The New England Journal of Medicine

COUGH AND BRONCHIAL RESPONSIVENESS IN FIREFIGHTERS
AT THE WORLD TRADE CENTER SITE

DaAviD J. PrRezanT, M.D., MicHAEL WEIDEN, M.D., GiseLA |. BANAucH, M.D., GEORGEANN McGuINNESS, M.D.,
WiLuam N. Rom, M.D., M.P.H., THomAs K. ALDRICH, M.D., AND KERRY J. KELLY, M.D.

ABSTRACT

Background Workers from the Fire Department of
New York City were exposed to a variety of inhaled
materials during and after the collapse of the World
Trade Center. We evaluated clinical features in a series
of 332 firefighters in whom severe cough developed
after exposure and the prevalence and severity of
bronchial hyperreactivity in firefighters without severe
cough classified according to the level of exposure.

Methods “World Trade Center cough” was defined
as a persistent cough that developed after exposure to
the site and was accompanied by respiratory symp-
toms severe enough to require medical leave for at
least four weeks. Evaluation of exposed firefighters
included completion of a standard questionnaire, spi-
rometry, airway-responsiveness testing, and chest
imaging.

Results In the first six months after September 11,
2001, World Trade Center cough occurred in 128 of
1636 firefighters with a high level of exposure (8 per-
cent), 187 of 6958 with a moderate level of exposure
(3 percent), and 17 of 1320 with a low level of exposure
(1 percent). In addition, 95 percent had symptoms of
dyspnea, 87 percent had gastroesophageal reflux dis-
ease, and 54 percent had nasal congestion. Of those
tested before treatment of World Trade Center cough,
63 percent of firefighters (149 of 237) had a response
to a bronchodilator and 24 percent (9 of 37) had
bronchial hyperreactivity. Chest radiographs were
unchanged from precollapse findings in 319 of the
332 with World Trade Center cough. Among the co-
hort without severe cough, bronchial hyperreactivity
was present in 77 firefighters with a high level of ex-
posure (23 percent) and 26 with a moderate level of
exposure (8 percent).

Conclusions Intense, short-term exposure to ma-
terials generated during the collapse of the World
Trade Center was associated with bronchial respon-
siveness and the development of cough. Clinical and
physiological severity was related to the intensity of
exposure. (N Engl J Med 2002;347:806-15.)
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HE September 11, 2001, terrorist attack that

resulted in the collapse of New York City’s

World Trade Center led to an intense, short-

term exposure to inorganic dust, products
of pyrolysis, and other respirable materials. The Fire
Department of New York City (FDNY) operated a
continuous rescue and recovery effort at the site in-
volving approximately 11,000 firefighters, who were
exposed to such respiratory irritants,! which have
been implicated in the development of airflow ob-
struction.23 We identified conditions associated with
airway obstruction — namely, severe, persistent cough
(“World Trade Center cough”) and airway reactivity
— in exposed firefighters by assessing a case series of
332 firefighters with World Trade Center cough who
required extensive medical leave as well as other fire-
fighters who had been exposed but who did not re-
quire medical leave.

METHODS

Study Subjects

The Bureau of Health Services of the FDNY designated fire-
fighters as having a high level of exposure if they arrived at the scene
during the collapse of the World Trade Center on the morning of
September 11, 2001 (day 1), a moderate level of exposure if they
arrived after the collapse but within the first two days; a low level
of exposure if they arrived between days 3 and 7; and no exposure
if they were not at the site during at least the first two weeks of
the rescue operation. FDNY officers used FDNY dispatch records
to classity personnel according to the level of exposure, but owing
to the high rate of self-deployment to the scene, the final designa-
tion was based on a self-administered questionnaire devised by the
Bureau of Health Services and, when possible, confirmatory inter-
views. Among 11,336 firefighters employed by the FDNY on Sep-
tember 11, 2001, 343 died at the World Trade Center and 10,116
of the 10,993 surviving firefighters were subsequently evaluated
as part of the medical monitoring program. Figure 1 shows the ex-
posure status of the 10,116 firefighters who were evaluated; World
Trade Center cough was diagnosed in 332, and 102 of the 9784
firefighters evaluated who did not have this condition (1 percent)
were tested for bronchial hyperreactivity. World Trade Center cough
was defined as a persistent cough that developed in a firefighter after
exposure to the site and that was accompanied by respiratory symp-
toms severe enough for FDNY physicians to place the worker on
medical leave for at least four consecutive weeks.
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Figure 1. Number of Firefighters Employed by the Fire Department of New York City (FDNY) on September 11, 2001, and Number
Who Were Subsequently Evaluated for World Trade Center (WTC) Cough and Bronchial Hyperreactivity, According to the Level of

Exposure to Respiratory Irritants at the Site of the Collapse.

The study was approved by the research review board of the Mon-
tefiore Medical Center.

Bronchial Hyperreactivity in Exposed Firefighters
without World Trade Center Cough

Approximately one month after the collapse of the World Trade
Center (October 1 to 14, 2001), a sample of firefighters with mod-
erate and high levels of exposure underwent a methacholine chal-
lenge to test for bronchial hyperreactivity. Among the 295 such
workers who registered for the required medical evaluation during
this interval, every second one was offered the opportunity to par-
ticipate, regardless of the presence or absence of symptoms. All
subjects remained on full duty, and the results of the challenge
did not alter their duty status. All subjects gave written informed
consent.

World Trade Center Cough in Exposed Firefighters

This report includes cases of World Trade Center cough identi-
fied from September 11, 2001, through March 11, 2002. Case as-
certainment is complete, since all FDNY firefighters who are on
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medical leave must report to the Bureau of Health Services for eval-
uation. Firefighters with World Trade Center cough either referred
themselves for an evaluation of symptoms or were identified during
the mandatory medical evaluation or on the basis of worker-com-
pensation claims of injury or illness or applications to the FDNY for
disability leave or retirement.

Diagnostic and Treatment Protocol

The standardized protocol (see Supplementary Appendix 1, avail-
able with the full text of this article at http://www.nejm.org) in-
cluded an evaluation involving self-administration of the question-
naire, supplemented by history taking and a physical examination
by a Bureau of Health Services physician. The questionnaire includ-
ed queries about the time of arrival at the World Trade Center site,
days spent at the site during the first two weeks, the type of res-
piratory protection worn (a dust mask, N95 respirator, or dual-car-
tridge half-face P-100 respirator), and the frequency of respirator
use (never or rarely used vs. used most of the time) during the first
two weeks after the collapse. Health-related questions were includ-
ed about nasal and throat symptoms (nasal drip, nasal congestion,
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