
ORIGINAL RESEARCH

Percutaneous Transtracheal Ventilation:
Resuscitation Bags Do Not Provide
Adequate Ventilation
Edmond A. Hooker, MD;1-2 Daniel F. Danzl, MD;2 Daniel O'Brien, MD;2

Michael Presley, MD;2 Ginger Whitaker;3 M. Keith Sharp, ScD3

1. Department of Health Services
Administration, Xavier University,
Cincinnati, Ohio USA

2. Department of Emergency Medicine,
University of Louisville, School of
Medicine, Louisville, Kentucky USA

3. Department of Mechanical Engineering,
University of Louisville, School of
Medicine, Louisville, Kentucky USA

Correspondence:
Edmond A. Hooker, MD
Department of Health Services

Administration

Xavier University

3800 Victory Parkway

Cincinnati, OH 45207-7331 USA

E-mail: hookere@xavier.edu

This research was presented at the

Southeastern Regional Research Meeting of

the Society for Academic Emergency

Medicine, 08-09 April, 2005 Chapel Hill,

North Carolina

Keywords: artificial respiration;
catheterization; cricoid cartilage; emergency
medical services; high-frequency
jet ventilation; intra'tracheal intubation;
resuscitation; tracheostomy; tracheotomy

Abbreviations:
ID = internal diameter
JV = jet ventilator

PTJV = percutaneous transtracheal jet

ventilation
PTV = percutaneous transtracheal ventilation

Received: 16 August 2005
Accepted: 19 April 2006
Revised: 10 May 2006

Web publication: 11 December 2006

Abstract
Introduction: Percutaneous, transtracheal jet ventilation (PTJV) is an effec-
tive way to ventilate both adults and children. However, some authors suggest
that a resuscitation bag can be utilized to ventilate through a cannula placed
into the trachea.
Hypothesis: Percutaneous transtracheal ventilation (PTV) through a 14-
gauge catheter Ls ineffective when attempted using a resuscitation bag.
Methods: Eight insufflation methods were studied. A 14-gauge intravenous
catheter was attached to an adult resuscitation bag, a pediatric resuscitation
bag, wall-source (wall) oxygen, portable-tank oxygen with a regulator, and a
jet ventilator (JV) at two flow rates. The resuscitation bags were connected
to the 14-gauge catheter using a 7 mm adult endotracheal tube adaptor con-
nected to a 3 cc syringe barrel. The wall and tank oxygen were connected to
the 14-gauge catheter using a three-way stopcock. The wall oxygen was test-
ed with the regulator set at 15 liters per minute (LPM) and with the regula-
tor wide open. The tank was tested with the regulator set at 15 and 25 LPM.
The JV was connected direcdy to the 14-gauge catheter using JV tubing sup-
plied by the manufacturer. Flow was measured using an Ohmeda 5420
Volume Monitor. A total of 30 measurements were taken, each during four
seconds of insufflation, and the results averaged (milliliters (ml) per second
(sec)) for each device.

Results: Flow rates obtained using both resuscitation bags, tank oxygen, and
regulated wall oxygen were extremely low (adult 215 ±20 ml/sec; pediatric
195 ±19 ml/sec; tank 358 ±13 ml/sec; wall at 15 1/min 346 ±20 ml/sec). Flow
rates of 1,394 ±13 ml were obtained using wall oxygen with the regulator wide
open. Using the JV with the regulator set at 50 pounds per square inch (psi),
a flow rate of 1,759 ±40 was obtained. These were die only two methods that pro-
duced flow rates high enough to provide an adequate tidal volume to an adult.
Conclusions: Resuscitation bags should not be used to ventilate adult patients
through a 14-gauge, transtracheal catheter. Jet ventilation is needed when
percutaneous transtracheal ventilation is attempted. If jet ventilation is
attempted using oxygen supply tubing, it must be connected to an unregulat-
ed oxygen source of at least 50 psi.
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Introduction
Ventilation of humans through a catheter placed in the trachea has been prac-
ticed for at least 50 years, although it was not until 1971 that the first study
of a large series of cases was published.1'2 In 1972, Jacobs reported a series of
patients successfully resuscitated using a catheter placed through the
cricoidthyroid membrane.3 Since then, there have been many reports of suc-
cessful ventilation of humans using catheters placed into the trachea.1-3"12

This can be done by directly inserting the catheter between the tracheal rings
or through the cricoid membrane. All of these investigators utilized jet venti-
lation with high-pressure oxygen sources of at least 50 pounds per square inch
(psi) (2,585 mmHg) for adults. Pediatric patients have been resuscitated using
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lower pressures between 30-40 psi (1,551-2,068
mmHg).5'8 Low flow oxygen (4 liters per minute (LPM))
can oxygenate patients through an 18-gauge needle in
patients with spontaneous respirations.2 Catheters utilized
in the successful resuscitation of apneic adults vary from
14—18-gauge catheters. Catheters used in children also
have varied in size from 14-18-gauge.

There are many terms that have been used to describe
these various techniques of ventilation using a catheter
placed percutaneously into the tracheal lumen: (1) needle
cricothyroidotomy; (2) translaryngeal ventilation; (3) transtra-
cheal ventilation; (4) percutaneous transtracheal ventilation
(PTV); (5) percutaeous transtracheal jet ventilation
(PTJV); (6) tracheotomy; and (7) tracheostomy. None of
these are exactly correct anatomically for what most emer-
gency physicians and paramedics perform—a transcricoid
membrane puncture and placement of a catheter. In this
manuscript, the terms PTV and PTJV will be utilized.

Simple modifications using readily available equipment
have been proposed when a commercially available jet venti-
lator (JV) is not used. Oxygen supply tubing can be coupled
with a three-way stopcock, effectively creating a manual JV.
This configuration was tested using a G cylinder at 50 psi
with the regulator wide open in a canine model.
Adequate ventilation was achieved with inspiratory time
between two and eight seconds. Dunlap suggested a simi-
lar setup utilizing a three-way valve and oxygen supply tub-
ing.14 This was used to successfully ventilate three adults. If
the patient is in the operating room, modifications have
been suggested to connect the anesthesia machine directly
to the catheter.15"17 All of these modifications still utilize
jet ventilation by activating the oxygen flush valve.

The other modifications involve the use of a bag-valve or
resuscitation bag to accomplish PTV. Attia ef ai suggest using
a 3 mm pediatric, endotracheal tube adapter attached to a
resuscitation bag.18 Reich and Schwartz suggest using an
6.5—8.0 mm endotracheal tube inserted into a 10 ml dispos-
able syringe that has the plunger removed.19 Gildar ef a/had
the same idea as Reich, except the authors utilized a 12 ml
syringe barrel.20 The only method actually tested in animals
was the method proposed by Attia ef a/.18 Cote showed that
oxygenation could be maintained in a dog utilizing a 12-
gauge catheter, but the level of ventilation produced was inad-
equate with CO2 almost doubling.21 It also took extreme
physical effort on the part of the anesthesiologist to attempt
to ventilate using a resuscitation bag, and personnel had to be
changed frequently. Neff ef a/ showed that sheep could be
ventilated with a resuscitation bag if a catheter with internal
diameter (ID) of 3 mm was used, but not if a smaller catheter
was used.22 There are no reported successful resuscitations of
humans utilizing any of these configurations.

Yealy ef al evaluated several methods of insufflation
through varying size catheters.23 Flow rates achievable
with a resuscitation bag did not provide adequate tidal vol-
umes to ventilate an adult. Even with a 4 mm ID catheter,
only 850 ml of flow per second could be generated with
maximal effort of the rescuer squeezing the bag.
Approximately half of the oxygen insufflated through a
transtracheal catheter will escape through the mouth.4

Based on animal research, flow rates of 1,166 ml/sec would
be needed to ventilate a 70 kilogram patient based on one
second of ventilation every five seconds.24

Despite the lack of efficacy of a resuscitation bag for
ventilating through a transtracheal catheter, some authors
suggest that a resuscitation bag is a viable method to resus-
citate via PTV.25"27 Paramedic protocols available online
contain the use of a resuscitation bag.28

The purpose of the current research is to expand on the
previous research regarding the use of a resuscitation bag
for ventilation through a 14-gauge catheter used for PTV,
and to study other options for proper ventilation via PTV.

Methods
Design
The study was performed in a laboratory.

Observations
A 14-gauge intravenous catheter 1.75 in, 45 mm long (ID =1.5
mm) was selected for the experiments. Five different devices for
insufflation were tested: (1) adult resuscitation bag (Vital
Signs; Code Blue II); (2) pediatric resuscitation bag (Vital
Signs; Pedi Blue); (3) wall-source (wall) oxygen; (4) portable-
tank (tank) oxygen (E cylinder (682 1)) with a regulator
(Life Support Products Inc., St. Louis, MO) Model
#270-060); and (5) a JV (BE 183-SUR, Instrumentation
Industries, Inc., Bethel Park, PA). The resuscitation bags
were connected to the 14-gauge catheter using a 7 mm
adult endotracheal tube adapter connected to a 3 ml
syringe (Figure 1). The wall and tank oxygen were con-
nected to the 14-gauge catheter using a three-way stopcock
(Figure 2). The wall oxygen was tested with the flow regu-
lator (Ohmeda flowmeter, GE Healthcare) set at 15 LPM
or with the regulator wide open. The manufacturer's prod-
uct specifications indicate that flow rates of 65 LPM can be
obtained when the regulator is set at "wide open". The tank
was tested with a regulator set at 15 and 25 LPM (25 LPM
is the highest possible setting for the regulator). The JV was
connected directly to the 14-gauge catheter using JV tubing
supplied by the manufacturer (Figure 3). The JV connected
to the wall oxygen source.

Flow was measured using an Ohmeda 5420 Volume
Monitor (Datex-Ohmeda, Louisville, KY) (Figure 4). A
total of 30 measurements were taken, each for four seconds
of insufflation. The results were averaged (ml/sec) for each
device. When using the adult and pediatric resuscitation
bags, a 180-pound emergency physician compressed the
bag with maximum effort for the entire four seconds.

Statistics
Descriptive statistics were utilized including mean values
and standard deviation. All calculations were done utilizing
Statistical Package for the Social Sciences (SPSS) version
11.5 (SPSS Inc., Chicago, IL).

Results
The flow rates and the estimated tidal volumes for the var-
ious methods of insufflation are listed in Table l.The high-
est flow rates were obtained utilizing a JV set at 50 psi
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Figure 1—Schematic of resuscitation bag (bag-valve)
connected to a needle cricothyroidotomy

(1,759 ±40 ml/sec) and unregulated wall oxygen (1,394 ±13
ml/sec). Flow rates obtained using both resuscitation bags,
tank oxygen, and regulated wall oxygen were lower. Flow
rates obtained using both resuscitation bags, tank oxygen,
and regulated wall oxygen were extremely low (adult 215
±20 ml/sec; pediatric 195 ±19 ml/sec; tank 358 ±13 ml/sec;
wall at 15 1/min 346 ±20 ml/sec).

Discussion
Using wall oxygen with the regulator wide open and the JV
with the regulator set at 50 psi were the only two methods
that produced a flow rate high enough to provide an ade-
quate tidal volume to an adult when utilizing a 14-gauge
catheter. The tidal volume achievable with resuscitation
bags would be inadequate. In addition to generating inad-
equate tidal volumes, the effort required by the rescuer to
continue to compress the resuscitation bag could not be
maintained for more than a brief period.

This study confirms previous research by Yealy and Neff
er a/ that showed that a resuscitation bag does not produce
adequate flow of oxygen to ventilate an adult through a 14-
gauge catheter, placed for PTV.22>23 All previous reports of
successful PTV of adult patients utilized 14-18-gauge
catheters and the patients were ventilated by jet ventilation
with 50-60 psi oxygen sources.1' '7 While it seems
appropriate to suggest modification with readily available
equipment, none of the suggested modifications utilizing
resuscitation bags have been evaluated on humans prior to
their publication in the literature.18'19'29 There have been
no subsequent reports of their successful use in humans.
Despite this evidence, authors continue to recommend
modifications utilizing a resuscitation bag.27

Hooker © 2006 Prehospital and Disaster Medicine

Figure 2—Experimental setup: Wall and tank oxygen
connected to three-way stopcock that was connected to a
14-gauge catheter

Hooker © 2006 Prehospital and Disaster Medicine

Figure 3—Experimental set-up: Jet ventilator connected
directly to a 14-gauge catheter using jet ventilator tubing
supplied by the manufacturer

Hooker © 2006 Prehospital and Disaster Medicine

Figure 4—Experimental set-up: Bag valve connected
to a 7 mm adult endotracheal tube adaptor connected
to a 3 cc syringe that was connected to a 14-gauge
catheter syringe and then to the flow meter
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Insufflation Method

Adult resuscitation bag

Pediatric resuscitation bag

Tank oxygen at 15 liters/min

Tank oxygen at 25 liters/min

Wall Oxygen at 15 liters/min

Wall oxygen at wide open

JV (25 psi)

JV (50 psi)

Flow Rate ±SD (ml/sec)

215 ±20

195 ±19

358 ±13

558 ±20

346 ±20

1,394 ±13

1,000 ±20

1,759 ±40

Expected Tidal Volume* (ml)

113

98

179

279

173

697

500

880

HoriRer © 2006 Prehospital and Disaster Medicine

Table 1—Flow rates and expected tidal volume through 14-gauge catheter (JV = jet ventilator; min = minutes)
*Based on one second of insufflation and 50% air leak

After reviewing the literature, it seems inappropriate to
suggest that PTV be done without utilizing jet ventilation.
This can be achieved with commercially available automat-
ic and manual JVs. If these are unavailable, the use of oxy-
gen supply tubing and a stopcock should achieve the same
results."'14 The unregulated, wall oxygen should provide
jet ventilation at around 65 psi. Regulated oxygen at 15
LPM, or even 25 LPM, is unlikely to produce adequate
tidal volume and ventilation for adults. The suggestion by
some emergency medical services that low flow oxygen at
15 LPM can be used is not supported by the literature or
the current research.30 By utilizing the jet ventilation, the
patient actually is being ventilated and not just oxygenated.
The high flow rates force the CO2 out of the lungs.3"5

Manual JVs can be purchased for <(US)$200. These are
supplied with all of the necessary attachments and elimi-
nate the need to look for additional equipment.

Another important reason to utilize jet ventilation is to
prevent aspiration. In an animal model, manual translaryn-
geal jet ventilation offered protection from aspiration
equivalent to that obtained with ventilation through a
cuffed endotracheal tube.31

The choice of a catheter for PTJV is somewhat prob-
lematic. Jacobs ef al utilized a specially designed 14-gauge
catheter, not a standard intravenous catheter.3'4 In a multi-
center study with 643 patients reported by Bourgain ef al,
specialized catheters were utilized.7 Smith ef al, in his two
series with a combined total of 170 patients, utilized stan-
dard 14-gauge intravenous catheters.5'32 There have been
reports of kinking and inability to ventilate patients when
standard 14-gauge intravenous catheters are utilized.
Smith suggested that the 14-gauge catheter be held manu-
ally at the hub to prevent kinking.32 Newer catheters
designed for intravenous insertion have been made safer in
order to prevent needle sticks of providers. However, some
of these designs may not allow these catheters to have a
syringe attached to aid in insertion.34

The major limitation of the study was the laboratory
design. The resuscitation bag attached to a cannula in
either an animal or human model was not tested. Another
limitation is that different sizes of catheters were not used.
The results with the 14-gauge catheter are similar to those
found by Yealy ef al (205 ml/sec).23 They showed that the
use of larger catheters could result in increased flow. With
the use of a 4 mm ID catheter, a flow rate of 850 ml/sec
could be achieved using a resuscitation bag.35 Assuming a
50% air leak, this would provide an estimated 425 ml of
tidal volume. Since there are no case reports or case series
that report successful resuscitation utilizing resuscitation
bags attached to catheters, it is unclear if this produces ade-
quate ventilation or oxygenation in an adult to ensure neu-
rologically intact survival. However, when a resuscitation
bag is the only available equipment, authors of current text-
books recommend the use of large catheters (10-gauge).36

The current study did not address the issue of training.
It is unclear how often there must be retraining for the use
of a JV or a resuscitation bag for transtracheal ventilation.
The potential advantage of the JV is that multiple pieces of
equipment do not need to be assembled when a "can't intu-
bate, can't ventilate" problem occurs. Utilizing the JV also
does not require special, larger catheters. Routinely avail-
able 14-gauge catheters can be utilized and the ventilator
can be attached directly onto the catheter.

Conclusions
Resuscitation bags should not be used to ventilate patients
through a 14-gauge transtracheal catheter. Jet ventilation is
needed when percutaneous transtracheal ventilation is
attempted using a 14-gauge catheter. Jet ventilation can be
accomplished via commercially available JVs or by utilizing
oxygen supply tubing connected to an unregulated oxygen
source of at least 50 psi.
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