
The death of a volunteer research subject: 
lessons to be learned

Ahealthy 24-year-old woman died in June 2001 fol-
lowing participation in a research protocol involv-
ing the administration of hexamethonium bromide

by inhalation and methacholine challenge.1 She was the
third volunteer in a clinical trial at the Johns Hopkins
Asthma and Allergy Center designed to test the hypothesis
that local ganglionic blockade would suppress the
bronchial protective effects of deep respiration presumed
to be mediated by nonadrenergic, noncholinergic nerves
releasing nitric oxide. (Normally following a period of
quiet breathing, a deep breath is able to protect the air-
ways from stimuli that cause bronchoconstriction. In peo-
ple with asthma, the allergic reaction may partially disable
the bronchodilator effect of deep respiration. The research
protocol was designed to test whether blocking the gan-
glionic nerve transmission in normal lungs with hexa-
methonium would mimic the asthmatic response to a deep
breath.) The day after being given the hexamethonium,
the volunteer experienced a cough and dyspnea followed
by flu-like symptoms, fever, reduced FEV1, pulmonary in-
filtrates, adult respiratory distress syndrome with progres-
sive hypotension and multiple organ failure. Autopsy re-
vealed no specific cause for the lung damage. The woman
had been a technician at another laboratory at the centre
that gave time off work for the experiments in addition to
the usual modest honorarium.

Internal and external review panels issued reports1 that
should be required reading for all clinical researchers. Re-
search ethics boards (REBs) and regulatory agencies, hospi-
tals and universities will probably be reviewing many of
their policies and procedures to ensure the safety of all clini-
cal trial participants, whether healthy volunteers or patients,
and the disclosure of all risks before consent is obtained.

In the hexamethonium study, safety could have been im-
proved. First, the chemical solution was not prepared by a
pharmacist, and the protocol for preparation and delivery
by nebulization was altered during the course of investigat-
ing the first 2 volunteers. The possible lack of sterility and
enhancement of drug delivery could have compromised
safety. Second, the first volunteer experienced a cough and
dyspnea with deep breathing and exertion as well as reduc-
tions in measured lung function for 1 week following the
hexamethonium inhalation. Without completely assessing
other possibilities or discussing the event with the REB, a
safety monitoring group or other researchers who had used
hexamethonium inhalation, the researcher concluded that

the episode was probably due to a concurrent viral infec-
tion. In hindsight, such discussions might have delayed or
prevented administration of the drug to the third volun-
teer. Third, use of the sitting rather than the standing posi-
tion to measure hemodynamic changes could have resulted
in a greater blockade than achieved in previous reports.2–5

The only feasible way of assessing the completeness of gan-
glionic blockade is by defining the orthostatic reduction in
systolic blood pressure and increase in heart rate. Postural
change from lying to sitting rather than to standing may
blunt the response, which would give the impression that
insufficient hexamethonium had been administered.

Another component of the trial that could have been
improved was the consent form. It failed to indicate that
hexamethonium was not an approved drug for clinical use
and had never been approved for delivery by inhalation in
the United States. Risks known to the researcher were not
disclosed, and it is apparent that the researcher had not
carefully searched the literature and was himself unaware of
some of the risks. In his study protocol the researcher cited
4 reports of studies in which inhaled hexamethonium had
been given to 20 subjects without adverse events. Discus-
sions within the medical community subsequent to the vol-
unteer’s death have unearthed an unpublished report of a
possible pulmonary complication experienced by a healthy
volunteer in a 1978 study in San Francisco after receiving
hexamethonium by inhalation. A possible association with
pulmonary toxicity was not considered until the third vol-
unteer was admitted to hospital, when the researcher found
a Web site (www.pneumotox.com) that suggested a relation
to longer-term use of ganglionic blockade for the treatment
of hypertension.

The Johns Hopkins investigators into this tragic event
found additional reports of pulmonary toxicity published
between 1953 and 1962,6–16 including a 1955 article in
CMAJ,10 and a review article published in 197217 that were
not included in the protocol submitted to the REB. Nei-
ther of the review panels felt that this information would
have stopped the trial.

Could this or a similar event have occurred in Canada?
Most observers would admit that it is possible, for many
reasons. Volunteer members of REBs are overburdened
with too many complicated protocols and pressure from re-
searchers and outside sponsors for rapid review. Re-
searchers may underemphasize possible adverse events in
order to achieve consent. The pharmacological knowledge
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of medical graduates seems to have decreased over the past
decade or so. Formal courses in pharmacology have been
abandoned, and there are few clinical pharmacologists to
ensure graduate and postgraduate expertise. Most REBs do
not have clinical pharmacologists or clinical pharmacists as
members to review protocols involving chemical entities.
Current literature search techniques often emphasize refer-
ences from the past 15–20 years at most. Older literature is
often overlooked. Reports of adverse effects during clinical
trials may not get published, as was the case of the hexa-
methonium inhalation toxicity in the 1978 San Francisco
study. REBs do not have the personnel to conduct continu-
ing reviews of clinical trials.18 Researchers, not pharmacists,
often prepare and administer investigational drugs.

In Canada, there are specific rules similar to those in the
United States that govern applications for permissions to
conduct clinical trials. Sponsors must file a clinical trial ap-
plication for phase I, II and III trials of unapproved drugs
and for trials of marketed drugs whose proposed use falls
outside of the approved use of the drug (e.g., changes in in-
dications and clinical use, target patient population, route
of administration and dosage regimen). Phase I trials in-
clude those in which new drugs are used as research tools
to explore biological phenomena or disease processes.
Hexamethonium bromide is such a drug, and thus a Can-
adian researcher would be obliged to make an application
to use it. However, it is unclear whether a similar require-
ment is in place in the United States. As part of the applica-
tion process in Canada, the appropriate department head of
the institution where the researcher is employed would
have to sign the application, which would imply that a de-
partmental review has occurred. Unfortunately, institutions
do not always conduct this review and instead rely on the
REB approval mechanism. Applications must also include
data on product quality and manufacturing. Not all institu-
tions have a research pharmacist for the preparation, stor-
age, distribution or administration of investigational drugs.
In my opinion, the procedures in use in Canada to ensure
high levels of safety and fully informed consent are no bet-
ter than those in place in the United States. A similar event
could just as well occur in this country.

The Tri-Council Policy Statement: Ethical Conduct for Re-
search Involving Humans19 guides the composition and man-
dates of Canadian REBs, including procedures for moni-
toring clinical research. It recommends the proportionate
approach to ethics assessment so that trials involving
healthy volunteers given an unapproved drug such as hexa-
methonium by an unusual route of inhalation would be
considered high risk. In my view, this should prompt an
REB to perform an additional review of the consent
process and to establish a safety monitoring committee.
There would be need for special attention to eliminate all
possible coercion of volunteers. Despite all of these mea-
sures, however, serious adverse events may still occur.

There are many lessons to be learned from the volun-
teer’s unfortunate death. Some changes are being made. In

January 2000 Health Canada published clinical trial regula-
tions that clarified the conduct of clinical trials as well as
the role and responsibilities of REBs. They are currently
undergoing review and may yet be modified.20,21 The Na-
tional Council on Ethics in Human Research has been
working assiduously to improve the ethical review of clini-
cal research since 1989 and is actively promoting voluntary
accreditation of REBs with increased resources and train-
ing for their activities.22 The Canadian Institutes of Health
Research considers ethics to be a major accountability issue
for its credibility (www.cihr.ca/about_cihr/ethics
/ethics_menu_e.shtml). The voluntary, nonprofit organiza-
tion, Canadians for Health Research (www.chrcrm.org),
continues to inform the public at large of ethical issues. 

However, in the final analysis, it will be implementation
of these rules for conducting clinical trials and ensuring the
safety of participants that will be most important. I believe
that particular emphasis should be placed on clinical trials
using drugs as pharmacological tools. Departmental or in-
stitutional review as well as REB review of protocols should
always be undertaken, with enhanced review of protocols
by experts in pharmacology and pharmacy, additional re-
view of the consent process when healthy volunteers are
enrolled and establishment of safety monitoring commit-
tees for high-risk protocols.
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