
Manual Resuscitators: Some Inconvenient Truths

The Old Testament appears to describe the successful ap-
plication of mouth-to-mouth resuscitation of a child, some
2,900 years ago (II Kings 4:34). According to O’Donnell and
colleagues,1 the Babylonian Talmud describes a similar event
2,300 years ago: “One may give a woman (about to give
birth) all assistance possible…. One may violate the Sabbath
on her account.” What is meant by “being of assistance”?
“Holding up the young, blowing air into its nostrils, and
leading it to its mother’s breast, so that it may suck.”

In the ensuing centuries, a dizzying array of techniques to
aid in resuscitating the newborn have been described. Look-
ing through the “retro-spectroscope”* we can now appreciate
that some of these techniques were not particularly effica-
cious. They included: swinging the infant upside down;
squeezing the chest; raising and lowering the arms while an
assistant compresses the chest; rhythmic traction of the tongue;
tickling the chest, mouth, or throat; yelling; shaking; dilating
the rectum with a raven’s beak or a corn cob; immersion in
cold water, sometimes alternating with immersion in hot wa-
ter; rubbing, slapping, or pinching; electric shocks; nebulized
brandy (my personal favorite); a hyperbaric chamber in which
pressure was increased 1–3 psi every few minutes, to mimic
labor; insufflation of oxygen into the stomach; and, last but
certainly not least, insufflation of tobacco smoke into the
rectum.1

We appear to have come a long way, baby.† Of course,
the technology for resuscitation of newborns has vastly
improved, but we continue to have variation in techniques
and opinions about the best methods and equipment.

Today, newborns require resuscitation more frequently
than any other patient population within the hospital set-
ting,2 and one of the more common interventions is pos-
itive-pressure ventilation with a manual resuscitator.

Worldwide, in 2003, nearly 10 million newborns required
some type of resuscitation.3 The most commonly used
manual resuscitators fall into 2 categories: flow-inflating
bag, and self-inflating bag.

SEE THE ORIGINAL STUDY ON PAGE 1665

In this issue of RESPIRATORY CARE, Johnston and Aziz4

do us a service by adding to a growing body of evidence
about the performance of self-inflating-bag resuscitators in
neonatal scenarios. Johnston and Aziz prove, to my satis-
faction, that when used with neonates, a Laerdal-style self-
inflating bag can delivery a very high oxygen concentra-
tion, even without a reservoir. They found that with a
pre-term-size resuscitator (240 mL) and a test lung set to
mimic a low-birth-weight infant, as little as 2 L/min of
oxygen into the bag maintained the fraction of delivered
oxygen (FDO2

) at � 0.95.
However, a lot of clinicians have been trained to believe

that with a Laerdal-style bag FDO2
� 0.50 is not possible

without a reservoir. The confusion here is typical when
dealing with neonatal and pediatric respiratory therapy
equipment performance. Much of the conventional wis-
dom about FDO2

with resuscitators is from the adult liter-
ature. It is certainly true that with an adult patient, if a
large resuscitation bag that does not have a reservoir is
squeezed vigorously with 1 or 2 hands, FDO2

will be ap-
proximately 0.40–0.50, even if the inlet oxygen flow into
the bag is 15 L/min.

The manufacturer of the resuscitators that Johnston and
Aziz studied had already figured out that even without a
reservoir the Laerdal neonatal resuscitator can deliver a
very high FDO2

. And, as Johnston and Aziz note,4 the
manufacturer had previously published a table of FDO2

values very similar to those from Johnston and Aziz. What
is troubling about the findings from Johnston and Aziz is
that they contradict the published recommendations of the
American Academy of Pediatrics in the Textbook of Neo-
natal Resuscitation, which recommends limiting FDO2

, if
necessary, by removing the reservoir during newborn re-
suscitation.3 Thus, with a Laerdal-style bag without a res-
ervoir we may be delivering a much higher FDO2

than we
think. That risk supports the use of an oxygen blender in
the delivery room, so we more carefully control FIO2

. But
blenders are costly and not available in all delivery rooms.

* The retro-spectroscope is a powerful tool, but one that can be misused
in the hands of the untrained. This thought exercise allows us to smugly
look back at historical practices that now seem to range from silly to
preposterous. From our lofty perch on the hilltops of the present we
sometimes forget to consider what the view may have been from the
valleys of the past.
† Younger readers may be mercifully unfamiliar with the major adver-
tising campaign for the first cigarette designed for and marketed to women
in the late 1960s. “You’ve come a long way baby” was the slogan used
to convince women that they could express their equality and rights by
smoking their own brand of cigarettes. The campaign was very effective;
by 1987, lung cancer surpassed breast cancer as the leading cause of
cancer deaths among women.
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The findings from Johnston and Aziz are an example of
the sometimes confusing nature of the conventional wis-
dom and “urban myth” about the relative merits of self-
inflating versus flow-inflating bags. The casual reader could
easily be confused by claims and counter-claims about the
superiority of one type of bag. I was once casually debat-
ing this with a physician colleague who told me he didn’t
care what the research showed, he would always know that
flow-inflating bags were superior. Many respiratory ther-
apists (RTs) have told me this also. So goes the debate.
Will Rogers, one of my favorite Americans once said, “It
isn’t what we don’t know that gives us trouble, it’s what
we know that ain’t so.”

To sort the wheat from the chaff about the relative mer-
its of resuscitators, I suggest that we first must carefully
consider the patient population and define what matters
about how the bags perform in the target clinical scenario.
In neonatal and pediatric use I would suggest that there are
2 important considerations in resuscitator bag performance:
oxygen-delivery variability, and ventilation variability.

Oxygen Delivery

One of the most widely reported findings is that under
certain conditions a self-inflating bag cannot deliver a high
FDO2

.5,6 The delivery of oxygen during manual ventilation
has 3 distinct conditions:

• FDO2
while squeezing the bag

• FDO2
while the bag is attached to the patient during

spontaneous ventilation

• FDO2
while the mask is near but not touching the pa-

tient’s face (“blow-by” or “free-flow” oxygen delivery)

Much of the confusion about FDO2
during manual squeez-

ing of the bag is related to the extrapolation of adult find-
ings to pediatric practice. It is clear that some self-inflat-
ing-bag designs deliver lower FDO2

when vigorously
squeezed with 1 or 2 hands during simulated adult resus-
citation. Studies of bag performance in adult models of
resuscitation have focused on the bag’s ability to give
large breaths.7 But with a neonate this is not how a self-
inflating bag ought to be used. The ventilating pressure
and volume should be carefully limited with a pressure-
relief valve, or, better yet, a manometer, to avoid over-
distention lung injury. A much smaller tidal volume (VT)
is used, which reduces the risk of the bag entraining room
air while the bag’s elastic recoil causes refilling. This ex-
plains why some investigators have been able to produce
very high FDO2

with self-inflating bags on neonatal lung
models. The were using volumes and pressures that would
be used on a real neonate.

Another source of confusion is the proclivity of some
pundits to lump all brands of self-inflating bag together

while pontificating about the relative merits of one type
bag or another. But, of course, not all brands of self-
inflating bag perform the same.8,9

Another source of divergent views on bag performance
is construction of research models that do not actually
measure what they attempt to assess, or do not use the bag
in a rational clinical way. More than one set of investiga-
tors have measured oxygen flow in L/min going into the
self-inflating bag and coming out of the bag’s patient con-
nection without it being connected to a patient.10-13 Not
surprisingly, owing to the design of a Laerdal-style bag,
the oxygen flow out of the patient connector was about
18–24% of the flow rate going into the back end of the
bag. But to then equate that to lower FDO2

during free-flow
oxygen delivery is a stretch for me. The low inspiratory
flow demands of neonatal patients make it very easy to
give very high FIO2

with a relatively low flow blown at the
face. Dawson and colleagues showed this in an in vitro
study of free-flow oxygen delivery to a spontaneously
breathing neonatal lung model with a mannequin head.14

The conventional wisdom is that the Laerdal-style self-
inflating bag must be slightly squeezed to ensure consis-
tent free-flow oxygen delivery,15,16 because the duck-bill
valve in the bag’s patient connector opens only in one
direction, when there is a pressure gradient across the
valve. The theory goes that the duck-bill valve will not
open enough without the squeeze to create a small pres-
sure gradient. Nevertheless, I have repeatedly visually ex-
amined this type of valve during flow into a bag of 10 L/
min, and the valve clearly was open.

That observation not withstanding, some hospitals mini-
mize the possibility of inadequate free-flow oxygen delivery
with this style bag by using the other end of the bag for
free-flow delivery. Nam et al17 showed that increasing the
length of the corrugated-tubing reservoir on a Laerdal-style
resuscitator increased the FDO2

. At my institution we use
self-inflating bags with corrugated-tubing reservoirs and en-
sure that the internal volume of the tubing is equal to or
greater than the internal volume of the resuscitation bag. Thus,
when the bag re-inflates after being squeezed, it fills almost
completely with oxygen from the reservoir tubing.

My colleagues and I have tested the FDO2
of this bag con-

figuration, and a number of other oxygen-delivery devices, in
an analog of a spontaneously breathing neonatal patient.18

Our model included a lung simulator that mimics neonatal
spontaneous breathing (ASL 5000, Ingmar Medical. Pitts-
burg, Pennsylvania), and an analog of a baby face fabricated
from the soft rubber skin of the head of a neonatal resusci-
tation mannequin, which included openings for the mouth
and nares. FDO2

was sampled at the simulated hypopharynx.
Table 1 shows the FDO2

with the various devices, including
self-inflating bag and flow-inflating bag, both attached to the
face via mask, and held near the face, at 2 distances. With the
self-inflating bag we used the corrugated-tubing reservoir to
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deliver free-flow oxygen. Notice that it was possible to give
very high FDO2

with either the self-inflating or the flow-
inflating bag during spontaneous breathing, either via direct
application with a mask or during free-flow delivery. Also
note how much the FDO2

dropped when the free-flow device
was moved even a small distance away from the face. My
group discovered that we could achieve very high FDO2

with
simple, relatively inexpensive devices, such as a mask or
nasal cannula, in our neonatal model. This is why I have
never been a big fan of free-flow oxygen delivery with any
type of resuscitation bag. It is highly variable and rather
expensive, compared to a simple cannula or mask. I know of
hospitals that keep a resuscitator in every room, and they are
mostly used to give the patient a “puff” of oxygen as needed
(called “wafting” by some authors19). That seems an expen-
sive way to “waft” oxygen to the patient. I know of other
facilities that keep simple small plastic funnels equipped with
oxygen tubing for episodic free-flow oxygen delivery. The
funnel is simply held inverted over the baby’s face.‡

My group also discovered that the flow-inflating bag
held the same distance from the face as the corrugated-

tubing reservoir of the self-inflating bag produced mark-
edly lower FDO2

. We believe this was because the inner
diameter of the patient connector of the bag is so much
smaller than the inner diameter of the corrugated tubing.

Ventilation Variability

So why not simply use a flow-inflating bag for all new-
born resuscitation or bedside manual ventilation of infants
in the intensive care unit? This is certainly being done at
centers around the country and the world. I first became
concerned about this practice when, over a period of years,
I repeatedly observed myself and other clinicians fumbling
around trying to maintain positive end-expiratory pressure
(PEEP) during manual ventilation with a flow-inflating
bag. Most are designed with a hole in the bag, which is
occluded with the thumb during exhalation, to create PEEP.
After pondering this arrangement, I realized that the actual
PEEP delivered is the result of a nearly mystical combi-
nation of the flow coming to the bag, the flow exiting the
bag through the hole, and the position of my thumb, which
of course I could not really hold constant, since I usually
had to occlude the hole completely during inspiration. It
often took repeated adjustments of the flow to find the
right combination of flow rate and thumb occlusion. I was
even more dismayed as I discovered in my journeys that
some clinicians were using flow-inflating bags without a
manometer, thus rendering moot the idea of controlling
PEEP in a therapeutic range. Call me crazy, but I think that
PEEP assessment via visual inspection of the chest is some-
what unreliable. I gradually became very disenchanted with
the flow-inflating bag, despite the fact that my initial train-
ing and experience with manually ventilating real patients
was with an Ayres-T-piece-style resuscitator, under the
loving tutelage of a great Navy anesthesiologist named
Pete Conrardy.

My concerns about flow-inflating bags were also height-
ened as our community became more aware of the causes
of iatrogenic lung injury: lung over-distention and lack of
PEEP. I speculated that self-inflating bags might be easier
to use, since the operator was not managing as many vari-
ables at one time. Along with ensuring a patent airway and
watching chest rise (or, better yet, using a manometer)
when using a flow-inflating bag, you must also manage
another complex variable: the relationship between the
flow rates into and out of the bag.

These concerns led me and my colleagues to study ven-
tilation variability with self-inflating bags versus flow-
inflating bags. In all our studies we used a self-inflating
bag equipped with a spring-loaded PEEP valve, and a
flow-inflating bag that had a hole for manual control of
PEEP. In repeated laboratory scenarios we found that the
flow-inflating bag produced more variable VT and PEEP
than the self-inflating bag.21-23 These tests were done on

‡ The inverted funnel was described as an oxygen-delivery device as far
back as the 19th century.20

Table 1. FDO2
With Self-Inflating and Flow-Inflating Resuscitators

and Various Oxygen Delivery Devices

Device and Condition FDO2
(mean � SD)

Nasal Cannula
O2 at 0.25 L/min 0.33 � 0.01
O2 at 0.50 L/min 0.40 � 0.01
O2 at 1.0 L/min 0.53 � 0.02
O2 at 1.5 L/min 0.73 � 0.02
O2 at 2.0 L/min 0.84 � 0.01

Non-rebreather Mask
O2 at 10 L/min 0.95 � 0.01

Simple Mask
O2 at 5 L/min 0.56 � 0.01
O2 at 7 L/min 0.60 � 0.02
O2 at 10 L/min 0.60 � 0.01

Flow-Inflating Bag With Mask
On face 0.98 � 0.01
5 cm from face 0.59 � 0.01
10 cm from face 0.44 � 0.01

Flow-Inflating Bag Without Mask
5 cm from face 0.52 � 0.02
10 cm from face 0.46 � 0.01

Self-Inflating Bag
Mask on face 0.98 � 0.00
Reservoir tubing 5 cm from face 0.95 � 0.01
Reservoir tubing 10 cm from face 0.48 � 0.02

FDO2 � fraction of delivered oxygen
(From data in Reference 18.)
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nurses and RTs, and we found the effect in all populations
studied. We used manometers with both types of bag.

Other reports have also suggested high ventilation vari-
ability with self-inflating bags. Resende et al24 found con-
siderable variability in the ventilation of premature lambs
with a self-inflating bag administered by experienced neo-
natologists. Median VT was 17.8 mL/kg, and 38% of cases
had VT � 20 mL/kg. That study was limited by the fact
that no manometer was used and that the bag’s automatic
pressure-relief mechanism was disabled.

Oddie et al25 reported that the self-inflating bag they
tested gave more breaths with excessive pressure than did
the flow-inflating bag they tested. But the pressure-relief
valve of the self-inflating bag was set higher than that of
the flow-inflating bag. The flow-inflating bag tested was
the Tom Thumb brand, which is marketed in Europe and
has a factory-preset pressure-relief setting. Oddie et al also
did not allow the clinicians any visual cues, nor did they
use a manometer.

Hussey et al26 reported an in vitro comparison of neo-
natal ventilation with a self-inflating versus a flow-inflat-
ing bag. They reported significantly higher airway pres-
sures with the self-inflating bag. Unfortunately, the “playing
field” was not level, since the flow-inflating bag was
equipped with a manometer but the self-inflating bag was
not; instead it had a preset pressure-relief valve, reportedly
set at 40 cm H2O. Participants were told to target a ven-
tilating pressure of 20 cm H2O, which of course was more
challenging without a manometer. This underscores the
need to use a manometer when ventilating a neonate, no
matter what type of resuscitator is used.

Mondolfi et al27 reported an in vitro study of self-inflating
versus flow-inflating bags, with a lung simulator and a rela-
tively inexperienced pediatric emergency-room staff. Those
clinicians performed much better with the self-inflating bag
than with the flow-inflating bag. Notably, there was a lot
of “excessive” PEEP (defined as � 10 cm H2O for � 10 s)
in the flow-inflating-bag group. That certainly fits my ex-
perience and clinical observations about creating PEEP
with a flow-inflating bag. Others have reported that it
takes more training and experience to become comfortable
with a flow-inflating bag than with a self-inflating bag.28

Kanter29 studied several types of clinicians’ manual
ventilation abilities with a neonatal manikin. Along with
the rather pleasant finding that the experienced RTs
produced more consistent ventilation than other clinical
disciplines, Kanter reported that the self-inflating bag
delivered better minute ventilation than the flow-inflat-
ing bag. There was an overall tendency to over-ventilate
and use excessive pressure. Technical difficulties with
the flow-inflating bag resulted in reduced ventilation.

The latter studies highlight a major issue in the debate
on bag design. I have little doubt that very experienced
clinicians who regularly do manual ventilation can

achieve good results with any style of bag to which they
are accustomed. But that is not who is using these re-
suscitators. They are being used by clinicians with highly
variable training and experience. Even clinicians with
longevity may do poorly with a bag style they have not
been trained to use. Some hospitals depend on agency
and temporary contract clinicians to meet episodic spikes
in staffing demand, and those clinicians have variable
experience and typically very little training and skills-
verification in manual ventilation. Also consider the
presence of interns and residents in teaching hospitals,
and how much training time they have with manual
resuscitators. Further consider how seldom some of them
actually get to use resuscitators. We seem to be doing a
lot less manual ventilation than we used to. The use of
closed suction-catheter systems has contributed to this.
So has the growing reluctance to disconnect the patient
from the ventilator, because we want to avoid zero PEEP
and alveolar de-recruitment. So now many clinicians
have less experience in manual ventilation. Some of the
worst clinical mishaps I have had to deal with in my
management career have involved misapplication of re-
suscitators.

In my opinion, insufficient attention is sometimes paid
to the possibility of over-distention in adult populations as
well during manual ventilation. Turki et al30 reported that
experienced RTs ventilating a test lung with a manual
resuscitator produced airway pressures in excess of
100 cm H2O. We seem to take great pains to limit airway
pressure and VT with mechanical ventilators, but we some-
times pay little attention during manual ventilation with a
resuscitation bag.

Other Issues

A long time ago in a galaxy far, far away, I was told that
flow-inflating bags are superior to self-inflating bags be-
cause they allow the clinician to more deftly feel changes
in lung compliance.31,32 In the anesthesia world this has
been called the “educated hand.”

One of the earliest descriptions of the “educated hand”
was published in 1954, by Cullen et al, and has been used
since to promote the idea that an experienced clinician can
feel changes in compliance better with a flow-inflating bag
than a self-inflating bag.33 However, it has been known for
decades that even experienced anesthesiologists have dif-
ficulty maintaining consistent ventilation during manual
“bagging.”34 Spears et al31 showed that only approximately
one fourth of anesthesiologists could detect a complete
occlusion of the endotracheal tube (ETT) during manual
ventilation of a neonatal test lung with a flow-inflating
bag. The experienced anesthesiologists detected the
changes no more often than did the inexperienced.
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Schily et al35 reported nearly opposite findings when
they blindfolded and ear-plugged pediatric anesthesiolo-
gists and had them ventilate 16 anesthetized and paralyzed
neonates prior to abdominal surgery. All auditory signals
from the monitors were disabled. The investigators ran-
domly occluded the ETT, and the anesthesiologists were
instructed to report every time the ETT was occluded.
They concluded that, under certain conditions, � 80% of
occluded ETTs can be detected by anesthesiologists with
� 8 years of experience. Neither of the latter studies com-
pared the ability to feel compliance changes while using
different types of resuscitators.

My group studied clinicians’ ability to detect compli-
ance changes by feel, with self-inflating and flow-inflating
bags. Experienced RTs specializing in neonatology could
not distinguish changes in compliance better with a flow-
inflating bag than with a self-inflating bag.36

There are a variety of clinical situations where intubated
and non-intubated infants breathe spontaneously through
manual resuscitators. Although typically patients do not
breath spontaneously through a resuscitator for a prolonged
period, the amount of energy (work) required by the pa-
tient to move gas through the bag system’s series of re-
sistive elements has been of concern to some. Two reports
measured resistance through manual resuscitators, and
those researchers expressed concern that the resuscitator’s
valves might impose an unacceptable amount of work on
the patient during spontaneous ventilation.37,38 While it is
beyond the scope of this editorial to address this complex
issue, I would like to point out that the speculations about
imposed work of breathing need a lot more research to
determine how much is too much. In general, it is probably
not a good idea to let an infant spontaneously breath through
a manual resuscitator for any length of time. If they need
prolonged positive-pressure ventilation, they should be on
a ventilator. If not, they should be extubated. To my mind,
this is not an important consideration in selecting the type
of resuscitator.

In terms of limiting the variability of ventilation during
manual ventilation, there is newer technology that may
offer advantages over flow-inflating or self-inflating bag.
The Neopuff (Fisher and Paykel, Auckland, New Zealand)
is a flow-controlled, pressure-limiting neonatal resuscita-
tor. The operator controls inspiratory time with the thumb,
and the peak inspiratory pressure is controlled by a pres-
sure-relief mechanism. The obvious advantage is that the
flow and inspiratory pressure are constant. This appears to
produce more consistent ventilating pressure and limits
excessive pressure and high PEEP.39 Of course VT can still
vary considerably with the Neopuff,40 probably because of
variations in the inspiratory time created by the operator’s
thumb, and poor mask-face seal. However, investigators
have reported a danger of higher-than-desired peak in-
spiratory pressure with the Neopuff if the flow is not set at

the recommended level.41 In another report, McHale and
colleagues reported large VT variations when various types
of clinicians with various levels of experience ventilated a
neonatal mannequin with the Neopuff. And the large vari-
ations in mean airway pressure and VT were independent
of operator experience. More research needs to be done to
determine if the Neopuff really offers neonates an advan-
tage.

John W Salyer RRT-NPS MBA FAARC
Department of Respiratory Care

Seattle Children’s
Seattle, Washington
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