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Fellows Column: Servo Pressure Relationship in 
High-Frequency Jet Ventilation in Neonates

Figure 2: [Adapted from Bunnell, Inc ] A conventional lung volume curve is depicted with examples of Conventional Ventilation (CV) and HFJV. As demon-
strated from left to right, when ventilating to optimize Functional Residual Capacity (FRC), tidal volumes for CV are high, beyond the limits of physiologic tidal 
volume (TV) and risking volutrauma and subsequent lung injury, (reaching the limits of Total Lung Capacity (TLC) and reducing vital capacity). 

Figure 1: [Adapted from Bunnell, Inc ] Accelerated and actively inspired gas 
travels down the center of the airway in a laminar fashion, as demonstrated 
in red. Passively expired gas then exits in an annular fashion around the 
circumference of the airway, as demonstrated in blue. 
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Introduction:

High-Frequency Jet Ventilation (HFJV) is a form of mechanical 
YHQWLODWLRQ�WKDW�ZDV�¿UVW�HVWDEOLVKHG�E\�%HUW�%XQQHOO��6F'��LQ�WKH�
ODWH�����V��7KH�+)-9�EHFDPH�)'$�DSSURYHG�IRU�XVH�LQ�QHRQDWHV�
LQ�������,W�KDV�EHHQ�VKRZQ�WR�LPSURYH�R[\JHQDWLRQ�DQG�YHQWLOD-
WLRQ� LQ� SUHPDWXUH� QHRQDWHV�ZLWK� UHVSLUDWRU\� GLVWUHVV� V\QGURPH��
EURQFKRSXOPRQDU\� G\VSODVLD�� RU� HYROYLQJ� FKURQLF� OXQJ� GLVHDVH��
DV�ZHOO�DV�LQ�QHRQDWHV�ZLWK�DLU�OHDN�V\QGURPHV�������

8QGHUVWDQGLQJ� WKH� SULQFLSOHV� WKURXJK�ZKLFK� WKH�+)-9�ZRUNV� LV�
LQWHJUDO�WR�XQGHUVWDQGLQJ�VHUYR�SUHVVXUH�DQG�LWV�YDULDELOLW\��)LUVW��
IUHVK��LQVSLUHG�JDV�DFWLYHO\�MHWV�GRZQ�WKH�FHQWHU�RI�WKH�DLUZD\�LQ�D�
ODPLQDU�IDVKLRQ��,W�GRHV�VR�DW�YHU\�KLJK�UDWHV��UDQJLQJ�DQ\ZKHUH�
IURP����²����EHDWV�SHU�PLQXWH��ESP���%\�HPSOR\LQJ�KLJK�UDWHV��
WKH�+)-9�XWLOL]HV�YHU\�VPDOO� WLGDO� YROXPHV��DSSUR[LPDWLQJ��P/�
NJ��7KH� LQVSLUHG�JDV� WUDYHOV�GRZQ� WKH�FHQWHU�RI� WKH�DLUZD\� LQ�D�
ODPLQDU�IDVKLRQ��ZKHUH�UHVLVWDQFH�WR�ÀRZ�LV�ORZHVW��,Q�GRLQJ�VR��
HႇHFWLYH�GHDG�VSDFH�YROXPH�EHFRPHV�UHGXFHG��DV�RQO\�D�SRUWLRQ�
RI� WKH�DQDWRPLF�GHDG�VSDFH� LV�EHLQJ�XVHG��7KLV�SURFHVV� UHSUH-
sents active  inhalation from the HFJV.(5-7)

)ROORZLQJ�WKLV�DFWLYH�SURFHVV��SDVVLYHO\�H[SLUHG�JDV�H[LWV�DURXQG�
WKH�FLUFXPIHUHQFH�RI�WKH�DLUZD\�ZDOOV�LQ�DQ�DQQXODU�IDVKLRQ��([-
KLODWLRQ�XWLOL]HV�WKH�SDWK�RI�OHDVW�UHVLVWDQFH��E\�PDNLQJ�XVH�RI�WKH�
³XQXVHG´�GHDG�VSDFH�SDWK��DURXQG�WKH�FHQWHU�RI�WKH�KLJKO\�DFFHO-
HUDWHG�LQVSLUHG�JDV��7KH�FXPXODWLYH�HႇHFW�IDFLOLWDWHV�PXFRFLOLDU\�
FOHDUDQFH�LQ�WKH�DLUZD\V�������������([KDODWLRQ�IURP�WKH�+)-9�LV�
SDVVLYH��DV�GHPRQVWUDWHG�LQ�)LJXUH����

7KH� DGYDQWDJH� RI� WKLV� W\SH� RI� YHQWLODWLRQ� VWUDWHJ\� LV� WKUHHIROG��
)LUVW��WKH�+)-9�DOORZV�RQH�WR�HႇHFWLYHO\�YHQWLODWH�DQG�R[\JHQDWH�
DW�ORZHU�PHDQ�DLUZD\�SUHVVXUHV�WKDQ�WKDW�UHTXLUHG�IRU�FRQYHQWLRQ-
DO�YHQWLODWLRQ��6HFRQG�� WKH�XVH�RI�VPDOOHU� WLGDO� YROXPHV�SHUPLWV�
DQ�DELOLW\�WR�XVH�KLJKHU�SRVLWLYH�HQG�H[SLUDWRU\�SUHVVXUH��3((3��
WR�RSWLPL]H�R[\JHQDWLRQ��+LJKHU�3((3�XVH�LQ�+)-9�KDV�EHHQ�DV-
VRFLDWHG�ZLWK�LPSURYLQJ�OXQJ�FRPSOLDQFH�DQG�UHGXFLQJ�YHQWLODWRU�

UHTXLUHPHQWV��)LQDOO\��ZLWK�VPDOOHU�WLGDO�YROXPHV��OXQJ�FRPSOLDQFH�
KDV� OHVV�RI�DQ� LQÀXHQFH�RQ�JDV�GLVWULEXWLRQ�ZLWKLQ� WKH� OXQJV������
�������3URJUHVVLQJ� WR� WKH� ULJKW� LQ� ¿JXUH� ��� DW� KLJKHU�3((3�� WKLV�
YROXPH�LQFUHDVHV�IXUWKHU��ZLWK�D�KLJKHU�ULVN�RI�RQJRLQJ�OXQJ�LQMXU\�
ZLWKLQ� WKH� YROXWUDXPD�]RQH�� ,Q� FRQWUDVW��ZLWK�+)-9�� WKH� VPDOOHU�
WLGDO�YROXPHV�DW�KLJKHU�UDWHV�UHPDLQ�WR�DOORZ�YHQWLODWLRQ�ZLWK�DG-
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HTXDWH�)5&�DQG�ZLWKLQ�D�SK\VLRORJLF�79�UDQJH��DOORZLQJ�XV�WR�PD-
QLSXODWH�3((3�DW�KLJKHU�YDOXHV���:LWK�KLJKHU�3((3��79�UHPDLQV�
ZLWKLQ�D�VDIH�SK\VLRORJLF�]RQH��DOORZLQJ�DGHTXDWH�YHQWLODWLRQ�DV�
ZHOO�DV�RSWLPDO�R[\JHQDWLRQ�ZLWKRXW�ULVNLQJ�WKH�YROXWUDXPD�VHHQ�
with CV. 

6HUYR�SUHVVXUH��63��LQ�+)-9�LV�WKH�GULYLQJ�SUHVVXUH�UHTXLUHG�WR�
UHJXODWH�ÀRZ��63�DXWRPDWLFDOO\�ULVHV�DQG�IDOOV�WR�HQVXUH�WKDW�WKH�
SRVLWLYH�LQVSLUDWRU\�SUHVVXUH��3,3��GLDOHG�LQWR�WKH�YHQWLODWRU�LV�GH-
OLYHUHG��GHVSLWH�FKDQJHV�LQ�D�QHRQDWH¶V�OXQJ�PHFKDQLFV��,Q�JHQ-
HUDO�� LQFUHDVHG� UHVLVWDQFH� DQG� GHFUHDVHG� FRPSOLDQFH� JHQHUDWH�
ORZHU�63��,Q�FRQWUDVW��GHFUHDVHG�UHVLVWDQFH�DQG�LQFUHDVHG�FRP-
SOLDQFH�JHQHUDWH�KLJKHU�63��������/XQJ�YROXPHV�DOVR�DႇHFW�VHUYR�

SUHVVXUH��DV�GHPRQVWUDWHG�LQ�)LJXUH����

Hypothesis:

6HUYR�SUHVVXUH�YDULDELOLW\�LQ�+)-9�KDV�QRW�SUHYLRXVO\�EHHQ�VWXG-
LHG��:H�DWWHPSWHG�WR�VWXG\�FKDQJHV�LQ�VHUYR�SUHVVXUHV�IRU�YDUL-
DEOH�FRPSOLDQFH�DW�GLႇHUHQW�SUHVVXUHV��DQG�UDWH�VHWWLQJV�LQ�D�OXQJ�
PRGHO��:H�SUHGLFWHG�WKDW�D�UHODWLRQVKLS�H[LVWV�IRU�VHUYR�SUHVVXUH�
FKDQJHV�DW�YDULDEOH�VHWWLQJV�DQG�YDULDEOH�OXQJ�YROXPHV��

Methods:

)RU� WKLV� LQYHVWLJDWLRQ�� WKH� +)-9� 0RGHO� ���� ZDV� XWLOL]HG�� /XQJ�
PRGHOV� ZLWK� GLႇHUHQW� FRPSOLDQFH� ZHUH� SUHGLFDWHG� E\� XWLOL]LQJ�

)LJXUH����>$GDSWHG�IURP�%XQQHOO��,QF�@�6HUYR�SUHVVXUH��DV�D௺HFWHG�E\�DLUZD\�UHVLVWDQFH�DQG�OXQJ�YROXPHV��2Q�WKH�OHIW��QRWH�WKDW�VHUYR�SUHVVXUH�LQFUHDVHV�DV�
DLUZD\�UHVLVWDQFH�GHFUHDVHV�DQG�RU�ZKLOH�FRPSOLDQFH�LV�KLJK�RU�OXQJ�YROXPHV�LQFUHDVH��2Q�WKH�ULJKW��QRWH�WKDW�VHUYR�SUHVVXUH�GHFUHDVHV�DV�DLUZD\�UHVLVWDQFH�
increases and/or while compliance is low or lung volumes decrease. 

“The advantage of this type of ventilation 
strategy is threefold. First, the HFJV allows 
RQH�WR�H௺HFWLYHO\�YHQWLODWH�DQG�R[\JHQDWH�
at lower mean airway pressures than that 
UHTXLUHG�IRU�FRQYHQWLRQDO�YHQWLODWLRQ��6HFRQG��
the use of smaller tidal volumes permits an 
DELOLW\�WR�XVH�KLJKHU�SRVLWLYH�HQG�H[SLUDWRU\�
SUHVVXUH��3((3��WR�RSWLPL]H�R[\JHQDWLRQ��
+LJKHU�3((3�XVH�LQ�+)-9�KDV�EHHQ�DVVRFLDWHG�
ZLWK�LPSURYLQJ�OXQJ�FRPSOLDQFH�DQG�UHGXFLQJ�
ventilator requirements. Finally, with smaller 
WLGDO�YROXPHV��OXQJ�FRPSOLDQFH�KDV�OHVV�RI�DQ�
LQÀXHQFH�RQ�JDV�GLVWULEXWLRQ�ZLWKLQ�WKH�OXQJV��
(7, 9-11)”
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VHDOHG� JODVV� ERWWOHV� DW� GLႇHUHQW� YROXPHV� �����P/� DQG� ����P/�
YROXPHV���(DFK�JODVV�ERWWOH�UHSUHVHQWHG�D�GLႇHUHQW�OXQJ�YROXPH��
)RU�WKLV�VWXG\��LW�ZDV�SUHVXPHG�WKDW�KLJKHU�OXQJ�YROXPHV�FRQWULE-
XWHG� WR� LQFUHDVLQJ�FRPSOLDQFH� IRU�HDFK� OXQJ�PRGHO���PP�KROHV�
ZHUH�GULOOHG� LQWR� WKH�ERWWOH�FDSV�RI�HDFK�JODVV�FRQWDLQHU��$�����
PP�HQGRWUDFKHDO�WXEH��(77��ZDV�VHDOHG�LQWR�WKH�ERWWOH�FDS�XVLQJ�
VLOLFRQH�JHO��ZKLFK��RQFH�GULHG��JXDUDQWHHG�QR�DLU�OHDN��7KH�(77�
ZDV� WKHQ�FRQQHFWHG� WR� WKH�(77�DGDSWHU�DQG�VXEVHTXHQWO\�FRQ-
QHFWHG�WR�+)-9��6HH�)LJXUH����+)-9�VHWWLQJV�ZHUH�DGMXVWHG��DQG�
VXEVHTXHQW�63�UHFRUGHG�IRU�HDFK�WHVW�OXQJ�PRGHO�DW�����P/�DQG�
����P/��6HWWLQJV�XVHG�LQFOXGHG�3((3�RI��������3,3�IURP�������
DW�LQWHUYDOV�RI����UDWHV�DW��������������������DQG������DQG�ZLWK�D�
¿[HG�LQVSLUDWRU\�WLPH�RI�������VHFRQGV�

$GGLWLRQDOO\�� ,QVSLUDWRU\�WR�H[SLUDWRU\� UDWLR� �,�(� UDWLR��� FKDQJH� LQ�
SUHVVXUH��'HOWD�3���DQG�PHDQ�DLUZD\�SUHVVXUH��0$3��ZHUH�DOVR�
UHFRUGHG��'DWD�VHWV�ZHUH�PDSSHG�LQ�JUDSKLFDO�IRUP�XVLQJ�6WDWLV-
WLFD��6RIWZDUH�7HFKQRORJ\��'DWD�ZHUH�PRGHOHG�WR�SUHGLFW�63�DW�
each of the settings. 

Results:

$W�WKH�����P/�OXQJ�YROXPH��UHSUHVHQWDWLYH�RI�ORZHU�OXQJ�FRPSOL-
DQFH��ZKHQ�3((3�DQG�UDWH�ZHUH�¿[HG��LQFUHPHQWDO�LQFUHDVHV�LQ�
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Figure 4: From left to right in a clockwise direction (a-d): A. HFJV connected to test lung model predicated by a glass bottle, via ETT and ETT adapter. B. Test 
lung with bottle cap sealed to ETT and connected via ETT adapter. C. Silicone gel dried in inside of bottle cap to ETT to ensure no air leak in the system. D. 
Test lung connected via ETT adapter to tubing attached to HFJV. 
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volume increases further, with a higher risk of ongoing 
lung injury within the volutrauma zone. In contrast, with 
HFJV, the smaller tidal volumes at higher rates remain to 
allow ventilation with adequate FRC and within a 
physiologic TV range, allowing us to manipulate PEEP at 
higher values.  With higher PEEP, TV remains within a safe 
physiologic zone, allowing adequate ventilation as well as 
optimal oxygenation without risking the volutrauma seen 
with CV.  

Servo pressure (SP) in HFJV is the 
driving pressure required to regulate flow. SP 
automatically rises and falls to ensure that the 
positive inspiratory pressure (PIP) dialed into 
the ventilator is delivered, despite changes in a 
neonate’s lung mechanics. In general, increased 
resistance and decreased compliance generates 
lower SP. In contrast, decreased resistance and 
increased compliance generate higher SP. (12)  
Lung volumes also affect servo pressure, as 
demonstrated in Figure 3.  

 
Figure 3: [Adapted from . . . ] Servo pressure, as affected 
by airway resistance and lung volumes. On the left, note 
that servo pressure increases as airway resistance 
decreases and/or while compliance is high or lung volumes 
increase. On the right, note that servo pressure decreases 
as airway resistance increases and/or while compliance is 
low or lung volumes decrease.  

 

HYPOTHESIS 

Servo pressure variability in HFJV has 
not previously been studied. We aatempted to 
study changes in servo pressures for variable 
compliance at different pressures  and rate 
settings in a lung model. We predicted that a 
relationship exists for servo pressure changes at 
variable settings and variable lung volumes.  

 

METHODS 

 For this investigation, the HFJV Model 
203 was utilized. Lung models with different 
compliance were predicated by utilizing sealed 
glass bottles at different volumes (150 mL and 
500 mL volumes). Each glass bottle represented 
a different lung volume. For this study, it was 
presumed that higher lung volumes contributed 
to increasing compliance for each lung model. 
4mm holes were drilled into the bottle caps of 
each glass container. A 3.5-mm endotracheal 
tube (ETT) was sealed into the bottle cap using 
silicone gel, which, once dried, guaranteed no 
air leak. The ETT was then connected to the ETT 
adapter and subsequently connected to HFJV. 
See Figure 4. HFJV settings were adjusted, and 
subsequent SP recorded for each test lung 
model at 150 mL and 500 mL. Settings used 
included PEEP of 10-15, PIP from 20-40 at 
intervals of 4, rates at 240, 300, 360, 400 and 
420, and with a fixed inspiratory time of 0.020 
seconds. 

Additionally, Inspiratory-to-expiratory ratio (I:E 
ratio), change in pressure (Delta-P), and mean 
airway pressure (MAP) were also recorded. 
Data sets were mapped in graphical form using 
Statistica® Software Technology. Data were 
modeled to predict SP at each of the settings.  
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3,3�OHG�WR� LQFUHDVLQJ�63�UDQJLQJ�IURP�����±������ZKLFK�UHDFKHG�
VWDWLVWLFDO� VLJQL¿FDQFH� �S�  � ����������:KHQ� UDWH� DQG� 3,3�ZHUH�
¿[HG�� LQFUHPHQWDO� LQFUHDVHV� LQ� 3((3� OHG� WR� IXUWKHU� VLJQL¿FDQW�
UDQJHV�LQ�63�IURP�����±������S� ������������+RZHYHU��ZKHQ�3((3�
DQG�3,3�ZHUH�¿[HG��LQFUHPHQWDO�LQFUHDVHV�LQ�UDWH�OHG�WR�RQO\�PRG-
HVW�FKDQJHV�LQ�63�WKDW�ZHUH�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW��S� ��������
6HH�)LJXUH�����

$W�WKH�����P/�OXQJ�YROXPH��UHSUHVHQWDWLYH�RI�KLJKHU�OXQJ�FRPSOL-
DQFH��ZKHQ�3((3�DQG�UDWH�ZHUH�¿[HG��LQFUHPHQWDO�LQFUHDVHV�LQ�
3,3�OHG�WR� LQFUHDVLQJ�63�UDQJLQJ�IURP�����±������ZKLFK�UHDFKHG�
VWDWLVWLFDO� VLJQL¿FDQFH� �S�  � ����������:KHQ� UDWH� DQG� 3,3�ZHUH�
¿[HG�� LQFUHPHQWDO� LQFUHDVHV� LQ� 3((3� OHG� WR� IXUWKHU� VLJQL¿FDQW�
UDQJHV�LQ�63�IURP�����±������S� ������������+RZHYHU��ZKHQ�3((3�
DQG�3,3�ZHUH�¿[HG��LQFUHPHQWDO�LQFUHDVHV�LQ�UDWH�OHG�WR�RQO\�PRG-
HVW�FKDQJHV�LQ�63�WKDW�ZHUH�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW��S� ��������
6HH�)LJXUH����

)XUWKHUPRUH�� ZKHQ� GDWDVHWV� ZHUH� PDSSHG� RXW� LQWR� JUDSKLFDO�
IRUP�� XVLQJ� 6WDWLVWLFD�� 6RIWZDUH� 7HFKQRORJ\�� SODQDU� ��'LPHQ-
VLRQDO�JUDSKV�ZHUH�IRUPXODWHG��HDFK�FDWHJRUL]HG�E\�UDWH��ZLWK�63�
GHSLFWHG�IRU�WKH�YDULDEOH�3,3�DQG�3((3��1RWH�WKDW�WKH�[�D[LV�UHS-
UHVHQWV�3,3��WKH�\�D[LV�UHSUHVHQWV�3((3��DQG�63�DUH�GHSLFWHG�RQ�
WKH� ]�D[LV�� 6HH�)LJXUH� �� ±��� IRU� VXPPDU\� JUDSKV� UHSUHVHQWLQJ�
OXQJ�YROXPHV�FRPSDULQJ�����P/�DQG�����P/��UHVSHFWLYHO\��$OVR�
QRWH�WKH�FKDQJH�LQ�FRORUV�RQ�HDFK�JUDSK�DV�WKH\�UHSUHVHQW�FKDQJ-
HV�LQ�TXDQWLWDWLYH�63�YDOXHV��IRU�HDFK�YDULDEOH�3,3�DQG�3((3�VHW-
ting.  

,Q�DGGLWLRQ�WR�PDSSLQJ�RXW�GDWDVHWV�LQ�JUDSKLFDO�IRUP��D�TXDQWLWD-
WLYH�UHODWLRQVKLS�ZDV�FDOFXODWHG�EDVHG�RQ�WKH�UHODWLRQVKLS�FKDQJ-
HV�IRU�VHUYR�SUHVVXUH�DW�HDFK�RI�WKH�VHWWLQJV�WHVWHG��7KLV�UHVXOWDQW�
FDOFXODWLRQ�IRU�VHUYR�SUHVVXUH�ZDV�JHQHUDWHG�IRU�HDFK�GDWDVHW�DQG�
VKRZQ�DERYH�HDFK�VXPPDU\�JUDSK��LQ�)LJXUHV���±�����

PEEP:

10 – 15

(10, 11, 12, 
13, 14, 15)

PIP:

20 - 40

(20, 24, 28, 
32, 36, 40)

Rate:

240 – 420

(240, 300, 
360, 400, 

420)

I-
time

(0.02 
VHF)

SERVO 
PRESSURE

P-value

)L[HG� )L[HG Incremental 
increase

)L[HG ���±���� 0.88

)L[HG Incremental 
increase

)L[HG )L[HG 0.9 – 4.7 <0.0001

Incremental 
increase

)L[HG )L[HG )L[HG 1.1 – 4.3 <0.00001

PEEP:

10 – 15

(10, 11, 12, 
13, 14, 15)

PIP:

20 - 40

(20, 24, 28, 
32, 36, 40)

Rate:

240 – 420

(240, 300, 
360, 400, 

420)

I-
time

(0.02 
VHF)

SERVO 
PRESSURE

P-value

)L[HG� )L[HG Incremental 
increase

)L[HG �����±���� 0.88

)L[HG Incremental 
increase

)L[HG )L[HG 2.1 – 9.2 <0.0001

Incremental 
increase

)L[HG )L[HG )L[HG 1.9 – 8.6 <0.00001

Figure 5: As depicted in the table above, each measured parameter from the HFJV is listed with its subsequent SP, i-time, and p-values for 150 mL lung vol-
XPH��1RWH�WKH�LQFUHDVLQJ�VWDWLVWLFDO�VLJQL¿FDQFH�WKDW�LQFUHDVHV�LQ�3,3�DQG�3((3�KDYH�RQ�63

Figure 6: As depicted in the table above, each measured parameter from the HFJV is listed with its subsequent SP, i-time, and p-values for 500 mL lung vol-
XPH��1RWH�WKH�LQFUHDVLQJ�VWDWLVWLFDO�VLJQL¿FDQFH�WKDW�LQFUHDVHV�LQ�3,3�DQG�3((3�KDYH�RQ�63���
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Figure 7: 3-Dimensional planar graphs for lung volumes at 
150 mL (left) compared to 500 mL (right) for Rate at 240 
bpm. Note the quantitative calculation for SP generated 
based on these results. 

x = PIP 
y = PEEP 
z = Servo Pressure 

Servo-Pressure (150mL) = -2.7602 + 0.1281x + 0.228y + 0.0004x² - 0.0038xy – 0.0051y² 

Servo-Pressure (500mL) = -2.2726 + 0.2007x + 0.1925y – 3.4265
E-5

x² + 0.002xy +
 

Figure 8: 3-Dimensional planar graphs for lung volumes at 
150 mL (left) compared to 500 mL (right) for Rate at 300 
bpm. Note the quantitative calculation for SP generated 
based on these results. 

Servo-Pressure (150mL) = -2.2041 + 0.1439x + 0.1073y + 0.0002x² - 0.004xy – 0.0004y² 
Servo-Pressure (500mL) = -1.4741 + 0.2033x + 0.0521y + 0.0002x² + 0.0007xy - 0.0101y² 

x = PIP 
y = PEEP 
z = Servo Pressure 

Figure 7: 3-Dimensional planar graphs for lung volumes at 150 mL (left) compared to 500 mL (right) for Rate at 240 bpm. Note the quantitative calculation for 
SP generated based on these results. 

Figure 8: 3-Dimensional planar graphs for lung volumes at 150 mL (left) compared to 500 mL (right) for Rate at 300 bpm. Note the quantitative calculation for 
SP generated based on these results. 
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Figure 9: 3-Dimensional planar graphs for lung volumes at 
150 mL (left) compared to 500 mL (right) for Rate at 360 
bpm. Note the quantitative calculation for SP generated 
based on these results. 

Servo-Pressure (150mL) = -1.7579 + 0.132x + 0.0587y + 0.0004x² - 0.004xy + 0.0018y² 
Servo-Pressure (500mL) = -2.981 + 0.2115x + 0.2956y - 0.0003x² + 0.0029xy - 0.0232y² 

x = PIP 
y = PEEP 
z = Servo Pressure 

Figure 10: 3-Dimensional planar graphs for lung volumes 
at 150 mL (left) compared to 500 mL (right) for Rate at 400 
bpm. Note the quantitative calculation for SP generated 
based on these results. 

Servo-Pressure (150mL) = -0.722 + 0.103x - 0.2936y + 0.0005x² - 0.0022xy + 0.0144y² 
Servo-Pressure (500mL) = -5.366 + 0.2344x + 0.5889y - 0.0004x² + 0.002xy - 0.0321y² 

x = PIP 
y = PEEP 
z = Servo Pressure 

Figure 9: 3-Dimensional planar graphs for lung volumes at 150 mL (left) compared to 500 mL (right) for Rate at 360 bpm. Note the quantitative calculation for 
SP generated based on these results. 

Figure 10: 3-Dimensional planar graphs for lung volumes at 150 mL (left) compared to 500 mL (right) for Rate at 400 bpm. Note the quantitative calculation for 
SP generated based on these results. 
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Discussion: 

+LJK�)UHTXHQF\�-HW�9HQWLODWLRQ�KDV�EHHQ�DVVRFLDWHG�ZLWK�VLJQL¿-
FDQW� LPSURYHPHQW� LQ� YHQWLODWRU� RXWFRPHV� ZKHQ� FRPSDUHG� ZLWK�
FRQYHQWLRQDO�YHQWLODWLRQ���������,Q�SDUWLFXODU��LW�KDV�EHHQ�IRXQG�WR�
LPSURYH� RXWFRPHV�ZKHQ� OXQJ� GLVHDVH� LV� FKDUDFWHUL]HG� E\� QRQ�
KRPRJHQHRXV�SDUHQFK\PD�������$OWKRXJK�LQLWLDOO\�XVHG�IRU�UHVFXH�
PRGH�YHQWLODWLRQ�VWUDWHJLHV��+)-9�KDV�EHHQ�VKRZQ� WR�EH�DSSOL-
FDEOH�WR�WUDQVSRUW�DQG�RWKHU�VFHQDULRV�ZKHUH�KLJK�IUHTXHQF\�YHQ-
WLODWLRQ�LV�LQGLFDWHG���������������7KHUH�DUH�FHUWDLQ�VLWXDWLRQV�ZKHUH�
+LJK�)UHTXHQF\�-HW�9HQWLODWLRQ�PD\�RXWSHUIRUP�RWKHU�RVFLOODWRU\�
GHYLFHV������7KH�HYDOXDWLRQ�RI�PHDQ�DLUZD\�SUHVVXUH��RSWLPL]LQJ�
IXQFWLRQDO�UHVLGXDO�FDSDFLW\�LV�FULWLFDO�WR�WKH�VXFFHVV�RI�WKH�PRGDO-
LW\��������6HUYR�SUHVVXUH�LV�D�PHWKRG�RI�TXDQWLI\LQJ�+LJK�)UHTXHQ-
F\�-HW�PHDQ�DLUZD\�SUHVVXUH� LQ�D�ZD\�WKDW�PD\�EH� LPSRUWDQW� LQ�
GH¿QLQJ�RSWLPDO�IXQFWLRQDO�UHVLGXDO�FDSDFLW\������������������

7KLV�VWXG\�FRQ¿UPHG� WKH�SUHVHQFH�RI�VHUYR�SUHVVXUH�YDULDELOLW\��
)RU�H[DPSOH�� ORZ� OXQJ�YROXPHV�ZHUH�DVVRFLDWHG�ZLWK� ORZHU�63��
7KLV� UHODWLRQVKLS� PD\� SRWHQWLDOO\� EH� UHSUHVHQWDWLYH� RI� WKH� SUH-
VXPHG�ORZHU�OXQJ�FRPSOLDQFH�DW�WKDW�OXQJ�YROXPH��6LPLODUO\��KLJK�
OXQJ�YROXPHV�ZHUH�DVVRFLDWHG�ZLWK�KLJKHU�63��7KLV� UHODWLRQVKLS�
PD\�DOVR�EH�EDVHG�RQ�SUHVXPHG�KLJKHU�OXQJ�FRPSOLDQFH�DW�WKDW�
KLJKHU�OXQJ�YROXPH��7KH�OLPLWDWLRQ�RI�WKLV�VWXG\�LQ�PDNLQJ�WKLV�FRQ-
FOXVLRQ��KRZHYHU��LV�WKH�SUHVXPSWLRQ�WKDW�ODUJHU�OXQJ�YROXPHV�FRU-
UHODWHG�ZLWK�ODUJHU�RU�LQFUHDVHG�FRPSOLDQFH�LQ�WKH�V\VWHP��+RZ-
HYHU��WKH�LQKHUHQW�FRPSOLDQFH�RI�D�JODVV�ERWWOH�UHPDLQV�¿[HG�DQG�
LV�QRW�G\QDPLF��7KLV�³VWDWLF�¿[WXUH´�OLPLWV�WKH�FRQFOXVLRQV�ZH�FDQ�

GUDZ�UHJDUGLQJ�FRPSOLDQFH�DQG� LWV� UHODWLRQVKLS�ZLWK�VHUYR�SUHV-
VXUH��)XWXUH�GLUHFWLRQV�IRU�D�IROORZ�XS�VWXG\�PD\�LQFOXGH�GHYHORS-
LQJ�D�WHVW�OXQJ�PRGHO�ZLWK�G\QDPLF�FRPSOLDQFH��UDWKHU�WKDQ�D�¿[HG�
FRPSOLDQFH�V\VWHP��

$QRWKHU� OLPLWDWLRQ� RI� WKLV� VWXG\� LV� WKDW� DLUZD\� UHVLVWDQFH�ZDV� D�
¿[HG�SDUDPHWHU��$�����PP�(77�ZDV�XWLOL]HG� LQ�FDUU\LQJ�RXW� WKLV�
VWXG\�� ZLWKRXW� DQ\� DSSOLHG� FKDQJHV� LQ� WKLV� DLUZD\� UHVLVWDQFH��
7KHUHIRUH��FKDQJHV�LQ�DLUZD\�UHVLVWDQFH�ZHUH�QRW�VWXGLHG�DJDLQVW�
63�YDULDELOLW\�IRU�WKLV�VWXG\��)XWXUH�GLUHFWLRQV�IRU�D�IROORZ�XS�VWXG\�
PD\�LQFOXGH�FKDQJLQJ�WKH�VL]H��DQG�KHQFH��WKH�UHVLVWDQFH�RI�WKH�
(77�ZKLOH�DVVHVVLQJ�VHUYR�SUHVVXUH�YDULDELOLW\��

Figure 11: 3-Dimensional planar graphs for lung volumes 
at 150 mL (left) compared to 500 mL (right) for Rate at 420 
bpm. Note the quantitative calculation for SP generated 
based on these results. 

Servo-Pressure (150mL) = -0.7505 + 0.1073x - 0.047y + 0.0004x² - 0.0021xy + 0.0037y² 
Servo-Pressure (500mL) = -6.0173 + 0.2565x + 0.6429y - 0.0005x² + 0.0008xy - 0.0331y² 

x = PIP 
y = PEEP 
z = Servo Pressure 

Figure 11: 3-Dimensional planar graphs for lung volumes at 150 mL (left) compared to 500 mL (right) for Rate at 420 bpm. Note the quantitative calculation for 
SP generated based on these results. 
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³$Q�LQWHJUDO�PDWKHPDWLFDO�UHODWLRQVKLS�
GRHV�H[LVW�WR�FDOFXODWH�63¶V��ZKLFK�HQDEOH�
DGHTXDWH�YHQWLODWLRQ�GHOLYHU\�DW�GL௺HUHQW�OXQJ�
YROXPHV��7KLV�PD\�EH�DSSOLHG�FOLQLFDOO\�LI�63�
FDQ�EH�PRQLWRUHG�DQG�WUDFNHG�GXULQJ�WKH�WLPH�
neonates spend on the HFJV.”
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$Q�LQWHJUDO�PDWKHPDWLFDO�UHODWLRQVKLS�GRHV�H[LVW�WR�FDOFXODWH�63¶V��
ZKLFK�HQDEOH�DGHTXDWH�YHQWLODWLRQ�GHOLYHU\�DW�GLႇHUHQW� OXQJ�YRO-
XPHV��7KLV�PD\�EH�DSSOLHG�FOLQLFDOO\�LI�63�FDQ�EH�PRQLWRUHG�DQG�
WUDFNHG�GXULQJ�WKH�WLPH�QHRQDWHV�VSHQG�RQ�WKH�+)-9��)RU�LPSHGL-
PHQWV� LQ� YHQWLODWLRQ�RU�R[\JHQDWLRQ�� L�H��� K\SHUFDSQHD��5'6��RU�
SQHXPRWKRUD[�� 63� FDQ� EH� DVVHVVHG�� DQG� YDULDEOH� VHWWLQJV� RQ�
+)-9�FDQ�EH�SUHGLFDWHG�E\�XWLOL]LQJ�WKH�FDOFXODWLRQV�REWDLQHG�IURP�
WKLV� VWXG\�� �����+RZHYHU��PRUH� H[WHQVLYH� FOLQLFDO� VWXGLHV�ZRXOG�
¿UVW�EH�UHTXLUHG�WR�HYDOXDWH�WKLV�FDOFXODWLRQ�DQG�FRQ¿UP�LWV�UHOD-
WLRQVKLS�LQ�YLYR��
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