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SUMMARY

Atrial fibrillation is a common arrhythmia that is hereditary in a small subgroup of
patients. In a family with 11 clinically affected members, we mapped an atrial fi-
brillation locus to chromosome 1p36-p35 and identified a heterozygous frameshift
mutation in the gene encoding atrial natriuretic peptide. Circulating chimeric atri-
al natriuretic peptide (ANP) was detected in high concentration in subjects with the
mutation, and shortened atrial action potentials were seen in an isolated heart model,
creating a possible substrate for atrial fibrillation. This report implicates perturba-
tion of the atrial natriuretic peptide—cyclic guanosine monophosphate (cGMP) path-
way in cardiac electrical instability.

TRIAL FIBRILLATION IS THE MOST COMMON SUSTAINED CARDIAC AR-

rhythmia. Since the lifetime risk of the condition is 25%, it constitutes a

growing epidemic in the aging population.>2 Atrial fibrillation develops as
a paroxysmal disorder characterized by rapid, irregular electrical activation of the
atria and can be associated with palpitations, syncope, thromboembolic stroke, and
congestive heart failure. Valvular, ischemic, hypertensive, and myopathic heart dis-
eases are the most common causes of acquired atrial fibrillation. However, a genetic
basis for atrial fibrillation is evident in population-based studies*# and in a subgroup
of patients with familial disease.>® Human genetics investigations have identified
atrial fibrillation—-associated mutations in cardiac ion channels”° and gap junction
proteins,'© findings that implicate myocellular derangements in ion flux. However,
the molecular basis of atrial fibrillation remains unknown in a majority of cases. We
used linkage analysis to identify a novel mutation in the natriuretic peptide precur-
sor A gene (NPPA), which encodes ANP. This mutation segregates with familial
atrial fibrillation, thereby uncovering an unexpected association between a defect
in a circulating hormone and susceptibility to arrhythmia.

METHODS

STUDY SUBJECTS
We studied members of a white family of northern European ancestry who had
atrial fibrillation segregating as an autosomal dominant trait (Fig. 1). In addition,
we randomly selected a group of 560 control subjects from a population-based
white cohort of northern European ancestry who had normal results on electrocar-
diography and echocardiography. Family members and control subjects provided
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Figure 1. Pedigree of a Family with Hereditary Atrial Fibrillation.

Squares indicate male subjects, and circles female subjects. Black denotes affected subjects, and white unaffected
subjects; gray indicates that the status of the subject is unknown. A slash through the symbol indicates that the sub-
ject is deceased. The gene for atrial natriuretic peptide (NPPA) is located at 1p36-p35. Markers that were tested for
this region of chromosome 1 are listed in order from the p-
cording to the Web site of the National Center for Biotechnology Information (www.ncbi.nlm.nih.gov) and given in
megabases and centimorgans. A common c.454C>T polymorphism in exon 3 of wild-type NPPA is included, along
with the NPPA mutation (NPPA mut). The haplotypes for these markers are shown in columns beneath family mem-
bers who underwent genetic evaluation; the disease-associated haplotypes are boxed. Two subjects (Ill-7 and 111-9)
inherited portions of the disease haplotype, but not the disease gene, as a result of recombination events.

terminal end of the chromosome, with map locations ac-

written informed consent under a research pro-
tocol approved by the institutional review board
at the Mayo Clinic.

We reviewed medical records of all the study
subjects. The phenotypic classification of a subject
as having familial atrial fibrillation (“affected”)
required documentation of atrial fibrillation on
electrocardiography and the absence of clinical
risk factors for arrhythmia, such as uncontrolled
hypertension and primary structural heart dis-
ease. Subjects with normal findings on electro-
cardiography who did not have symptoms of fre-
quent palpitations, racing heart rate, dizziness, or
syncope were classified as “unaffected.”

For genetic analysis, genomic DNA was isolated
from peripheral-blood white cells. For protein
studies, additional blood samples were obtained

from three family members. Samples were col-
lected in EDTA tubes and centrifuged at 2500 rpm
at 4°C for 10 minutes.

LINKAGE ANALYSIS AND MAPPING
For primary genome scanning, we used the ABI
PRISM Linkage Mapping Set MD10, version 2.5
(Applied Biosystems), which consisted of fluores-
cently labeled polymerase-chain-reaction (PCR)
primer pairs for 400 tandem repeat markers with
average spacing of 10 cM. After PCR amplifica-
tion of genomic DNA samples, amplified fragments
were resolved on an ABI PRISM 3100 Genetic
Analyzer and analyzed with GeneScan Analysis
and Genotyper software. Two-point and multi-
point linkage analyses were performed with the
use of the FASTLINK program and specification
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of the following variables: a disease allele fre-
quency of 0.001, a phenocopy rate of 0.001, equal
marker allele frequencies, and dichotomous lia-
bility classes (“affected” and “unaffected”). Lod
scores were determined for affected subjects only
and for 80% and 100% penetrance models at re-
combination frequencies of 0.0 to 0.4.

Fine mapping was performed with additional
closely spaced microsatellite markers that were
localized on genetic and physical maps, accessible
on the Web site of the National Center for Bio-
technology Information (www.ncbi.nlm.nih.gov).
Genotyping was accomplished by PCR amplifi-
cation of genomic DNA radiolabeled with [«-32P]
deoxycytidine triphosphate, resolution of alleles
by polyacrylamide-gel electrophoresis, and visual-
ization by autoradiography. Scored genotypes were
assembled as haplotypes to define the critical re-
gion of complete linkage on the basis of recom-
bination events in affected subjects.

MUTATION DETECTION
Primer pairs for exon-specific PCR amplification
of the three translated exons of NPPA were de-
signed with the use of Oligo Primer Analysis Soft-
ware, version 6.51 (National Biosciences) (for de-
tails, see the Supplementary Appendix, available
with the full text of this article at www.nejm.org).
Amplified products were treated with the PCR
Product Presequencing Kit (USB) and sequenced
by the dye-terminator method in a core facility with
the use of an ABI PRISM 3730 XL DNA Analyzer
(Applied Biosystems). DNA sequences were viewed
and analyzed with the Sequencher computer pro-
gram (Gene Codes), and a mutation was identi-
fied that segregated with atrial fibrillation. For
single-allele sequencing of DNA from heterozy-
gotes, the mutant allele was separated from the
wild-type allele by polyacrylamide-gel electropho-
resis. Samples from control subjects were screened
for the mutation by denaturing high-performance
liquid chromatography heteroduplex analysis with
the use of the WAVE DNA fragment analysis sys-
tem (Transgenomic).

MUTANT ANP PEPTIDE AND ANTIBODY
A custom-designed polyclonal antibody against the
mutant form of ANP (mANDP) was manufactured
commercially (21st Century Biochemicals). The
peptide Ac-CYRITAREDKQGWA-OH, correspond-
ing to the anomalous residues of mANDP, was syn-
thesized, purified to 96% by high-performance
liquid chromatography, and verified by peptide se-

quencing and mass spectroscopy. Conjugated pep-
tide was injected into rabbits, serving as an epitope
for the generation of affinity-purified polyclonal
antibody. Full-length mANP (with 40 amino ac-
ids) was synthesized in a core facility for use in
developing the mANP radioimmunoassay and for
the experiments with isolated hearts.

RADIOIMMUNOASSAY
Radioimmunoassays were developed for both
mANP (with the use of the polyclonal antibody
described above) and for wild-type ANP (with the
use of commercially available antibody [Phoenix
Pharmaceuticals]). Technical details are provided
in the Supplementary Appendix. Both antibodies
were labeled with iodine-125.

The binding specificity of anti-mANP antibody
was demonstrated by first generating standard
curves with varying amounts of synthetic mANP
and then measuring samples from the subjects at
several dilutions to assess cross-reactivity. Stan-
dard curves were generated for calculating the
ANP and mANP concentrations, in picograms per
milliliter, in samples from both family members
and control subjects. The range of the standard
curve was 2 to 500 pg per milliliter for both ANP
and mANDP. All peptide measurements were made
in duplicate, and values were reported as the aver-
age of the two. The normal range for ANP on the
basis of this assay was determined to be 14 to
36 pg per milliliter among 100 samples.

A commercially available immunoradiometric
assay was used to measure B-type natriuretic pep-
tide (BNP) concentrations (Shionogi) (see the Sup-
plementary Appendix). A calibration curve (range,
0 to 2000 pg per milliliter) was constructed from
standard BNP solutions to estimate BNP concen-
trations in the samples. The normal range for BNP
with the use of this assay was determined to be
8 to 16 pg per milliliter among 100 samples.

ISOLATED-HEART MODEL
The institutional animal care and use committee
at the University of Iowa approved all the proce-
dures for studies in animals. Atrial monophasic
action potentials and effective refractory periods
were measured in isolated, perfused hearts ob-
tained from male rats. Each set of measurements
was performed in separate isolated hearts. Details
of the preparation of the isolated hearts are pro-
vided in the Supplementary Appendix.

After establishment of a stable perfused-heart
preparation, the posterior atria were cut away to
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expose the left and right atrial endocardium,
and the atrioventricular node was mechanically
crushed, resulting in atrioventricular dissociation.
The right atrium was paced with a Bloom Electro-
physiology Stimulator (Fischer Medical Technolo-
gies) at a cycle length of 150 msec and a pulse
width of 0.1-msec with the use of a bipolar plati-
num-tipped electrode (NuMed), and the right ven-
tricle was paced at a cycle length of 500 msec.
A monophasic action potential (MAP) probe (Har-
vard Apparatus) was maintained in a single posi-
tion on the anterior left atrial endocardium.
Amplified signals (IsoDam, World Precision In-
struments) were digitally acquired at 2 kHz (USB-
6210 and LabVIEW 8.2, National Instruments).
The MAP duration was measured at 90% repolar-
ization on atrial beats without far-field ventricu-
lar interference. The effective refractory period was
measured by delivering extrastimuli through the
pacing catheter at decremental coupling inter-
vals after at least 8 beats of a drive train with a
150-msec cycle length. The effective refractory pe-
riod was defined as the longest extrastimulus
coupling interval that did not result in a propa-
gated response, as measured by the left atrial MAP
probe. In separate heart preparations, the perfu-
sion buffer was supplemented after baseline data
acquisition with 100 nM of either ANP or mANP
to assess the effect of both the wild-type and mu-
tant hormones on MAP duration and the effec-
tive refractory period.

STATISTICAL ANALYSIS
We used a two-sided t-test for the comparison of
data, assuming equal variance. Data are expressed
as means (£SE); P values below 0.05 were consid-
ered to indicate statistical significance.

RESULTS

CASE SUBJECTS
We collected clinical data for 16 members of the
family (Fig. 1 and Table 1). Eleven affected fam-
ily members had received a diagnosis of familial
atrial fibrillation at a mean age of 40 years; of
these subjects, three had received the diagnosis
during pregnancy. Transition from paroxysmal
to chronic atrial fibrillation (in three of the sub-
jects) or to arrest of atrial activation (in four of the
subjects) suggested progressive electrical remod-
eling. Five subjects presented with tachycardia-
induced cardiomyopathy, which improved or re-
solved with effective pharmacologic rate control.

Subsequent echocardiography ruled out cardiac hy-
pertrophy and contractile dysfunction but showed
dilatation of the left atrial chamber in seven sub-
jects and of the left ventricular chamber in four
subjects.

NPPA MUTATION
Genomewide linkage analyses ruled out known
loci for atrial fibrillation and identified peak two-
point lod scores at marker D1S2667, ranging from
2.32 (in the analysis of only affected subjects) to
3.56 (in the analysis of all subjects, assuming
100% mutation penetrance) at a recombination
frequency of 0%. Fine mapping identified a dis-
ease-associated haplotype on chromosome 1p36-
p35, a region spanning 24 Mb that was inherited
by all affected subjects (peak multipoint lod scores,
2.66 for affected subjects only and 3.90 for all
subjects, assuming 100% mutation penetrance)
(Fig. 1). A recombination event within this inter-
val in a 38-year-old asymptomatic man (Subject
II1-9), if it was assumed that he did not inherit the
disease-associated mutation, further narrowed the
critical region to 11 Mb.

We selected NPPA as a candidate gene because
of its localization in the mapped interval, its ex-
pression in the atria of the heart, and its estab-
lished role in cardiovascular physiology.*12 We
excluded seven other genes, including two — sol-
ute carrier family 9, member 1 (SLC9A1) and chlo-
ride intracellular channel 4 (CLIC4) — that have
direct roles in ion regulation. Genomic DNA se-
quencing of NPPA identified a two-base-pair de-
letion (c.456-457delAA) in exon 3 that causes a
frameshift, which abolishes the stop codon and
extends the reading frame. Translation of the mu-
tant gene would generate a fusion protein com-
prising the normal mature peptide containing 28
amino acids plus an anomalous carboxyl termi-
nus of 12 residues (for details, see the Supplemen-
tary Appendix). Each of the 11 clinically affected
family members was heterozygous for the muta-
tion; the mutation was absent in the other 5 fam-
ily members and in 560 control subjects.

MUTANT PEPTIDE
Radioimmunoassay showed that the mutant pep-
tide was present in the plasma of heterozygotes
in concentrations that were higher by a factor of
5 to 10 than the concentrations of wild-type ANP
(Fig. 2). Anti-ANP antibody was found to be spe-
cific for wild-type ANP, since the aberrant car-
boxyl tail of mANP apparently prevented binding
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of this antibody. BNP levels were normal, which
was consistent with an absence of overt ventricu-
lar disease.'? To determine the integrative elec-
trophysiological effects of circulating mANP on
the heart, an isolated whole-heart model was
studied. As compared with wild-type ANP, mANP
caused significant shortening of the MAP dura-
tion and the effective refractory period (Fig. 3).

DISCUSSION

ANP is a circulating hormone that, through stim-
ulation of the intracellular second messenger
c¢GMDP, plays a primary physiological role in the
regulation of intravascular blood volume and vas-
cular tone through natriuresis, diuresis, and vaso-
dilatation.'? Through cGMP signaling, ANP also
modulates currents of sodium, calcium, and po-
tassium channels in cardiac myocytes.'3-1> More-
over, in atria of intact human hearts, ANP has been
shown to shorten atrial conduction time and the
effective refractory period, which provides a po-
tential electrophysiological substrate for arrhyth-
mia.’® ANP has also been shown to cause dose-
dependent, autonomically mediated shortening of
the atrial MAP duration and the effective refrac-
tory period in dogs.?” Thus, the suggestion that a
mutation in NPPA could be responsible for the de-
velopment of atrial fibrillation is consistent with
some of the known aspects of ANP physiology.
To elucidate the mechanism by which a muta-
tion in NPPA could lead to familial atrial fibril-
lation, we first showed that the mutation we
identified results in the production of a mutant
protein product. The concentration of circulating
mANP was several times as high as that of wild-
type ANP. One possible explanation for this dif-
ference in concentration is that mANP may have
a prolonged half-life. Indeed, natriuretic peptides
with a longer carboxyl terminus have increased
resistance to degradation by neutral endopepti-
dase 24.11.18 In particular, Dendroaspis augusticeps
natriuretic peptide (DNP), a unique natriuretic
peptide isolated from snake venom, has a car-
boxyl-terminal extension of 15 amino acids and
increased cGMP-stimulating potency.'®° The phe-
notype that we observed in family members could
thus be explained by high levels of circulating
mANP with ANP-like activity. Such a mechanism
would be consistent with previous experimental
studies showing electrophysiological derange-
ments on exposure of atrial myocytes to patho-
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Figure 2. Radioimmunoassay Analysis Showing the Presence of Mutant
ANP in Plasma from Heterozygotes for the NPPA Mutation.

A radioimmunoassay with polyclonal antibodies against wild-type atrial
natriuretic peptide (ANP), mutant ANP (mANP), and B-type natriuretic
peptide (BNP) shows levels of circulating mANP that are 5 to 10 times
higher than the levels of ANP in two family members with the NPPA muta-
tion (in Subject 111-2 during chronic atrial fibrillation and in Subject 111-6
during normal sinus rhythm). In the affected subjects, plasma ANP and
BNP levels are normal. Low-level cross-reactivity of the polyclonal anti-
mANP antibody was observed in samples from unaffected subject (Subject
111-5) and in five control subjects (three female [F] and two male [M]).

physiological doses of ANP.***” Moreover, the mild
structural remodeling, despite effective ventricu-
lar rate control, in several affected members of the
family we studied is consistent with a proapop-
totic effect on myocytes observed with excessive
ANDP-cGMP signaling.2° However, regardless of
potential dose-related and structural remodeling
effects, our isolated (denervated) heart model
showed a direct effect of mANP, but not wild-type
ANP, on atrial electrophysiology. Although an ad-
ditional novel function of the mANP fusion pro-
tein cannot be ruled out, the 12-residue carboxyl
terminus has no strong sequence homology with
known proteins. Atrial fibrillation developed in
affected subjects over a period of several decades,
as observed in patients with primary defects in
ion channels and gap junctions,”*° which suggests
insidious but progressive electrical remodeling that
conferred susceptibility to atrial arrhythmia.
The linkage analysis we performed has some
limitations. Several subjects in the family who
were classified as “unaffected” had not yet reached
the mean age at which atrial fibrillation was di-
agnosed in other family members. If the analysis
is based only on the family members who were
known to be affected, the lod score was 2.66,
which is below the threshold of 3.0 commonly ac-
cepted to confirm linkage. However, the fact that
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Figure 3. Electrophysiological Effects of Circulating Mutant ANP in a Rat Isolated Whole-Heart Model.

In Panel A, a representative monophasic action potential (MAP) is shown at baseline and after a 40-minute perfu-
sion with 100 nM of wild-type atrial natriuretic peptide (ANP). MAP duration at 90% repolarization (MAPDg,) was
not significantly changed by ANP. In Panel B, a representative MAP after a 40-minute perfusion with the mutant
form of ANP (mANP) shows a shortening of MAPDy, from 47 to 41 msec. In Panel C, mANP (N =8 hearts) and
wild-type ANP (N =10 hearts) perfusion for 40 minutes shows a significant decrease in MAPD,, for mANP as com-
pared with the baseline value (9+2 msec, P=0.005) but not for wild-type ANP (0.7+1.7 msec, P=0.87). The differ-
ence in the change in MAPD,, between mANP and wild-type ANP was also significant (P=0.008). In Panel D,
mANP (N=7 hearts) and wild-type ANP (N=6 hearts) perfusion for 40 minutes resulted in a trend toward a reduc-
tion in the effective refractory period (ERP), as compared with the baseline value, for mMANP (7.1+2.4 msec, P=0.08)
but not for wild-type ANP (P=0.43). The difference in the change in ERP between mANP and wild-type ANP was sig-

nificant (P=0.03). The T bars denote standard errors.

the mutation in the gene encoding ANP segregates
with known disease and the demonstration that
mANP has electrophysiological effects that could
confer a predisposition to atrial fibrillation strong-
ly suggest that we have correctly identified the
causative mutation.

In families with atrial fibrillation, investiga-
tors have identified mutations in ion channels
that are predicted to either shorten or lengthen
the duration of cardiac action potentials.?* Our

findings uncover a novel molecular genetic basis
for abnormal repolarization and electrical insta-
bility in the cardiac atria and suggest the ANP-
cGMP signaling pathway as a potentials thera-

peutic target.?223

Supported by grants (RO1 HL075495, to Dr. Olson, and P01
HL76611 and RO1 HL36634, to Dr. Burnett) from the National
Institutes of Health and an award from the Mayo Foundation (to
Dr. Olson).

Dr. Burnett reports serving on an advisory board at Nile Thera-
peutics and receiving lecture fees from Scios. No other potential
conflict of interest relevant to this article was reported.

N ENGL) MED 359;2 WWW.NEJM.ORG JULY 10, 2008

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.

Copyright © 2008 Massachusetts Medical Society. All rights reserved.



REFERENCES

1. Braunwald E. Cardiovascular medicine
at the turn of the millennium: triumphs,
concerns, and opportunities. N Engl J Med
1997;337:1360-9.

2. Lloyd-Jones DM, Wang TJ, Leip EP, et
al. Lifetime risk for development of atrial
fibrillation: the Framingham Heart Study.
Circulation 2004;110:1042-6.

3. Fox CS, Parise H, D’Agostino RB, et
al. Parental atrial fibrillation as a risk fac-
tor for atrial fibrillation in offspring.
JAMA 2004;291:2851-5.

4. Gudbjartsson DF, Arnar DO, Helga-
dottir A, et al. Variants conferring risk of
atrial fibrillation on chromosome 4q25.
Nature 2007;448:353-7.

5. BrugadaR, Tapscott T, Czernuszewicz
GZ, et al. Identification of a genetic locus
for familial atrial fibrillation. N Engl J
Med 1997;336:905-11.

6. Darbar D, Herron KJ, Ballew JD, et al.
Familial atrial fibrillation is a genetically
heterogeneous disorder. ] Am Coll Cardiol
2003;41:2185-92.

7. Chen YH, Xu SJ, Bendahhou S, et al.
KCNQ1 gain-of-function mutation in fa-
milial atrial fibrillation. Science 2003;299:
251-4.

8. Olson TM, Michels VV, Ballew JD, et
al. Sodium channel mutations and sus-
ceptibility to heart failure and atrial fi-
brillation. JAMA 2005;293:447-54.

9. Olson TM, Alekseev AE, Liu XK, et al.
Kv1.5 channelopathy due to KCNAS loss-
of-function mutation causes human atrial

BRIEF REPORT

fibrillation. Hum Mol Genet 2006;15:
2185-91.

10. Gollob MH, Jones DL, Krahn AD, et
al. Somatic mutations in the connexin 40
gene (GJA5S) in atrial fibrillation. N Engl J
Med 2006;354:2677-88.

11. Burnett JC Jr, Kao PC, Hu DC, et al.
Atrial natriuretic peptide elevation in con-
gestive heart failure in the human. Sci-
ence 1986;231:1145-7.

12. Levin ER, Gardner DG, Samson WK.
Natriuretic peptides. N Engl J Med 1998;
339:321-8.

13. Sorbera LA, Morad M. Atrionatriuretic
peptide transforms cardiac sodium chan-
nels into calcium-conducting channels.
Science 1990;247:969-73.

14. Le Grand B, Deroubaix E, Couétil JP,
Coraboeuf E. Effects of atrionatriuretic
factor on Ca2+ current and Cai-indepen-
dent transient outward K+ current in hu-
man atrial cells. Pflugers Arch 1992;421:
486-91.

15. Lonardo G, Cerbai E, Casini S, et al.
Atrial natriuretic peptide modulates the
hyperpolarization-activated current (If)
in human atrial myocytes. Cardiovasc Res
2004;63:528-36.

16. Crozier ], Richards AM, Foy SG, Ikram
H. Electrophysiological effects of atrial
natriuretic peptide on the cardiac conduc-
tion system in man. Pacing Clin Electro-
physiol 1993;16:738-42.

17. Stambler BS, Guo GB. Atrial natriuret-
ic peptide has dose-dependent, autonomi-

cally mediated effects on atrial refractori-
ness and repolarization in anesthetized
dogs. J Cardiovasc Electrophysiol 2005;16:
1341-7.

18. Chen HH, Lainchbury JG, Burnett JC
Jr. Natriuretic peptide receptors and neu-
tral endopeptidase in mediating the renal
actions of a new therapeutic synthetic na-
triuretic peptide dendroaspis natriuretic
peptide. ] Am Coll Cardiol 2002;40:1186-
91.

19. Johns DG, Ao Z, Heidrich BJ, et al.
Dendroaspis natriuretic peptide binds to
the natriuretic peptide clearance receptor.
Biochem Biophys Res Commun 2007;358:
145-9.

20. Kato T, Muraski J, Chen Y, et al. Atrial
natriuretic peptide promotes cardiomyo-
cyte survival by cGMP-dependent nuclear
accumulation of zyxin and Akt. J Clin In-
vest 2005;115:2716-30.

21. Fatkin D, Otway R, Vandenberg JI.
Genes and atrial fibrillation: a new look
at an old problem. Circulation 2007;116:
782-92.

22. Potter LR, Abbey-Hosch S, Dickey DM.
Natriuretic peptides, their receptors, and
cyclic guanosine monophosphate-depen-
dent signaling functions. Endocr Rev 2006;
27:47-72.

23. Murad F. Nitric oxide and cyclic GMP
in cell signaling and drug development.
N Engl J Med 2006;355:2003-11.

Copyright © 2008 Massachusetts Medical Society.

brief registration.

FULL TEXT OF ALL JOURNAL ARTICLES ON THE WORLD WIDE WEB
Access to the complete text of the Journal on the Internet is free to all subscribers. To use this Web site, subscribers should go
to the Journal’s home page (www.nejm.org) and register by entering their names and subscriber numbers as they appear on
their mailing labels. After this one-time registration, subscribers can use their passwords to log on for electronic access to the
entire Journal from any computer that is connected to the Internet. Features include a library of all issues since January 1993
and abstracts since January 1975, a full-text search capacity, and a personal archive for saving articles and search results of
interest. All articles can be printed in a format that is virtually identical to that of the typeset pages. Beginning 6 months after
publication, the full text of all Original Articles and Special Articles is available free to nonsubscribers who have completed a

N ENGLJ MED 359;2 WWW.NEJM.ORG JULY 10, 2008

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.

Copyright © 2008 Massachusetts Medical Society. All rights reserved.

165



