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ABSTRACT, Objective.. Our objective was to evaluate the accu- 
racy of  a novel fiberoptic system for airway pressure measure- 
ment at the carinal end of  the endotracheal tube in an in vitro 
pediatric lung model. Methods.  A fiberoptic pressure mea- 
suring system was compared to the conventional method of  
measuring airway pressure with a pneumatic transducer using 
a test lung model. Pressure measurements were obtained using 
four endotracheal tubes of  various internal diameters (ID) (3 
to 6 mm) during simulated spontaneous and mechanical venti- 
lation. Airway pressure was measured using both methods 
simultaneously and the results were compared by statistical 
analysis. Results. Airway pressure measured by the fiberoptic 
system was not significantly different from measurements ob- 
tained by the pneumatic transducer except when using the 
3-mm and 4-mm ID endotracheal tubes during mechanical 
ventilation. Conclusions. We conclude that the fiberoptic 
system provides accurate and precise measurement of  airway 
pressure during spontaneous and mechanical ventilation. Ad- 
ditionally, the statistically significant differences obtained for 
3- and 4-mm tubes are not large enough to be clinically sig- 
nificant. The fiberoptic system offers advantages over the 
pneumatic system for measuring the airway pressure. These 
advantages include decreased chance of  false pressure measure- 
ment secondary to occlusion with water or mucous, less 
chance of  kinking, and, possibly, more rapid response to pres- 
sure changes due to the mechanical ventilator. 
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RL:SUM~. Objectifs. Evaluer in vitro, ~ l'aide d'un mod61e de 
poumon-test p6diatrique, l'exactitude d'un syst6me innovant 

fibre optique de la mesure de pressions des voles a6riennes 
l'extr6mit6 distale d'une sonde endotrach6ale. M&hodes.  

Une pression mesur& par un syst6me ~ fibre optique a 6t6 
compar& ~ la m&hode conventionnelle de mesure des pressi- 
ons des voies a6riennes avec un capteur pneumatique, sur un 
module de poumon-test. Les mesures de pression ont 6t6 ob- 
tenues en utilisant 4 sondes endotrach6ales d'un diam&re in- 
terne (DI) de 3 ~ 6 mm, pendant la simulation d'une ventila- 
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tion spontan& et m&anique. La pression des voies a~riennes 
a 6t~ mesur& en utilisant simultandment les 2 m&hodes et 
les rGsultats ont 6t6 analysGs statistiquement. R~sultats. La 
pression des voies a&iennes mesur& par le syst~me ?l fibre 
optique n'a pas ~t6 significativement diff~rente des mesures 
obtenues par le capteur pneumatique, sauf en ventilation m& 
canique lors de l'utilisation des sondes endotrach~ales de DI 
de 3 et 4 mm. Conclusions. Nous concluons que pendant les 
ventilations spontan& et m&anique, le syst~me ~i fibre optique 
donne des mesures exactes et pr&ises des pressions des voies 
a&iennes. De plus, les differences statistiquement significa- 
tives obtenues pour les sondes de DI de 3 et 4 mm ne sont 
pas assez grandes pour &re cliniquement significatives. Le sys- 
t~me ~ fibre optique offre des avantages par rapport au sys- 
t~me pneumatique pour la mesure de pression des voies 
aGriennes. Ces avantages comprennent: la diminution du ris- 
que d'avoir de fausses mesures secondaires ~ une occlusion par 
de l'eau ou du mucus, moins de risque de torsion et peut &re 
une rGponse plus rapide aux changements de pression dus ~ la 
ventilation m&anique. 

ABSTRAKT. Fragestellung. Die Beurteilung der Genauigkeit 
eines neuen fiberoptischen Systems zur in-vitro-Messung des 
Atemwegsdruckes am kranialen Ende eines Endotrachealtu- 
bus anhand des Modells einer Kinderlunge. Methodik.  Ein 
fiberoptisches Druckmessystems wurde mit der konventionel- 
len Methode der Atemwegsdruckmessung mittels pneumat- 
ischem Transducer verglichen, wobei dazu eine Testlunge 
verwendet wurde. Die Druckmessung erfolgte mit 4 verschie- 
denen Endotrachealtuben unterschiedlichen Innendurch- 
messers (ID)(3-6 mm) wlihrend simulierter spontaner und 
mechanischer Ventilation. Der Atemwegsdruck wurde bei 
gleichzeitiger Anwendung beider Methoden gemessen und die 
Ergebnisse durch statistische Analysen verglichen. Ergeb-  
nisse. Der Atemwegsdruck, der mittels fiberoptischem Sys- 
tem gemessen worden war, unterschied sich nicht signifikant 
von den Werten, die mit dem pneumatischen Transducer er- 
halten wurden, auJ3er wenn man die 3 mm und 4 mm ID- 
Endotrachealtuben wiihrend der mechanischen Ventilation 
verwendete. Schlu~folgerung.  Wir schlieJ3en daraus, daJ3 
das fiberoptische System genaue und pr~izise Werte des Atem- 
wegsdrucks w~ihrend spontaner und mechanischer Ventilation 
liefert. Zusiitzlich allerdings sind die statistisch signifikanten 
Unterschiede zwischen 3 mm und 4 mm Tuben nicht so gro[3, 
um klinische Signifikanz zu erhalten. Das fiberoptische Sys- 
tem bietet zur Atemwegsdruck-Messung einige Vorteile 
gegenfiber dem pneumatischen System. Diese Vorteile bein- 
halten: vermindertes Risiko falscher Druckmessung sekund~ir 
zu Verschlu[3 mit Wasser oder Schleim; geringeres Risiko von 
Knotenbildung und wahrscheinlich eine raschere Reaktion auf 
Druck~inderungen, die durch das Beatmungsgeriit verursacht 
sind. 

RESUMEN. Objetivos.  Evaluar la exactitud de un nuevo sistema 
fibrooptico para medir presiGn de via a&ea en el extremo cari- 
nal del tubo endotraqueal, en un modelo in vitro de pulmGn 
pediatrico. M&odos.  Un sistema fibrooptico para medir pre- 
siGn fue comparado con un transductor neum~itico, que es el 
m&odo convencional usado para medir presiGn de vh  a~rea, 
o sea, mediante un modelo in vitro del pulmGn. Las mediciones 
de presiGn fueron obtenidas usando cuatro tubos endotra- 
queales de diferentes difimetros internos (ID) (3- a 6-mm) du- 
rante ventilaciGn simulada espont~nea y mecfinica. La presiGn 
de via a~rea se midi6 usando ambos m&odos simultaneamente 
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y los resultados se compararon mediante an~lisis estatistico. 
Resultados. La presi6n de via aSrea medida por el sistema 
fibrooptico no fue significativamente diferente de las medi- 
clones obtenidas con el transductor neum~tico, excepto al usar 
los tubos endotraqueales 3-mm y 4-ram ID durante ventila- 
ci6n mec~nica. Conclusiones. Concluimos que el sistema fi- 
brooptico proporciona mediciones exactas y precisas de la pre- 
si6n de vh a~rea durante ventilaci6n mec~inica y espont~inea. 
Adicionalmente, las diferencias estatisticamente significativas 
obtenidas para los tubos de 3- y 4-ram no fueron suficientem- 
ente grandes como para alcanzar significaci6n clinica. E1 sis- 
tema fibrooptico posse ventajas sobre el sistema neum~tico 
para medir presi6n de via a6rea. Estas ventajas incluyen: 
menor probabilidad de falsas mediciones secundarias a oclu- 
si6n con agua o mucus, menos probabilidad de acodadura, y 
posiblemente respuesta m~s r~pida a los cambios de presi6n 
debidos al ventilador mec~nico. 

Airway pressure measurement has become standard for 
patients receiving ventilatory support. Clinical deci- 
sions and assessments regarding triggering pressure (the 
pressure the patient must generate to initiate a breath), 
peak inflation pressure, positive end-expiratory pres- 
sure, and pressure limit depend upon accurate and rapid 
measurement of  pressure in the airway. Multiple studies 
have demonstrated the benefit of  measuring the pres- 
sure at the tracheal, or carinal, end of  the endotracheal 
tube [1-5]. These methods depend on inserting a cathe- 
ter into the endotracheal tube or using special endotra- 
cheal tubes with side tubes incorporated. The perfor- 
mance of  air-filled catheters is, however, impaired by 
problems with mucous plugging, water accumulation, 
disconnection, and physical obstruction secondary to 
kinking of  the small monitoring tube or catheter. 

The present study evaluated the accuracy of  a novel 
fiberoptic system for airway pressure measurement at 
the carinal end of  the endotracheal tube in an in vitro 
pediatric lung model. This device has been evaluated 
and tested in both clinical and in vitro settings for intra- 
cranial and left atrial pressure measurements [6], but, to 
our knowledge, no other laboratory studies have vali- 
dated the accuracy and precision of  this device for air- 
way pressure measurement. One study evaluated the 
use of  this catheter in patients, but made no effort to 
validate the device [7]. That study did, however, find 
an excellent correlation between the airway pressures 
measured by pneumatics and those measured by the fi- 
beroptic system in the adult patient. 

METHODS AND MATERIALS 

The airway pressure was simulated using a tracheal 
model (Imatrach, Mallinckrodt, Argyle, NY), which 
was attached to a test lung (Model TTL, Michigan In- 
struments, Grand Rapids, MI). Pressures were mea- 
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Fig 1. Model used to simulate spontaneous ventilation and measure 
airway pressure. Pressure was measured with a fiberoptic probe sys- 
tem and a standard pressure transducer connected to the tracheal 
model. Both pressure signals were directed to a polygraph recorder. 
Mechanical ventilation was simulated by attaching a ventilator di- 
rectly to the endotracheal tube. 

sured simultaneously at approximately 1 cm past the 
carinal end of  the endotracheal tube using a standard 
pressure transducer (Model P23, Gould-Statham, Ox- 
nard, CA) through a side port in the tracheal model. 
The fiberoptic pressure measuring probe (Camino Lab- 
oratories, San Diego, CA) was inserted and positioned 
at the carinal end of  the endotracheal tube. Cuffed endo- 
tracheal tubes (3-, 4-, 5-, and 6-mm ID) (NCC, Mal- 
linckrodt, Argyle, NY) were alternately inserted into 
the tracheal model. Cuffed endotracheal tubes were 
used to ensure minimal leakage between the tracheal 
model and the endotracheal tube (Fig 1). To simulate 
both positive and negative deflections, pressures were 
measured during both mechanical ventilation and simu- 
lated spontaneous ventilation. Mechanical ventilation 
was achieved using a ventilator (Model 7200, Puritan- 
Bennett Corp., Overland Park, KS) to actively inflate 
the aforementioned test lung with tidal volumes rang- 
ing from 50 to 200 ml, flow rates of  15 to 20 L/min,  
and a respiratory rate of  approximately 20 breaths/min. 
Spontaneous ventilation was simulated using the same 
ventilator to deliver a sinusoidal inspiratory flow wave- 
form to one compartment of  the test lung (see Fig 1). 
The two compartments of  the test lung are connected 
by a lifting bar so that when one compartment is ac- 
tively inflated by the ventilator, the contralateral com- 
partment that simulates a lung is displaced by the same 
volume. When the ventilator cycles "off ,"  the lifting 
bar disengages and the contralateral simulated lung ex- 
hales passively (compliance of  the lung was set at 0.05 
L / c m  H20 ) [3] (see Fig 1). With this model, spontane- 
ous ventilation can be simulated by measuring pressure 
in the passively moving compartment of  the test lung. 
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Pressures were measured at a simulated spontaneous 
peak inspiratory flow rate demand of 15 to 20 L/min, 
tidal volumes of 50 to 200 mL, a respiratory rate of 
approximately 20 breaths/min, and an I:E ratio of 1:2. 
Airway pressures measured with the pressure trans- 
ducer and the fiberoptic probe were recorded on a poly- 
graph recorder system (Model 7B, Grass Medical In- 
struments, Quincy, MA). A minimum of 10 recordings 
were made at each setting and endotracheal tube size. 
No humidification system was used in the breathing 
circuit. 

Statistical Analys is  

Data were analyzed using a Mann-Whitney U-test to 
compare simultaneous measurements from the fi- 
beroptic and pneumatic transducers. Alpha was set at 
0.05 for statistical significance. 

RESULTS 

There was no significant difference between pressure 
measurements obtained with the standard pressure 
transducer and with the fiberoptic probe system under 
most conditions tested. The peak inflation pressures 
measured by the fiberoptic probe under conditions of 
mechanical ventilation using 3- and 4-mm ID endotra- 
cheal tubes were significantly higher than the pneumatic 
measurements, with a maximum difference of 2 cm 
H20 for the 3-mm tube (Fig 2). The decrease in airway 
pressure during spontaneous ventilation was not sig- 
nificantly different at any endotracheal tube size, re- 
gardless of the measurement technique. These data re- 
veal a high degree of agreement between the two 
pressure-measuring techniques. 

DISCUSSION 

Our data demonstrate that the fiberoptic probe system 
is as accurate and precise in measuring the changes in 
airway pressure as the pneumatic transducer system. 
Although statistically significant differences were noted 
for measurements using 3- and 4-mm ID endotracheal 
tubes during mechanical ventilation, the actual differ- 
ence is not clinically significant. This difference may 
simply represent a Venturi effect, which occurs because 
the entrance line attached to the pressure transducer is 
perpendicular to the endotracheal tube. As gas flows 
across the entrance, a slight decrease in pressure may be 
generated. This might explain the 0.5-cm H20 differ- 
ence observed with the 4-mm ID endotracheal tubc and 
the 1.0-cm H20 differencc observed with the 3-ram ID 
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Fig 2. (A) Peak inflation pressure (PIP) measured with a pressure 
transducer and the fiberoptic probe system with different internal di- 
ameter endotracheal tubes (ETT)  during mechanical ventilation 
(* = p < 0.05, compared to pressure transducer with the same 
size ETT) .  (B) Decrease in airway pressure measured with a pres- 
sure transducer and the fiberoptic probe system with different inter- 
nal diameter endotracheal tubes (ETT)  during spontaneous ventila- 
tion. Data are mean +- SD. 

endotracheal tube. More study is needed to determine 
with certainty the cause of these differences. 

The fiberoptic probe system has several advantages 
over a conventional air-flied catheter or a pressure- 
measuring line that is incorporated into an endotracheal 
tube and attached to a pressure transducer. First, the 
fiberoptic probe is unlikely to occlude from moisture, 
mucous plugs, or kinking. These probes are currently 
used clinically implanted in brain tissue as intracranial 
pressure monitors or on the heart as left atrial pressure 
monitors. Significant clinical experience with these 
probes has demonstrated excellent pressure monitoring 
without occlusion or kinking. Second, the fiberoptic 
catheter has a narrow outside diameter of approxi- 
mately 1 mm, and will not compromise the internal 
diameter of the cndotracheal tube. A third potential ad- 
vantage of the fiberoptic probe system is the response 
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time. While we did not measure the response time of  
the system, the manufacturer reports a response time of  
1 millisecond from pressure incurred to electronic out- 
put. A rapid response time could be useful ira fiberoptic 
probe system were used to transmit pressure data to a 
microprocessor-controlled ventilator. For example, the 
exhalation valve might be opened more rapidly at the 
onset of  a cough to prevent excessive airway pressure. 
This more rapid system could also be incorporated to 
improve the response time of  demand-flow systems 
and, thus, patient comfort. Clinical studies are needed 
to evaluate whether an airway pressure monitor with 
a rapid response time can, indeed, improve ventilator 
function. 

We conclude that the fiberoptic catheter system de- 
scribed here is as accurate and precise as conventional 
pressure transducer systems for measuring changes in 
airway pressure during mechanical and spontaneous 
ventilation under the conditions studied. 
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