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Exposure of health care workers to
pentamidine isethionate
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Pentamidine isethionate is currently used for the prophylaxis and treatment of
Pneumocystis carinii pneumonia. Its use has been associated with a number of
symptoms in staff administering treatment, and there are some additional concerns
about possible adverse health effects of long term exposure. The aim of this study
was to quantify exposure of health care staff administering nebulized pentamidine to
patients. Personal breathing zone and static air samples at the height of the patient's
head were collected during the nebulization of pentamidine to nine sequential out-
patients attending a haemophilia unit. These were analysed using a standard method
allowing the exposure of staff to be estimated. The duration of treatment varied
between 15 and 60 min. Personal breathing zone samples showed exposure to be
between 2 and 100 ug/m3. Static samples showed the concentration of pentamidine
in the room varied from 15 to 2,100 ug/m3. While these exposures were relatively
low, they were higher than some other studies have reported, and may pose some
risk of adverse effects to staff. Some simple measures could reduce staff exposure.
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INTRODUCTION

Pentamidine isethionate is an aromatic diamidine anti-
protozoal agent which acts by interfering with DNA and
folate transformation, and by inhibiting RNA and pro-
tein synthesis. It has proved to be useful in the treat-
ment and prophylaxis of Pneumocystis carinii pneumonia
(PCP), an opportunistic infection which gives rise to a
rate of high mortality in immune-suppressed people,
most notably patients with HIV infection. Thus it has
become more widely used in recent years, often being
administered as a nebulized solution to out-patients. The
usual treatment regime is 600 mg once daily for three
weeks via nebulizer, while for prophylaxis smaller doses
of either 150 mg every two weeks or 300 mg monthly are
usually given. Inhalation of the drug targets it specifically
to the lungs and allows higher doses to be administered
without the adverse effects seen when high doses are
used systemically.

Occupational exposure to the drug occurs during
nebulization mainly due to release of the aerosolized
pentamidine into the general atmosphere. This release
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raises concerns about the potential risk of passive expos-
ure to the drug and possibly to respiratory pathogens of
health care personnel.1'2 Anecdotally, health care staff
in the West Midlands area of the UK who regularly
administer prophylactic treatment to immuno-suppressed
patients have reported a variety of symptoms associated
with exposure to aerosolized pentamidine. We therefore
conducted an investigation to evaluate and quantify
the levels of occupational exposure to aerosolized
pentamidine in health care staff working in the unit
where this drug was administered. Samples were col-
lected over a period of several weeks as patients attended
for their monthly prophylactic treatment.

MATERIALS AND METHODS

Nurses working in the haemophilia unit of the Queen
Elizabeth Hospital in Birmingham, UK were asked to
participate in the study. Each was asked to wear a per-
sonal sampling train whilst administering pentamidine to
subjects in their normal way. Sampling was performed
during a number of sequential visits to the unit by
patients requiring prophylactic pentamidine. The major-
ity of the nurses eventually wore the sampler during at
least one treatment period although the actual selection
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of the nurse to wear the sampling device depended
simply on which one was administering treatment at the
time of sampling. The duration of sampling was fixed as
the time taken to treat a single patient, the sampling
equipment being started at the beginning of the treat-
ment episode and switched off immediately afterwards.

Patients received their treatment in a room within
the haemophilia unit which was also used for other
procedures, and which included refrigerated storage
facilities. Patients usually sat in a chair positioned near a
window which was kept open whenever possible. At the
time of the survey the unit used a System 22 nebulizer
and 'Mizer' reservoir device (Medic Aid, Pagham,
UK) connected to a compressor to aerosolize the drug.
Patients usually inhaled using a mouthpiece rather than a
mask, and exhaled air was exhausted via a "F piece
with one-way valves through a large bore tube directly
out of the adjacent window. Theoretically, all exhaled
pentamidine was released outside the treatment room.
The room had no mechanical ventilation, the only source
of fresh air being the window which was kept closed dur-
ing bad weather. The duration of treatment was usually
20-30 min.

Staff caring for patients did not usually remain in the
room during treatment but did enter intermittently to
check on progress, and occasionally had to enter to
remove supplies from the refrigerated storage. It was
sometimes necessary for staff to stay with patients
throughout treatment if they were particularly ill or
became distressed because of coughing or other symp-
toms. Patients were given additional instructions aimed
at reducing pentamidine release into the room. These
included switching off the compressor when removing
the mouthpiece or mask, for example when taking a
drink or when they needed to cough.

Personal samples were collected from the breathing
zone (PBZ) of the nurses to quantify exposure of staff
during treatment. The nurses wore a harness carrying a
pump drawing air at 2 L/minute through an open faced
cassette holding a 37 mm, 5 |im pore polyvinyl chloride
membrane filter.3-4 Additional static (S) samples were
collected using a similar technique from a position at the
patient's head-level, one metre each side of the patient, to
evaluate the amount of pentamidine released into the
room due to equipment leakage during coughing bouts,
nose breathing or other 'improper' use of the nebulizer.
Control samples were also collected from the treatment
room when not in use and from the library at the Insti-
tute of Occupational Health.

After sampling the filters were collected and pent-
amidine isethionate extracted using 3 ml aliquots of
50:50 ethanol:water with 0.085% phosphoric acid and
0.04% tetramethylammonium chloride in an ultrasonic
bath for 10 min. Quantification was performed using
high performance liquid chromatography (HPLC) using
aTechsphere 5 |jm C8 column, acetonitrile:water (30:70
v/v) mobile phase containing 0.085% phosphoric acid and
0.04% tetramethylammonium chloride, and fluorescence
detection.3'4

Table 1. Results of personal breathing zone (PBZ) and static expos-
ure assessments in the treatment room

Patient

1
2
3
4
5
6
7
8
g
Geometric mean

PBZ
frg/m3)

100
100
20
20
60

2
6
7

go
23

Right side
of patient
Qjg/m3)

300
20

100
400
100
70

150
140
400
140

Leftside
of patient
(iiglm3)

2,100
400
200
400

50
130
130
170
150
224

Sample
time

(mins)

15
30
15
20
20
60
35
15
40

(2QT

•Arithmetic mean.

RESULTS

Samples were collected during a total of nine treatment
periods with nine separate patients. Results for each
sample are shown in Table 1. The duration of treatment
ranged from 15-60 min depending upon how often the
treatment needed to be interrupted by the patient to
maintain comfort. The nurses wearing the sampling
equipment felt that these treatment episodes were typical
of their working practice. None of the control samples
taken from the treatment room when not in use or from
the library at the Institute of Occupational Health, con-
tained any detectable pentamidine.

DISCUSSION

The results obtained in the study showed that there
was quantifiable exposure to pentamidine isethionate in
health care staff working in this unit. In other health care
settings with comparable work practices there is likely to
be a similar level of exposure. However it is difficult to
quantify the risks to health that might result from this
exposure, as only limited information is available on
the health effects of long-term exposure to pentamidine
isethionate, particularly at the relatively low levels typical
of occupational exposure, and exposure in this study was
relatively variable, with no clear relationship being appar-
ent between the results of personal sampling and static
sampling. We do not believe this is due to any methodo-
logical problems but simply reflects the true distribution
of the data. Unfortunately, the number of samples was
not sufficient to identify the factors which might con-
tribute to greater or lesser exposure.

Currently, the Health and Safety Executive has set no
occupational exposure limit for pentamidine.5 Exposure
levels were below a provisional control limit which has
previously been recommended by the manufacturer
(1 mg/m3 as an 8-hour time weighted average),6 although
the supplier does not currently recommend any such
limit. It was unclear which adverse effects had been con-
sidered in arriving at this putative exposure limit, but any
such exposure limit must be relatively imprecise given
the paucity of available data on occupational exposure.
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One previous study has reported similar levels of expos-
ure when sampling was performed immediately after a
treatment,7 whereas others have reported somewhat
lower levels and it is relevant that in these studies an
exhaust filter was used.8'9 Acute bronchospasm following
low-level exposure to pentamidine has been reported
to occur in a nurse observing the administration of
nebulized pentamidine to a patient, and in a visitor of a
patient receiving similar treatment.10 Additionally, in a
group of nurses with broadly comparable occupational
exposures to these (< 0.03 ug/m3 to 62.2 ug/m3) a mean
cross-shift decrease in FEV1 of 140 mis was detected.11

It has also been suggested that low doses of pent-
amidine may carry a risk of teratogenesis as it is able to
inhibit the enzyme dihydrofolate reductase.12'13 The
manufacturer's hazard safety data sheet does advise that
the exposure of pregnant women to pentamidine should
be minimized.6 It must also be borne in mind that unlike
patients, staff receive no benefit from their exposure to
pentamidine, and thus a lower level of risk of adverse
effects is likely to be acceptable for staff than that for
patients. COSHH (Control of Substances Hazardous to
Health Regulations) assessments have been completed,
but again, perhaps because of the paucity of available
information about the adverse health effects of occupa-
tional exposure to pentamidine, sufficient emphasis may
not have been given to some risks.

Assessment of the work practices in the haemophilia
unit indicated that some simple controls were already in
use in an attempt to reduce exposure. For example, staff
were aware that they should spend a minimum amount
of time during the room during patient treatment, and
that they should avoid entering to collect supplies from
the refrigerators until treatment had finished whenever
possible. A number of measures were recommended to
help reduce exposure both to pentamidine and airborne
pathogens including: the use of an exhaust filter; increas-
ing the general ventilation in the room; regular checks of
equipment seals; building an observation window into
the wall or door of the room; not using the room for a
period after each nebulization and moving the refriger-
ated storage elsewhere. Establishing a negative pressure
within the room relative to the adjacent room and corridor
would help reduce the risk of exposure to staff not in the
treatment room, and the introduction of a device to time
nebulization to inhalation (an inhalation dosimeter) may
also be useful. In addition to airborne exposure there is
the potential for some skin contamination and ingestion
of pentamidine. The potential for exposure via this route
is unclear as surface wipes were not performed, but again
some simple housekeeping measures could help control
this. Finally, many of the staff, although concerned, were
unsure of possible health risks and appropriate control
measures, emphasizing the importance of information
and training in the management of chemical hazards in
the workplace. A complete account of effective control
measures is contained in the guidance recently provided
by the British Occupational Hygiene Society.14

Although the quantity of data here is limited, we
believe it is important. Many health service staff work
with a wide variety of toxic chemicals used specifically
because they are biologically active. Limited resources,
time pressures, the prioritization of patient care and com-
placency arising from familiarity may all contribute to
poor control in some circumstances. This data emphasizes
that risks to health care staff arising from pharmaceutical
agents continue to exist, but that relatively simple and
inexpensive measures may significantly reduce these
risks.
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