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Respiratory Report:
Non-Invasive Nasal Jet Assisted Ventilation (NINJA):
A Case Study

I dedicate this column to the late Dr. Andrew (Andy) 
Shennan, the founder of the perinatal program at Wom-
en’s College Hospital (now at Sunnybrook Health Sci-
ences Centre). To my teacher, my mentor and the man 
I owe my career as it is to, thank you. You have earned 
your place where there are no hospitals and no NICUs, 
where all the babies do is laugh and giggle and sleep.
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In a previous column on non-invasive ventilation (NIV) I indicated 
there was no evidence to support these modes (with the excep-
tion of neurally activated triggering – NAVA® in NIPPV). A recent 
VWXG\�RXW�RI�&KLQD�VXSSRUWV�WKH�XVH�RI�QRQ�LQYDVLYH�+)2��1,+)2��
to decrease the rate of reintubation and CO elimination. (1) NI-
+)2�LV�D�PRGH�DYDLODEOH�WR�FOLQLFLDQV�RXWVLGH�WKH�8QLWHG�6WDWHV��
and it is used extensively in my own unit. Current oscillators in the 
U.S. are not suitable for non-invasive application.

In this column, I present a case of using the Bunnell LifePulse® 
high-frequency jet ventilator in a non-invasive mode which I have 
named and will refer to as “NINJA” (Non-Invasive Nasl Jet Assist). 
7R�WKH�EHVW�RI�P\�NQRZOHGJH��WKLV�LV�WKH�¿UVW�QRQ�LQYDVLYH�DSSOLFD-
tion of true high-frequency jet ventilation.

Overview

Maternal History and Delivery

Mom was a thirty-six-year-old gravida one para zero with a history 
of polycystic ovarian syndrome. This pregnancy had been com-
plicated by gestational diabetes requiring insulin management. A 
cerclage procedure was performed at twenty-two weeks gestation 
for a shortened cervix. Magnesium sulfate was started at twenty-
one plus one day gestational age with a fetal weight estimated 
DW�����JUDPV��0HPEUDQHV�UXSWXUHG�VSRQWDQHRXVO\�RQ�1RYHPEHU�
����������DW�������DQG�RQH�GRVH�RI�DQWHQDWDO�VWHURLGV�ZDV�JLYHQ��
Unfortunately she progressed, and footling breech presentation 
necessitated a caesarian section which was performed Novem-
EHU�����������DW�������� WKXV�JLYLQJ� LQVXႈFLHQW� WLPH�IRU�HႇHFWLYH�
steroid treatment.

Resuscitation

There was a weak cry at birth, and then no spontaneous res-
pirations, thus positive pressure ventilation (PPV) via mask and 
ÀRZ�LQÀDWLQJ�EDJ�FRPPHQFHG��7KH�LQIDQW�ZDV�RUDOO\�LQWXEDWHG�RQ�
WKH�WKLUG�DWWHPSW��WKH�¿UVW��XQDEOH�WR�YLVXDOL]H�GXH�WR�VHFUHWLRQV��
the second, vocal cords were closed, and the endotracheal tube 
would not pass, the third attempt, successful after positive pres-
sure ventilation) at six-seven minutes of life). It is our usual prac-
WLFH� WR� LQWXEDWH� QDVDOO\�ZKHQ� SRVVLEOH��$3*$56�ZHUH� �ï����ï�
DQG�ELUWK�ZHLJKW�ZDV�����JUDPV��$W�QR�WLPH�ZHUH�FKHVW�FRPSUHV-
VLRQV�UHTXLUHG��$UWHULDO�FRUG�EORRG�JDV�ZDV���������&2����+&2 

���EDVH�GH¿FLW�

Initial Management

7KH� EDE\�ZDV� SODFHG� RQ� KLJK�IUHTXHQF\� RVFLOODWLRQ� �+)2��ZLWK�
PHDQ�DLUZD\�SUHVVXUH��0$3��RI����FP+O which was decreased 
to 10, frequency of 10, amplitude of 22 which was decreased to 
16. Volume guarantee was not initially used. FiO was initially 1.0 
but decreased to 0.21 post-surfactant administration (bLES®) 
(Infrasurf® outside Canada). The baby was switched to high-fre-
TXHQF\� MHW�YHQWLODWLRQ� �+)-9��DSSUR[LPDWHO\�VL[WHHQ�KRXUV� ODWHU��
(Those interested in the ventilatory management of this baby may 
UHIHU�WR�$SULO¶V�FROXPQ�RQ�K\SHULQÀDWLRQ��
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“To the best of my knowledge, this is 
WKH�¿UVW�QRQ�LQYDVLYH�DSSOLFDWLRQ�RI�WUXH�
high-frequency jet ventilation." 
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protocol (2) due to high oxygen requirements and severe, evolv-
LQJ�FKURQLF�OXQJ�GLVHDVH��&/'����6HH�¿JXUH����%\�GD\����RI�OLIH��
WKH�EDE\�KDG�VKRZQ�D�YHU\�JRRG�UHVSRQVH�WR�WKH�'$57�SURWRFRO�
with decreased oxygen requirements, although the MAP was still 
IDLUO\�KLJK�DW���FP+O. This high pressure could not be reliably 
delivered in the team’s estimation NIV using current equipment. 
As there was a large leak around the 2.5 ETT I suggested to the 
team that the positive response to steroids should be taken ad-
vantage of, a trial extubation would also allow us to upsize the 
ETT. Various discussions had taken place regarding the use of 
+)-9�QRQ�LQYDVLYHO\�� LQFOXGLQJ� LWV� LQFOXVLRQ� LQ�DQ�XSFRPLQJ�1,9�
study using electrical diaphragmatic impedance (EDI) to assess 
work of breathing.  It was felt the mode would probably work and 
ZDV�QR�PRUH�³Rႇ�ODEHO´�WKDQ�FXUUHQW�1,9�PRGHV��EXW�ZH�KDG�QHYHU�
actually used it on one of our babies. I felt the mode could be 
more able to provide higher MAP than other NI modes, and that 
the nature of the jet breath might facilitate CO elimination similar 
WR�1,+)2�DV�ZHOO�

In the end, a serendipitous combination of team members agreed 
it was worth a try. Before proceeding I insisted on setting clear fail-
ure criteria:  increased FiO greater than 0.2 above baseline and/
or increased apneic/bradycardic/desaturation episodes above 
baseline. I also had been the primary respiratory therapist for this 
patient and had a very good relationship with the parents; hence it 
was agreed I could approach them for consent for this novel and 
hereto before untried therapy. Consent was given as was consent 
to present and/or publish results. Mom is a professional and had 
been following her baby’s management very closely. Our unit pro-
vides for parental presence at all times, and she availed herself 
RI�WKDW�SURYLVLRQ�D�JUHDW�GHDO���:KLOH�FDUHJLYHUV�PD\�¿QG�KDYLQJ�
SDUHQWV�DURXQG�DOO�WKH�WLPH��VKDOO�ZH�VD\�DQQR\LQJ��,�¿UPO\�EHOLHYH�
that above and beyond the care and technology we as caregivers 
provide, it is their presence that positively impacts outcome the 
most, and it comes without risk of any kind.)

Method

5$0��QDVDO�FDQQXODH�ZDV�FKRVHQ�DV�WKH�SDWLHQW�LQWHUIDFH��$�QD-
sal pharyngeal tube (NPT) tube was also considered and could 
have been used, but patient comfort was a factor in favouring 
5$0���7KH�FDQQXODH�ZHUH�PRGL¿HG�WR�DFFRPPRGDWH�WKH�%XQQHOO�

Life Port® adaptor as I felt there to be too much dead space and 
potential for dampening of the jet breath using other connections. 

7KH�VHW�XS�DV�XVHG�LV�VKRZQ�LQ�¿JXUH����

5DSLG�6HTXHQFH�,QGXFWLRQ��56,��PHGLFDWLRQV�ZHUH�GUDZQ�XS�SULRU�
to extubation as a precaution and in preparation for failure. The 
Life Port® adaptor was connected to the jet and conventional ven-
tilator circuit as usual, and as when used with an ETT provided 
consistent jet breath pressures.

Initial parameters were:

-HW�UDWH������ MHW�3,3���FP+O (increased to 30), Jet inspiratory 
WLPH� RI� ������ VHFRQGV�� 3((3� RI� ��FP+O, and FiO 0.35. No 
conventional breaths were used. These settings showed a result-
LQJ�0$3�RQ�WKH�MHW�YHQWLODWRU�PRQLWRULQJ�VHFWLRQ�ZDV������FP+O. 
There was an initial bradycardic episode with desaturation when 
the ETT was removed, but the infant recovered well. (It took those 
at the bedside a bit longer to do so!)

The “NINJA” experience

Figure 3 shows the baby on NINJA, sleeping comfortably with no 
signs of respiratory distress. The team was also surprised to dis-
cover no air in the baby’s stomach given the high pressures used 
and feeding continued via nasal gastric tube during the time on 
NINJA. 

Failure criteria were met after about six hours. This was very grad-
ual and uneventful, with a few bradycardic/desaturation episodes 
near the end. The infant appeared to be so comfortable the fellow 
in charge suggested we continue and simply accept higher FiO. 
I rejected that suggestion since we were already operating in un-
charted waters and I did not want the baby’s course to be set back 
by allowing further deterioration. I do not like to use high FiO on 
very premature infants in general, and increasing oxygen require-
ments are a sigh of derecruitment. A blood gas done while on 
NINJA was similar to those done while the baby was jet ventilated. 

Figure 2: The set up
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5H�LQWXEDWLRQ�XQGHU�56,�ZDV�TXLFN��DQG�D�����(77�ZDV�VXFFHVV-
fully inserted nasally. Within hours of being re-intubated FiO and 
ventilator parameters returned to pre-extubation baseline; hence 
we were assured this foray into the ventilatory unknown did not 
KLQGHU� WKH� EDE\¶V� SURJUHVV�� �+DG�ZH� QRW� DGKHUHG� WR� SUH�GHWHU-
mined failure criteria that might not have been the case).

5HWURVSHFWLRQ

Later bench testing revealed the settings chosen for this baby 
were delivering less MAP than indicated on the jet, as best as 
I could tell using the equipment available to me. As well, replac-
LQJ�WKH�SUHVVXUH�OLQH�FRQQHFWRUV�ZLWK�RQHV�WKH�¿W�RYHU�WKH�5$0��
cannula and suction wye rather than inside them delivered a 
0$3� �� FP+O higher. The slight decrease in diameter causes 
enough resistance to decrease delivered pressure, but holding my 
hand in front of the nasal prongs, I could feel the pulse of the jet 
breaths quite well. I suspect the slightly lower MAP delivered to 
WKH�EDE\�ZDV� WKH�SULPDU\� UHDVRQ� IRU� IDLOXUH��DQG� WKH�HႈFDF\�RI�
the jet breaths was responsible for the lack of spells until near the 
end. At that, higher MAP was realized than with other modes we 
currently utilize.

Implications for the future

I am currently tasked with drafting guidelines for “NINJA” use in 
our unit, and there is the possibility of testing this modality using 
EDI in a study proposed for the near future. While a single patient 
LV�KDUGO\�VXႈFLHQW�HYLGHQFH�WR�UHFRPPHQG�WKH�PRGH��RXU�H[SHUL-
HQFH�VXJJHVWV�WKDW�WKLV�PD\�EH�D�VDIH�DQG�YLDEOH�PRGDOLW\�WR�RႇHU�
infants requiring high MAP but would otherwise be candidates for 
NI support.

Gastric distention commonly referred to as “CPAP belly” is a 
FRPPRQ�SUREOHP�ZLWK�1,9��7KH� UHVXOWDQW�GLႈFXOW\� WKHVH�EDELHV�
VRPHWLPHV�KDYH�WROHUDWLQJ�IHHGLQJ�PD\�RႇHU�DQ�RSSRUWXQLW\�WR�XVH�
NINJA at pressures currently thought of as high while avoiding 
CPAP belly, given the lack of gastric air present during NINJA with 
this baby.

As the Bunnell LifePulse® is available to clinicians in the U.S., it 
PD\�EH�D�ZD\�WR�RႇHU�D�PRGH�HTXLYDOHQW� WR�1,+)2�WR�WKHLU�SD-
tients provided settings are high enough to satisfy patient needs 
at the nasal interface. Further bench testing with more sophis-
ticated equipment than is available to the writer would help de-
termine settings required to deliver corresponding pressures to 
the patient, but lack thereof should not, in my opinion, dissuade 
clinicians from “winging it” at the bedside. Bear in mind delivered 
pressures will increase as cannulae diameter increases, however, 
delivered pressures will be considerably lower than indicated by 

Figure 3: "NINJA" baby! Jet and conventional circuit interface lower left
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the jet monitoring section. It is good practice to extubate to the last 
UHFRUGHG�0$3��QRW�3((3���,W�LV�P\�H[SHULHQFH�WKDW�5$0�FDQQXODH�
DOVR�UHGXFHG�GHOLYHUHG�SUHVVXUH�E\�DW�OHDVW��FP+O. This should 
be taken into consideration as well when setting parameters.

Epilogue

%\�GD\�RI�OLIH����������ZHHNV�FRUUHFWHG�JHVWDWLRQDO�DJH��WKH�EDE\�
KDG�EHHQ�VXFFHVVIXOO\�H[WXEDWHG�DQG�ZDV�RQ�&3$3�RI���FP+O 
YLD�5$0���SUDFWLFDOO\�QRWKLQJ���ZLWK�)L2�������/RZ�ÀRZ�R[\JHQ�
was started shortly thereafter, and the baby went home on oxy-
gen.

$W�GLVFKDUJH��FOLQLFDO�¿QGLQJV�ZHUH�DV�IROORZV��D�SDWHQW�IRUDPHQ�
ovale with small secundum atrial septal defect; a moderate to 
large unrestrictive ductus arteriosis; mild pulmonary hypertension 
and accompanying right ventricular hypertrophy with mildly de-
creased right ventricular systolic function; pulmonary stenosis.

The baby received home oxygen and was followed by cardiology 
DQG�UHVSLURORJ\�DW�6LFN�.LGV�KRVSLWDO�LQ�7RURQWR��DQG�WKH�R[\JHQ�
ZDV�ZHDQHG�Rႇ�D�IHZ�PRQWKV�ODWHU�ZLWK�WKHLU�DSSURYDO��7R�GDWH��
no surgical procedures have been required. There have been a 
IHZ�DGPLVVLRQV�WR�WKH�KRVSLWDO��EXW�,�EHOLHYH�¿JXUH���UHTXLUHV�QR�
further explanation
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“It is good practice to extubate to the 
last recorded MAP (not PEEP). It is my 
experience that RAM cannulae also 
reduced delivered pressure by at least 
2cmH૰0. This should be taken into 
consideration as well when setting 
parameters." 
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Still a Preemie? 

Jaundice Feeding issues Respiratory 
problems

Born between 
34 and 36 weeks' 
gestation?

Just like preemies born much earlier, 
these “late preterm” infants can face: 

Born preterm
at a “normal” 
weight?

And their parents, like all parents 
of preemies, are at risk for 
postpartum depression and PTSD. 
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Some preemies are born months early, at extremely low 
birthweights.They fight for each breath and face nearly 

insurmountable health obstacles. 

But that’s not every preemie’s story.

Though these babies look healthy, 
they can still have complications 
and require NICU care.

Born preterm 
but not admitted 
to the NICU?

But because some health plans 
determine coverage based on a 
preemie's weight, families of 
babies that weigh more may 
face access barriers and 
unmanageable medical bills.

Some Preemies All Preemies
Will spend weeks 
in the hospital

Will have lifelong 
health problems

Are disadvantaged 
from birth

Face health 
risks

Deserve appropriate 
health coverage

Need access to 
proper health care

Even if preterm babies 
don't require NICU care, 
they can still face health challenges.
Those challenges can extend through 
childhood, adolescence and even 
into adulthood.


