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Transtracheal jet ventilation 
in a porcine model

ABSTRACT
Hypoxemia is a frequent event during difficult airway management. We propose to use transtracheal jet ventilation (TTJV) 
early during the management of complex difficult airway scenarios. The objective of this porcine study is to highlight the 
benefit of oxygenation via prophylactic TTJV. Eighteen pigs (Sus scrofa) were divided into two equal groups. In Group A, 
pigs were anesthetized and no lung ventilation was conducted following administration of succinylcholine and prior to 
tracheal intubation. Group B, after induction of anesthesia, received transtracheal ventilation using 100% oxygen. In both 
groups intubation was performed after waiting 90 seconds. All intubations were achieved in less than 30 seconds. Post-
intubation arterial blood gases demonstrated significant hypoxemia in Group A (PaO

2
 22.6 + 5.8 mm Hg), while in Group 

B oxygenation substantially improved (PaO
2

 470.3 + 17.0 mm Hg). The arterial CO
2
 retention was associated with mild 

respiratory acidosis (pH 7.26 ± 0.05) in Group A only. These findings prove that prophylactic TTJV can improve oxygenation 
and allow extra time for definitive management of difficult airway.
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Introduction
During the management of difficult air-
way, hypoxemia is a major cause of 
morbidity and mortality. Maxillofacial 
trauma represents an especially difficult 
clinical scenario as the combination 
of airway bleeding, distorted airway 
anatomy, uncooperative patient and 
urgency to secure the airway creates a 
complex situation with limited options. 
The American Society of Anesthesiolo-
gists (ASA) 2003 Difficult Airway Algo-
rithm uses transtracheal jet ventilation 
(TTJV) as a near last option. (1) We 
recently reported the prophylactic use 
of TTJV during the management of dif-
ficult airway in two patients with neck 
and maxillofacial trauma. (2) Early use 
of TTJV can provide the anesthesiolo-
gist with the additional time necessary 
to prepare for definitive airway manage-

ment. This technique should be consid-
ered in selective patients who are com-
bative or uncooperative, or who have 
unusual anatomy, upper airway, facial, 
and head and neck trauma. Technical 
details of this procedure can be found 
in our recent report. (2) Once the jet 
catheter is placed in the trachea and 
the oxygen source is attached to the 
catheter, the patient can be sedated 
to allow for controlled and less urgent 
tracheal intubation by the most appro-
priate technique. In addition to main-
taining the patient’s oxygenation, TTJV 
helps the physician in identifying the 
airway as insufflated oxygen is exiting 
the glottis creating visible bubbling. In 
the presence of airway edema, exces-
sive secretions or blood in the airway, 
this gas escape may help in direct-
ing the endotracheal tube during either 
direct laryngoscopy or fiberoptic bron-
choscopy.
The objective of this porcine study is 
to highlight the benefit of oxygenation 

via prophylactic TTJV. We propose to 
initiate early TTJV for two reasons: first, 
to reduce the hypoxemia, and second, 
to allow more time for definitive airway 
management either by surgical means 
or fiberoptic intubation.
 
Materials and methods
With the approval of our Institutional 
Animal Care and Use Committee, fol-
lowing guidelines established by the 
National Institutes of Health for the Care 
and Use of Laboratory Animals, eigh-
teen pigs (species Sus scrofa) weigh-
ing 25 to 30 kg were divided into two 
groups, Group A and Group B. 
Pigs in Group A (n = 9), the control 
group, were induced with pentobarbi-
tal, 300 mg, followed by administration 
of succinylcholine, 60 mg, intravenously 
(IV).  After waiting 90 seconds to simu-
late a “difficult airway” scenario where 
ventilation is difficult or impossible, tra-
cheal intubation was performed in less 
than 30 seconds. In Group B (n = 9), the 



40 www.signavitae.com

animals received the same induction as 
pigs in group A. A 12-gauge catheter 
(Angiocath®, Deseret Medical Inc., 
Park Davis and Company, Sandy, UT) 
was placed percutaneously across the 
cricothyroid membrane into the trachea 
with local anesthesia. Subsequently, 
Group B pigs received transtracheal 
ventilation using 100% O2 at 50 psi at a 
rate of 15 breaths per minute with an I:
E ratio of 1:4 using a manually triggered 
jet ventilator (Instrumentation Industry, 
Inc., Bethel Park, PA). Tracheal intuba-
tion was performed after waiting 90 
seconds. Intubations were achieved in 
less than 30 seconds. In both groups, 
arterial blood gases were drawn from 
pigs before induction and immediately 
after intubation. Data are expressed as 
mean + standard deviation. The pre-
intubation and postintubation arterial 
blood gases were compared using a 
paired t-test, and the two groups were 
compared using an unpaired t-test. 
A value of P < 0.05 was considered 
significant. 

Results
Hypoxemia occurred in Group A (with-
out TTJV) at the end of a 90-second 
period of apnea (PaO2, 22.6 ± 5.8 mm 
Hg; baseline PaO2, 80.5 ± 4.7 mm 
Hg; P <0.0001, figure 1). In Group B, 
oxygenation improved during the 90-
second period of TTJV and the time 
required to intubate (PaO2, 470.3 ± 
17.0 mmHg; baseline PaO2, 83.6 ± 
4.2 mm Hg, P <0.0001, figure 1). While 
there was no difference between groups 
at baseline, the postintubation PaO2 

was significantly higher in pigs receiv-
ing TTJV (P <0.0001). In both groups, 
arterial carbon dioxide tension (PaCO2) 
increased (Group A: PaCO2, 60.5 ± 
4.9 mm Hg; baseline PaCO2, 41.44 ± 
3.71 mm Hg; Group B: PaCO2, 44.8 ± 
3.9 mm Hg; baseline PaCO2, 37.1 ± 
1.6 mmHg, figure 2). The arterial CO2 
retention in Group A was associated 
with a mild respiratory acidosis (pH 
7.26 ± 0.05). 

Discussion
The exact incidence of hypoxemia dur-
ing the management of difficult airway is 

not known but is presumed to be high. 
Mateer et al. studied emergency room 
endotracheal intubations and reported 
a 10.4% incidence of hypoxemia. (3) 
During difficult intubation the incidence 
of hypoxemia is likely to be even greater. 

In our study, we found a large decrease 
in arterial oxygenation after a 2-minute 
apnea; this hypoxemia was associ-
ated with hypercapnia (61 mmHg) and 
respiratory acidosis (pH 7.26) (figures 
1,2). In contrast, in animals receiving 

Figure 1. Control group (nonventilated pigs) became profoundly hypoxemic 
during apnea. Pigs in TTJV group had improvement in oxygenation during the 
2-minute period before tracheal intubation (P values were < 0.0001).

Figure 2. In control and TTJV groups, arterial carbon dioxide tension (PaCO2) 
increased during the 2-minute period, more so in non-ventilated animals 
(controls).
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fiberoptic intubation. Figure 3 depicts 
a modified maxillofacial trauma algo-
rithm (10) and demonstrates the posi-
tion within this algorithm we propose 
for preemptive use of TTJV in scenarios 
of complex difficult airway. TTJV may 
be equally helpful in gaining additional 
time while preparing for other options for 
invasive airway access (percutaneous 
tracheostomy and cricothyroidotomy). 
The use of TTJV is not without com-
plications. One of the most frequently 
described complications is dislodge-
ment of the catheter during TTJV which 
may result in subcutaneous emphysema. 
(11) This potentially catastrophic situa-
tion can convert the difficult airway into 
an “impossible airway.” Other complica-
tions of TTJV include bleeding, pneu-
mothorax, barotrauma, tracheal and 
esophageal perforation as well as life-
threatening intravascular misplacement 
of the catheter. (12-14) In addition, when 
TTJV was placed emergently instead 
of prophylactically, complications were 
twice as likely to occur. (11) In order to 
avoid these complications it is of the 
utmost importance to check the proper 
position of the catheter before the ini-
tiation of jet ventilation by confirming the 
ability of free-air aspiration with a large 
syringe. It is equally important to have 
a dedicated assistant who will keep the 
catheter secure in the position and who 
will be monitoring for signs of dislodge-
ment (subcutaneous emphysema). 
In conclusion, we have demonstrated 
in a porcine model that the prophylactic 
use of TTJV by using a simple, readily 
available set-up is an efficient method 
for maintaining arterial oxygenation. 
This allows extra time for intubation of 
the trachea either by bronchoscope 
or direct laryngoscopy during “cannot 
intubate, cannot ventilate” scenarios or 
in patients with difficult airway due to 
head or neck trauma.

Figure 3. Maxillofacial trauma algorithm with the two modifications we pro-
pose noted in orange lettering. This flow diagram highlights a subgroup of 
patients where prophylactic TTJV may be of the most benefit. This algorithm 
divides management into life-threatening versus non life-threatening. In non 
life-threatening scenarios it may not be appropriate to use prophylactic TTJV. 
However, in life-threatening situations where airway access is required, 
prophylactic TTJV can be placed safely prior to sedation and loss of airway 
reflexes. When airway is unable to be established, then jet ventilation should 
be initiated while awaiting surgical intervention. Used with permission from 
ASA newsletter. (10)

TTJV, oxygenation drastically improved 
while hypercapnia remained at mod-
est level (45 mmHg) during the same 
time period. Thus, early TTJV prevents 
hypoxemia and provides the anesthesi-
ologist with extra time to provide seda-
tion, perform tracheal intubation or gain 
surgical airway. While arrangements 
for the definitive management of the 
difficult airway (fiberoptic intubation, 
surgical airway) may require some pre-
paratory time, a tracheal catheter for 
jet ventilation can be inserted quickly 
and atraumatically with readily available 
equipment such as 12- or 14-gauge 
angiocatheters. (2) 

Several studies have evaluated the use 
of TTJV in animal models. (4-7) Recently, 
Schaefer et al. demonstrated sufficient 
oxygenation with TTJV in a porcine 
model with a self-made airway device 
similar to the one used in this study. (7) 
Furthermore, clinical use of TTJV dur-
ing the management of difficult airway 
has been reported. (2,8,9) We recently 
reported the usefulness of TTJV placed 
prophylactically in two patients with neck 
and maxillofacial trauma. (2)  Early use 
of TTJV allowed us to maintain adequate 
oxygenation in these uncooperative and 
critically injured patients and permitted 
more time for securing the airway with 



42 www.signavitae.com

REFERENCES

1. Practice guidelines for management of the difficult airway: an updated report by the American Society of Anesthesiologists Task Force on 

Management of the Difficult Airway. Anesthesiology 2003;98:1269-77.

2. McHugh R, Kumar M, Sprung J, Bourke D. Transtracheal jet ventilation in management of the difficult airway. Anaesth Intensive Care 

2007;35:406-8.

3. Mateer JR, Olson DW, Stueven HA, Aufderheide TP. Continuous pulse oximetry during emergency endotracheal intubation. Ann Emerg 

Med 1993;22:675-9.

4. Frame SB, Timberlake GA, Kerstein MD, Money MK, Hendrickson MF, Akers DL, et al, editors. Transtracheal needle catheter ventilation in 

complete airway obstruction: an animal model. Ann Emerg Med 1989;18:127-33.

5. Hauswald M, Ong G, Yeoh E. Percutaneous needle cricothyroidotomy with repetitive airway obstruction. Am J Emerg Med 1995;13:623-5.

6. Preussler NP, Schreiber T, Huter L, Gottschall R, Schubert H, Rek H, et al, editors. Percutaneous transtracheal ventilation: effects of a 

new oxygen flow modulator on oxygenation and ventilation in pigs compared with a hand triggered emergency jet injector. Resuscitation 

2003;56:329-33.

7. Schaefer R, Hueter L, Preussler NP, Schreiber T, Schwarzkopf K. Percutaneous transtracheal emergency ventilation with a self-made device 

in an animal model. Paediatr Anaesth 2007;17:972-6.

8. Benumof JL, Scheller MS. The importance of transtracheal jet ventilation in the management of the difficult airway. Anesthesiology 

1989;71:769-78.

9. Patel RG. Percutaneous transtracheal jet ventilation: a safe, quick, and temporary way to provide oxygenation and ventilation when con-

ventional methods are unsuccessful. Chest 1999;116:1689-94.

10. Wilson WC. Trauma: Airway management. ASA difficult algorithm modified to trauma--and five common trauma intubation scenarios. ASA 

Newsletter 2005;69:9-16.

11. Smith RB, Schaer WB, Pfaeffle H. Percutaneous transtracheal ventilation for anaesthesia and resuscitation: a review and report of complica-

tions. Can Anaesth Soc J 1975;22:607-12.

12. Bourgain JL, Desruennes E, Fischler M, Ravussin P. Transtracheal high frequency jet ventilation for endoscopic airway surgery: a multi-

centre study. Br J Anaesth 2001;87:870-5.

13. Chang JL, Bleyaert A, Bedger R. Unilateral pneumothorax following jet ventilation during general anesthesia. Anesthesiology 1980;53:244-6.

14. Weymuller EA, Jr., Pavlin EG, Paugh D, Cummings CW. Management of difficult airway problems with percutaneous transtracheal ventila-

tion. Ann Otol Rhinol Laryngol 1987;96:34-7.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


