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INTRODUCTION: Disposable manual resuscitators are commonly used to ventilate patients dur-
ing cardiopulmonary resuscitation, suctioning, and intrahospital transport, and their clinical per-
formance is critical. METHODS: We bench-tested 16 adult disposable manual resuscitators from
9 different manufacturers. We performed a series of tests and made observations using testing
industry standards as a guideline. Each resuscitator was tested for fraction of delivered oxygen
(FDO2

), tidal volume delivery, drop test, and patient valve lock-up. We also made observations about
reservoir style, ease or difficulty of attaching the positive end-expiratory pressure valve, size,
texture, carbon dioxide detector, and if the resuscitator was labeled “latex free.” RESULTS: Res-
ervoir style and manufacturer design significantly affected FDO2

. In general, the resuscitators with
reservoir bags provided better FDO2

than did the resuscitators with tubing reservoirs (large-bore or
small-bore). Delivered tidal volumes were acceptable for all the resuscitators tested. All the resus-
citators passed a standard drop test. None of the resuscitators had a patient valve lock up at high
flow. With all but one resuscitator, attaching the positive end-expiratory pressure valve was easy
and the valve attached securely. Most resuscitators were average in size and had good texture, but
some were large, somewhat slippery, and difficult to handle. Only 2 resuscitators came with carbon
dioxide detectors already attached. All but one of the resuscitators were labeled “latex free,” and
the one that was not was found not to contain latex proteins. CONCLUSIONS: Resuscitator
reservoir style and manufacturer design significantly affect FDO2

. Some resuscitator models may not
deliver adequate oxygen in certain clinical circumstances. Each institution should evaluate and
choose the resuscitator that best fits its needs, while meeting established performance criteria. Key
words: manual resuscitator, fraction of delivered oxygen, tidal volume, resuscitation. [Respir Care
2004;49(12):1509–1514. © 2004 Daedalus Enterprises]

Introduction

Disposable manual resuscitators are handheld devices
used to manually assist a patient’s breathing. These de-
vices are commonly used during cardiopulmonary resus-

citation, suctioning, and intrahospital transport of patients
who require breathing assistance. Disposable manual re-
suscitators were first introduced in the United States in
1985.1 Since then many new resuscitators have been mar-
keted, and a wide variety of styles are now available.
Several studies have documented the performance differ-
ences of various resuscitators in various clinical settings.1–4

Although disposable manual resuscitators claim to meet
industry testing standards, they have different characteris-
tics, and it is important that clinicians understand those
differences. Some of the differences can be identified us-
ing simplified laboratory testing. Our health system, made
up of 8 hospitals, wanted to standardize to a single man-
ufacturer of disposable manual resuscitator. Since we could
find no recent comparisons in the published literature, we
subjected single samples of 16 disposable manual resus-
citators to comparative testing, to aid in our purchasing de-
cision. Table 1 lists the manufacturer names and locations.
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Methods

To evaluate each resuscitator, we performed a series of
tests and made observations using the methods of the Amer-
ican Society for Testing and Materials and the Interna-
tional Organization for Standardization as a guideline.5,6

Figure 1 shows our test equipment setup. We used an adult
ventilator tester (VT-1, Bio-Tek Instruments, Winooski,
Vermont); all the tests were performed with the ventilator
tester set at a compliance of 0.02 L/cm H2O and a resis-
tance of 20 cm H2O/L/s. Each resuscitator was tested once
for fraction of delivered oxygen (FDO2

), tidal volume (VT)
delivery, drop test, and patient valve lock-up. We also
made observations about reservoir style, positive end-ex-
piratory pressure (PEEP) valve attachment, size, texture,
carbon dioxide detection, and if the resuscitator was la-
beled “latex free.”

Fraction of Delivered Oxygen

We tested the FDO2
of each resuscitator under 4 simu-

lated clinical conditions: breathing rate of 12 breaths/min
using 1 hand, breathing rate of 20 breaths/min using 1
hand, breathing rate of 12 breaths/min using 2 hands, and
breathing rate of 20 breaths/min using 2 hands. An oxygen
analyzer (TED200, Teledyne Analytical Instruments, City
of Industry, California) was attached to the ventilator tester.
Each resuscitator was connected to a Timeter-compen-
sated Thorpe-tube flow meter (Allied Healthcare Products,
St Louis, Missouri) and the flow rate was set to 15 L/min.
The accuracy of the flow meter was verified using a cal-
ibration analyzer (Timeter RT-200, Allied Healthcare Prod-
ucts, St Louis, Missouri). Each resuscitator was then con-
nected to the ventilator tester and the test lung was ventilated
for 3–5 min to allow the FDO2

to stabilize. The FDO2
, once

stable, was recorded. We performed a 2-point calibration
of the oxygen analyzer between each trial. We used the
ventilator tester display to verify that consistent breath rate
and VT were delivered during each simulated clinical con-
dition. The same individual performed all the FDO2

tests to
minimize the variability in delivered VT that could be
created by different hand sizes.

Tidal Volume Delivery

Each resuscitator was tested for average VT delivery
using 1 hand and 2 hands. A respirometer (Wright Mark
14, Ferraris Medical Limited, Hertford, England) was con-
nected to the ventilator tester to allow breath-by-breath VT

measurement. Each resuscitator was connected to the ven-
tilator tester, and the test lung was ventilated for 3–5 min,
during which the average VT was recorded.

Drop Test

Each resuscitator was dropped 5 times from a height of
4 feet onto a concrete floor. That height was chosen be-
cause it is the average height at which our resuscitators are
stored at the bedside. The unit was dropped so that it
landed on the patient valve assembly, which is the critical
component of each resuscitator. The resuscitator was thor-
oughly visually inspected for damage and connected to the
ventilator tester to test whether it operated properly after
being dropped. Any visually apparent damage and/or def-
icit in performance were recorded.

Patient Valve Lock-Up

Each resuscitator was tested to determine whether its
patient valve would lock up at high flow. The resuscitator
was connected to a Thorpe-tube flow meter and the flow
was set to “flush” (� 35 L/min). The flow rate was veri-

Fig. 1. Test equipment setup.

Table 1. Manufacturers of Disposable Resuscitators

Manufacturer Location

Allegiance Healthcare Corporation McGaw Park, Illinois
Ambu Inc Linthicum, Maryland
Engineered Medical Systems Inc Indianapolis, Indiana
Hudson RCI Temecula, California
Mercury Medical Clearwater, Florida
Nellcor Pleasanton, California
Portex Inc Keene, New Hampshire
Ventlab Corporation Mocksville, North Carolina
Vital Signs Inc Totowa, New Jersey
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fied with the Timeter RT-200 calibration analyzer. The
resuscitator was then connected to the ventilator tester and
ventilated in a standard fashion to see whether the patient
valve would lock up and thus cause the resuscitator to stop
functioning. We recorded any change in resuscitator func-
tion during high flow.

Reservoir Style

The oxygen reservoirs attached to disposable manual
resuscitators are available in 3 different configurations (Fig.
2). There is a bag style reservoir, large-bore tubing reser-
voir, and small-bore tubing reservoir. The tubing length
differs among the tubing style reservoirs. We recorded the
reservoir style of each resuscitator and measured the length
of each small-bore-tubing style reservoir.

PEEP Valve Attachment

All resuscitators should allow the attachment of a PEEP
valve. We attached standard disposable PEEP valves
(Ambu, Linthicum, Maryland, or Vital Signs, Totowa, New
Jersey) to each resuscitator and recorded the ease or dif-
ficulty with which the valves were attached, how securely

they connected, and whether an adaptor was needed to
attach the PEEP valve.

Size and Texture

After handling each resuscitator under simulated clini-
cal conditions, we subjectively graded the size of the re-
suscitator as large, average, or small, and the texture as
good, fair, or poor, with and without gloved hands.

Carbon Dioxide Detection

For each resuscitator we recorded whether a carbon di-
oxide detection device was already attached to the unit.

Labeled “Latex Free”

For each resuscitator we recorded whether the product
or its packaging were labeled “latex free.”

Results

Table 2 shows the results of all our tests and observa-
tions. Manufacturer design and reservoir style significantly
affected FDO2

. The Ventlab BT5000 with reservoir bag

Fig. 2. Left: Bag style reservoir. Center: Large-bore tubing reservoir. Right: Small-bore tubing reservoir.
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outperformed all other resuscitators, maintaining an FDO2

of 100% under all tested conditions. In contrast, the Portex
1st Response with reservoir bag provided the lowest FDO2

under all tested conditions. All the resuscitators provided
acceptable delivered VT. All the resuscitators passed our
drop test. No resuscitator demonstrated a patient valve
lock-up, despite being tested at very high flow rates. The
Ventlab BT5000 was the only resuscitator that required
additional adaptors for PEEP-valve attachment. Most re-
suscitators tested were of average size, but the Nellcor
INdGO, Engineered Medical Systems VentiSure, and Vent-
lab BT5000 were slightly larger and a little more difficult
to handle. Half of the resuscitators had good texture while
the other half had fair texture and were somewhat slippery.
The Nellcor INdGO and Engineered Medical Systems
VentiSure were the only resuscitators that offered carbon
dioxide detectors already attached. All resuscitators were
labeled “latex free” or “free of latex proteins.”

Discussion

FDO2
is arguably the most important aspect of a dispos-

able manual resuscitator. We found that FDO2
was signif-

icantly affected by reservoir style and manufacturer de-
sign. In general, bag style reservoirs provided better FDO2

than either large-bore or small-bore tubing reservoirs. The
American Society for Testing and Materials and the Inter-
national Organization for Standardization specifications
call for an FDO2

� 85% when a reservoir is in place,
delivered VT is 0.600 L, and oxygen flow is set at 15
L/min. Eleven of the 16 resuscitators tested met those
specifications under all tested conditions. Three resuscita-
tors that did not meet the specifications had small-bore
tubing reservoirs of only 101 cm in length. The smaller
overall volume of those reservoirs could account for their
lower FDO2

. Two resuscitators, Portex and Engineered Med-
ical Systems, had reservoir bags that were observed to
kink during use, which resulted in slow and only partial
inflation of the reservoirs, which would account for their
lower FDO2

. Previous studies also found that resuscitator
design, reservoir style, and oxygen flow rate affect the
FDO2

of manual resuscitators.7–9 Our results confirm those
findings.

All the resuscitators we tested delivered adequate VT of
approximately 0.6 L when squeezed with 1 hand. The
Ventlab and Ambu resuscitators delivered slightly larger
VT (0.65–0.70 L) with a 1-handed squeeze. The Ambu
resuscitator had a slow refill after being squeezed and did
not fully refill at higher breathing rates. The Ventlab re-
suscitator delivered slightly larger VT (0.80–0.85 L) with
a 2-handed squeeze, which might be because of its larger
size and more compliant material.

All the resuscitators passed our drop test. There was no
visually apparent damage or post-drop change in perfor-

mance with any of the resuscitators we tested. Standard
oxygen flow meters set to “flush” (� 15 L/min) can de-
liver � 35 L/min. Incidents have been reported in which
the patient valve locked up at high oxygen flow.10 Resus-
citators should function properly at high flow. It is theo-
retically possible that a practitioner could accidentally set
a flow meter to the “flush” setting during clinical use,
which could cause the patient valve to lock up and thus
make the resuscitator nonfunctional. None of the resusci-
tators we tested had a patient valve lock up, even with
flows � 35 L/min.

We found that the PEEP valves were easily attached to
all but one of the tested resuscitators. The Ventlab resus-
citator needed additional adaptors to attach the PEEP valve.
Most of the resuscitators were subjectively graded as av-
erage in size and fairly easy to handle with 1 hand. Three
resuscitators were subjectively graded as large and a little
more difficult to handle, especially with 1 hand. Half of
the resuscitators were subjectively graded as having good
texture, whereas the other half were graded fair and were
somewhat slippery when handled. Carbon dioxide detec-
tion following intubation to confirm endotracheal tube
placement has become extremely popular. Only 2 resus-
citators (Nellcor and Engineered Medical Systems) offered
carbon dioxide detectors already attached to their resusci-
tators. We did not evaluate the quality or accuracy of the
carbon dioxide detection devices. All but one of the re-
suscitators were clearly labeled “latex free”; the Mercury
Medical resuscitator is labeled as containing dry natural
rubber, but it has been independently tested and does not
contain latex proteins.

We have identified a couple of important limitations of our
study. First, we tested only one resuscitator of each type. A
larger sample size would have allowed for a statistical com-
parison of each resuscitator type and more valid scientific
results. However, although we tested only one of each type,
we believe clinically relevant results can still be elucidated
from our study. Second, we made every effort to include all
manufacturers who offer disposable manual resuscitators in
our service area, but we may have missed some. Our results
should be interpreted with those limitations in mind.

Conclusions

The clinical performance of disposable manual resusci-
tators is critical, especially during resuscitation. The Amer-
ican Association for Respiratory Care’s clinical practice
guideline for resuscitation in acute care hospitals states
that, “manual resuscitators must be capable of providing
an FDO2

of 1.0 even when large volumes are delivered.”11

Our findings suggest that FDO2
is significantly affected by

reservoir style and resuscitator design. Some reservoir styles
and resuscitator designs may not deliver adequate oxygen
under certain clinical circumstances. Disposable manual
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resuscitators look, feel, and perform differently. Each in-
stitution should evaluate and choose the resuscitator that
best fits its needs, while meeting established performance
criteria.
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