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High Frequency Jet Ventilation:
When to Switch and When to Start
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Last month’s topic was high-frequency oscillation (HFO) with vol-
ume guarantee (VG) adjunct and its implications on clinical prac-
tice in which I referenced a study by Durand et al. and gave an 
LQFRUUHFW�HQUROOPHQW�QXPEHU��,W�ZDV������QRW�����²�P\�PLVWDNH��,�
ended with a note on high-frequency jet ventilation (HFJV) being 
a topic for another discussion. Here it is.

Some may question the relevance of HFJV once HFO/VG be-
FRPHV�DYDLODEOH�LQ�WKH�8�6��DQG�ZK\�D�FOLQLFLDQ�PD\�VWLOO�ZDQW�WR�
XVH�WKH�MHW��7KH�1,&8�DW�6XQQ\EURRN�+�6�&�� LQ�7RURQWR�ZKHUH�,�
SUDFWLFH�ZDV� WKH� ¿UVW� XQLW� LQ�&DQDGD� WR� IXOO\� HPEUDFH�+)2�9*�
routinely. We also have at least seven jet ventilators in our ven-
tilator inventory. I can say unequivocally there is a role for HFJV 
in a world of second-generation ventilators capable of HFO/VG. 
Further, I would submit that unless your toolbox includes a jet 
YHQWLODWRU�VDLG�WRROER[�LV�LQFRPSOHWH��7KHUH�DUH�WKLQJV�+-)9�FDQ�
do that HFO with or without VG simply cannot, and jet ventilation 
is the gentlest way to ventilate fragile lungs, i.e., those of the pre-
mature infant. (1)

)URP� ����������� WR� ����������� RXU� WRWDO� LQYDVLYH� YHQWLODWLRQ�
KRXUV�ZHUH��������7KH�PRGDOLW\�EUHDNGRZQ�LV�DV�IROORZV���
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As one can see, even though we have a full complement of ven-
tilators providing HFO/VG our HFJV hours are actually greater 
than our HFO hours. Why we so often choose HFJV over HFO/
VG and when we make that choice is this month’s discussion.

7KH� PDMRULW\� RI� RXU� LQWXEDWHG� EDELHV� DUH� LQLWLDOO\� YHQWLODWHG� RQ�
HFO/VG. However, there are some who are started on HFJV and 
some who are switched to HFJV, usually early in their course. 
What follows is a guideline as to when and why babies are started 
on the jet or switched to it.

First-line

A jet ventilator is kept in our admission room unless all machines 
DUH� LQ� XVH��+)-9� LV� D� ¿UVW� OLQH�PRGH� IRU� EDELHV�ZKR�KDYH�KDG�
prolonged premature rupture of membranes, suspected or diag-
nosed pulmonary hypoplasia, infants who exhibit signs of persis-
tent pulmonary hypertension, use of Nitric Oxide (iNO), extreme 
prematurity and very low birth weight, meconium aspiration syn-
drome requiring intubation, and any infant who presents with air 
OHDN��7KLV�OLVW�LV�QRW�H[FOXVLYH��:H�DUH�QRW�D�OHYHO�IRXU�IDFLOLW\��EXW�
diaphragmatic hernia would also be included.

7KH�EHVW�ZD\�WR�WUHDW�3XOPRQDU\�,QWUDVWLWLDO�(PSK\VHPD��3,(��DQG�
&KRUQLF�/XQJ�'HDVH��&/'��LV�WR�DYRLG�LQMXU\�LQ�WKH�¿UVW�SODFH��$V�,�
tell those who will listen, the jet is a ventilator, not a stem cell. Best 
to avoid the damage by starting or switching to HFJV early rather 
WKDQ�ZDLWLQJ�IRU�WKH�GDPDJH�WR�EH�GRQH�DQG�WKHQ�WU\LQJ�WR�¿[�LW��$V�
with any form of therapy, the worse the patient is to begin with the 
poorer the outcome and the longer the course. We know that the 
lung is most prone to damage during recruitment, and the admis-
sion room all too often sets the stage for bad things to play out on 
ODWHU��7KRVH�LQWHUHVWHG�LQ�YHQWLODWLRQ�SUDFWLFH�DW�6XQQ\EURRN�1,&8�
refer to this problem . (2)

Since the original FDA approval for HFJV is for air leak it makes 
sense these infants are on the list, but what about other applica-
WLRQV"�,Q�SUDFWLFH��WKH�MHW�LV�YHU\�HႇHFWLYH�DW�HOLPLQDWLQJ�&22, even 
LQ�LQIDQWV�ZLWK�YHU\�VWLႇ�OXQJV�ZKR�DUH�DW�KLJK�ULVN�RI�DLU�OHDN�GXULQJ�
the recruitment phase. Initiating HFJV on these infants starting 
with moderately high PEEP works well and greatly decreases the 
ULVN�RI� DLU� OHDN��7LPHO\� FRQWURO� RI�&2๜ can greatly decrease the 
necessity for iNO, and since the jet delivers iNO rapidly and near 
the area of gas exchange, I believe it is also the best way to ad-
minister this drug if this therapy becomes necessary.

Switching

What about those who end up being switched from HFO/VG to 
+)-9"�$W�ZKDW�SRLQW� LV� WKH�GHFLVLRQ�PDGH�WR�VZLWFK"�7KHUH�DUH�
PDQ\�UHDVRQV��DQG�WKH�MXVWL¿FDWLRQ�LV�DGPLWWHGO\�WKHRUHWLFDO��+DY-
ing said that, our outcomes speak for themselves. Here goes.

Air Trapping
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“Small babies have small airways with 
high resistance. This resistance results 
in longer time constants and invariably 
air trapping to one degree or another." 

“Timely control of CO૰ can greatly 
decrease the necessity for iNO, and 
since the jet delivers iNO rapidly and 
near the area of gas exchange I believe 
it is also the best way to administer this 
drug if this therapy becomes necessary." 
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One of the most insidious problems faced by clinicians ventilating 
the very small, very immature infant is air trapping. Even HFJV, 
while being the best mitigator of air trapping by virtue of being 
able to generate I:E ratios of up to 1:12, is not able to completely 
eliminate the risk of air trapping. How is the presence of air trap-
ping determined? Historically, using the measured PEEP on the 
jet and comparing to set PEEP on the conventional background 
ventilator has been used, but there are limitations to this from a 
diagnostic standpoint. As measured PEEP approaches set PEEP, 
ZH�KDYH�EHHQ�WROG�WR�VXVSHFW�DLU�WUDSSLQJ��7KLV�LV�WUXH�KRZHYHU�LW�
LV�QRW� IRROSURRI�� /HDN�DURXQG� WKH�HQGRWUDFKHDO� WXEH� �(77��PD\�
reduce the utility of measured PEEP. Also, there are so many time 
constants at play within the lung, the conducting airways, and the 
(77�LWVHOI� LW� LV� LPSRVVLEOH�WR�NQRZ�LI�DLU� WUDSSLQJ� LV�RFFXUULQJ�UH-
gionally rather than globally and the jet cannot detect gas that is 
WUDSSHG�RQ�WKH�GLVWDO�VLGH�RI�ÀRSS\��FROODSVLQJ�DLUZD\V��LW�FDQ�RQO\�
provide an average indicator of air trapping as measured at the 
GLVWDO�WLS�RI�WKH�(7�WXEH��

When a baby is on HFO, there are no measurements to predict 
IURP��DQG�FKHVW�¿OPV�DUH�WKH�VWDQGDUG�WRRO�RI�DVVHVVPHQW��&OLQL-
cally I dread chest x-rays because all too often the interpretation 
is “wean the MAP” after dutifully counting ribs without fully un-
derstanding what is actually happening within the patient. Given 
everything about micro preemies, it stands to reason that all small 
EDELHV�KDYH�DLU�WUDSSLQJ��8QIRUWXQDWHO\��ZH�FDQ¶W�EXUS�WKH�EDELHV¶�
lungs! (Actually, we kind of can with recruitment maneuvers.) An 
LQIDQW�ZKRVH�FKHVW�[�UD\�VKRZV�³K\SHULQÀDWLRQ´�RQ�UHODWLYHO\�ORZ�
MAP is gas trapping, and further reduction in MAP makes matters 
ZRUVH��7KHVH�EDELHV�DUH�VZLWFKHG�WR�+)-9�ZKHQ�DGMXVWPHQWV�WR�
+)2�DUH�LQVXႈFLHQW�WR�UHGXFH�ZKDW�,�ZLOO�UHIHU�WR�DV�LQDGYHUWHQW�
K\SHULQÀDWLRQ��7\SLFDOO\�YHQWLODWHG�DW�D�UDWH�RI�����%30�LW� LV�P\�
SUDFWLFH� WR� VHW� VWDUWLQJ� 3((3� DW� WKH�+)2�0$3��7KLV� LQFUHDVHV�
MAP on the jet 1-2 cm/H๜0 above HFO which is usually good be-
FDXVH�LQVXႈFLHQW�0$3�LV�SDUW�RI�WKH�SUREOHP��%HFDXVH�WKH�YDVW�
majority of our ventilated babies are micro preemies, it is worth 
QRWLQJ�WKDW�����EUHDWKV�SHU�PLQXWH��%30��LV�D�VWDQGDUG��GHIDXOW�
UDWH�LQ�RXU�1,&8��DOWKRXJK�VRPH�EDELHV�GR�YHU\�ZHOO�RQ�UDWHV�RI�
300 BPM, as well. Rarely is a rate of 300 BPM exceeded. It is my 
KRSH� WKDW� IXWXUH�YHUVLRQV�RI� WKH� MHW�DOORZ� UDWHV�EHORZ�����%30�
since some babies show clear signs of air trapping even at that 
ORZ�UDWH�DQG�,�(�UDWLR�RI�������,�WKLQN�WKLV�DOWHUDWLRQ�PD\�DOVR�RႇHU�
PRUH�ÀH[LELOLW\�IRU�PDQLSXODWLQJ�MHW�LQVSLUDWRU\�WLPH��7L��
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Failure/maximal settings on HFO

2QFH�+)2�VHWWLQJV�UHDFK�D�FHUWDLQ�OHYHO�WKH�PRGH¶V�HႈFDF\�GH-
FUHDVHV�DV�YHQWLODWRU\�HႈFLHQF\�GHFUHDVHV��$V�DPSOLWXGH�LQFUHDV-
es so do the inherent risks of airway instability and gas trapping. 
As a general rule, I do not allow amplitude to reach double the set 
MAP. As well, since our devices measure high-frequency tidal vol-
ume (HFVt), I will switch to HFJV as HFVt exceeds 2ml/kg and will 
not use 3 ml/kg (HFO/VG HFVt is typically 1-2 ml/kg). Because jet 
PIP is delivered above a set PEEP, there is no worry about ever 
increasing MAP to compensate for larger amplitudes and “more 
is always more.” It stands to reason that the larger Vt becomes in 
HFO, the less lung protective the mode is, and jet breaths have 
EHHQ�HVWLPDWHG�WR�EH�OHVV�WKDQ��PO�NJ�ZLWK�XS�WR�����SUHVVXUH�
attenuation at the distal airways.(3)

Pathology

While preventing CLD is the goal, infants who show early chronic 
FKDQJHV�RQ�;�UD\�DUH�XVXDOO\�VZLWFKHG�WR�+)-9��7KLV�PD\�EH�GRQH�
prophylactically when an out-born micro preemie infant is brought 
in on conventional ventilation in an attempt to mitigate an impend-
LQJ�LQÀDPPDWRU\�UHVSRQVH��$Q\�HYLGHQFH�RI�DLU�OHDN�DOVR�UHVXOWV�
in a switch because while HFO may reduce the occurrence of air 
leak; it has not been shown to improve it once there. (1) Infants 
with copious secretions may be jetted to facilitate clearance since 
the swirling motion of exhaled gas around the airway walls aids in 
bringing secretions to the trachea where it can be suctioned.

7KH� QRWLRQ� RI� ³QRQ�KRPRJHQHRXV� OXQJ� GLVHDVH´� VXJJHVWV� WKDW�
there is homogeneous lung disease; however, studies have shown 
that there really is no such animal. Be that as it may, infants with 
XQLODWHUDO�K\SHULQÀDWLRQ��RU�FROODSVH��PD\�EHQH¿W�IURP�+)-9�VLQFH�
LW�PLQLPL]HV�IXUWKHU�LQÀDWLRQ�RI�WKH�UHFUXLWHG�OXQJ�ZKLOH�PLQLPL]LQJ�
damage to the collapsed lung. Combined with positioning, con-
ventional recruitment maneuvers as discussed below may greatly 
improve this pathology.

Last but not least, there is a trend towards early or immediate use 
of HFJV in the very small infant. As was the case with HFO, we 
¿QG� WKDW�PRVW� VXE����ZHHN�JHVWDWLRQ� LQIDQWV�HQG�XS�EHLQJ� ³MHW-
WHG�´�7KHUH� LV�D�JURZLQJ�EHOLHI� WKDW�XVLQJ�+)-9� LPPHGLDWHO\�RQ�
DOO�PLFUR�SUHHPLHV�LV�WKH�EHVW�ZD\�WR�JR��7KLV�DSSOLFDWLRQ�KDV�WR�
do with the inherent risk of air trapping these infants have due 
to very small airways with attending high resistance. Because of 
the nature of HFJV breaths, inspiratory time constants related to 
conducting airways and the fragility thereof are easier to deal with 
since the breath shoots down the centre of the airway without hav-
LQJ�WR�DFWXDOO\�¿OO�WKHLU�YROXPH�¿UVW��DQG�MHW�7L�FDQ�EH�DGMXVWHG�DV�
UHTXLUHG� WR� ¿QH�WXQH� QRW� MXVW� IRU� LQVSLUDWRU\� UHVLVWDQFH� EXW� DOVR�
YDU\�WKH�FRPSRVLWLRQ�RI�0$3��,Q�P\�H[SHULHQFH�LQFUHDVLQJ�MHW�7L�
improves oxygenation/SpO๜ lability in some patients sometimes 
using lower PIP, part of the dance when using this machine. Clini-
cians are well advised to decrease rate when doing so if there is 
an apparent increase in air trapping when this is done. Because 
there is a degree of exhalation concurrent with inspiration during 

+)-9��WKH�LQFUHDVH�LQ�GLVSODFHG�JDV�PD\�Rႇ�VHW�WKH�UHGXFWLRQ�LQ�
expiratory time. And it’s hard to air trap if the air can’t get in. If gas 
trapping DOES occur, lowering jet rate can maintain an expiratory 
WLPH�VXႈFLHQW�WR�FRPSOHPHQW�WKH�EDE\¶V�H[SLUDWRU\�WLPH�FRQVWDQW�

I have not discussed settings a great deal here, and I loathe “cook-
ie cutter” recipes for ventilation. Although there is considerable 
variation between my personal practice and those recommended 
by Bunnell, Bunnell is a good starting point for reference in terms 
of jet usage. (3) For instance, it is rare for me to use conventional 
breaths for lung recruitment; perhaps because my starting PEEP 
LV�KLJK��,�¿QG�WKHP�XQQHFHVVDU\��7KLV�VWUDWHJ\�LV�DW�RGGV�ZLWK�VWDQ-
dard Bunnell guidelines, but it works. When used, I apply gentle 
UHFUXLWPHQW�VW\OH�EUHDWKV�ZLWK�D�3,3�RI�����FP+๜0 above PEEP, 
inspiratory time of 2 seconds, rate of 10 BPM, and they are used 
IRU�DV�VKRUW�D�GXUDWLRQ�DV�SRVVLEOH��$�ORZ�FRQYHQWLRQDO�UDWH��VD\���
BPM) may also work but I believe would take longer to accomplish 
the task. I do not alter jet PIP, although weaning is facilitated when 
WKH�OXQJ�LV�SURSHUO\�UHFUXLWHG��7KH�¿QHU�DVSHFWV�RI�WKHVH�EUHDWKV�
may vary between clinicians, but the general style is gaining ac-
FHSWDQFH�QRW�RQO\�ZLWKLQ�P\�RZQ�1,&8�EXW�ZLWK�RWKHU�MHW�XVHUV�DV�
ZHOO��7KHUH�DUH�RWKHU�WLPHV�WKLV�LV�GRQH�IRU�YDULRXV�UHDVRQV��EXW�
ZKHQ�XVHG�IRU�XQLODWHUDO�FROODSVH�ZLOO�XVXDOO\�¿[�WKH�SUREOHP�ZLWKLQ�
���KRXUV��<RX�KDYH�WR�OLNH�KDYLQJ�VRPHWKLQJ�¿[HG�E\�WKH�HQG�RI�
your shift! (Another teaser for a future paper if they’ll have me!)
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“Be that as it may, infants with 
XQLODWHUDO�K\SHULQÀDWLRQ��RU�FROODSVH��
PD\�EHQH¿W�IURP�+)-9�VLQFH�LW�
PLQLPL]HV�IXUWKHU�LQÀDWLRQ�RI�WKH�
recruited lung while minimizing 
damage to the collapsed lung." 


