrating that ACE 
inhibitors can be administered in generous doses, 
even in patients with stage 4 chronic kidney dis-
ease, as defined by a glomerular filtration rate 
(GFR) of 15 to 29 ml per minute per 1.73 m2 and 
a serum creatinine level of approximately 3.0 to 
5.0 mg per deciliter (265 to 442 μmol per liter). 
Their findings also indicate that ACE inhibitors 
may provide renal benefit even if a patient’s se-
rum creatinine level continues to increase. Their 
conclusions may come as news to the many clini-
cians who avoid or abandon the use of ACE in-
hibitors or angiotensin-receptor blockers in their 
patients with stage 4 chronic kidney disease, fear-
ing that this approach merely increases risk (es-
pecially of hyperkalemia) without providing ben-
efit (e.g., slowing the decline in GFR). Although 
their results indicate that it may be time to change 
our practice, a number of caveats should be con-
sidered before we do so.

Hou et al. used a daily dose of 20 mg of bena-
zepril, half the maximal recommended dose for 
patients with chronic kidney disease. This choice 
is remarkable because almost all studies that have 
demonstrated a renal-protective effect of ACE in-
hibitors used about 15 to 25 percent of the max-
imal recommended dose,3 and the patients in 
those studies had GFRs that were 50 to 100 per-
cent higher than the rates in the patients studied 
by Hou et al.4,5 Another important difference is 
that Hou et al. used a twice-daily dose, a regimen 

that provides little opportunity for nocturnal re-
covery from any hyperkalemia that might have 
developed during the day as a result of dietary 
intake. Thus, it is surprising that serious hyper-
kalemia was not a major problem in the study. 
The study patients were divided into two groups 
on the basis of their creatinine levels: group 1 had 
a serum creatinine level of 1.5 to 3.0 mg per deci-
liter (133 to 265 μmol per liter), and group 2 had 
a level of 3.1 to 5.0 mg per deciliter (274 to 442 
μmol per liter). 

The absence of serious hyperkalemia might be 
explained by three factors. First, during the eight-
week run-in period, about 5 percent of the patients 
in group 2 were excluded because of the develop-
ment of hyperkalemia or an inordinate increase in 
serum creatinine levels or because of an adherence 
rate of less than 80 percent. Second, potassium 
intake in these Chinese patients may have been 
substantially lower than that of most Western pa-
tients, a fact suggested by the low baseline protein 
intake in the study subjects — about 0.5 g per ki-
logram of body weight per day, estimated from 
24-hour urea excretion and the body-mass index, 
as compared with about 1.0 to 1.5 g per kilogram 
per day in Western patients with chronic kidney 
disease.4,5 Third, more than 80 percent of the pa-
tients in group 2 received a diuretic during fol-
low-up. In contrast, in the Modification of Diet 
in Renal Disease study, only about 40 percent of 
patients received diuretic therapy.5 Diuretic use 
protects against hyperkalemia by shifting sodium 
reabsorption to the distal nephron, where in-
creased sodium–potassium exchange occurs, re-
sulting in increased renal potassium excretion. 
Also noteworthy is that group 2 had a low salt 
intake (approximately 100 meq daily), which, by 
itself, promotes hyperkalemia. Thus, the use of 
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a diuretic in the great majority of the patients in 
group 2 was likely an important hedge against 
hyperkalemia.

In the light of these observations and the con-
ditions of the study, applying the results more 
widely would have certain implications, particu-
larly with respect to the use of “generous” doses 
of ACE inhibitors in patients with stage 4 chronic 
kidney disease. Before ACE-inhibitor therapy is 
initiated, it is important to assess a patient’s di-
etary potassium intake by determining 24-hour 
urinary potassium excretion, ideally on at least 
two representative days. If the potassium content 
of a 24-hour urine collection is 40 meq per day 
or less, it is impractical to lower dietary potassi-
um intake further.3 In such a patient, concomi-
tant therapy with sodium bicarbonate and furo-
semide may be a consideration if hyperkalemia 
develops.4,5

The initial dose of an ACE inhibitor should be 
conservative — for instance, 15 to 25 percent of 
the maximal recommended dose. Furthermore, 
the dose should be increased only if the initial 
dose is well tolerated, and then only with caution. 
Once-daily morning dosing should potentially be 
considered, since it is likely to result in reduced 
ACE inhibition in the evening hours and thus 
permit increased nocturnal excretion of renal po-
tassium to avoid hyperkalemia.

The results of Hou et al. suggest that it is 
worthwhile to continue ACE-inhibitor therapy in 
patients with chronic kidney disease even if their 
serum creatinine level continues to climb. The 
benefit of such an approach is revealed by extrap-
olating the creatinine clearance trend lines in 
Figure 3 of the article. Doing so indicates that 
end-stage renal disease might take twice as long 
to develop in the group given benazepril as in the 
control cohort: 7 years instead of 3.5 years.

Whether other types of ACE inhibitors can 
achieve the results reported by Hou et al. with 
benazepril is not clear. ACE inhibitors have po-
tentially important differences in plasma protein 
binding, their affinity for ACE, and pharmacoki-
netics.5 However, there is no convincing evidence 
that generic long-acting ACE inhibitors (such as 
lisinopril and enalapril) are inferior to brand-name 
ACE inhibitors.4,5 Captopril, however, would not 
be recommended over benazepril, because its 
shorter half-life necessitates thrice-daily dosing, 
increasing the likelihood of missed doses and 
undertreatment.6

Other evidence-based measures that might 
improve the efficacy of ACE-inhibitor therapy in 
patients with chronic kidney disease should be 
considered. One such measure is achieving a tar-
get systolic blood pressure, measured while a pa-
tient is seated, of 120 mm Hg or less, if tolerat-
ed.4,5,7 Furthermore, controlling dietary salt intake 
is important during therapy with an ACE inhibi-
tor or an angiotensin-receptor blocker, because 
a high-salt diet can override the antiproteinuric ef-
fects of these agents.4,5 For the bulk of patients 
with chronic kidney disease, the recommended 
salt intake (documented by periodic 24-hour urine 
testing) is approximately 90 to 120 meq per day 
(approximately 2 to 3 g of sodium per day).4,5 To 
achieve this level of salt intake without sacrific-
ing taste, the patient should prepare a low-salt 
meal (2 g of sodium, or 88 meq), and then add 
salt to each portion just before eating it, so that 
the salt is on the surface of the food, permitting 
direct contact with the taste buds.4 An appropri-
ate daily allotment of surface salt is one third of 
a teaspoon (28 meq of sodium)

Adding an angiotensin-receptor blocker to an 
ACE inhibitor appears to be beneficial in patients 
with stage 3 chronic kidney disease (as defined by 
a GFR of 30 to 59 ml per minute per 1.73 m2). For 
example, in the Combination Treatment of An-
giotensin-II Receptor Blocker and Angiotensin-
Converting–Enzyme Inhibitor in Non-diabetic Re-
nal Disease study, in which the mean baseline GFR 
was about 38 ml per minute per 1.73 m2, this 
combination slowed the progression of kidney 
disease more than did either drug alone.8 How-
ever, it is not yet clear whether patients with 
stage 4 chronic kidney disease will benefit from 
this approach, since similar studies have yet to be 
performed in this population.9

Another point to consider is that there is evi-
dence that controlling hypertension by adding a 
dihydropyridine calcium-channel blocker (DHCCB) 
to ACE-inhibitor therapy may not reduce protein-
uria or slow the decline in GFR. Thus, arguably, 
this approach should be avoided unless it is re-
quired to achieve the blood-pressure goal. The ra-
tionale for this viewpoint comes from the recent 
Ramipril Efficacy in Nephropathy 2 (REIN-2) study, 
which added DHCCB to ramipril therapy in pa-
tients with chronic kidney disease and proteinuria 
to achieve a blood-pressure level below the usual 
goal. Paradoxically, achieving the low blood-pres-
sure goal neither reduced proteinuria nor slowed 
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the decline in GFR as compared with the results 
in the control group.10 This implies that DHCCB 
therapy sustained glomerular hypertension even 
though the systemic blood pressure had decreased 
substantially. Other options to achieve the goal 
blood pressure and reduce proteinuria have been 
discussed elsewhere.5

Finally, the use of medications to treat other 
conditions that arise in patients with chronic kid-
ney disease may also help slow the progression 
of the renal failure itself. For example, there are 
some data indicating that adding a statin to an 
ACE inhibitor may enhance the antiproteinuric 
and renal-protective effects of ACE inhibitors.11

The study by Hou et al. does not clarify when 
in the course of advancing chronic kidney disease 
should treatment with an ACE inhibitor be stopped. 
However, common sense mandates that an ACE 
inhibitor (or an angiotensin-receptor blocker) 
should certainly be discontinued in the presence 
of uncontrollable hyperkalemia. Such agents 
should also be halted to see whether an increase 
in GFR will ensue, possibly averting the need for 
dialysis until vascular access is adequate or pre-
emptive kidney transplantation can be performed. 
By demonstrating that ACE inhibitors can be used 
successfully in patients with advanced chronic kid-
ney disease, Hou et al. suggest that abandoning 
treatment with an ACE inhibitor (or angiotensin-
receptor blocker) when chronic kidney disease 
progresses to stage 3 or 4 is not necessary and 
hastens the onset of end-stage renal disease.

No potential conflict of interest relevant to this article was re-
ported.
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Inhaled Cyclosporine — A Breath of Fresh Air?
Malcolm M. DeCamp, Jr., M.D.

During the past two decades, lung transplantation 
has evolved from a new investigational interven-
tion performed in fewer than 20 patients per year 
at one institution to an accepted, albeit complex, 
therapy for a wide variety of end-stage lung dis-
eases that is performed in more than 1700 pa-
tients annually at nearly 150 centers worldwide.1 
Early graft failures and deaths of patients were 
attributable to an amalgam of technical compli-
cations, opportunistic infections, and acute rejec-
tion. Refinements in surgical technique, enhanced 
graft preservation, and the routine use of contem-

porary monitoring and prophylactic and preemp-
tive regimens for opportunistic viruses, fungi, and 
protozoan organisms have led to improved early 
survival after lung transplantation (Fig. 1). Newer 
drugs for the induction and maintenance of im-
munosuppression have lessened the severity and 
frequency of acute rejection.2,3 However, beyond 
the first year after engraftment, the rate of death 
among lung-transplant recipients has essentially 
remained unchanged between the 1980s and the 
present. At the five-year follow-up, nearly 50 per-
cent of recipients are dead.1,4
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Chronic rejection after lung transplantation 
is recognized histologically as obliterative bron-
chiolitis and has consistently been the leading 
cause of death among recipients who survive the 
first year.1,5 Whereas the mechanism of acute re-
jection in solid-organ transplantation is well un-
derstood as an inflammatory response to allo-
antigen stimulation mediated by T lymphocytes, 
neither the triggers nor the mechanisms of chron-
ic rejection are known. Obliterative bronchiolitis 
is thought to be the consequence of some combi-
nation of immune, ischemic, and infectious in-
juries. Strategies to limit ischemia, minimize vi-
ral infections by matching the cytomegalovirus 
(CMV) serologic status between donor and re-
cipient, and specific immune therapies to pre-
vent obliterative bronchiolitis have been either 
impractical or unsuccessful.6 Moreover, therapeu-
tic interventions short of retransplantation for 
established obliterative bronchiolitis have been 
disappointing.7 In this issue of the Journal, Iacono 
and colleagues provide the first efficacy data from 
a randomized, placebo-controlled trial of an in-
tervention both to reduce chronic rejection and to 
enhance survival in lung-transplant recipients.8 

As would be expected, there are some methodo-

logic shortcomings in this small study of an in-
tervention in a complex population of 58 patients, 
in which randomization cannot hope to balance 
equally all the confounding variables. Neverthe-
less, many of these variables would have been ex-
pected to negate any benefit of treatment, which 
makes the results all the more intriguing.

Lung transplantation lags behind other solid-
organ transplantation in terms of medium-term 
and long-term survival. The explanation for this 
fact is both immunologic and physiological. Be-
cause the lung is in direct contact with the envi-
ronment through respiration, it has a larger lym-
phocyte mass than do most other transplantable 
organs. Therefore, lung-transplant recipients usu-
ally require higher maintenance levels of immune 
suppression than do recipients of heart, liver, or 
kidney transplants.9,10 This demand produces a 
clinical conundrum for the lung-transplantation 
physician in the form of pulmonary infection, 
since this common consequence of chronic illness 
is even more common in an immunocompromised 
host. Unfortunately, dyspnea, cough, hypoxemia, 
fever, and pulmonary infiltrates are symptoms, 
signs, and findings associated with both pneu-
monia and rejection. Lung recipients are the only 
population of transplant recipients in which most 
of the serious infectious complications after trans-
plantation occur in the graft itself.

Iacono and his colleagues from Pittsburgh ex-
ploited the unique interface of the lung with our 
world by delivering augmented immune therapy 
directly to the graft through the airways. They 
were able to do this without engendering an in-
crease in pulmonary infection and without the risk 
of detectable systemic absorption and potential 
nephrotoxicity from larger amounts of calcineu-
rin inhibitors. Previous attempts to achieve this 
effect with inhaled corticosteroids were unsuc-
cessful.11 It would appear that inhaled cyclospor-
ine might help in at least delaying the onset of 
obliterative bronchiolitis and pushing the late-sur-
vival curves of lung-transplant recipients upward 
toward those of heart, liver, and kidney recipients.

The clinical-trials purist will evaluate the study 
of Iacono and colleagues and see that with regard 
to the authors’ primary end point (the rate of his-
tologic acute rejection), the study must be consid-
ered a “negative” trial. Such a perspective, how-
ever, places a methodologic tree ahead of the 
forest. In addition, the trial fell far short of its 
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Figure 1. Differential Kaplan–Meier Analysis of Survival 
after Lung Transplantation, According to Era, 1988 
through 2003.  

Survival declines rapidly in the first year after transplan-
tation. During the past 15 years, improved treatments 
for both donors and recipients have steadily driven the 
early-survival curves upward. In contrast, the rate of 
declining survival beyond the first year (slope of the 
curves) that is attributable mostly to chronic rejection 
(obliterative bronchiolitis) remains unchanged in each 
era. P = 0.01 for a survival comparison of 1988–1994 
with 1995–1999; P<0.001 for 1988–1994 as compared 
with 2000–2003; and P<0.001 for 1995–1999 as com-
pared with 2000–2003. The median survival for 1988–
1994 was 3.9 years, as compared with 4.5 years for 
1995–1999. Data are from Trulock.1
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prospectively defined accrual goal of 136 patients. 
Despite generating only 43 percent of the project-
ed study sample, having only 50 percent treatment 
compliance, and having some substantial im-
balances between treatment and placebo groups, 
there were very few complications of active treat-
ment, and the clinical benefits of the inhaled drug 
remained statistically significant.

These results should be received enthusiasti-
cally by lung-transplant physicians and surgeons 
but need to be confirmed in a more broadly inclu-
sive multicenter trial. Such trials have been woe-
fully lacking in the lung-transplantation world, in 
which 78 percent of centers perform fewer than 
20 transplantations per year.1 There is no con-
sensus regionally, nationally, or internationally re-
garding such important treatment issues as the 
use of induction immunosuppression, the opti-
mal maintenance combinations of immunosup-
pressive drugs, strategies for reducing the use of 
corticosteroids and limiting calcineurin renal tox-
icity, the question of when to schedule biopsies 
and when and how to treat acute rejection, and 
the optimal prophylactic regimen for CMV, pneu-
mocystis, and fungal infections. Lung transplan-
tation remains a low-volume, high-cost interven-
tion. Without a mechanism for sharing experiences, 
studying new therapies and techniques, and criti-
cally analyzing pooled outcomes, the lung-trans-
plantation community will never establish a set 
of best practices. Instead, it will be doomed to 
re-create a series of anecdotal experiences. Per-
haps the inhaled-cyclosporine story will be that 
breath of fresh air that brings this community 
together.

From the Division of Cardiothoracic Surgery, Beth Israel Dea-
coness Medical Center, Boston. 
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Recent withdrawals from the market of high-
profile drugs have led to a reexamination of the 
process of drug regulation and have stimulated 
concern that the current process is inadequate 
for protection of the public health.1,2 The per-
ceived inability of the Food and Drug Adminis-
tration (FDA) and the pharmaceutical industry to 
evaluate drugs impartially and to respond ade-
quately to signals indicating potential drug-safety 
problems has created extensive support for the es-
tablishment of an independent drug-safety board.3 
However, because the limitations of the current 
process go well beyond these conflicts of inter-
est, we propose more extensive reforms designed 
to protect the public health better.

limitations of the present 
regul atory sys tem

The current regulatory process does not have sys-
tematic provisions for obtaining important data 
needed to guide clinical practice (Table 1). Planned 
data collection occurs almost exclusively during 
premarketing testing.4 The FDA approves medi-
cations on the basis of studies of limited duration 
that include relatively small numbers of patients 
who are often healthier than the target population 
for the new drug.3,5-7 Although many important 
effects of a new medication almost certainly will 
be unknown at the time of licensing, there are no 
systematic provisions for post-marketing studies. 
Thus, there often is insufficient information on 
several topics: the safety of widely used drugs,1 
the effects of long-term exposure,8 the frequency 
of rare adverse effects,9,10 the effects in special 
populations6,11,12 or for indications13-15 not stud-
ied before marketing, the efficacy of a new drug 
with respect to clinical (as opposed to surrogate) 
end points,16-19 and the efficacy of the new drug 
relative to others for the same indication.20,21

The present system of drug regulation is sus-
ceptible to the influence of conflicts of interest 
(Table 1). The Prescription Drug User Fee Act 
(PDUFA) has led to substantially decreased re-
view times for new drug applications.22 However, 
PDUFA’s strict timetables and detailed require-
ments for communication with manufacturers are 
controversial2,18,22-25 because they may promote 
hasty approvals, divert resources from post-mar-
keting surveillance, and foster the perception that 
the pharmaceutical industry is the FDA’s custom-
er. Conflicts of interest created by the obvious eco-
nomic motivations of the manufacturer and the 
FDA’s potential reluctance to reverse a previous 
drug-approval decision3 may impede the response 
to signs of potential adverse drug effects,26 such 
as those indicated by the results of the Vioxx Gas-
trointestinal Outcomes Research (VIGOR) trial of 
rofecoxib.27 There is evidence of bias in the design 
and conduct of post-marketing studies funded by 
the pharmaceutical industry,6,17,28 as well as evi-
dence of selective reporting and selective publica-
tion of data.2,17,29

Current procedures for effective and impartial 
communication of the available data to practi-
tioners and patients are inadequate (Table 1). At 
present, the drug label is the primary route that 
is officially recognized for providing informa-
tion to physicians.13,30 However, several factors 
limit its influence on clinical practice.31 The la-
bel is drafted by the manufacturer, and its mod-
ification requires extensive and often time-con-
suming negotiations between the manufacturer 
and the FDA. Its organization does not allow for 
effective communication, and its content can be 
undermined by other promotional activities of the 
manufacturer. The pharmaceutical industry de-
votes a considerable amount of resources to in-
fluencing practice, but this communication may 
be biased.26 Thus, the prescription of new medi-
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cations is often suboptimal (Table 1), involving 
contraindicated use,32 failure to follow directions 
for use,33 and use of inappropriate doses.34

The limitations of the present regulatory sys-
tem are in part the consequence of the narrow 
focus of the FDA’s enabling legislation on pre-

marketing testing. After drug approval, the FDA’s 
statutory authority is limited to requesting chang-
es to the label, negotiating restrictions to distri-
bution with the manufacturer, or petitioning for 
the withdrawal of the drug.35 There is no de-
fined process for answering the many questions 

Table 1. Principal Limitations of the Present Drug-Regulation Process.*

Limitation Drug and Example of Resulting Problem

No systematic provisions for obtaining important data 
to guide clinical practice

Premarketing trials are powered inadequately to determine 
safety of widely used drugs

Coxibs: increased risk of serious cardiovascular disease 
confirmed 5 years after introduction and after use by 
millions of patients

Safety of long-term therapy is unknown HRT: prolonged use increases risk of breast cancer

No systematic surveillance is conducted after marketing 
to detect rare adverse effects

Terfenadine: causes torsades de pointes when used with 
other drugs that inhibit its metabolism

Special populations are underrepresented in premarketing 
studies

ACE inhibitors: risk of angioedema increased for blacks

Off-label use is not studied Fenfluramine–phentermine: this off-label combination 
found to cause primary pulmonary hypertension and 
damage to cardiac valves after use by 6 million patients

Relative efficacy is unknown Coxib vs. NSAID plus proton-pump inhibitor: no adequate-
ly powered studies of the relative gastrointestinal safety 
of these two therapies have been conducted

Surrogate end points are the only outcomes studied Cerivastatin: clinical benefit unproven when launched

Conflicts of interest in decision making and collection 
and reporting of data

New drugs may be approved too rapidly because of 
PDUFA requirements

Troglitazone: approved despite scientific doubts about 
efficacy and safety

Response to signs indicating possible adverse effects is 
inadequate

Rofecoxib: evidence of increased cardiovascular risk in 
VIGOR trial did not lead to cardiovascular safety trials

Study design is suboptimal Cerivastatin: safety with regard to rhabdomyolysis was as-
sessed in a study with serious limitations

Reporting of data is incomplete SSRIs: data suggesting suicidal thinking and behavior in 
adolescents were not fully reported

Failure to effectively communicate data 
to practitioners and patients

Label is difficult to change and thus often out of date Rofecoxib: lag of >2 years between clinical trial (VIGOR) 
showing increased risk of acute myocardial infarction 
and change to the label noting this fact

Contraindications are not adhered to Cisapride: 20 percent of use was contraindicated because 
it was in patients with increased risk of cardiac ar-
rhythmias

Directions for use are not followed Troglitazone: liver-function tests required, as stated on 
label, but often not performed

Dose is not optimal Rofecoxib: 17 percent of long-term use was at the daily 
50-mg dose, despite no greater efficacy than at lower 
doses and despite data suggesting higher rates 
of adverse effects

* Coxib denotes selective inhibitor of cyclooxygenase-2, HRT hormone-replacement therapy, ACE angiotensin-convert-
ing enzyme, NSAID nonsteroidal antiinflammatory drug, PDUFA Prescription Drug User Fee Act, SSRI selective sero-
tonin-reuptake inhibitor, and VIGOR Vioxx Gastrointestinal Outcomes Research.
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that cannot be addressed in premarketing studies. 
The system is susceptible to influence from the 
economic interests of manufacturers, and even 
the limited amount of data available often does 
not influence clinical practice. Medications ap-
proved on the basis of studies of a few thousand 
patients are rapidly marketed to millions of pa-
tients, setting the stage for “drug disasters.” 2,3,17,26 
Subsequent litigation generates billion of dollars 
in legal fees and settlements that ultimately be-
come part of the cost of new medications. This 
haphazard process does not benefit the public 
health, the medical profession, or the pharmaceu-
tical industry.

a reformed regul atory process

The emerging consensus in favor of an indepen-
dent drug-safety board1,3,4 is motivated by the 
potential for biased decision making that is in-
herent in the present regulatory process.2 How-
ever, by itself, this board would not address other 
important limitations of the present process (Ta-
ble 1). The Drug Safety Oversight Board, announced 
by Department of Health and Human Services af-
ter rofecoxib’s withdrawal,4 is even less likely to 
be effective because it lacks authority, resources, 
and independence from the FDA.36

We thus propose a reformed regulatory author-
ity with three distinct functions (Table 2): new-
drug approval, post-marketing studies, and drug 
information. We envision three independent but 
cooperative centers within a unified agency, al-
though other administrative structures are pos-
sible. The new centers would be funded by a tax 
on pharmaceutical sales. For the reforms to work, 
the centers must be provided with adequate stat-
utory authority, sufficient funding, and protection 
from inappropriate political pressure.37 Although 
we describe the reforms in the context of drugs, 
they also should apply to biologic products and 
devices.

The Center for New Drug Approval would reg-
ulate the initial licensing of new drugs. Changes 
from the present review process would include 
replacement of PDUFA funding, as well as regis-
tration and complete reporting of all studies con-
ducted under the auspices of this and the other 
two centers. Studies to provide the additional data 
not currently required would be deferred until 
after a drug is approved, which would preserve 
the ability of the present system to act rapidly.

The Center for Post-marketing Studies would 
specify and oversee mandatory postapproval stud-
ies tailored to address the potentially unique ques-
tions associated with each new medication. These 
studies would include adequately powered safety 
studies, long-term studies of drugs for chronic 
diseases, epidemiologic investigations of rare ad-
verse effects and special populations, and random-
ized trials that assess relative efficacy and clinical 
end points. When appropriate, the release of the 
new medication would occur in phases in order 
to limit the number of patients who are exposed 
before more data are collected. The center also 
could require new studies in response to emerg-
ing data, such as signals from case reports or 
evidence of widespread off-label use. To ensure 
that the data are unbiased, post-marketing studies 
would be conducted by independent investigators.

The Center for Drug Information would coor-
dinate the communication of accurate, unbiased 
information to practitioners and patients that pro-
motes the use of drugs in accordance with the 
best available data. It would write and update as 
needed an accurate label designed to be more 
useful to practitioners31 and, when appropriate, 
employ more active methods of communication 
such as academic detailing.38 The center would 
prospectively review and regulate promotional 
activities directed at physicians and patients. Be-
cause of the inherent uncertainties about the safety 
of all new drugs, direct-to-consumer advertising 
would be prohibited for the first three years af-
ter marketing. The center would closely monitor 
use for unapproved indications. This would in-
clude updating the label to reflect the supporting 
evidence, more effectively regulating promotion 
of off-label use,39 and requesting additional stud-
ies as needed.

controversial elements 
of the proposed reforms

There is now considerable agreement that several 
of these fundamental regulatory changes are need-
ed, such as enhancing the stature and indepen-
dence of the FDA,22,37 reducing the potential for 
conflicts of interest,2,3,40 separating further the 
new-drug approval and post-marketing func-
tions,1,2 and requiring more post-marketing stud-
ies of safety and clinical end points.1,2,41 Other 
elements of the proposed reforms are controver-
sial, however, and thus merit further analysis.
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Relative-Efficacy Studies

For patients and physicians, the most important 
information about a new medication is its effi-
cacy and safety relative to the best available al-
ternative. Although much criticism of the pres-
ent regulatory system focuses on the inadequacy 
of safety data, whether or not the risk associated 
with a new drug is acceptable cannot be deter-
mined in the absence of data on its relative ben-
efits. Despite the obvious clinical need for these 
data, they are not required for drug approval. 
Once a drug is approved, it usually is difficult to 
obtain funding for comparative efficacy studies 
from drug manufacturers or research-funding 
agencies.6 The United Kingdom has a systematic 
program for determining the relative effective-
ness of a new drug by performing secondary data 
analyses42; however, since there are often no stud-
ies that directly compare the drugs of interest, the 
validity of such analyses is controversial.

The absence of a regulatory requirement for 
the most clinically relevant data seems paradox-
ical, but it may be due in part to the complexity of 
relative-efficacy studies.6 Comparator therapies 
must be chosen from the several that are available, 
sample sizes are generally larger than those in 
placebo-controlled studies, and methods must be 
of extremely high quality to guard against false 
findings of clinical equivalence. Because compar-

ative-efficacy studies are often time-consuming, 
under our proposed reforms they would not be 
mandatory for initial drug approval but, rather, are 
considered to be one of several categories of post-
approval studies that may be required by the Cen-
ter for Post-marketing Studies.

Phased Release of New Drugs

The present regulatory system is highly focused 
on the rapid approval of new drugs, which re-
duces delays in the availability of new therapies. 
Systematic post-marketing studies would address 
the main disadvantage of rapid approval: the ul-
timate clinical benefit of the new medication is 
often incompletely understood when the drug is 
launched. A related problem, however, is that the 
intensive promotion of new drugs can lead to use 
by millions of patients in a matter of months. By 
the time the benefits and risks of the new medi-
cation are better defined, it often becomes clear 
that these patients were exposed to unnecessary 
risks.

Phased release of new medications — that is, 
restriction of use pending completion of key post-
marketing studies — would protect patients while 
uncertainties about drug effects were resolved. 
Good candidates for phased release are medica-
tions that are approved on the basis of surrogate 
end points (e.g., cerivastatin), those with no clear 

Table 2. Central Elements of the Proposed Reforms.

Center for New Drug Approval

PDUFA funding replaced by unconditional funding from a tax on drug sales*

Complete registration and reporting of all studies

Center for Post-marketing Studies

Mandatory post-marketing studies, including relative-efficacy studies, tailored to individual drugs

Phased release of selected medications

Monitoring of emerging data and, when appropriate, requirement of additional studies

Independent conduct of post-marketing studies

Center for Drug Information

Writing and updating of drug labels for effective communication with physicians and consumers

Prospective review of promotional activities

Prohibition of direct-to-consumer advertising for three years after approval

Tracking of off-label use, summaries of evidence on label, and recommendation of further studies

When appropriate, use of more active methods to communicate with physicians

* PDUFA denotes Prescription Drug User Fee Act.
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advantage over existing therapies (e.g., troglita-
zone), and those for which premarketing safety 
data are limited (e.g., selective inhibitors of cy-
clooxygenase-2 [coxibs]). The use of drugs under 
phased release would be restricted to patients who 
are participating in post-marketing studies or for 
whom the best available data provide strong evi-
dence of probable benefit. For example, the use of 
a new lipid-lowering drug, approved only on the 
basis of surrogate end points, would be limited to 
clinical trials comparing it with one of the many 
existing drugs that have been shown to improve 
clinical outcomes or to patients for whom other 
drugs were not suitable. Once the post-marketing 
studies were complete, the Center for Drug Infor-
mation would incorporate the findings into the 
label, and except in unusual circumstances, the re-
strictions on use would be lifted.

Could phased release do more harm than good 
by inordinately delaying patients’ access to new 
medications? In order to avoid this potential prob-
lem, we have proposed selective phased release. 
Medications for which there was convincing evi-
dence of a unique health benefit to patients would 
not undergo phased release. Patients’ interests 
would be best protected by restricting access to 
medications for which there is no such convinc-
ing evidence until better data become available.

In some cases, a phased-release program might 
improve access to drugs. Limiting the use of a 
new medication until the population that would 
benefit from it is better defined might permit a 
drug that otherwise would have been withdrawn 
to be kept on the market. For example, cisapride 
was widely thought to be beneficial for patients 
with diabetic gastroparesis.43 If physicians had 
not become accustomed to prescribing this drug 
for millions of patients with dyspepsia, its dras-
tically curtailed availability might not have been 
necessary.

Would phased release impose an unfair finan-
cial burden on the pharmaceutical industry? For 
some medications, phased release would consti-
tute a de facto extension of the drug-development 
process. To compensate manufacturers, an exten-
sion of the patent period for a drug could be 
granted under certain circumstances. 

Phased release would alter the financial incen-
tives for drug development. It would become less 
profitable to develop “me-too” drugs,23 because 
studies comparing these with existing products 

could be required before the drug’s unrestricted 
use. However, incentives for the development of 
truly innovative therapies should ultimately ben-
efit the public health.

Independent Conduct of Post-marketing 
Studies

A truly independent drug-safety board3 could re-
duce the conflicts of interest that occur in inter-
preting and acting on post-marketing data. Un-
fortunately, some of the most pernicious biases 
are those related to conducting studies (including 
the choice of population and comparator, study 
end points, power, quality of data, and methods 
of analysis).6,44,45 Because many of these methodo-
logic flaws can lead to incorrect inferences of clin-
ical equivalence,44,45 the FDA’s drug-approval pro-
cess relies extensively on trials that demonstrate 
the superiority of the new drug to a placebo,44,45 
ensuring that the drug manufacturer has incen-
tives to conduct studies of high quality. Post-mar-
keting studies, however, often assess relative safety 
or efficacy. Thus, the manufacturer’s short-term 
economic interests could favor low-quality studies 
that incorrectly report that a new drug is equiva-
lent to comparator therapies.

To prevent this conflict of interest, the Center 
for Post-marketing Studies would specify the stud-
ies needed and conduct peer-reviewed competi-
tions for contracts. The quality of the study and 
subsequent publication of its results would be im-
portant factors for future awards. The independent 
researchers would have the same strong incentives 
that are now present for National Institutes of 
Health grantees to conduct high-quality studies.

To be effective, the reforms would require that 
careful attention be paid to potential conflicts of 
interest among investigators who submit propos-
als and have other funding from the pharmaceu-
tical industry. To ensure public confidence, con-
flict-of-interest requirements that go beyond 
disclosure, such as those proposed for FDA ad-
visory committee members, may be necessary.40

Communication of Drug Information

One of the most frustrating limitations of the pres-
ent system is the difficulty of translating impor-
tant new information into clinical practice. This 
lack of communication can lead to the well-rec-
ognized problem of frequent suboptimal use for 
many widely prescribed medications (Table 1). It 
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also makes keeping a drug on the market diffi-
cult when the new information substantially re-
duces the number of patients for whom the drug 
is appropriate.31 An effective program of com-
municating with physicians could facilitate such 
risk management,46 making it possible to retain 
drugs that otherwise would have been removed 
from the market.

Historically, regulatory agencies have had a 
very limited role in seeking to improve clinical 
practice. They have tacitly relied on journal arti-
cles and other passive methods of diffusing new 
information. However, these methods often work 
slowly, particularly in the context of intensive mar-
keting programs developed by industry. Third par-
ties, such as academia, payers, and extraregulatory 
government programs, can improve practice. Lack-
ing a mandate and funding, however, they are 
incapable of doing so in a systematic way.

The reformed regulatory system will generate 
a dynamic flow of data for each new drug. These 
data will fully benefit the public health only if 
there are corresponding provisions that ensure 
that the data have a timely effect on clinical prac-
tice. Thus, effective communication of informa-
tion should become a central responsibility of 
regulators.

A redesigned drug label would be the initial 
means of communication. The effectiveness of the 
label is limited, however, after suboptimal pre-
scribing becomes entrenched.38,47 Thus, the Cen-
ter for Drug Information would have the authori-
ty to use more effective methods to communicate 
with physicians when necessary. The center could 
be guided by the experience of the Quality Im-
provement Organizations of the Centers for Medi-
care and Medicaid Services48 and could use avail-
able, proven approaches (including the use of 
academic detailing,47 peer leaders,49 and comput-
erized provider order-entry systems50). The center 
could collaborate with existing programs focused 
on practice improvement, including the Centers 
for Education and Research on Therapeutics,7,51 
the Evidence-Based Practice Centers,52 and the 
Task Force on Community Preventive Services.52

Greater involvement of regulators in commu-
nication with physicians should, in conjunction 
with the other reforms, reduce the frequency of 
litigation related to drugs. Important bases for 
these lawsuits have been that the manufacturer 

failed to communicate available data accurately 
to physicians or conducted biased studies.2,17 If 
the reforms can ensure a strong and independent 
agency for drug regulation, manufacturers that 
are fully compliant with the regulatory process 
could then be provided with limited protection 
from lawsuits concerning liability.

conclusions

The current system of drug regulation has seri-
ous flaws. Many of these have been recognized 
and reforms to correct them have been pro-
posed,1,2,4-6,11,23,41,53 but only minor changes have 
occurred since 1962. Proposals for an independent 
drug-safety board3 seek to reform the system by 
reducing the influence of conflicts of interest in 
the evaluation of post-marketing data. However, 
by itself, a drug-safety board will not ensure the 
availability of the data on which rational therapeu-
tics and policy must be based, nor fully correct the 
excessive influence of manufacturers, nor ensure 
that clinicians become aware of new data. Thus, 
we have proposed a more comprehensive plan for 
reforming the process of drug regulation, which 
addresses its main structural flaws.

In the United States, important changes in the 
system of drug regulation have occurred only in 
response to “drug disasters.” The elixir sulfanil-
amide scandal in 1937 led to the passage of the 
Food, Drug, and Cosmetic Act of 1938, which es-
tablished the requirement that basic studies of 
toxicity be conducted before new products were 
marketed.54 The thalidomide tragedy stimulated 
the enactment in 1962 of the Kefauver–Harris 
amendments that are the basis of the require-
ment for premarketing clinical trials.54 In a like 
manner, the controversy caused by the unexpect-
ed cardiotoxicity of the coxibs has created a valu-
able opportunity for change. 

Implementing the proposed reforms will not 
be easy, but the costs of inaction are unacceptable. 
Each new “drug disaster” causes preventable mor-
bidity and mortality, undermines the credibility of 
the public health infrastructure, erodes patients’ 
confidence in physicians, and fuels costly litiga-
tion. Prompt and effective reform is essential.

Dr. Ray reports having served as a consultant to Pfizer and 
Bristol-Myers Squibb, having received research funding from 
Pfizer, and having provided expert testimony for litigation in-
volving cerivastatin, fenfluramine derivatives, and rofecoxib. 
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Bacteria Associated with Bacterial Vaginosis

To the Editor: Fredricks and colleagues (Nov. 3 
issue)1 reported complex communities of bacteria 
and a high level of species diversity in vaginal 
secretions from women with bacterial vaginosis. 
However, the study of vaginal fluid alone provides 
an incomplete picture of disease pathogenesis, 
since infections also may affect the vaginal epithe-
lium. Fluorescence in situ hybridization of vaginal-
biopsy specimens with the use of bacteria-spe-
cific probes demonstrates that a clinical diagnosis 
of bacterial vaginosis is highly associated with the 
development of a bacterial biofilm on the epithe-
lial surface.2 Gardnerella and atopobium species 
together constitute more than 90 percent of the 
biofilm mass. The biofilm also contains numer-
ous, less abundant bacterial species, in agreement 
with the findings of Fredricks and others.1,3 For-
mation of the biofilm allows bacteria to reach high-
er concentrations than can be achieved in vaginal 
fluid alone. Desquamation of epithelial cells coated 
with biofilm in situ results in the clue cells that are 

diagnostic of bacterial vaginosis. Given such com-
plex microbiota, it is clear that identification of 
single pathogens, as was introduced by Koch and 
Pasteur more than 100 years ago, is inadequate for 
explaining the pathogenesis of bacterial vaginosis.

Laura P. Hale, M.D., Ph.D.
Duke University Medical Center
Durham, NC 27710
laura.hale@duke.edu

Alexander Swidsinski, M.D., Ph.D.
Charité Hospital of Humboldt University
10098 Berlin, Germany

Werner Mendling, M.D.
Vivantes Clinic for Obstetrics and Gynecology
10967 Berlin, Germany

Fredricks DN, Fiedler TL, Marrazzo JM. Molecular identifi-
cation of bacteria associated with bacterial vaginosis. N Engl J 
Med 2005;353:1899-911.

Swidsinski A, Mendling W, Loening-Baucke V, et al. Adher-
ent biofilms in bacterial vaginosis. Obstet Gynecol 2005;106:1013-
23.

Verhelst R, Verstraelen H, Claeys G, et al. Cloning of 16S 
rRNA genes amplified from normal and disturbed vaginal mi-
croflora suggests a strong association between Atopobium vagi-
nae, Gardnerella vaginalis and bacterial vaginosis. BMC Micro-
biol 2004;4:16.

The authors reply: Dr. Hale and colleagues 
highlight their study showing that adherent bac-
terial biofilms commonly were detected in vagi-
nal-biopsy specimens from subjects with bacte-
rial vaginosis, suggesting that biofilms may play 
a role in the pathophysiology of this syndrome.1 
We agree that it is important to study both the 
vaginal epithelial surface and free vaginal fluid to 
determine how bacterial communities may lead 
to disease. Fluorescence in situ hybridization is an 
excellent method for studying the spatial relation-
ships and composition of bacteria in these com-
partments. We also agree that no single bacterium 
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is likely to be the cause of bacterial vaginosis and 
that Koch’s postulates for disease causation are 
inadequate for describing potential causal rela-
tionships in this syndrome. Bacterial vaginosis 
probably results from infection with complex com-
munities of bacteria that consist of metaboli-
cally interdependent (syntrophic) species. Diseases 
caused by uncultivated microbes or communities 
of microbes are not amenable to the application of 
Koch’s postulates in their original formulation2; 
therefore, we must build a case for causation on the 
basis of a concordance of scientific evidence.3

David N. Fredricks, M.D.
Fred Hutchinson Cancer Research Center
Seattle, WA 98109
dfredric@fhcrc.org

Jeanne M. Marrazzo, M.D., M.P.H.
University of Washington
Seattle, WA 98195
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Fredricks DN, Relman DA. Sequence-based identification of 
microbial pathogens: a reconsideration of Koch’s postulates. 
Clin Microbiol Rev 1996;9:18-33.
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Azithromycin versus Penicillin for Early Syphilis

To The Editor: In their study on the treatment of 
early syphilis, Riedner et al. (Sept. 22 issue)1 con-
cluded that the wider use of oral azithromycin 
should be encouraged as part of syphilis-control 
programs in developing countries. Whereas this 
conclusion would appear to be rational on the 
basis of the authors’ results, we believe that there 
are other factors that should be considered before 
opting for such a strategy.

Although the authors acknowledged the po-
tential for the emergence of azithromycin-resis-
tant Treponema pallidum, ongoing monitoring for 
such resistance, as they suggested, requires mo-
lecular-sequencing techniques,2 which are unavail-
able in most developing countries. More impor-
tant, the inability of azithromycin to cross the 
placenta3 limits its use in the prevention of con-
genital disease. Treatment of seropositive moth-
ers with oral azithromycin, after routine antena-
tal screening, could result in declining maternal 
titers on the rapid plasma reagin test without af-
fecting the potential for fetal infection.

Since the prevention of congenital syphilis re-
mains a major objective of control programs and 
is a current focus for global elimination activities,4 
we believe that azithromycin has only a limited 
role in the management of syphilis in resource-
constrained settings.

Ronald C. Ballard, Ph.D.
Stuart M. Berman, M.D., Sc.M.
Kevin A. Fenton, M.D., Ph.D., M.F.P.H.
Centers for Disease Control and Prevention
Atlanta, GA 30333
rballard@cdc.gov

Riedner G, Rusizoka M, Todd J, et al. Single-dose azithromy-
cin versus penicillin G benzathine for the treatment of early 
syphilis. N Engl J Med 2005;353:1236-44.

Lukehart SA, Godornes C, Molini BJ, et al. Macrolide resistance 
in Treponema pallidum in the United States and Ireland. N Engl J 
Med 2004;351:154-8.

Heikkinen T, Laine K, Neuvonen PJ, Ekblad U. The transpla-
cental transfer of the macrolide antibiotics erythromycin, rox-
ithromycin and azithromycin. BJOG 2000;107:770-5.

Maternal and congenital syphilis. Bull World Health Organ 
2004;82:399-478.

To the Editor: Riedner and colleagues report 
that azithromycin is equivalent to penicillin G 
benzathine in treating early syphilis and may be 
useful in developing countries in which use of 
penicillin G benzathine is problematic, and they 
alert us about the cases of azithromycin-resistant 
T. pallidum. In Brazil, we struggle even with inex-
pensive drugs, such as penicillin G benzathine;  
azithromycin is not widely available and can be 
10 times as expensive as penicillin G benzathine. 
We believe that it is not wise to change from a 
known, inexpensive drug with few cases of resis-
tance after a half century of use1 to a more expen-
sive, unfamiliar drug that has already shown 
resistance after a few years of use.2 Thus, the 
implementation of azithromycin in developing 
countries remains prohibitive because of the cost 
and because of the possibility of resistance, and 
this drug should not be used as a first choice yet.

Ricardo F. Savaris, M.D.
Alberto M. Abeche, M.D.
Universidade Federal do Rio Grande do Sul
90035-003 Porto Alegre, Brazil
rsavaris@hcpa.ufrgs.br
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Stapleton JT, Stamm LV, Bassford PJ Jr. Potential for develop-
ment of antibiotic resistance in pathogenic treponemes. Rev 
Infect Dis 1985;7:Suppl 2:S314-S317.

Azithromycin treatment failures in syphilis infections — 
San Francisco, California, 2002–2003. MMWR Morb Mortal Wkly 
Rep 2004;53:197-8.

To the Editor: Riedner and colleagues demon-
strated the successful treatment of early syphilis 
with azithromycin. Holmes’s accompanying edi-
torial laments the absence of prospective data on 
patients treated for early syphilis with azithro-
mycin and the influence of molecularly defined 
azithromycin-resistant T. pallidum on treatment 
outcomes.1

In San Francisco, where an estimated 56 per-
cent of circulating strains of T. pallidum were re-
sistant to azithromycin in 2004,2 we conducted 
a randomized, controlled trial of azithromycin 
(1 g given orally as a single dose) as compared 
with penicillin G benzathine (2.4 million units 
intramuscularly) in sexual contacts of persons 
with infectious syphilis; our aim was to compare 
the efficacy of the two drugs for the treatment 
of incubating syphilis. A data safety monitoring 
board (DSMB) supervised the study.

After two treatment failures in the 12 patients 
receiving azithromycin as compared with none 
in 13 patients receiving penicillin, the DSMB ter-
minated the study (P = 0.18, by Fisher’s exact test). 
Although it was a small study sample (n = 25), our 
data suggest that azithromycin was inferior to 
penicillin in the presence of high community lev-
els of azithromycin-resistant T. pallidum. Although 
we have feasible methods to monitor macrolide 
resistance in T. pallidum, routine surveillance is not 
currently supported by federal agencies.

Jeffrey D. Klausner, M.D., M.P.H.
Robert P. Kohn, M.P.H.
Charlotte K. Kent, M.P.H.
San Francisco Department of Public Health
San Francisco, CA 94103
jeff.klausner@sfdph.org

Dr. Klausner reports having received honoraria from King 
Pharmaceuticals and a research grant from Pfizer.

Holmes KK. Azithromycin versus penicillin G benzathine 
for early syphilis. N Engl J Med 2005;353:1291-3.

Klausner JD, Mitchell SJ, Lukehart SA, Gordones C, Engel-
man J. Rapid and large increase in azithromycin resistance in 
syphilis whilst low steady resistance in gonorrhea 2000-2004. 
In: Program and abstracts of the 16th Biennial Meeting of the 
International Society for Sexually Transmitted Diseases Re-
search, Amsterdam, July 10–13, 2005. abstract.
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The authors reply: We agree with Ballard et al. 
that further studies are needed before azithromy-
cin can be recommended for the treatment of 
syphilis in pregnancy, although studies in women 
undergoing cesarean section have shown that az-
ithromycin does cross the placenta.1

Resistance is clearly a concern in view of the 
high proportion of strains of T. pallidum found 
among men who have sex with men in the United 
States and Ireland that contain mutations that 
may confer resistance to macrolides. The clinical 
significance of this mutation has not been defini-
tively established, although the small study by 
Klausner et al.2 provides some support for such 
a link. The results of our trial suggest that azith-
romycin resistance is not currently a clinically sig-
nificant problem among heterosexual patients in 
Tanzania. We recognize that most laboratories in 
Africa do not have the facilities to identify muta-
tions in local strains of T. pallidum. In view of the 
considerable advantages that would be conferred 
by a single-dose oral treatment for syphilis, how-
ever, we believe further studies are warranted to 
study the geographic distribution and clinical sig-
nificance of strains bearing this mutation.

We do not agree with Savaris and Abeche that 
azithromycin is too expensive to be used for the 
treatment of syphilis in developing countries. 
Generic supplies of the drug, made in India, have 
been available for some years at a cost of approxi-
mately $1.20 for a 2-g dose.3 Azithromycin came 
off patent in the United States in November 2005. 
Although penicillin G benzathine is an inexpen-
sive drug, the cost of administering it has to in-
clude the cost of the needle and syringe.

Despite the issues raised by the correspondents, 
we consider that single-dose azithromycin may 
have a place in the treatment of early syphilis and 
in the management of genital-ulcer disease at the 
primary health care level in developing countries.

Gabriele Riedner, M.D., Ph.D.
London School of Hygiene and Tropical Medicine
London WC1E 7HT, United Kingdom
riednerg@emro.who.int

Heiner Grosskurth, M.D., Ph.D.
Uganda Virus Research Institute
Entebbe, Uganda

Richard Hayes, D.Sc.
London School of Hygiene and Tropical Medicine
London WC1E 7HT, United Kingdom
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Klausner JD, Mitchell SJ, Lukehart SA, Gordones C, Engel-
man J. Rapid and large increase in azithromycin resistance in 
syphilis whilst low steady resistance in gonorrhea 2000-2004. 
In: Program and abstracts of the 16th Biennial Meeting of the 
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The editorialist replies: It is striking that the 
first randomized trial demonstrating azithromy-
cin’s efficacy for early syphilis in Africa was con-
ducted virtually simultaneously with the emergence 
of azithromycin-resistance mutations in T. palli-
dum in all five cities where such mutations were 
sought in the United States and Ireland. This may 
represent a world record for the adaptation of a 
pathogen to an antimicrobial agent newly proved 

1.

2.

3.

effective to treat it — and this by an organism 
not previously known for its propensity to develop 
resistance to other antimicrobial agents. Reserva-
tions about the use of azithromycin for the treat-
ment of early syphilis are clearly warranted.

Fortunately, T. pallidum remains fully suscep-
tible to penicillin G benzathine worldwide, and 
the forthcoming 2006 Sexually Transmitted Dis-
ease Guidelines from the Centers for Disease Con-
trol and Prevention will correctly recommend that 
“penicillin G, administered parenterally, is the 
preferred drug for treatment of all stages of syphi-
lis” and that the recommended regimen for adults 
with primary, secondary, or early latent syphilis 
is “benzathine penicillin G 2.4 million units IM 
[intramuscular] in a single intramuscular dose.”

King K. Holmes, M.D., Ph.D.
University of Washington
Seattle, WA 98195

Cost-Effectiveness of ICDs
To the Editor: The cost-effectiveness of im-
plantable cardioverter–defibrillator (ICD) therapy 
reported by Sanders et al. (Oct. 6 issue)1 is overly 
optimistic, because it does not fully account for 
several factors that raise the costs and lower the 
effectiveness of this therapy. The authors assumed 
a constant benefit of the ICD during the patient’s 
lifetime, whereas in previous investigations, the 
benefit declined, with a convergence of survival 
curves by seven to eight years.2 The assumed prob-
ability of lead-related complications (2.4 percent 
over 20 months) underestimates the spectrum and 
frequency of serious complications (up to 14 per-
cent in the Sudden Cardiac Death in Heart Fail-
ure Trial [SCD-HeFT]).3 The high frequency of re-
calls of devices and the consequent interventions 
are not accounted for.4 The base-case assumption 
of an equivalent quality of life among patients 
who received an ICD and the control patients does 
not account for the adverse effect of ICD shocks 
(31 percent in SCD-HeFT)3 or for the discomfort, 
inconvenience, and the loss of time and income 
due to the implantation procedure and the need 
for replacement of the device, the checking and 
programming of the device before and after many 
forms of surgery, and, because of the presence of 
the device, the exclusion of several types of diag-

nostic procedures, treatments, employment, and 
recreation. The inclusion of these factors, in ad-
dition to those noted by Goldman in his edito-
rial,5 would unfavorably affect the cost-effective-
ness of ICDs.

Kelley P. Anderson, M.D.
Marshfield Clinic
Marshfield, WI 54449
kpand@att.net

Sanders GD, Hlatky MA, Owens DK. Cost-effectiveness of 
implantable cardioverter–defibrillators. N Engl J Med 2005;353:
1471-80.

Weiss JP, Saynina O, McDonald KM, McClellan MB, Hlatky 
MA. Effectiveness and cost-effectiveness of implantable cardio-
verter defibrillators in the treatment of ventricular arrhythmias 
among Medicare beneficiaries. Am J Med 2002;112:519-27.

Bardy GH, Lee KL, Mark DB, et al. Amiodarone or an im-
plantable cardioverter–defibrillator for congestive heart failure. 
N Engl J Med 2005;352:225-37. [Erratum, N Engl J Med 2005;
352:2146.]

Maisel WH, Sweeney MO, Stevenson WG, Ellison KE, Ep-
stein LM. Recalls and safety alerts involving pacemakers and im-
plantable cardioverter-defibrillator generators. JAMA 2001;286:
793-9.

Goldman L. Cost-effectiveness in a flat world — can ICDs 
help the United States get rhythm? N Engl J Med 2005;353:1513-
5.

To the Editor: The study by Sanders et al. of the 
cost-effectiveness of ICDs exemplifies the skilled 
analyses that are crucial as the choices become 
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explicit between technologies and between tech-
nology and disease management, which is tradi-
tionally judged more harshly according to cost 
savings. However, the conclusions of the study 
may be less applicable to patients with heart fail-
ure, who are most often considered for ICDs, than 
to those who do not have heart failure, because 
the assumptions of stable risks and quality of life 
for seven years extend beyond the median survival 
of patients with symptomatic heart failure. Future 
models should include patients with New York 
Heart Association (NYHA) class III symptoms of 
heart failure and could use a Markov model sim-
ilar to that previously used to study candidates for 
heart transplantation.1 Patients with class III symp-
toms of heart failure face a higher risk of both 
death from any cause, death from causes other 
than arrhythmias, and diminished quality of life,2 
with utility closer to 0.50 than the 0.88 year used 
for this analysis. Patients with NYHA class III 
heart failure in SCD-HeFT had no survival bene-
fit with ICDs, and the benefit attributable to ICDs 
in the Comparison of Medical Therapy, Pacing, 
and Defibrillation in Heart Failure (COMPANION) 
trial ended after two quality-adjusted life-years 
(QALYs) gained.3 The transition rate to class III 
heart failure may be a critical determinant of cost-
effectiveness, making ICDs acceptably cost-effec-
tive only when follow-up after implantation is 
linked with management of heart failure that is 
focused on preventing disease progression.

Lynne W. Stevenson, M.D.
William G. Stevenson, M.D.
Brigham and Women’s Hospital
Boston, MA 02115

Dr. L.W. Stevenson reports having received consulting fees 
and honoraria from Medtronic; and Dr. W.G. Stevenson, hono-
raria from Medtronic, Guidant, and St. Jude Medical.

Stevenson LW, Warner SL, Hamilton MA, et al. Modeling 
distribution of donor hearts to maximize early candidate sur-
vival. Circulation 1992;86:Suppl II:II-224–II-230.

Lewis EF, Johnson PA, Johnson W, Collins C, Griffin L, Ste-
venson LW. Preferences for quality of life or survival expressed 
by patients with heart failure. J Heart Lung Transplant 2001;
20:1016-24.

Bristow MR, Saxon LA, Boehmer J, et al. Cardiac-resynchro-
nization therapy with or without an implantable defibrillator in 
advanced chronic heart failure. N Engl J Med 2004;350:2140-
50.

To the Editor: In their analysis, Sanders et al. 
found that prophylactic implantation of an ICD 
has a cost-effectiveness ratio below $100,000 per 
QALY gained in populations in which a significant 

1.

2.

3.

reduction in device-related mortality has been dem-
onstrated. It may be disappointing to note that the 
cost-effectiveness of the ICD seems to decrease 
from the first studies to the later ones: $34,000 per 
QALY gained in the Multicenter Automatic Defi-
brillator Implantation Trial (MADIT), $54,100 in 
MADIT II, and $70,200 in the SCD-HeFT. The more 
recent studies defined high risk more broadly (en-
tirely on the basis of a decrease in left ventricular 
ejection fraction). It is a challenge for future 
studies to identify properly subgroups of patients 
who may derive a greater benefit from a prophylac-
tic ICD (with the use of quantitative electrocardi-
ography, for example), particularly those with heart 
failure in whom there are competing risks between 
death as a result of worsening pump failure and 
sudden death.1,2 Such definition of a subgroup is 
likely to improve markedly the cost-effectiveness 
of the prophylactic ICD.

Laurent Fauchier, M.D.
Dominique Babuty, M.D.
Centre Hospitalier Universitaire Trousseau
37044 Tours, France

McClellan MB, Tunis SR. Medicare coverage of ICDs. N Engl 
J Med 2005;352:222-4.

Kadish A. Prophylactic defibrillator implantation — toward 
an evidence-based approach. N Engl J Med 2005;352:285-7.

The authors reply: We thank Dr. Anderson for 
his careful review of our model’s structure and 
assumptions. We believe that these assumptions 
reflect the best available current evidence, but we 
also checked to see whether changes in the as-
sumptions would have affected the cost-effective-
ness of the ICD. We did find that the cost-effec-
tiveness of the ICD became much less favorable if 
its efficacy ceased after a short time period (Fig. 
4A in our report).1 We found that the ICD cost less 
than $100,000 per QALY as long as it reduced 
mortality for no less than 7 years. Lead complica-
tions had less effect on the cost-effectiveness of 
the ICD. Increasing this rate to 14 percent over 
the median 45.5 months follow-up, as Dr. Ander-
son suggests, would change the cost-effectiveness 
of the ICD in the SCD-HeFT population from 
$70,200 per QALY to $74,300 per QALY. Our mod-
el captured the effects of complications that re-
sulted in therapy crossover by adopting an inten-
tion-to-treat analysis of the efficacy of the ICD. 
We agree that the quality of life is important to 
consider (as done in Fig. 3C of our article).1 Qual-
ity-of-life outcomes may vary among individual 
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patients, however, so we used the anticipated ef-
fect on the quality of life in the entire population 
of patients.

Drs. Stevenson and Stevenson raise important 
points about the patient populations considered 
for prophylactic ICD implantation and emphasize 
that patients with severe heart failure were not 
generally enrolled in the randomized, controlled 
trials we studied. We agree, and we caution read-
ers not to extrapolate our results beyond the 
populations of patients in whom the ICD has 
been proved to be effective by clinical trials.

Drs. Fauchier and Babuty accurately point out 
the influence of risk stratification among patients 
on the cost-effectiveness of the ICD. We agree that 
there is a need to identify patients who are at in-
creased risk for sudden death but whose compet-
ing risks of death would allow them to realize the 
greatest benefit from receipt of an ICD.1 The ef-

fectiveness and cost-effectiveness of the ICD will 
improve if further studies can identify the clinical 
characteristics or diagnostic tests that will enable 
clinicians to select patients who will gain the most 
benefit from the ICD.

Gillian D. Sanders, Ph.D.
Duke University
Durham, NC 27715
gillian.sanders@duke.edu

Mark A. Hlatky, M.D.
Stanford University
Stanford, CA 94305

Douglas K. Owens, M.D.
Veterans Affairs Palo Alto Health Care System
Palo Alto, CA 94304

Owens DK, Sanders GD, Heidenreich PA, McDonald KM, 
Hlatky MA. Effect of risk stratification on cost-effectiveness of 
the implantable cardioverter defibrillator. Am Heart J 2002;144:
440-8.

1.

Medicare and Cost-Effectiveness Analysis
To the Editor: Shortly after reading the com-
mentary by Neumann et al. (Oct. 6 issue),1 I met 
with several residents in internal medicine to dis-
cuss economic evaluation in health care. I was 
struck by their lack of knowledge not only about 
the methods and uses of cost-effectiveness analy-
sis but also about the structure and financing of 
the health care system.

Any “campaign to educate policymakers and 
the public”1 about the rationale for cost-effective-
ness analysis should include efforts to educate our 
medical students and ourselves. In the crowded 
medical curriculum, when there is a choice be-
tween adding more course work in the basic sci-
ences and introducing issues of social and health 
policy, we give a consistent nod to the basic sci-
ences — to the detriment of the public.

The lack of systematic efforts to integrate 
knowledge of health systems and economic eval-
uation into the medical curriculum is part of our 
larger failure to teach clinical skills that are 
grounded in evidence-based medicine. We cannot 
expect policymakers and the public to take these 
topics seriously without expecting the same of 
the medical profession.

Kevin A. Schulman, M.D.
Duke University
Durham, NC 27705

Neumann PJ, Rosen AB, Weinstein MC. Medicare and cost-
effectiveness analysis. N Engl J Med 2005;353:1516-22.

To the Editor: The article by Neumann et al. 
and the accompanying editorial by Goldman1 fur-
ther enshrine the specious concept of cost-effective-
ness that is now on display in the medical litera-
ture. Who, in fact, accepted the $50,000-per-year 
threshold for quality-adjusted life-years (QALYs) 
gained? An extrapolation from the hemodialysis 
situation proves unpersuasive; patients who are 
withdrawn from hemodialysis generally die with-
in the month. Extrapolating this cost-effectiveness 
standard to such tests as screening colonoscopies 
and bone-density measurements benefits our pro-
fession more than it does the welfare of Ameri-
can society. If every American actually obtained 
every procedure now deemed cost-effective, the 
price tag would approach the gross national 
product.

Opportunity cost represents a sounder eco-
nomic concept: money once spent on medical 
technology cannot be spent on education and job 
training. Better-paying jobs and improved educa-
tion correlate more powerfully with good health 
and longevity than do implanted defibrillators. 
We ought to reevaluate the ethics of our eco-
nomic priorities before a wiser president one day 
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warns Americans to beware the medical–indus-
trial complex.

Mitchell T. Smolkin, M.D.
University of Virginia Health Services Foundation
Staunton, VA 24401
mts8s@virginia.edu

Goldman L. Cost-effectiveness in a flat world — can ICDs help 
the United States get rhythm? N Engl J Med 2005;353:1513-5.

To the Editor: We endorse the call of Neumann 
et al. for systematic use of cost-effectiveness analy-
sis. Evidence-based comparisons of safety and ef-
fectiveness, including advantages and disadvan-
tages in specific subpopulations, should form the 
foundation for choices among alternative medical 
technologies. Informed by good-quality economic 
analyses, decisions to allocate resources can be 
made more efficiently. Decision makers, however, 
must ensure the integrity and fairness of analyses.

Since the potential for bias, such as assump-
tions about class effects and projections beyond 
trial results, exists regardless of sponsorship and 
always requires critical evaluation, organizations 
conducting cost-effectiveness analyses should 
engage diverse stakeholders to provide feedback 
throughout the entire process, ensuring reason-
ableness and transparency of assumptions and 
methods.1 In addition, economic findings must 
be integrated with local concerns and values; 
otherwise winner-take-all decisions regarding 
coverage may discourage innovation. We wel-
come a constructive dialogue with the Centers 
for Medicare and Medicaid Services (CMS) and 
other stakeholders to incorporate comparative 
and cost-effectiveness analyses into health policy 
decisions.

Marc Berger, M.D.
Peter Honig, M.D.
Ian Spatz, J.D.
Merck 
West Point, PA 19486
marc_berger@merck.com

Berger ML, Teutsch SM. Cost-effectiveness analysis: from 
science to application. Med Care 2005;43:Suppl II:49-53.

The authors reply: We appreciate the endorse-
ment of Berger et al. of the systematic use of cost-
effectiveness analysis, and we are particularly 
heartened by their call for a constructive dia-
logue with the CMS and other stakeholders about 
the use of comparative and cost-effectiveness analy-
sis in health policy decisions.

Smolkin argues that our article “enshrines” the 

1.

1.

notion that $50,000 per QALY represents reason-
able value for medicine. In fact, nowhere in our 
article did we state or suggest that figure, though 
we acknowledge that it has been used elsewhere. 
We do agree with him that there would be an 
inherent problem if every American received ev-
ery procedure deemed to be cost-effective with-
out a concomitant attempt to withdraw interven-
tions that do not provide good value for the money. 
We emphasized in our commentary that cost-
effectiveness analysis is a guide that must be com-
bined with other dimensions that decision makers 
believe are important. Smolkin also asserts that 
better-paying jobs and improved education corre-
late more powerfully with good health and lon-
gevity than do implanted defibrillators. This could 
be true, though he provides no evidence on the 
matter. To the extent possible, nonmedical inter-
ventions should also be subject to formal cost-
effectiveness analysis.

Finally, we agree with Schulman that educa-
tional efforts regarding cost-effectiveness analy-
sis would do well to include medical students and 
the medical profession in general. Our institutions 
have training programs for physicians regarding 
cost-effectiveness analysis and medical decision 
science, and we applaud the initiatives of many of 
our sister institutions in this regard. As we noted, 
getting the United States to move beyond its anxi-
ety about cost-effectiveness analysis will require 
leadership in the academic community as well as 
among policymakers in both the public and pri-
vate sectors and will probably take time and re-
quire further education. The entire medical com-
munity needs to be a key part of any change.

Peter J. Neumann, Sc.D.
Harvard School of Public Health
Boston, MA 02115

Allison B. Rosen, M.D., Sc.D.
University of Michigan Health System
Ann Arbor, MI 48109

Milton C. Weinstein, Ph.D.
Harvard School of Public Health
Boston, MA 02115

The editorialist replies: For Dr. Smolkin to 
dismiss the entire science of cost-effectiveness 
analysis because of his unhappiness about ap-
propriate thresholds is as specious as avoiding all 
statistical analysis because of disagreement about 
which P value should be considered significant or 
eliminating all taxes because of debates about 
the appropriate rates. Recognition of the critical 
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roles played by statistics, taxes, and in my opinion, 
cost-effectiveness analysis helps refine methods 
and promote a civilized, even if never perfect, con-
sensus. As emphasized in my editorial, the effort 
that is needed to achieve such results is warrant-

ed because the alternative, which is uninformed 
chaos, is far worse.

Lee Goldman, M.D.
University of California, San Francisco
San Francisco, CA 94143

Case 26-2005: Loss of Consciousness while Jogging
To the Editor: We fear that the discussion of 
“syncope” in the Case Records, as in Binder et al. 
(Aug. 25 issue),1 may confuse readers. Seizures, 
hypoglycemia, and psychiatric conditions are con-
sidered causes of syncope (as listed in Table 1 of 
the article), but these are incompatible with the 
later statement that “all forms of syncope result 
from a sudden decrease in cerebral blood flow.” 
The authors seem to use syncope in two different 
meanings, as occurs commonly in the literature.2 
The first use (as in their Table 1) appears to mean 
transient loss of consciousness, a temporary, self-
limited, and short-term loss of consciousness not 
due to mechanical trauma.3,4 We doubt the wis-
dom of this use, as few physicians would use the 
word syncope to identify epileptic seizures. The 
second meaning restricts the use of syncope to 
transient loss of consciousness due to cerebral 
hypoperfusion, conforming to the European So-
ciety of Cardiology guidelines.3,4 We suggest that 
the word be used in this sense only, and that spe-
cific terms such as syncope or seizure be used when 
the cause is clear; if not, the use of the more gen-

eral phrase “transient loss of consciousness” forc-
es physicians to keep an open mind regarding the 
diagnosis.3-5

J. Gert van Dijk, M.D.
Leiden University Medical Centre
2300 RC Leiden, the Netherlands
j.g.van_dijk.neur@lumc.nl

David G. Benditt, M.D.
University of Minnesota Medical School
Minneapolis, MN 55455

Michele Brignole, M.D.
Ospedali del Tigullio
16033 Lavagna, Italy

Case Records of the Massachusetts General Hospital (Case 
26-2005). N Engl J Med 2005;353:824-32.

Thijs RD, Benditt DG, Mathias CJ, et al. Unconscious confu-
sion — a literature search for definitions of syncope and related 
disorders. Clin Auton Res 2005;15:35-9.

Brignole M, Alboni P, Benditt DG, et al. Guidelines on man-
agement (diagnosis and treatment) of syncope — update 2004: 
executive summary. Eur Heart J 2004;25:2054-72.

Brignole M, Alboni P, Benditt DG, et al. Guidelines on man-
agement (diagnosis and treatment) of syncope — update 2004. 
Europace 2004;6:467-537.

Thijs RD, Wieling W, Kaufmann H, van Dijk G. Defining and 
classifying syncope. Clin Auton Res 2004;14:Suppl 1:4-8. 

1.

2.

3.

4.

5.

Primary Prevention of Sudden Death in Patients 
with Lamin A/C Gene Mutations

To the Editor: Lamin A/C gene mutations are 
associated with various disorders,1,2 including 
cardiac abnormalities characterized by atrial fi-
brillation, conduction-system disturbances, sudden 
death, and heart failure.3,4 In retrospective analy-
ses, we have previously investigated the high in-
cidence of sudden death among carriers of such 
mutations.4,5 Although there is consensus regard-
ing the efficacy of implantable cardioverter–defi-
brillators (ICDs) in the secondary prevention of 
sudden death in persons with cardiovascular dis-
ease and also in primary prevention in patients 
with a reduced ejection fraction (<35 percent), it 
is not yet known whether ICD therapy is effica-

cious as primary prevention in carriers of a lamin 
A/C mutation.

We prospectively studied patients with geneti-
cally proven lamin A/C gene mutations; between 
March 1999 and January 2004, all patients referred 
to a participating center for permanent cardiac 
pacing were systematically offered the implanta-
tion of an ICD. A history of ventricular tachyar-
rhythmia, spontaneous or inducible by pro-
grammed ventricular stimulation, was not a 
selection criterion, and patients were enrolled 
solely on the basis of the presence of lamin A/C 
mutations associated with cardiac conduction 
defects. Indications for pacemaker implantation 
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were progressive conduction block and sinus block. 
All the ICDs used in the study had storage capa-
bilities, and events were scored as inappropriate 
or appropriate by two investigators. The study pro-
tocol was reviewed and approved by the ethics 
committee of each participating center, and all 
patients provided written informed consent.

The study included 19 patients whose clinical 
characteristics are listed in Table 1. During a mean 
follow-up period of 33.9±21.0 months, eight of the 

patients (42 percent) received appropriate ICD 
therapy. Six patients received ICD shocks for ven-
tricular fibrillation (cycle length, <240 msec), two 
patients received ICD shocks for ventricular tachy-
cardia (cycle length, >240 msec), and one patient 
received antitachycardia pacing for ventricular 
tachycardia. One patient received an inappropriate 
shock. The mean (±SD) left ventricular ejection 
fraction (LVEF) in the overall study population was 
58±12 percent. No factor — including LVEF, spon-
taneous or inducible ventricular tachycardia or 
ventricular fibrillation, or drug therapy — was 
found to be related to the occurrence of ventricu-
lar arrhythmias. The LVEF was not depressed in 
patients receiving appropriate ICD therapy, indi-
cating a high risk of sudden death before the de-
velopment of cardiac failure.

In conclusion, ICD implantation in patients 
with a lamin A/C mutation who are in need of a 
pacemaker is effective in treating possibly lethal 
tachyarrhythmias. The implantation of an ICD, 
rather than a pacemaker, should be considered for 
these patients.

Christophe Meune, M.D.
Paris V University Hospital Cochin
75014 Paris, France

Jop H. Van Berlo, M.D.
University Hospital Maastricht
6229 HX Maastricht, the Netherlands

Frédéric Anselme, M.D.
Charles Nicolle Hospital
76000 Rouen, France

Gisèle Bonne, M.D., Ph.D.
INSERM Unité 582
75013 Paris, France

Yigal M. Pinto, M.D., Ph.D.
Interuniversity Cardiology Institute
3501 DG Utrecht, the Netherlands

Denis Duboc, M.D., Ph.D.
Paris V University Hospital Cochin 
75014 Paris, France
denis.duboc@cch.ap-hop-paris.fr
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Table 1. Baseline Clinical Characteristics of the 19 Patients.*

Characteristic Value

Sex (no.)

Male 14

Female 5

Age (yr) 41.7±13.4

Muscular phenotype (no.)

Emery–Dreifuss 9

Limb-girdle 1

DCM plus conduction system disease 8

Shoulder-muscle amyotrophy 1

Gene mutation (no.)

c.28ins, p.Thr10delinsThrfsX30 2

c.1_356Del, p.Met1 (Del exon 1) 3

c.778_780delAAG, p.Lys260del 1

c.16C>T, p.Gln6X 5

c.746G>A, p.Arg249Gln 1

c.1129 C>T, p.Arg377Cys 2

c.1130 G>A, p.Arg377His 1

c.1357 C>T, p. Arg453Trp 1

c.149 G>C, p.Arg50Pro 1

c.178 C>G, p.Arg60Gly 1

c.976 T>A, p.Ser326Thr 1

Supraventricular arrhythmias (no.)†

None 4

Atrial premature complexes in runs 4

Paroxysmal atrial fibrillation 10

Permanent atrial fibrillation 1

Ventricular arrhythmias (no.)†

None 8

Isolated premature ventricular beats 8

Ventricular premature complexes in runs 2

Ventricular tachycardia 1

Left ventricular ejection fraction (%) 58±12

Inducible ventricular tachyarrhythmia (no.)‡

Yes 3

No 12

* Plus–minus values are means ±SD. DCM denotes dilated cardiomyopathy.
† Arrhythmias were monitored with the use of 24-hour electrocardiography.
‡ Fifteen patients were included in the analysis.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at CANADIAN JRNL PUB HLTH on April 7, 2006 . 



n engl j med 354;2 www.nejm.org january 12, 2006 213

book reviews

T h e  n e w  e n g l a n d  j o u r n a l  o f  m e d i c i n e

TARGETING BIOTERRORISM

Biological Weapons: 

From the Invention of 

State-Sponsored Programs 

to Contemporary Bioterrorism

By Jeanne Guillemin. 258 pp. New York, 
Columbia University Press, 2005. $27.95. ISBN 0-231-12942-4.

Biological Weapons Defense: 

Infectious Diseases 

and Counterbioterrorism

(Infectious Disease.) Edited by Luther E. Lindler, 
Frank J. Lebeda, and George W. Korch. 597 pp., illustrated. 

Totowa, N.J., Humana Press, 2005. $145. ISBN 1-58829-184-7.

Medical Response to Terrorism: 

Preparedness and Clinical

Practice

Edited by Daniel C. Keyes, Jonathan L. Burstein, 
Richard B. Schwartz, and Raymond E. Swienton. 449 pp., 
illustrated. Philadelphia, Lippincott Williams & Wilkins, 

2005. $99. ISBN 0-7817-4986-7.

Jeanne Guillemin, a professor of sociol-

ogy at Boston College and the author of Anthrax: 
The Investigation of a Deadly Outbreak (Berkeley: Uni-
versity of California Press, 1999), a definitive 
study of the 1979 anthrax attack by terrorists in 
the former Soviet Union, wrote Biological Weapons 
to “bring historical context to present concerns 
about biological weapons and the potential for 
bioterrorism.” She has far surpassed that goal. 
The scholarship and the clarity of the writing are 
remarkable.

In recent years bioterrorism has become a po-
tent subject that invokes fear in our society. Guil-
lemin brings light to the history of biologic weap-
ons as she traces the checkered history of the 
United States in relation to control of weapon-
grade pathogens. She tracks the rise of state-spon-
sored programs for the development of offensive 
biologic weapons since the end of World War I 
and details the horrible story of General Ishii 

Shiro, the Japanese military biologist who devel-
oped and deployed plague-infected fleas and bacte-
rial pathogens to contaminate food and water in 
“total war” attacks on Chinese civilians in Man-
churia. The rise of biologic-warfare programs in 
the United Kingdom, the United States, and the 
former Soviet Union after World War II is suc-
cinctly documented and annotated. Guillemin 
pulls no punches in blasting the covert develop-
ment of biologic weapons, which the Soviets be-
gan immediately after they had signed the Bio-
logical Warfare Convention in 1972.

But Guillemin also notes that the United States 
failed to ratify the Geneva Protocol of 1925, the 
original international agreement prohibiting the 
development of such weapons. President Richard 
Nixon gets full credit for the United States’s deci-
sion to abandon work on offensive biologic war-
fare at the end of 1969 and to sign the Biological 
Warfare Convention, but Guillemin points out 
that the United Kingdom was the first nation to 
renounce such weapons, 10 years earlier. She dryly 
comments that the United States finally ratified 
the Geneva Protocol in 1975 but recently withdrew 
from international attempts to strengthen the ac-
cord by adding inspection and verification of con-
formity to it. 

The U.S. government argues that our military 
and commercial interests must be protected from 
outside access. Guillemin’s unveiled concern is that 
U.S. secrecy only promotes doubt among other 
nations about this country’s intentions that may 
well lead to a biologic arms race and would exclude 
our allies from information and access that are 
important for their own protection. She pushes for 
creating more transparency in our defense pro-
grams, arguing that failure to do so will be in-
terpreted as evidence that we have something to 
hide — such as the development of offensive bio-
logic weapons. Biological Weapons deserves to be 
read widely, not just by those directly involved in 
research on or responses to biologic attacks by 
terrorists.

Matthew Meselson, who long has championed 
the elimination of chemical and biologic weapons, 
makes a further plea for transparency in his fore-
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word to Biological Weapons Defense, a collection of 
review articles that document recent work by sci-
entists at the U.S. Army Medical Research Insti-
tute of Infectious Diseases at Fort Detrick, Mary-
land, and their academic collaborators. Detailed 
chapters are devoted to the pathogenesis of, 
molecular taxonomy of, and genomic variability 
among several major bacterial pathogens. The 
innate immune system and its possible future use 
as broad-spectrum emergency prevention and ther-
apy for infections after a terrorist attack are care-
fully described. There is an excellent chapter on 
the range of agents that may emerge as new 
threats, not the least of which are potential hy-
brid pathogens intentionally created by sophisti-
cated enemies. 

Unstated, but evident to me, is that the United 
States has a very long road to travel before it can 
be said to be well prepared to deal with biologic 
weapons as they might be deployed against civil-
ian populations. Diagnostic technology (especially 
for hemorrhagic fever viruses) is far from ready 
for final validation exercises; protocols for real-
time surveillance of infectious disease are bliz-
zards of government and commercial acronyms 
and include no coordination of effort and no evi-
dent path for development and decisions with re-
gard to national implementation. This book, too, 
is not well prepared in terms of references, which 
are from 2001 or earlier, almost without excep-
tion. A CD-ROM version of the book is included 
with each copy, providing convenient access for 
scientists, journalists, and administrators.

The book presents virtually nothing, however, 
concerning the United States’s expensive air-sam-
pling program, which was initiated by the De-
partment of Defense and then transferred to the 
Department of Homeland Security. It could be 

argued that information about sites, agents, and 
methods of sampling should be classified, to keep 
terrorists in the dark. But leaks to the public about 
false positive results for aerosols or even true posi-
tive results for natural aerosols (e.g., Francisella 
tularensis in New England) send mixed messages 
about the effectiveness and extent of coverage that 
urban areas of our country do or do not enjoy. 
Scientifically validated, sensitive, and specific air 
sampling is crucial, so that drugs or vaccines, or 
both, when available, can be administered after 
exposure. Secrecy has a history of thoughtless use, 
as well as use in hiding from the public the fact 
that things are simply not working. Meselson’s 
warning against secrecy should be heeded.

Medical Response to Terrorism takes up the dispa-
rate challenges involved in coping with a terror-
ist assault on innocent civilians. Tightly written, 
this book has a standard, detailed outline, numer-
ous summary tables, and a short multiple-choice 
quiz at the end of each chapter. It is clearly a 
textbook for the many groups of individuals and 
organizations that will be called into action after 
an attack — whether chemical, biologic, or explo-
sive — or even a hit on the computerized systems 
that run hospitals and communication networks.

This book is probably destined to be the basic 
textbook for training sessions supported by the 
Department of Homeland Security and various 
state agencies, and it would help immensely if it, 
like Biological Weapons Defense, were available as a 
CD-ROM, for immediate reference. Because chem-
ical and biologic attacks are not likely to become 
everyday events, it also might be valuable to create 
separate, terse summary documents for those in 
the medical and general communities who re-
spond in such emergencies. These documents 
should be readily available by computer, so that 
a quick refresher is at hand if suddenly needed. 
I recall that in 1976, colleagues from other coun-
tries, who worked with us at the Centers for Dis-
ease Control and Prevention during the initial 
Ebola epidemic in what was then Zaire, promised 
readiness to respond to any new outbreak of that 
virulent virus. We had a roster of names, many 
units of immune plasma obtained from patients 
during convalescence stored in three locations, 
and boxes of other supplies just hours from cen-
tral Africa. But because the next Ebola outbreak 
didn’t occur until 19 years later, completely new 
personnel, supplies, and field protocols had to be 
organized.

Disaster Response Drill in Brooklyn, New York, 2003.
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These three books, each with a distinct content 
and focus, remind us all of the huge investment 
the United States has made (and will continue to 
make) to prevent a biologic attack by terrorists on 
our citizens. Taken together, they provide a pow-
erful portrayal of where we’ve been and where we 
are likely to go in the relatively near future. Today, 
many in government who have access to classi-
fied information are convinced that a biologic at-
tack is not a matter of if, but a matter of when. 
This prophecy will surely drive a search for an-
swers for years to come.

Karl M. Johnson, M.D.
10 Calle Final
Placitas, NM 87043
Book Reviews Copyright © 2006 Massachusetts Medical Society.

corrections

Exhaled Nitric Oxide and Asthma (August 18, 2005;353:732-3). 
In the letter by Smith and Taylor, in the first full paragraph of 
the right-hand column on page 733, lines 3, 10, and 18 should 
have read “long-acting beta-agonists,” rather than “long-acting 
beta2-agonists” and “long-acting beta2-antagonists,” as printed. 
We regret the error.

Cerebral Folate Deficiency Syndrome (August 18, 2005;353:740). 
In the letter by Willemsen et al., author Marcel M. Verbeek’s 
name was misspelled.

Low HDL Cholesterol Levels (September 22, 2005;353:1252-60). 
On page 1257, in the left-hand column, line 6 of the first full 
paragraph should have read, “. . . high-dose niacin (2 to 4 g 
per day) . . .,” rather than “. . . (2 to 4 mg per day) . . .,” as 
printed. Also, lines 13 through 16 of the second full paragraph 
should have read, “Medial thickness of the carotid intima sig-
nificantly increased in the placebo group . . . but not in the 
niacin group,” rather than “. . . but not in the placebo group,” 
as printed. We regret the error.

notices

Notices submitted for publication should contain a mailing 
address and telephone number of a contact person or depart-
ment. We regret that we are unable to publish all notices 
received. Notices also appear on the Journal’s Web site 
(www.nejm.org/meetings). The listings can be viewed in 
their entirety or searched by location, month, or key word.

SEIZE THE MOMENT: REACHING EXCELLENCE 
IN PATIENT SAFETY

The conference will be held in Boston, Feb. 6 and 7.
Contact CRICO/RMF, 101 Main St., Cambridge, MA 02142; or 

see http://www.rmf.harvard.edu/conference2006; or call (617) 
679-1390.

LEROY D. VANDAM, M.D.: AN ANESTHESIA JOURNEY
Leroy Vandam was a universal man: surgeon, artist, scientist, 

writer, and anesthesiologist. The Department of Anesthesiology 
at Boston University Medical Center and Anaesthesia Associates 
of Massachusetts have published a DVD featuring Dr. Leroy 
Vandam’s narration of his illustrious career and the evolution of 
anesthesia equipment. Dr. Vandam provides an eloquent and 
intimate account of his professional experiences and the very 
nature of anesthesiology in the 20th century. Many historical 
photographs and film clips of equipment, people, and places 
accompany the program. The DVD, directed by Rafael Ortega, 
M.D., honors Dr. Vandam’s memory and is distributed free of 
charge. You may e-mail maureen.omalley@bmc.org to request a 
complimentary copy.

AMERICAN HEADACHE SOCIETY
The following meetings will be held: “2006 Winter Headache 

Symposium” (Henderson, Nev., Jan. 27–29); “48th Annual Scien-
tific Meeting” (Los Angeles, June 22–25); and “2006 Scottsdale 
Headache Symposium” (Scottsdale, Ariz., Nov. 10–12).

Contact American Headache Society, 19 Mantua Rd., Mount 
Royal, NJ 08061; or call (856) 423-0043; or fax (856) 423-3420; 
or e-mail ahsmtgs@talley.com.

Soul speak: plain talk about health literacy 
and the physician-patient partnership

The conference will be held in Jackson Hole, Wyo., Feb. 8–11. 
It is presented by the University of Tennessee Graduate School of 
Medicine and College of Medicine.

Contact the University of Tennessee Graduate School of Med-
icine, 1924 Alcoa Highway, D-116, Knoxville, TN 37920-6999; or 
call (865) 544-9190; or e-mail afjohnso@mc.utmck.edu; or see 
http://www.tennessee.edu/cme/healthliteracy.

Highlights of ash 2005
The annual meeting of the American Society of Hematology 

will be held in Miami, Feb. 10 and 11.
Contact the American Society of Hematology, 1900 M. St., 

Suite 200, Washington, DC, 22036; or call (202) 776-0544; or see 
http://www.hematology.org/meetings/highlights/index.cfm; or 
e-mail cme@hematology.org.

NETHERLANDS INSTITUTE FOR HEALTH SCIENCES
The following courses will be offered in Rotterdam, the 

Netherlands, unless otherwise indicated: “Epidemiology of In-
fectious Diseases/CE05” (Amsterdam, Feb. 13–17); “Advanced 
Diagnostic Research/CE10” (Utrecht, the Netherlands, Feb. 27–
March 3); “Principles of Epidemiologic Data Analysis/EP15” 
(Lunteren, the Netherlands, Feb. 27–March 3); “Quantitative 
Models for Evaluation of Tropical Disease Control/HS06” (March 
6–10); “Bayesian Statistics/CE09” (March 13–15); “Addiction 
and Substance Use/HS13” (March 20–24); “Medical Demogra-
phy/HS04” (April 3–7); “Prognostic Research/CE11” (Utrecht, 
the Netherlands, April 3–7); “Psychiatric Epidemiology/EP12” 
(Groningen, the Netherlands, April 10–13); “Clinical Trials and 
Drug Risk Assessment/CE04” (Utrecht, the Netherlands, April 
24–28); “Planning and Evaluation of Screening/HS05” (May 8–
12); “Cancer Epidemiology/EP13” (Amsterdam, May 15–19); and 
“Operational Research Applied to Health Services/HS07” (May 
17–19).

Contact the Netherlands Institute for Health Sciences, P.O. 
Box 1738, 3000 DR Rotterdam, the Netherlands; or call (31) 10 
408 8149; or e-mail info@nihes.nl; or see http://www.nihes.nl.

25TH ANNUAL SQUAW VALLEY RETINAL SYMPOSIUM
The symposium will be held in Squaw Valley, Calif., Feb. 9–12.
Contact Dr. Robert Wendel or Laura Wendel, 3939 J St., Suite 

106, Sacramento, CA 95819; or call (916) 483-6299; or fax (916) 
483-6297; or e-mail squawvalleyretina@comcast.net; or see 
http://www.squawvalleyretina.com.
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A n 85-year-old woman presented with right shoulder pain and 

swelling and a large hematoma extending into the chest wall. Active range 
of motion was severely limited, and passive mobility was painful but largely 

unrestricted. She had had no recent trauma to the shoulder area. Arthrocentesis 
yielded a hemorrhagic noninflammatory fluid; no crystals were seen on polarized 
microscopy. Alizarin red staining of the synovial fluid showed rare hydroxyapatite 
crystals. All cultures were negative, and cancer was not detected by cytologic analy-
sis. Radiography of the right shoulder was suggestive of degenerative arthritis and 
lateral distention of the subacromial bursa (Panel A). Three months later, the pa-
tient presented with similar clinical findings, although at this time radiography 
showed complete destruction of the humeral head (Panel B, arrow). Milwaukee shoul-
der, a rare arthropathy that mainly affects elderly women, was diagnosed, and the 
patient was treated conservatively. A year later, the patient presented with similar 
clinical symptoms and radiographic findings in the left shoulder and continues to 
have severely limited active and passive range of motion. 

Milwaukee shoulder is characterized by intraarticular or periarticular hydroxy-
apatite crystals and rapid destruction of the rotator cuff and the glenohumeral 
joint.
Copyright © 2006 Massachusetts Medical Society.

Milwaukee Shoulder

Marcia S. Genta, M.D.
Cem Gabay, M.D.

Geneva University Hospital
1211 Geneva 14, Switzerland 
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