APENDICE A: GLOSARIO DE TERMINOS USADOS FRECUENTEMENTE EN
ESPIROMETRIA

ATPS: Las letras son las iniciales en el idioma inglés de “temperatura ambiente y presion
saturada con vapor de agua” (Ambient Temperature and Pressure Saturated with water vapor).
Los volimenes medidos directamente por el espirdbmetro basado en volumen (y sin conversion a
BTPS) estan en condiciones ATPS.

ATS: La Sociedad Americana de Térax (The American Thoracic Society) promueve la mejoria
de la espirometria mediante el uso de sus recomendaciones.

BTPS: Las letras son las iniciales en el idioma inglés de “temperatura corporal y presién
saturada con vapor de agua (Body Temperature and Pressure Saturated with water vapor). Un
volumen de gas se va a comprimir al enfriarlo. El volumen de gas exhalado de los pulmones a un
espirometro, se va a contraer debido a que los pulmones se encuentran mas calientes que el
espirometro. De esa manera, es necesario ajustar los valores registrados con un factor de
conversion BTPS, para determinar el volumen real de aire exhalado antes de sufrir una
contraccion. Este factor corrige el volumen de aire saturado con vapor de agua a la temperatura
del cuerpo para varias temperaturas de los espirometros.

CAPACIDAD PULMONAR TOTAL (CPT): La suma de la capacidad vital y del volumen
residual.

CAPACIDAD VITAL (CV): La maxima cantidad de aire que puede ser exhalada después de de
una inspiracion profunda maxima. Es la suma del volumen corriente, del volumen de reserva
espiratorio y del volumen de reserva inspiratorio. Puede ser medida durante la inhalacién o
durante la exhalacion.

CAPACIDAD VITAL FORZADA (CVF): El maximo volumen de aire que puede ser exhalado
de manera forzada, después de una inspiraciéon méaxima. NOTA: La capacidad vital (VC) es la
cantidad de aire que puede ser exhalada por un individuo después de tomar la mayor cantidad de
aire, independientemente si ese aire es exhalado de manera forzada (CVF) o lentamente (CV).

COMPLACENCIA O DISTENSIBILIDAD (COMPLIANCE): Representa la cantidad de
presion necesaria para incrementar o disminuir el volumen de los pulmones. Los pulmones con
enfisema tienen una distensibilidad elevada, mientras que los pulmones con enfermedad
pulmonar intersticial tienen una distensibilidad baja.

CURVA FLUJO/VOLUMEN (FLOW/VOLUME LOOP): Un trazado de la velocidad del flujo
(sobre las “y”, o eje vertical) contra volumen (sobre las “x”, o eje horizontal), obtenido de una
maniobra espiratoria forzada después de una inhalacion maxima.

ELASTICIDAD (ELASTIC RECOIL): La propiedad de los pulmones de regresar a su situacion
de reposo. La elasticidad natural del pulmén durante la espiracion. *

ENFERMEDADES PULMONARES OBSTRUCTIVAS: Enfermedades que reducen el flujo
de los pulmones. Entre estas enfermedades se incluyen asma, bronquitis cronica y enfisema.

ENFERMEDADES PULMONARES RESTRICTIVAS: Enfermedades que reducen la
capacidad de los pulmones para expandirse plenamente, pero que no necesariamente afectan el
flujo de aire. La asbestosis y la silicosis, dos de las enfermedades restrictivas mas frecuentes

1 N del T la tendencia del pulmén a desinflarse.
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dentro de las enfermedades ocupacionales, son causadas por el depdésito de tejido fibroso en el
pulmon.

ESPIROGRAMA: Un solo trazo o grafica que registra las maniobras respiratorias. Se expresan
estas graficas como trazos volumen/tiempo o flujo/volumen, dependiendo del espirémetro usado.

ESPIROGRAMA ACEPTABLE: Una maniobra espiratoria forzada, después de una inhalacion
maxima, que esta libre de titubeos o falsos inicios, de tos, de un final prematuro, de un esfuerzo
variable o de errores de linea de base. Se deberan obtener tres maniobras aceptables antes de
evaluar la variabilidad excesiva.

ESPIROMETRO: Un instrumento para medir los volimenes pulmonares y las velocidades de
flujo. Las dos principales clases de espirometros comprenden los que detectan volimenes y los
que detectan flujos.

ESPIROMETRO DE FLUJO: Un tipo de espirometro que mide qué tan rapido el aire se
mueve hacia adentro o hacia fuera de los pulmones. Los espirdmetros de flujo son habitualmente
mas pequefios que los espirometros de volumen. Los ejemplos incluyen el neumotacografo, el
anemometro de alambre caliente y el de turbina.

ESPIROMETRO DE VOLUMEN: Un tipo de espirémetro que registra la cantidad de aire
inhalado o exhalado dentro de cierto tiempo. Ejemplos de este tipo son los espirdmetros de sello
de agua, de sello seco y los instrumentos de fuelle.

ESTUDIOS LONGITUDINALES: Informacion obtenida del mismo individuo o grupo de
individuos, a intervalos regulares, sobre un periodo extenso de tiempo. Los valores de las Gltimas
pruebas son comparados con los resultados de las previas pruebas del grupo.

EXACTA: Una medicion que se encuentra muy cercana al valor verdadero o que se encuentra
libre de errores. En términos practicos, una medicion que se encuentra dentro de un rango
predeterminado del verdadero valor de la medicidn.

EXTRAPOLACION RETROGRADA (BACK EXTRAPOLATION): El método para
determinar el tiempo cero de un espirograma, y que es particularmente importante cuando el
punto exacto de inicio de la maniobra espiratoria forzada no resulta obvio. Ya que el VEF; se ve
afectado por el punto en la gréafica que se selecciona como el inicio, se debe usar un método
uniforme para determinarlo.

FACTOR DEL INSTRUMENTO: En ciertos espirémetros de sello de agua, se refiere a la
constante que indica el volumen de desplazamiento por milimetro del movimiento vertical de la
campana.

FEF25.7506: Flujo meso-espiratorio forzado (mid forced expiratory flow) medido desde el punto
en el cual se logra el 25% de la CVF, hasta el punto donde se alcanza el 75% de la CVF (durante
el segmento medio de la CVF). Se abrevia como MMEF, MMFR o0 MMF.

FIN DE LA PRUEBA: El punto durante la maniobra espiratoria forzada cuando se alcanza la
meseta.

LLN: El limite inferior (lower limit of normal) de lo normal es el valor por abajo del cual
solamente 5% de la poblacion “normal” de referencia debera tener valores observables. El valor
especifico del LLN es dependiente de la poblacion de estudio y de los métodos usados para
derivar los valores de referencia. EI LLN debera estar disponible en la fuente de valores de
referencia.
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MANIOBRA ESPIRATORIA FORZADA: La maniobra basica y fundamental de la
espirometria, y en la cual el sujeto toma aire de la manera mas intensa posible, y lo expulsa a
través de una boquilla tan fuerte y rdpido como pueda. Se le denomina también como maniobra
de capacidad vital forzada.

MEJOR CURVA: Un espirograma aceptable que tiene la suma mas grande del VEF; y la CVF.

PRECISO: Capaz de dar resultados consistentes y reproducibles en sucesivas ocasiones. Un
espirometro que no esta adecuadamente calibrado puede producir resultados precisos pero que no
son exactos.

PUNTO DEL TIEMPO CERO: En la medicion del VEF, es el punto que sefiala el inicio de la
prueba y se obtiene usando una extrapolacion retrograda.

REPRODUCIBILIDAD: La capacidad de una prueba, de obtener el mismo resultado de un
individuo cuando la prueba se repite en varias ocasiones. La reproducibilidad se determina
verificando los excesos de variabilidad entre los dos valores mayores para la CVF y el VEF;,
obtenidos de tres espirogramas calificados como aceptables.

RESISTENCIA AL FLUJO DE AIRE: La facilidad con la cual el aire puede pasar a través de
las vias aéreas. El numero, la longitud y el diametro de las vias aéreas, determinan la magnitud
de la resistencia que existe.

SINERGISMO: Ocurre cuando el efecto combinado de dos 0 mas sustancias es mayor que la
suma de los efectos de cada sustancia.

TIEMPO ESPIRATORIO: El tiempo requerido por un sujeto para expulsar su mayor volumen
(CVF). Por motivos de control de calidad, el tiempo espiratorio total es el tiempo desde el
comienzo de la exhalacion, hasta el final de la maniobra espiratoria del sujeto. Como regla
nemotécnica, el tiempo espiratorio total debera ser mayor de 6 segundos.

TRAZO DE TIEMPO REAL (REAL TIME TRACING): Un espirograma que se genera
conforme se lleva a cabo la maniobra espiratoria forzada.

VALORES NORMALES ESPERADOS: Valores esperados de varios volumenes pulmonares
y velocidades de flujo, obtenidos de sujetos sanos no fumadores. Los valores estan ajustados para
el sexo, la edad, la talla y la raza.

VEF1/CVF (expresado como proporcién o porcentaje): Es el volumen espiratorio forzado en
un segundo, expresado como porcentaje de la capacidad vital forzada. Se trata de la fraccion del
total que se exhala en el primer segundo. Es el indice de la velocidad del flujo aéreo espiratorio.
Se calcula utilizando el VEF; mayor obtenido y la CVF mayor obtenida, ain cuando ambas
mediciones no sean de la misma curva. Un VEF1/CVF% disminuido se asocia con una
obstruccion de la via aérea.

VERIFICACION DE LA CALIBRACION: (CALIBRATION CHECK). Determinacion
periddica de la capacidad del espirometro para realizar mediciones exactas de volumen y tiempo
(y de flujo, si resulta apropiado).

VOLUMEN CORRIENTE, VOLUMEN TIDAL (TIDAL VOLUMEN, TV): El volumen de
aire inhalado o exhalado durante una respiracion tranquila y normal.
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VOLUMEN DE RESERVA ESPIRATORIA (VRE). La méaxima cantidad de aire exhalado de
una manera forzada, después de una inspiracion y una espiracién normal.

VOLUMEN DE RESERVA INSPIRATORIO (VRI): La maxima cantidad de aire inhalado de
manera forzada, después de una inhalacién normal.

VOLUMEN ESPIRATORIO FORZADO EN UN SEGUNDO (VEF,): El volumen de aire
exhalado durante el primer segundo de la maniobra espiratoria forzada. Se le puede también
considerar como el flujo promedio durante el primer segundo de la maniobra de la CVF.

VOLUMEN EXTRAPOLADO: El volumen que fue determinado por una linea perpendicular,
desde el punto de tiempo cero, hasta el punto donde intercepta la curva de la CVF El volumen
extrapolado debe ser menor de 150 ml (para una CVF menor de 3 L), o menor de 5% (para
aquellas CVF mayores de 3 L), para que el trazo se considere apropiado. Un volumen
extrapolado elevado se debe a un comienzo lento o un titubeo al inicio de la maniobra.

VOLUMEN RESIDUAL (VR): La cantidad de aire que permanece en los pulmones después de
una exhalacion completa. Este volumen no se puede medir en una espirometria.

2 N del T, el volumen espirado en el tiempo cero.
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APENDICE B. UNA REVISION SOBRE RIESGOS PULMONARES OCUPACIONALES
Tipos de riesgos pulmonares

Los contaminantes pulmonares ocupacionales se presentan de muchas formas. Algunos pueden
verse, olerse o sentirse como irritantes en la nariz o la garganta. Sin embargo, otros solamente
pueden detectarse con equipo especializado. La exposicion a corto plazo de muchos toxicos
puede causar un dafio agudo inmediato. Sin embargo, la mayoria de los contaminantes requieren
de exposiciones repetidas a lo largo de meses o afios para causar un dafio permanente o una
enfermedad. El impacto de los riesgos pulmonares se ve influenciado por la contaminacion
ambiental en general, por la edad, el h&bito de fumar, el estado nutricional, asi como otros
factores menos comprendidos como los factores geneticos y el estrés.

Muchos procesos de trabajo generan varios contaminantes al mismo tiempo. Las consecuencias
sobre la salud de estos riesgos pueden ser simplemente aditivas, o peor, pueden ser sinergistas.
De esa manera, es esencial conocer los materiales y procesos utilizados en un lugar de trabajo,
para poder evaluar, monitorear y controlar los riesgos pulmonares potenciales. Esta mas alla de
los objetivos de esta guia el cubrir las medidas de control para dichos riesgos. Sin embargo, hay
que resaltar que la mayoria de las exposiciones ocupacionales a riesgos generados en el aire del
ambiente, pueden eliminarse o reducirse en una gran medida por medio de controles de
ingenieria, como es el caso del mejoramiento de la ventilacion, las practicas adecuadas de trabajo
y el uso de equipos personales de proteccién como los respiradores adecuadamente
seleccionados. Refiérase a Fundamentos de Higiene Industrial para una revision de las medidas
de control (41).

Generalmente se utilizan dos enfoques para categorizar los riesgos pulmonares ocupacionales. El
primer enfoque, utiliza un punto de vista médico para clasificar los riesgos de acuerdo a su
impacto en el tracto respiratorio. En esta instancia, todos los riesgos que causan efectos similares
se agrupan juntos, independientemente si estos riesgos comparten o no similitudes. El segundo
enfoque, utiliza un punto de vista de la higiene ocupacional, para agrupar a los riesgos de
acuerdo a sus propiedades comunes y los métodos por los cuales son generados. Ambos
enfoques se describen a continuacion:
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Riesgos clasificados de acuerdo a su impacto en el tracto respiratorio

ASFIXIANTES:

Asfixiantes simples:

Ejemplos:

Asfixiantes guimicos:

Ejemplos:

IRRITANTES:

Ejemplos:

Gases que disminuyen el oxigeno de los tejidos del organismo.

Gases inertes que fisioldgicamente desplazan al oxigeno en la sangre y a
altas concentraciones causan sofocacion.

Nitrogeno, metano, argon, neon, helio

Gases que interfieren con la capacidad del organismo de utilizar oxigeno
(Ej. al fijarse con la hemoglobina o al prevenir las reacciones quimicas
necesarias para utilizar el oxigeno en las células).

Monoxido de carbono, compuestos de cianuro, arsénico

Sustancias que irritan las vias respiratorias condicionando una
constriccion de las vias aéreas. Pueden provocarse sintomas asmaticos,

disnea, edema pulmonar o infecciones.

Cloro, acido clorhidrico, acido fluorhidrico, amoniaco, flUor, diéxido de
sulfuro, fosgeno, dxidos de nitrégeno, ozono.

PRODUCTORES DE FIBROSIS: Sustancias que causan cambios fibraticos (cicatrices) en los

Ejemplos:

ALERGENOS:

Ejemplos:

CARCINOGENOS:

Ejemplos:

tejidos asociandose con enfermedades restrictivas.

Asbesto, berilio, silice, polvo de carbdn, asi como otros polvos
organicos e inorganicos.

Sustancias que inducen una respuesta alérgica caracterizada por
broncoconstriccion. Esto puede ocurrir, inclusive, si en exposiciones
previas no se han producido efectos adversos.

Isocianatos, esporas de hongos, formaldehido, caspa animal.

Sustancias que pueden causar cancer.

Asbesto, humo de cigarrillo, cromo, uranio, arsénico, emisiones de
hornos de coque.
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Riesgos clasificados de acuerdo a sus propiedades

Aunque algunos contaminantes pueden no afectar de manera adversa al pulmon, es a través de él
que se puede entrar al torrente sanguineo y dafiar otros 6rganos, o alterar la capacidad de
transporte del oxigeno. Estos tipos de efectos sobre la salud no son detectables a través de una
espirometria. Sin embargo, los riesgos que producen estos efectos se incluyen, para mostrar la
manera en la cual los contaminantes respirables pueden producir dafio al organismo.

La informacion presentada abajo se adaptd de una_Introduccion a las Enfermedades Pulmonares

Ocupacionales (44).

POLVOS
Polvos minerales:

Fuentes:

Efectos en la salud:

Polvos organicos:

Fuentes:

Efectos en la salud:

Polvos y fibras minerales formados a partir de piedras, rocas y pozos.
Como ejemplos se incluyen el asbesto, los cristales de silice y el polvo
del carbon.

Labores de mineria, construccion de tuneles, explosiones, fundiciones,
moliendas y trabajos en molinos, etc.

La mayoria son inertes y no se descomponen o se disuelven facilmente.
Se acumulan en el pulmén una vez que han saturado los mecanismos de
depuracién propios del pulmon. Pueden conducir a neumoconiosis,
bronquitis cronica, enfisema, complicaciones cardiacas y, asimismo,
pueden iniciar otros procesos como fibrosis o cancer. Se asocian con la
clase de enfermedades pulmonares ocupacionales fibréticas llamadas
Neumoconiosis.

Son polvos que se forman a partir de material vivo u organico (vgr.
microorganismos, plantas y animales) o productos naturales como la
lana o el cuero.

Productos de las plantas (vgr. algodén, madera, granos de cereal,
especias, granos de café, etc).: labores de sembradio, de cosecha,
almacenamiento, transporte o procesamiento (moliendas, corte de fibras,
hilado etc). Manejo de animales: excretas, pelambres, plumas, etc.

Habitualmente no se acumulan, pero si se disuelven o se fragmentan.
Pueden causar reacciones de hipersensibilidad como el asma
ocupacional, la bisinosis (por algodon) o neumonitis por
hipersensibilidad. Pueden conducir a una enfermedad pulmonar
obstructiva permanente, o a una fibrosis pulmonar difusa. Ciertos polvos
de madera se han asociado también con cancer.
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Fuentes:

Efectos en la salud:

HUMOS:

Fuentes:

Efectos en la salud:

Polvos quimicos:  Agentes quimicos sintéticos que vienen en forma de
polvo (vgr. pesticidas, agentes farmacéuticos, colorantes, agentes
blanqueadores, detergentes, pinturas, etc).

Durante su proceso de manufactura, secado o empaquetamiento; durante
su preparacion para usarlos, aplicarlos, secarlos, o como resultado de su
contacto con el ambiente, como es el caso de pinturas en las paredes
exteriores, etc.

Va a depender de las propiedades toxicas de los quimicos especificos.
Algunos de ellos son irritantes o alergenos, otros tienen un efecto
caustico y pueden causar quemaduras quimicas. Algunos son toxicos
para las células y los tejidos. Algunos penetran al cuerpo a través del
pulmon y pueden causar cancer del pulmén o de otros sitios del cuerpo.

Particulas sélidas muy pequefias que se forman cuando vapores calientes
(habitualmente a partir de metales o polimeros) se enfrian rapidamente y
se condensan. Al mismo tiempo se pueden desprender gases toxicos. En
los pulmones, los humos actdan como los polvos de material muy fino.

Procesos de calentamiento a temperaturas muy elevadas (Ej. Soldaduras,
fundiciones, trabajos en calderas).

Es dificil evaluar el impacto de los materiales en forma individual ya
gue generalmente se presentan varios riesgos al mismo tiempo. Pueden
generar fiebre por humo de metales o polimeros, enfisema y cancer
pulmonar.

NOTA: el humo no se suele clasificar aparte ya que es una mezcla de
gases y particulas sélidas.

NIEBLAS Y AEROSOLES: Gotas liquidas suspendidas en el aire o en otro gas disipador o

Fuentes:

Efectos en la salud:

GASES:

propelente.

Utilizados ampliamente en la industria, especificamente para aplicar
sustancias en superficies dificiles de alcanzar o sustancias que pueden
dafar la piel si se aplican con la mano (Ej. productos de limpieza,
pesticidas, pinturas, productos cosméticos, removedores de material
oxidado, etc. También productos generados por otros procesos como los
aceites lubricantes en las maquinarias).

Mientras mas fino es el aerosol, mas profunda es la penetracion en los
pulmones. Los efectos dependen del material que se esta dispersando, la
concentracion y la temperatura. Los efectos pueden ir desde quemaduras
quimicas en los pulmones, hasta varias formas de cancer.

Fluidos que se expanden llenando el espacio que los contiene. Pueden
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Fuentes:

Efectos en la salud:

VAPORES:

desplazarse rapidamente desde el punto donde se originan. Muchos de
ellos son altamente inflamables o explosivos al mezclarlos con aire, y
también pueden ser quimica y fisiol6gicamente reactivos. Algunos de
ellos son transparentes y sin olor.

Reacciones quimicas naturales (Ej. metano de zonas carboniferas,
Oxidos de nitrogeno de silos de fermentacion, sulfuro de hidrégeno y de
metano a partir de trabajos en el tratamiento de aguas negras).
Reacciones quimicas artificiales (Ej. a partir de procesos industriales,
ozono de la contaminacion, asi como interaccion de productos de
limpieza como el amoniaco y los blanqueadores a base de cloro). En el
medio industrial, se pueden emitir gases durante los procesos de
manufactura, manipulacion o transporte de los mismos si no se toman
medidas de proteccion. También se pueden producir gases durante
procesos de calentamiento a altas temperaturas (Ej. soldaduras,
fundiciones, calderas, secado de hornos, quemaduras, o la combustion
accidental de ciertos materiales sintéticos).

Los gases fisiologicamente inertes (Ej. metano y nitrégeno) pueden
causar sofocacion al desplazar al oxigeno (asfixiantes simples). Otros
interfieren con la utilizacidn del oxigeno (Ej. mondxido de carbono y
cianuro) (asfixiantes fisioldgicos).

Gases que son inmediatamente irritantes (Ej. amoniaco, bromo, didxido
de sulfuro, cloro). Una exposicion intensa, de manera subita, a este tipo
de gases, puede causar una severa irritacion que queme los pulmones o
cierre la traquea. La exposicion a bajos niveles puede causar
constriccién de las vias aéreas y agravar enfermedades pulmonares
preexistentes.

Gases que no son inmediatamente irritantes (Ej. fosgeno y éxidos de
nitrégeno): Estos gases penetran de una manera profunda en los
pulmones causando edema pulmonar y otras complicaciones serias, sin
producir sintomatologia del tracto respiratorio superior.

Gases carcinogénicos (Ej. gases radioactivos, carbonilo de niquel,
cloruro de vinilo). Los canceres generados por estos gases toman
habitualmente varios afios para desarrollarse y puede ser dificil rastrear
la causa exacta. El cancer puede estar ubicado fuera del pulmon.

El término técnico para denominar a la forma gaseosa de un liquido que
siempre se encuentra sobre la forma liquida. VVa a ocurrir un mayor
grado de vaporizacion conforme la temperatura del liquido alcance su
punto de ebullicién. Los vapores afectan el pulmén de manera similar a
los gases. La principal diferencia entre los vapores y los gases es que los
vapores se encuentran siempre sobre los liquidos de donde se forman,
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Fuentes:

Efectos en la salud:

RADIACION:

Fuentes:

Efectos en la salud:

mientras que los gases no se encuentran siempre asociados con formas
liquidas.

Sustancias inorganicas: La mayoria de ellas tienen puntos de ebullicion
muy altos y no se evaporan a temperatura ambiente. Habitualmente no
se asocian con enfermedad pulmonar. Vapores organicos: Muchos de
ellos se evaporan a temperatura ambiente. Habitualmente se les utiliza
como solventes (cetonas, hidrocarburos aromaticos, alcoholes, acetatos).

Muchos vapores organicos penetran al organismo a través de los
pulmones. Aunque los pulmones no se dafian, puede ocurrir dafio
excesivo en otros rganos como es el caso de lesion cerebral y del
sistema nervioso central, edema pulmonar, y traqueobronquitis
(mercurio y compuestos relacionados). Reacciones de hipersensibilidad
(cloruro de polivinilo), cancer (benceno y compuestos relacionados).

Las radiaciones no ionizantes incluyen las ondas electromagnéticas (Ej.
infrarrojas, ultravioleta, microondas, laser, radar y de radiofrecuencia).
La radiacion ionizante incluye a los rayos alfa, beta y gamma, particulas
de neutrones y rayos-X.

Mineria en pozos radioactivos. Se usan también en medicina, material de
guerra, plantas de energia, en la industria (Ej. equipos eléctricos de alta
energia, laser, microondas y radares).

Las ondas electromagnéticas no parecen lesionar al pulmon a menos de
que la energia sea suficiente como para causar quemaduras térmicas. Sin
embargo, pueden causar dafios en los 0jos. Las radiaciones ionizantes
dafan los tejidos humanos y pueden conducir a varias formas de cancer,
incluyendo céncer de pulmon.

RIESGOS BIOLOGICOS: Bacterias, virus, hongos, ricketsias, clamidias y parasitos.

Fuentes:

Efectos en la salud:

Instituciones de salud, asilos y guarderias, sistemas de ventilacion con
un mal mantenimiento, laboratorios de investigacién biomédica, sitios
de crianza de animales y procesamiento de sus productos.

Dependen del tipo de riesgo. Pueden ir desde alergias menores e
infecciones respiratorias, hasta enfermedades fatales del sistema
nervioso central y canceres. En algunos casos se disponen de vacunas.
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APENDICE C. REVISION DE LA ENFERMEDAD PULMONAR OCUPACIONAL
A. Algunas de las enfermedades pulmonares que muestran un patron obstructivo

Asma ocupacional

El asma ocupacional esta causada por la exposicion repetida a ciertos contaminantes del aire
ambiental, los cuales traen como resultado una sensibilizacion, conduciendo a una respuesta
alérgica crénica. En las exposiciones subsecuentes, el masculo liso de los conductos respiratorios
va a generar un espasmo Yy oclusion de las vias aéreas. También se produce un moco excesivo,
que viene a agravar mas el problema al producir tapones en las vias aéreas. Los sintomas mas
frecuentes son la tos, las sibilancias y la disnea. Una gran variedad de agentes sensibilizantes
puede inducir los ataques. Estos pueden ocurrir en personas que son esencialmente normales y
gue quedan sensibilizadas, o en individuos con historia previa de alergias o de asma durante la
infancia. (Ciertos agentes como los disocianatos son irritantes y sensibilizadores de tal potencia,
que causan reacciones respiratorias en la mayoria de los individuos.) Los trabajadores pueden, en
ocasiones, relacionar sus sintomas asmaticos a una exposicion especifica, o al menos a una zona
especifica de su sitio de trabajo. En muchos casos, sin embargo, los sintomas comienzan después
del turno laboral y ceden para la mafiana siguiente.

Sindrome de disfuncion de vias aéreas reactivas ~-SDVAR (Reactive Airways Dysfunction
Syndrome - RADS)

El Sindrome de disfuncion de vias aéreas reactivas se parece al asma, pero se debe a mas de un
irritante que a un estimulo alergeno. Los individuos con SDVAR van a sentir una obstruccion al
flujo del aire a niveles de exposicion mucho mas bajos de los que producirian una respuesta en
un individuo no afectado.

Un caso particular de SDVAR lo constituye una respuesta exagerada al aire frio. Se sabe que en
los asmaticos pueden iniciarse sus ataques por este aire frio. Otros sujetos sin historia conocida
de asma, pueden desarrollar broncoconstriccion y dificultad respiratoria al exponerse al aire frio,
ya sea en el trabajo o durante el ejercicio. Al retirarse de la exposicién, los sintomas ceden,
generalmente en el transcurso de 1 a 2 horas.

Enfisema

La exposicion cronica a sustancias irritantes, fundamentalmente al cigarrillo, puede causar
enfisema. Estas exposiciones llevan a la destruccion de la elasticidad de los bronquios mas
pequefios. Cuando la presién en el térax comienza a incrementarse con el inicio de la exhalacion,
estos bronquios se pueden colapsar, atrapando el aire adentro. Como resultado, los sacos de aire
permanecen parcialmente expandidos. La disnea es un problema permanente y el intento de
respirar mas rapido o méas profundamente, provoca solamente que mayor cantidad de aire quede
atrapado adentro. Frecuentemente los pulmones quedan distendidos, generando la configuracién
del cuerpo de un “térax en tonel”. La enfermedad es progresiva y el dafio al corazon es una
complicacion frecuente.

GUIA DE NIOSH SOBRE ENTRENAMIENTO EN ESPIROMETRIA APENDICE C-1



Bronquitis crénica

La bronquitis cronica es causada por infecciones a repeticion o por la exposicion a irritantes
como los humos y los polvos (incluyendo polvo de madera y fibras minerales), aerosoles de
aceite, gases como el ozono y el didxido de nitrogeno, el humo de cigarrillo y la exposicion al
fuego (como en la profesion de bombero). Hay inflamacién, edema y un aumento en la
produccion de moco, predisponiendo a la infeccion cronica bacteriana en las vias aéreas
pequefias taponadas con moco. Los sintomas incluyen la disnea y una tos persistente y
productiva.

B. Algunas de las enfermedades pulmonares que muestran un patron restrictivo

Neumoconiosis

Las tres principales clases de neumoconiosis en los Estados Unidos son la asbestosis, la silicosis
y la neumoconiosis de los trabajadores del carbén (Enfermedad de los pulmones negros). Las
neumoconiosis son unas de las enfermedades ocupacionales pulmonares mejor conocidas, sin
embargo, durante mucho tiempo, en las cortes judiciales, se dudo de su existencia y se rehusaban
a considerarlas como enfermedades sujetas a indemnizacion. Las principales causas de
neumoconiosis son polvos inorganicos y fibras, con particulas menores de 5 micras. A las
particulas de ese tamafio se les denomina “particulas respirables”. Ya que estas particulas son
invisibles, es posible estar expuesto sin saberlo. Sin embargo, muchas de las exposiciones mas
intensas se acompafiaban de particulas de tamafio mayor, lo que daba una imagen de “polvo” en
aire del ambiente de estas industrias.

La patologia del pulmdn es la de una fibrosis, esto es, un depdsito de tejido fibroso entre los
alvéolos, lo cual interfiere con la expansion normal del pulmén. La fibrosis puede tomar dos
formas: nodular y localizada alrededor de los bronquios (peribronquial) (caso tipico de la
silicosis), o intersticial (entre los alvéolos) y difusa (caso tipico de la asbestosis). Con una
exposicién continua, la fibrosis aumenta, conduciendo a disnea, tos persistente, y, en estadios
avanzados, a insuficiencia cardiaca. Las neumoconiosis son practicamente siempre enfermedades
de origen ocupacional y son objeto de indemnizacion.

Neumonitis por hipersensibilidad

La neumonitis por hipersensibilidad se denomina también como alveolitis alérgica extrinseca. La
enfermedad ocurre principalmente en los alvéolos y en los bronquiolos terminales, en respuesta a
polvos organicos asociados con profesiones especificas. En algunos casos el agente detonante es
un hongo, como en el caso del pulmon del granjero (Farmer lung disease) y la bagasosis. En
otros casos se trata de proteinas de origen animal (como en el caso de los criadores de pajaros o
la enfermedad de los peleteros) o proteinas vegetales (como la neumopatia de los cafetaleros).
Estos trabajadores desarrollan una enfermedad aguda con tos, disnea, habitualmente sin
sibilancias, pero si acompafiada de fiebre y escalofrios. En su primera aparicion se pueden
confundir con un cuadro de influenza o un cuadro gripal. Una vez que los trabajadores han
quedado sensibilizados, pueden responder a dosis muy pequefias de alergenos. El liquido se
acumula en los alvéolos interfiriendo con la capacidad de difusion del oxigeno. La finalizacion
de la exposicién va a permitir que se resuelva la fase aguda a lo largo de un periodo de 1-2
semanas. Sin embargo, las exposiciones recurrentes pueden producir una enfermedad crénica
con fibrosis intersticial y disnea severa.
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Enfermedad granulomatosa

Los granulomas son respuestas inflamatorias que ocurren como reaccion a las infecciones (Ej.
tuberculosis) o a las toxinas. Hay un desplazamiento de grandes células inflamatorias que
comienzan a acumularse alrededor del punto de exposicion. Mas tarde, hay migracién de tejido
fibroso que va a rodear el sitio, produciendo una masa globular que se puede observar bajo el
microscopio. La beriliosis es el mejor ejemplo de enfermedad pulmonar ocupacional de esta
clase.

Otras condiciones de salud

Varias condiciones preexistentes pueden causar patrones restrictivos. Estos incluyen el
embarazo, la obesidad, ciertas anormalidades anatomicas, asi como la cirugia toracica y
abdominal. Aunque estas condiciones no son inducidas de una manera ocupacional, se les
menciona debido a que su impacto se debe tomar en cuenta al revisar los resultados de las
espirometrias.

C. Algunas de las enfermedades pulmonares que muestran patrones obstructivos o
restrictivos

Neumonias

Las neumonias pueden tener un efecto restrictivo debido a la acumulacion de liquido y células
inflamatorias en los alvéolos (semejante a una alveolitis), o un efecto obstructivo debido a la
acumulacién de células alrededor de los bronquios (neumonia bronquial). Las neumonias pueden
aparecer como parte de un proceso toxico, o mas frecuentemente, debido a una infeccion. La
enfermedad ocupacional de origen infeccioso ocurre fundamentalmente en trabajadores de la
salud, empleados de asilos y guarderias, y en personas que trabajan con animales. Los agentes
causantes pueden ser bacterias, virus, hongos y otros microorganismos. En muchos casos estas
enfermedades se acomparian de fiebre y escalofrios.

Neumoconiosis

Aunque las neumoconiosis son primariamente enfermedades restrictivas, en los casos avanzados
el tejido fibroso puede extenderse hasta el arbol traqueobronguial causando también sintomas
obstructivos.

Cancer pulmonar ocupacional

El cancer pulmonar se caracteriza por una masa creciente de células que prolifera de manera no
controlada. El habito de fumar es la causa mas importante y tiene un efecto sinergista con
algunos otros carcindgenos ocupacionales. Algunos estudios epidemioldgicos han mostrado tasas
mas frecuentes de cancer pulmonar en individuos expuestos de manera repetida a: bis-clorometil
éter, alquitran de hulla, volatiles de alquitran, gas mostaza, arsénico, asbesto, radio, petroleo,
cromatos, y uranio. EI cAncer pulmonar es particularmente insidioso, ya que es frecuente que los
sintomas no aparezcan hasta en una etapa muy tardia para cualquier intervencion médica.
Dependiendo de donde es que vaya a crecer el tumor(es), en las etapas tardias puede causar
patrones obstructivo o restrictivo.
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APENDICE D. PROGRAMAS DE VIGILANCIA RESPIRATORIA

Los ambientes laborales donde los trabajadores estan expuestos de manera potencial a riesgos
pulmonares, deberan tener un programa de vigilancia respiratoria. Aunque las enfermedades
pulmonares no son las enfermedades ocupacionales mas frecuentes, frecuentemente resultan
significativas debido a su severidad. El gasto humano y econémico debido al asma ocupacional,
las neumoconiosis (asbestosis, enfermedad de los pulmones negros, silicosis, etc.) y el cancer
pulmonar ocupacional son muy grandes. Estas enfermedades son causas significativas de
morbilidad, incapacidad, retiro prematuro y muerte. Aln mas, estas enfermedades son del todo
prevenibles una vez que se reconocen sus causas. De esa manera, el reconocimiento de los
riesgos asociados con la enfermedad pulmonar ocupacional debe tener una alta prioridad.

De manera idonea un programa de vigilancia respiratoria tiene cuatro objetivos primarios:

1. Reducir el sufrimiento humano y el impacto econémico de la enfermedad ocupacional. La
prevencion como la deteccion temprana y el tratamiento son menos costosos tanto para la
compariia como para la sociedad, que la productividad reducida, las indemnizaciones al
trabajador, los litigios, las primas de seguro mas caras y los gastos médicos.

2. Detectar las enfermedades pulmonares ocupacionales y no ocupacionales en sus etapas mas
tempranas es decir cuando hay mayor probabilidad de disminucién a la exposicion. Por
ejemplo, la deteccion temprana y la remocion de alergenos presentes, reduce la posibilidad
de un dafio permanente para los individuos con asma ocupacional.

3. Identificar condiciones de trabajo riesgosas para que de esa manera se lleven a cabo las
modificaciones de higiene industrial. De manera ideal esto no deberia ser necesario. Sin
embargo, la salud ocupacional no es una ciencia exacta. Conforme se aprende cada dia mas
acerca de la relacion entre las exposiciones y la enfermedad, se puede encontrar que los
estandares de proteccion resulten ya anticuados. Ademas, algunos individuos desarrollan
enfermedad pulmonar ocupacional con niveles de exposicion por debajo de aquéllos
considerados seguros.

4. Establecer como parametro de referencia la situacion actual del funcionamiento respiratorio
de los nuevos empleados e identificar dafios pulmonares preexistentes en los candidatos para
el trabajo, de manera que se les pueda ubicar en puestos donde no se ponga en riesgo su
salud. Por ejemplo, un puesto de trabajo que requiere el uso de un respirador, puede no ser lo
mas apropiado para alguien con enfisema (45).

La espirometria juega un papel importante en el programa de vigilancia respiratoria. La
espirometria es portatil, segura tanto para el sujeto como para el técnico, no invasiva, barata y
reproducible. Con un personal capacitado y con experiencia, resulta también relativamente facil
de realizar. Sin embargo, como se discutié ya anteriormente, los resultados de las pruebas
espiromeétricas deben ser evaluados dentro del contexto de otra informacion médica para superar
sus limitaciones. Los programas de vigilancia respiratoria deberan contener al menos los
siguientes elementos programados de manera regular:
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1. Una historia clinica detallada, haciendo énfasis en el habito de fumar, enfermedades
pulmonares previas asi como sintomas respiratorios actuales.

2. Una detallada revision de los antecedentes laborales, haciendo énfasis en potenciales
exposiciones ocupacionales a riesgos pulmonares y en el uso de respiradores. Se deberan
también investigar las potenciales exposiciones relacionadas con los pasatiempos y los
empleos de medio tiempo.

3. Una exploracion fisica completa, haciendo énfasis en la exploracion torécica.

4. Radiografias de térax (Rayos-X) cuando esten justificadas. Es importante interconsultar con
radiélogos que tengan un adiestramiento especializado en los datos radiolégicos de las
enfermedades ocupacionales, como es el caso de los intérpretes tipo B (B-readers). Se trata
de médicos adiestrados y certificados por NIOSH para interpretar radiografias de torax, con
la finalidad de detectar evidencias de neumoconiosis.

5. Espirometria.

Un programa de vigilancia respiratoria debe interactuar con un programa de higiene industrial
que sea capaz de identificar y controlar riesgos pulmonares potenciales, que pueda supervisar el
entrenamiento con respiradores y realizar actividades de evaluacion.

La frecuencia con la cual se debe usar la espirometria para monitorizar a los trabajadores va a
depender de los niveles de exposicion y de la severidad del dafio potencial. Sin embargo, al igual
que con cualquier otro estudio médico, uno debe tener una razon justificable para realizar la
espirometria, asi como lineamientos para interpretar las pruebas y decidir sobre los resultados.

La vigilancia médica, por si misma, debe usarse de manera conjunta con un monitoreo ambiental
y un control de ingenieria para limitar, en la medida de lo posible, la magnitud de la exposicion.
En este contexto, la vigilancia médica es en realidad un procedimiento de control de calidad,
disefiado para detectar si la exposicion excesiva estd ocurriendo a pesar de las medidas de control
establecidas en el puesto.

Una vez que se han descartado factores técnicos para explicar un descenso en los valores de la
funcién pulmonar, si se detectan anormalidades o si se detecta una reduccion de la funcién
pulmonar, comparada con estudios previos, se debera hacer un esfuerzo para identificar la causa.
Si la causa es una exposicion en el sitio de trabajo, se deberan tomar las medidas necesarias para
reducir la exposicion y prevenir mayor dafio a los pulmones de la persona. No resulta ético
utilizar la espirometria para detectar a trabajadores con lesion pulmonar ocupacional, sin
complementar esto con medidas para reducir la exposicion, o si la informacidn es utilizada como
motivo de despido.
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APENDICE E. EL ESTANDAR DEL “COTTON DUST” DE LA OSHA

Apéndice D de 29CFR1910.43 Estandares del funcionamiento pulmonar para los
estandares del Cotton Dust

Las mediciones espirométricas de la funcion pulmonar deberan cumplir con los minimos
estandares descritos a continuacién. Estos requisitos no impiden que se lleven a cabo estudios
adicionales 0 métodos alternativos que puedan considerarse superiores.

. Aparato.

a.

El instrumento debera tener una exactitud entre + 50 ml o dentro del + 3% de la lectura,
cualquiera que resulte mayor de estos dos valores.

El instrumento debera ser capaz de medir la capacidad vital de 0 a 7 litros BTPS.

El instrumento debera tener una baja inercia y ofrecer poca resistencia al flujo de aire, de
una manera en que dicha resistencia al flujo de aire de 12 litros por segundo, sea menor
que 1.5 cm H,0/ (litros/segundo).

Para los propositos de medir el tiempo del VEF,, el punto cero debera ser determinado al
extrapolar, de manera retrégrada, la mayor pendiente de la curva volumen-tiempo, hasta
el maximo volumen inspiratorio (1, 2, 3, 4), o por un método equivalente.

Los instrumentos que incorporen mediciones del flujo aéreo para determinar el volumen,
deberan ajustarse al mismo grado de exactitud de volumen que se sefiala en el inciso (a)
de esta seccion, cuando el rango de flujo sea de 0 a 12 litros por segundo.

El instrumento, o el operador del instrumento, deberan tener los medios para corregir los
valores de los volimenes a la temperatura del cuerpo saturada con vapor de agua (BTPS),
bajo aquellas condiciones donde las temperaturas ambientes del espirbmetro y las
presiones barométricas sean variables.

El instrumento utilizado deberéa generar un trazo impreso, o en pantalla, de las relaciones
flujo versus volumen, o del volumen versus tiempo durante toda la maniobra espiratoria
forzada. Este trazo, o su imagen, son necesarios para determinar si el paciente ha
ejecutado la prueba de manera adecuada. El trazo debe poder ser almacenado y estar
disponible para revisiones; asimismo, debera tener el suficiente tamafio para que se
puedan hacer mediciones manuales con los requerimientos sefialados en el inciso (a) de
esta seccion. Si se hace una impresion en papel, éste debera tener una velocidad de al
menos 2cm/seg y una sensibilidad al volumen de al menos 10.0 mm de la trama, por litro
de volumen.

El instrumento deberé ser capaz de acumular el volumen por un minimo de 10 segundos,
y no debera terminar de acumular este volumen antes de (1) que el cambio de volumen en
un intervalo de 0.5 segundos sea menor de 25 mililitros, o (2) el flujo sea menor de 50
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mililitros por segundo, en cada intervalo de 0.5 segundos.

I. Las mediciones de la capacidad vital forzada (CVF) y el volumen espiratorio forzado en
1 segundo (VEF;), deberan cumplir con los requisitos de exactitud sefialados en el inciso
“a” de esta seccidn. Esto quiere decir que deberan ser medidos con una exactitud dentro
de £ 50 ml o dentro de un £ 3% del valor, cualquiera que sea el mayor valor.

J.  Elinstrumento debe tener la capacidad de poder ser calibrado en las zonas de trabajo, en
relacion a la CVF y al VEF;. Esta calibracion del VEF; y de la CVF puede ser realizada
directamente, o indirectamente a través de mediciones de volumen y tiempo. La fuente de
calibracion del volumen debera poder ofrecer un desplazamiento de volumen de al menos
2 litros y debera tener una exactitud dentro de + 30 mililitros.

Il. Técnica para la medicion de la maniobra de la capacidad vital forzada

a. Se recomienda, pero no es indispensable, el uso de un clip nasal. Se debera explicar el
procedimiento al paciente en un lenguaje simple. Asimismo, se le indicara que se afloje
cualquier prenda de vestir que esté ajustada y que se ponga de pie frente al aparato. El
sujeto puede sentarse pero se debera ser cuidadoso para que en ese caso, las pruebas
repetidas se hagan en la misma posicion, y de ser posible, con el mismo espirémetro. Se
debera poner particular atencion para asegurarse de que el mentén esté ligeramente
elevado y el cuello ligeramente extendido. Se deberd instruir al paciente para realizar una
inspiracion profunda a partir de un patrdn respiratorio basal y después de eso, que lo
expulse tan fuerte, rapido y completo como le sea posible. Se deberan realizar por lo
menos tres maniobras espiratorias forzadas. Durante éstas, se debera vigilar que el
paciente siga las instrucciones. Se deberan verificar de manera visual los trazos de
volumen-tiempo o flujo-volumen para verificar la reproducibilidad. Se consideraran
inaceptables las maniobras cuando el paciente:

1. No haya logrado una inspiracion completa antes de la espiracion forzada.
2. No haya ejecutado un esfuerzo maximo durante toda la espiracion forzada.

3. No haya continuado la espiracién por al menos 5 segundos, o hasta que haya ocurrido
una meseta evidente en la curva de volumen-tiempo.

4. Haya tosido o cerrado la glotis.

5. Tenga una boquilla que lo obstruya o una fuga alrededor de ella (obstruccion debido a
que se haya colocado la lengua frente a la boquilla, o por el movimiento de dientes
postizos frente a la misma boquilla, etc.)

6. Haya tenido un inicio de espiracion no satisfactorio, uno que se haya caracterizado
por titubeos (o falsos comienzos), y que por lo tanto impida la extrapolacion
retrograda del tiempo 0 (el volumen extrapolado del trazo de volumen-tiempo debe
ser menor del 10% de la CVF).
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7. Haya tenido una excesiva variabilidad entre las tres curvas aceptables. La variacion
entre las dos mayores CVF y los dos mayores VEF;, a partir de tres trazos
satisfactorios, no debera exceder el 10 por ciento o = 100 mililitros, cualquiera que
resulte mayor.

8. Se debera llevar a cabo una calibracion periddica de rutina del instrumento o del
método usado para registrar la CVF y el VEF;. Se debera hacer ésta, utilizando una
jeringa u otra fuente de volumen de por lo menos dos litros.

I11. Interpretacion del espirograma

a.

El primer paso al evaluar un espirograma va a ser determinar si el paciente ha ejecutado o
no la prueba de manera adecuada como se describe en la seccion Il, mas arriba. Se
deberan medir y registrar la capacidad vital forzada (CVF) y el volumen espiratorio
forzado en 1 segundo (VFF1) a partir de los tres trazos satisfactorios. Se deberan usar
tanto la CVF como el VEF; mayores, independientemente de la curva de la cual provenga
cada uno.

Se recomiendan los siguientes lineamientos por parte de NIOSH para la evaluacion y
manejo de los trabajadores expuestos al polvo de algodon. Es importante sefialar que los
empleados que muestren una reduccion de la proporcion VEF:/CVF, por debajo de 0.75,
o reducciones en el VEF; del dia lunes, del 5% o mayores con relacion al examen inicial,
deberan volver a ser examinados con un mes de diferencia. Aquéllos que muestren una
disminucion consistente en la funcion pulmonar, como se muestra en la siguiente tabla,
deberan ser manejados de acuerdo a las recomendaciones.

V. Calificacion del personal que realiza la prueba

Los técnicos que realizan la prueba a los trabajadores deberan tener el conocimiento basico que
se requiere para obtener resultados significativos. El curso de adiestramiento de
aproximadamente 16 horas debera cubrir las siguientes areas. Las personas que completen y
pasen el curso van a ser certificadas por OSHA u otra institucién incorporada.

a.

Fisiologia basica de la maniobra de la capacidad vital forzada y los determinantes de las
limitaciones del flujo aéreo, haciendo énfasis sobre la reproducibilidad de los resultados.

Requerimientos del instrumental incluyendo los procedimientos de calibracion, fuentes
de error, asi como su correccion.

Realizacion de la prueba incluyendo el asesoramiento que se le dé al sujeto evaluado, la
capacidad para reconocer aguellas maniobras llevadas a cabo de manera inapropiada, y
las sugerencias para corregirlas.

Resultados de calidad con énfasis en la reproducibilidad.

Uso préctico del equipo bajo condiciones supervisadas.
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f.  Mediciones de los trazos y célculos de los resultados.

2. La parte 1928 del Titulo 29 del Cédigo Federal de Regulaciones (Union Americana) es
corregido afadiéndole un nuevo parrafo(a) (5) a la seccidén 1928.21, que se lee como sigue:

Seccidn 1928.21. Estandares aplicables en CFR 29, parte 10.
(a) * * *
(5) Exposicion al polvo del algodon en limpiadoras de algoddn - Seccion 1910.1046.

(Secciones 6,8, 84 OBSERVACIONES 1593, 1599(29 u.s.c. 655,657): Orden de la Secretaria

del Trabajo (Union Americana) 8-76 (41 FR 25059); CFR 29 parte 1911)
[Documento FR. 78-17233, archivado el 6-19-78; 11.53 am]
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The first American Thoracic Society (ATS) Statemeant on the Sran-
dardization of Spirometry was pabliched 15 yr age and was based
on the Snowbird Workshop hedd in 1979 (1). This inftial scate-
men? was updated in March 1987 (2) after & yT of practical =
perience with the initial racommendations. The state of the ant
of spirometry has continusd to advance as a result of scientific
studies thar have provided additional data relating to performance
of spiromerry. The use of computers for spiromenty measure-
ment has become even more commeonjplacs, New statements by
the ATS {}) 1ad the European Respiratory Socety (4) also ud-
derscare the meed 1o wpdare the ATS statement on spirometry.
This revision of the zandards for spiromery reflects the changes
in clipical emphasis and in available techoology sines the 1987
ATS spitometry update {2) was published. The changes in clini-
¢al erophasis and equipment inchude
* The sttong emphasis on thes use of portible peak Flow meters
¢ moniter lung function in asthmaries by the National Heart,
Lung, and Blood [nstitute’s Asthma Education Program (%),
the International Asthma Management Project (6), the Briz-
ish Theracic Society (7Y, and others,
+ The cormeponding development of mary new mode] peak flow
| menitoring devices, sams parely mechanical and some eles-
wronic
= A berter understanding of the complexities of cormecting spire-
metric values to £1F4 conditipns.
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+ A greater appreciation of the imponance of the wehnicians
and procedures in achieving good spirometric tesulis.

* Aqnjncreased conesrn abour the risk of transmission of infec-
tious diseases during pulmonary function resting

W have retponded ro these changes by:

a Separating the standards for laboratory of diagnestic spirom-
erers from those of devices designed to be used primanly as
monikors.

» Adding BTPS Iesting [0 the testing of spirometers.

* Adding a section on performancs of slow vital capacity.

¢ Strengthening and updating the procedural aspects of qualiry
control, incleding ap appendix with sample spircgrams.

¢ Adding a section on hygiens and infecion conirol.

A ceniral poal of any guideline or standardizarion dotument
is 1o improve performance and thus decrease the variability of
laboratory esiing 1o 1979 (1}, and again in 1987 (2}, the percep-
tign was that the major source of variability was instrumenta-
tion. More recsnrly, instrumentation has improved o a point
whert other sources of variability can be idemnfisad, in parrioa-
lar, procedural problems. o 1991, the ATS Statemen? on Lung
Function Testing: Seiection of Reference Values and Inierpreta-
tion Strategies {3) stated: “The largest single source of within.
subjecy variability is improper performance of the est.” More
recenthy, Enright and coworkers (8) have shown a positive im-
pact of an extensive gquality control program oo spirometric
resulis, As a consequence, there is an effort in the present state-
ment 1o address issues of [ast performancs and quality control.

The ATS stat=ments on standardization of spirometry have
‘had far-reaching effects on manufacturers and users of spirom-
erzrs. In some cases, manufacrueers have used the documen: as
2 mintmum performance requirement document. We continue
1o be concerned with thi approach and encourage manufachirers
1o seek excellends in design so that the state of the an for spirom.
etess will exeeed ATS recommendations. Some research protocolr
will necessitate even mare sTingent requirements than nated bere

Spirometry is a medical test thar measures the volume of air
an individual inhales or exhales as 2 funcion of time Flow, o7
the rat# at which the volume is changing as a functiom of Lime,
may aso be measured with spirometry. Spirometry, lke the mes-
sarement of biood pressure, is a useful sereen of generat heaith,
Like the simple measurement of blood prewsare, it does oot suf-
fice in certam situations where mome SXTencIve 1eing & warmnted.
Spirometric results correlase well with morbidity and Life expes-
tancy. Spiromerry is nsed to affect decisions about individual pa-
tisnts, including the naimre of the defec, its severity, and the re-
sponst 10 therapy. Table 1 Hz1s some of the porential indicxtions
for spirometry.

Resulis from tests based on spircmetric maneovers can have
an important effect on & person's lifestyle, standsrd of Living,
and furure treatroent {10). Similariy, acourawe and preass spirom-
erers zre required for epidemiologic studies. Rates of improve.
ment ot detericration of pumenary funcrion measured in rels-
1ion 1o environmental exposures and/gr persgnal charaCETistics
mey be erroneous if inaceutars spirometsrs are used or less sen-
sirive if Imprecise spiromeners are used (11),

Maximizing the clinical usefuines of spiromerry depends on
2 number of steps, moging from squipment sslection 1o mterpre-
tation, and wrimarely invobwes clinical asessment. Figure | is
a fiow diagram of these steps

The firsi step is establishing equipment performance crikeria.
The Snowbird Workshop (13, 1957 Updarte (2}, and this updare
Eive recommendations for equipment used for spifomedTy.

The second step in The process imvolves validation that the
spiromessr design mees the minimuwr recommeadarions through
the testing of a representative device. Dermiled methods for pet-
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TABME 1
IHOICATIONT FOR SMROMETIO™

Dragnostic
To evabluate syrptoms, signs, of abnormad labormtory berg
=Sprrpanms; dyspned, Whesnng, ornopne), cough, phisgm produdtson,
chest pain
—Signs: Qimmidd Dresth wunds, cverinfabon, EERIATR Uowang,
cvanegis, Chest garborrmaty, unerplasnd crBciag
=atngrmgl labaratory hest: hypossmia, hypercagnia, Mﬁm
abnormal ot Ediogrphs
To measure the +McT of dissksr o8 pmonary tunction
To screwn ingividudls 4L ek of Rdving puimonary diseases
Rl ]
— il ™ Gocupations with tapciene 1 injuroul Jubrtanme
—Lonm POUTIMe Peyical R TunLn iy
To ame1s preopectitive ik
To asdess pHsgmeas [lung andplant, ene.]
To sesess REARR Satud before enrsdment in Suenuoown physical scivity
ARGGTAM
(LTS S
To mseas therapeuns Inmervent o
=Mronchodilator therapy
—~Steroad resument iy sthma, interstital (ung disease, e
ransg T o congmstres haart bailure
~—tiver (andiDibtics in Cyitic fbwoad, wit)
To dwicribt Ovh Courdar OF Gikchit dtedting lung handian
=Pulrronery diptee
CofuuCTive Jrwiyd CiMERME
Troeratial Wing diseaes
== WA CHSER
Corgestive beart faikure -
—Mewronarculet 3kl
Caridliin-fame Syreircime
T MMOAGTON PEFSONS IN CCUEEERON with SUpOfun 10 iMoo agerth
Tor mgrshoor o achrerae Meachicns 1o dnegs with ke paabmonary tosicity
Crinalilyfirmpairrremt Evalustion ’
To asseri paieni o patt o 2 nhabitaton programs

=il

—Ihdusris

=¥ ool
To S0 Nl AC Rart Gf AN ELMECE EvRRLEGHN
Te s endivicusls for kegal "

—Social Secunty or other QoTRITTITT SOMPECEALoN Preorsmg
=Fersonal Injury Evwwits
—Creimey
Publc Heafth
Epittimiciogc jutny
=Compamen of heslth m.nsulmuhﬁuuhmghm
B
=\Valiceon ot wubjective omplaink. it St e ronmenist
setHings.
Derivation of refersnde suationr

+ halapted from mierene 3.

torming the validation testing are outtined Iater in this stadement
The ATS makes equipment recommendations bat does oot act
as 3 certifying agency 1o verify complianes with these standards.
Spirometst users showld refully selest squipmenr that mests
the ATE fecommendations 1o dxmere that Spiromerry ttting tan
be done accurately. Before purchasing a spircmerer, i is wise wa:
{7} ask the manufacturer 1o provide summary dat thet demon-
sirates that the device being considered mees or exceeds ATS
trecommendarions, o (2) review nesults of spiromerry usting from
independent testing laboratoris. This matement does not man-
date testing by an independent laboratory. There are many cali-
braced computer-driven syTinges availnbie When an independent
laboratory is not used, manufacturers should make the peting
protocol, the taw data and the summary data svailable b6 poten-

Even after spirometers have been found 1o meet A1S recom-
mendations, they (like other mechanical, shectrical, or compuser
squipment) must be routinely checked for performance qualiy.
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Revommendations for spiromerer quality control have been de-
veloped by the ATS and are summarized o this statement.

Spiromemry is an effort-dependent maneuver that requires uo—-
dersianding, cocordinazion, and cooperation by 1he patient-sub-
jeet, who mus be careiully inwracted. Thus, procedural recom-
mendaticns are imporant componets of wsting, Pam of the
recommendation is w obtain a sufficient cumber of Maneuvers
of adequate quality and then determine if these aceeprable maneu-
vars ae reproducible, implving that maxitnal effort has besn
achieved. Once spirometry mansuvers have bem performed, dara
are mither measured by hand or computer, Measurcment proces
dures are included in this artighe to help assure that uniform
methods are used and comparable results are obtained. These
recommendations include considerations such as using “back ex-
trapoiaticn” for determining the “start-of-test” time (2eto point)
for measures such as FEY, and the criteria to determine the snd
of the spiratory maneuver. Inszruments that provide feedback
(o the technician in the form of checks on the adequacy of the
data are clearly desirablie

The interactions berwesn technicans and subjects are crucial
to abtaiting adequate spiromstry, since it s such an =ffor-
depenident maneuver. Technicians must be ramed and zoust main.
tain a high level of proficency w assure optimal resulrs,

The spirogram tracing must be carefuliy scrutinized for qual-
iry. Racommendations about quality, accepability, and reproduo-
ofbility of rest results are presented, as well as exampies of unac-
teprable thaneuvers (o APPENDIX A). After adequate results
are obimined, they are usually compared with refsrence values
to make an assessment (interpretation) of the results. The ATS
1991 Sunement cn Lung Function Testing: Selemtion of Refer-
ence Values and Interpretative Sirategies provides guidelines for
salacting reference values and interpreting rhe resules. Clinical
assessment showld be an integral pan of spirometry. Resulzs ob-
tained from spirometry are ooly coe part of the much more com-
plex patisni-care t=farionship or mesearch study analysis, It is the
responsbility of the Wbormory director o provide adequade qual-
ity control procedures to assure that 2n atrempt (o meet these
recommendations ang criteria has been made

In both the original ATS statemvent'on spiromerry and the 1557
update, a ationale was provided for each recomm endation. Since
many of these peommendatons and their rationales have not
changed since the original statementy, the reader is referred to
the 1987 updats (2) for the rationales cotcerning less controver-
sial recommendations,

DEFINITIONS

Al terens and abbreviations used here are based on & report of
the Americar College of Chest Physicians (ACCPR-ATS Joimt
Commimee oo Pulmopary Womenclature {12).

Accuracy and precision are itoportant terms in equipment
recommendarions and warrant some definidon. Accuracy oy
is the systemazic difference berworn the “roe” and the measured
vajue The acouracy of a spirometer sysem depends on 2 gum-
ber of factors, Including linearity and frequency response of the
SYstem OF PrOCessor, sensitivity 10 environmental conditons, cai-
tbration, and adeguacy of cormection fastors [ts precision de-
pends on the signal/moise ratio and or the rsolution: (ie, the
mirimal detectable volume or flow). Precision error, usually
denoted reproducibility, is the numerical difference beroesn nsc-
cessive measurements {4). For sample, if a volume spiromeier’s
pen is not on 2ero but at 1 L, all vohunes read directly from the
graph would be overnead by I L. The accuracy error woald be
1 L, since the measured volume would read 3 L when the rue
volome is 2 L. However, the precision of the spirometer would
remain unchanged, as the spirometer would censistenthy read 3
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L each rime 21, is injected imta Lthe spirometsr. For some appli-
cations, =g, pe=ak expiratory flow (PEF) monitoring, presisicn
it more important than assaracy.

In several sections of this document, the terms “open cirouit™
and “sosed cirauar™ technique are used. The term “apen cincait™
spiromery refers o the method of conducting spiromeiry where
the subjeet takes 3 full insprration before inserting the mouth-
piece 10 perform the test. 1o this appreach, the subject does oot
inhale from the spiomete or p-utmuall}r coataminared flow swn-
$oT. The term “closed circuit” spimmetry tefers o the methad
of conducting spirometry whers the subjes (s attached to the
mouthpiecs before the mspirazion is begun, and cfien sevemal
tida! breaths are nbrained. In this approach, the subjest does in-
hale from the spirometsr. There are advantages and disadvan-
wmges 1o both of thess approaches and both are recommended
procedures. For sxampie, an advantage of the chosed circuit tech-
nique is that it allows measurement of expiratory reserve volume
{ERY}, tidal volome (TY), and inspiratory flows.

Previous recommendanons L, 2} tearsd all spirometers alike
whether used for clinical, diagnostic, or epideminlogic purposes.
However, a new class of device has been added for monitoring
purpeseyr Monitoring devices (portable peak [ow meters, 2ic)
have separate cormendations from diagnostic spiromeners jor
the recorder /dispiay mqui:mmtsas well at the accuracy raquire-
ments. In ad@tor, precision reguirements have been added for
monitoring devices Racommendations concaming monitoring
dmcumﬁmuﬂudmthummmmhﬂh:mﬂdm
ing." We do mor recommend the we of monitoring devices far
diagnostic purposes in the rraditnonal diagnostic setiing where
ome 15 comparing 4 measured value with & reference valte [n
this serting, monitering instrumenty s likely 1o be I
becauss: () they may be lexs accurare than diagnosuic mstra-
ments; () they usually cannet be calibrated or checked to assure
their periormarce; {3) their graphical displays may be missing
ot inadequate o allow proper cvaivation of the subject’s effort
and overall test qualiry; and {#) current PEF standards of = 10%
allow mrodels of instrements ¢ vary by op to 20%, adding vari-
ability to reference values derived when 2 monitoring insoumerit
is used. However, monitoring mstruments may be useful in di-
agnosing mmhﬁryinspmm parametery because
they temd 1o have exceilent precision.

EQUAPMENT RECOMMENDATIONS

Arcurate resules require accurate equiptent. Spirameter equip-
ment recommendations apply 10 all dixgnottic spirometers
whether wsed For elinical or epidemiologic purposes. Insrumen-
tation recammendarions should ke followed to provide accurate
spiromeric data and informarion thar are eomparable from Lab-
oTatory to laboratery and from one tme period to another (1)
The acsuracy of a spirometry system depends oo the resolution
{ie., the minima) detectabie vofume or flow) and linearity of the
emitice ystem, from volume or flow tansducer to recorder, dis-
piay, or processor. Ermors at any siep in the process can affect
the accuracy of the resulis For example, if the srrs correcticm
factor is in erTor, an accurate, uncorrected FVC will be corrupred
when the factor is appli=l

Recommendations are first provided For diagnostic spirome-
ters, followed by recommendations for monitering devices un-
der the subheading, “Maonitoring * For examphe, the equipment
recommendations for diagnostic spiromerry are summarized in
Table 2 and for monitoring devices in Table 3. Spirometers are
net required 1o meanoe all the following paramserers bt muost
moest the recommendations for those parzmerers that are mes-
sured. Accuracy and precsion recommendations apply over the
entire volume range af the insorument.

GUIA DE NIOSH SOBRE ENTRENAMIENTO EN ESPIROMETRIA APENDICE F-4



American Thoraoic Sociery

"m

TabLE I
MIHIMAL RECOMMENDATIONS FOR DIACNOSTIC SPIRCMETRY*
Rarage! ALCurney Flow Marge  Time Rhufmance and
Taem ) [ £} Back Prasure Teut Sgral
v B.5 18 8 Lz 3% ol eting o2 0583 1, a0 T4 ] L. Cal Synnoge
whichewrr i gredbir
PYC 0.5 t0 B Lz % of repding o 2 0080 1 oGt 14 5 Lemythan 1.5 24 candard
it iy Rl e HHoIL g wavelorms
L Cal Synnge
FEVE 0.5 to 8 L= A% of resding or + 0,050 4, Ieto te T4 1 Le=it e 1.5 T4 standant
wheCTivey 14 GHeADer cm HpO L' wavgtorms
Tirme 2vm The e posnt iam which 18 FEY, Batk £xtra-
Ao TR, Al Ol RO ERCa
MEF Acrurpcy: £ 10% of repging o 2 00400 LYy, TeiC M 14 Sarme 11 FEV; 26 frw standatd
wihicherr if Qi weannptoang
Frecision: £ 59 of hrading of = D200 L,
whichever it greate
FEFpspm -0 L5 x 5% of readting o 2 (L2000 Ly, T4 1% Same ¢ FEWY 24 stindard
whichawer is Qresief waner ey
v £ 74 L5t 5% ol reaiing or & 0200 iy e to 14 15 Sarre a1 FEW) Progolt broam:
- whichursit i1 Qreaber Mt Irer
Iy 250 1reman at Ty of 2 L weithion £ 10 ol z 14 12 Prevsume bess Sire warr pump
redding of x 15 Limin, wiswchever is greatar EREL ] 13 than x 10 am
Hy 0w ZL TV
20 HE

= Linuess Lpaoelically PO, pICHion meguinma e O ueet b Ow doiut'y regquirementt

Recommendaton: Yital Capacity (V)

¥C = The maximal volume of air exbaled from the point of
maximal inhalarion or the maximal volume of air mhaled from
a point of maxiraal exhalarion can be measmred with a slow ex-
halation or inbzlation, respectively. This was previcusly called
the “slow™ vital aapacity and bhas been berer described a5 the
“rejaxed viral capacity™ (13). The VC is expressed in liters (area).
=TPe is body condidons: normal body temperature (37" C), ams
bient pressure, saturated with wazer vapor. When the rebreath-
ing techajque ix used, an oxygen supply may be provided and
carbon dicuide absorbed to account for oavEen comsurnption and
the producticn of carbon dicxide, In this case, the oXyEen sup-

piy must saccount for the toml axygen consumed, maintxining
the voluroe consrant a1 funrtonsl residual capacity. [fthisispot
done properly, an ipovmect ViC could be obtained Becaise of
this potential orror, the rebreathing technique with the absorp-
ton of carbon dicadde is discouraged as a rechaique whep caly
VT & 1o be measured.

Rationgle In some subjects, a skow or relaxed vital capacity
provides a more acourme derermnation of the vim] capasry than
thoae nirained with a forced exhalation Forced sxpiratory vol-
umes are wally lower than those obtained with a slow exbada.
Ton In subjecrs witk airways obstruection and in older subjects.
With severe airways obsruction, YO valhues may be larger tham
FYC values by as much as 1 L.

TAME 3
MINIMAL RECOMMENDATIONS FOR MOMTORING DEVICES
P/ & FEY; ' PEF
Recpuirmrmant [arra] [AT™)
Rarmpt Hight 050w B L Higie 100 Limies tn @ 700 Limin bat & 450 Limin
Low 04 S E Lowr: 80 L/mish i3 & 175 Litin ot & 200 L'mim:
ACOUTRCY 2 5% of maing or + L1001 L, = 107 Of resdang oF = 20 Limin, whichever is greatst
whichewer b grustar
Frecinion * 1% of reading or x 0050 L. Intracievics: € 5 of resding oF € TO Linwin,
whichevr & ginatey whichewer i graster
Imwrchesic £ 10W oF rading or £ 20 Limin,
wisciurvi! o ghaite
Lirwgariy VAT 3% e OGN Wik 5% v Qe
Ly 2T COMEL oot ENting Fangd COrRmank ovee Sndine rynge
Migh 010 L High: 20 Limin
Lowe QLOCSH L Lo 10 Lirmin
Ressiution High: 0.8%0 | ighs 10 1M
Lower. 0025 L Low: 5 Limin
R b Lonx than 15 o HyOfLs, from imcn than 23 em ipOfLYs from rem to 14 L3
iwo o 14 L
AT R O
vl Ly o3l L -
Tust Skonal 24 smnder veluame-ome ; HSrpnipr fiowe-tmd waARRITe
wrysiomma

Hhght = figh TEOge dfml lmer B lrw range devion.
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Volume L)

Figure Z. Typical subject wa-\reinrrn of a volume—tme spirogram i
lustrating back extrapelation 1o < stermine "time zerc.” Extrapolated
valhuTe & Yext,

For measurements of ¥iC, the spirometsr must be capable of
accumuiating wolame for a1 fease 10 5. Spiromerers must be capa-
ble of measuring volumes of ar lsost 8 L (rrrs) with flows be-
tween rero and 14 L/t with a volume aceuracy of or feast = M
of reading o¢ = 0050 L, whichever i3 greater.

Recommendation: Farced Vital Capacity (FYC)

FVC = Maximal volume of air exhaled with maximally forced
etfon from a position of maximal nspiraticn, ie., vital capacity
performed with 3 maximally forced expiratory <fToee, expressed
in liters (arres)

The diagnostie spirometer must be capable of measuring
volumes up to af feasy € L (pTP) with an accuracy of af et
+ 1% of eading or + C.030 L, whicheéver is greater, with flows
between zero and 14 L/s, The E-L range requircment applies 10
newly manufactured instruments; existing spirometers with a 7-L
range may contioue o be used. The spirometer mus: be capable
of accomulattng wohurme for or demsr 15 4, although longer drmes
are recommended.

Moniraring. Monitoring devices must be capable of measur-
ing voluntes up w af Jeast 8 L (1rs) with an aceuracy of of least
+ 5% of rading or = (.100 L, whichever is greater, with Flows
betwesn zero and 14 L/ The precision of the monitoring devicss
must be af fegst = 3% of rading or = 0030 L, whichever is
greater. The device mus: be capable of accumulating volume for
ai bemr 15 & :

Recomimendstion: Timed Forcad Expiratory Woiume (FEVY)
FEV; = The whume of air exhaied in the specified time during
the performance of the FYC, £3.. FEV, for the walume of air
exhaled during the first second of FYC, sxpressed in liters (2TFSL
Me=asuring FEV, requires a spirometer capabie of measuring
yolumes of 2f jeast & L. The spirometer mua measure FEV,
within an accuracy of ot femt + 3% of nading or = 0.050 L,
whichewver is greater, with flows berweern zero and 14 LAL The
start-oi-test for purpodes of timing st be dewermined by the
back extrapolation method (1, 14, 15) or 2 method shown to be
equivalent (Figurs 2). For marnal measrements, the back ot
trapolation method waces back from the steepest slope on the
volume-time curve (Figure 2) (15, 16). For computer methods
of bask sxtrapolaricny, we recommend using the Lt slope aver-

AMERICAM |ULRNAL OF RESPIRATORY AND CRIMICAL CARE MECHEINE WOL 152 1995

aged over an 83.ms period (17} The total msistance to airflow
a1 14.0 L/s must be less than 1.5 qm H,O/L/s. The total resis-
tance must be measured inciuding any tubing, valves, pre-fiiter,
et that may be ipseried betwesn the subject and the spircme-
ter. Since some devices may cxhibit changes in resistancs dues (o
waterT VAROT COndensalion, resistance requirmments must be met
under 31ps conditions when tp 1o #ighl successive FYC maneu-
wers are perfortved io a W-min pericd

Monitoring. The monitoring davice must be capable of meas-
uring FEY, up 1o of feast 8 L (ETPS) with an accuracy of ar feast
= $% of reading or = (1100 L, whichever is greater, with ficws
berween zeto and 14 L3, The precision of the monitoring devices
for FEVY, must be ar fegsr = 3% of reading or = 0050 L,
whichever i5 greater. Resistance should be less than 2.5 cm
H.0/L./% and the star-of-ie51 requincment is the same as for di-
ARNOALC SpiromneLry.
Recommendation: PEF
PEF = Largest expimatory flow achieved with a maximally forced
effort from & position of maodmal inspiration, xpressed in
lrers/second (BTPSh

Measuring PEF requirss an instrument thar kax & frequency
response that is flat {+ %) up o0 i2 He The instrument must
measure PEF within an accaracy of £ 10% of rading or = 0,300
I./5, whichever is greater. Intra-instruonent precision must be less
than 5% of reading or 0.150 L/s, whichever is greater. Interdevice
pracision musm be less than 10% or 0300 L/s, whichewer iy greater.

The following or ap squivaient method can be used in the de-
termination of FEF g, of PEF for volume-time curves. How
ever, the oetkod usad 1o derive PEF may depend on the roeasur-
ing instrument {15), and the fingl determination of
should ee determined through testing veing the sandard wave-
forms (26 flow~tme waveforms, Arrernoox D), with PEF derived
from the flow—time waveform (Tabie D1, cohmn 2).

Determination of PEF can be performed from the volume-
time dats B iting & parabolic curve-[Ttting algorithm, which
smooths the data using a least squares parabolic 1t 1o & 40 or
B0-ms segment {(op = 2 or 4) of the wlome-time curve, o

-_J

5 j-volin+3)
i -

2 5 3

i

where [low = an ammay of flow valoes from sar to end of test
o = intex of current flow dim point (o = [op + 1) 1o index
vitue of end of stk vol = an array of volome valoes; | = an
index value ac indicarad in the equation; b = the time between
sampples (001 s In this example); np = the pumber of duta points
{for a 48-ms segment, np = 2 and for m 8-ms eyt np =
4); and PEF is the maximem vatue observed in the armay flow

Rarignale, Using the 26 flow—time waveforms to define PEF
is 2 change from the ATS 1987 Updars ‘The PEFs for the 24 stan-
dard volume—titie waveforms and the FEF e, described i the
19287 ATE Spirometry Update used the above algorithm with an
&0-ms interval. Manufacturers, through the e of mechanical
simutators and the 24 standand volume-tinae waveforms, have
been impiementing this o equivalent methods through cheir at-
temprs to derive PEFs similar to those defined by the 24 stan-
dard volume—thne waveforms .

1n addition, the National Asthrna Educarion Program (MAEP)
{5} has adopt=d ATS standard volume-time waveform number
24 as their standard for porable PEF mevers. Hankinson and
Crapo (18) kave shown that reducing the time moeval in the above
equation from 80 1o 40 ms resules im as ruch as an §% higher
PEF for iwo of the 24 standard volume~time waveforms and a

flow (n) = PEF = Max ([low)
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5% higher PEF value for waveform number 24. Regardless of
this apparent change, PEF is a flow parameter and therefore
should e defmed based om a flow-time waveform rather that
a volume-time waveform {i.., #aveform noumber 24). The final
determinarion of compliarce should be determined throngh test-
ing using the standard 26 fAow-time waveforms (AF*erpm )
and the PEF derived from the flow-time curve (Table D1, column
2). This approach ailows ali of an iDstrirment's characteristics
10 be consider=d, rather than cnly the PEF computatdonal al-
2orithie. Bevause PEF is more variabie than FYC and FEY, and
becalse of the confusicr surtounding PEF definition, a reia-
tively large + 10% accuRcy requiremeni was allowed.

Recommendation (Monitoring): PEF

FEF = Largest expireiory flow achizved with 2 maximally foresd
effort from a peositien of maximal inspiradon, expressad in
liters/minute (Fres).

Monitoring PEF also requires an instrument that has a fre-
quency responss that is flat {+ 5% ) up to 12 Hz and a resistance
tess than 2.5 ¢ HoO/L /s with lows up 1o 14 L/s The instro-
ment Mmust measere FEF withio an accurzcy of = 10% of read-
ing or = 20 L/min, whichever is preater, with PEFs berwesn 60
to 400 L/ min for children and from 100t 8§50 L/min for adults
The lower limit range of the instrurment must be Jess than or squal
te 60 L/min for children and 100 L/min for adults, The uppes
lirnit range must be greater then or equal to 275 L/min but less
thart 40071, min for children and grezter than or equal w 70
L/min but less than 850 L/min for adults. If manaoal reading
of the jnstrument is used, the reader must be abic to retoive at
least § L/min for low range (children) and 1§ L/min for high
rangs {adutis) (marked PEF intervaly [kradualions] no greater
than 10 L/min for low range and 20 L /min for kigh mange). Iotra-
insurument precision must be less than or equal to 5% of read-
ing or 10 L/min, whickever is greaver. [nserdevics precsion oust
be lesy than 10% or 20 L/min, whichever jx preater. Data on
the irstrument’s life span and durability mos be provided
by the man facturer, spevified as the typical life span over which
the instrument will satisfy the requirements of this section,

[o addition to the above requirements, PEF mexsuring devices
must also provide 3 method of reporting vitues at ¥T9. For port-
abie PEF rneters, WTPS coffectioa toay be aceomiplished by Jimit-
ing the savironmental operational range for the instrement in
terms of barometric pressure {aitivud«) and amkbient tempera-
wure Portable PEF meters must meet the acturacy and precision
requiremenis above, given the mnge of epvironmental conditions
ancountered with rypical use A 10% acouracy requiremnant, higher
than the 5% for other flow, is recommended @0 allew for poten-
tial BTPS correction complicarions astocisted with PEF measure-
ments. Besides providing 2 method of correcring PEF valus 10
WTPS, the insTument's manufacmerer must ko provide a coppec-
tion for the effesys of altin:de or other envirommental conditions
as appmopriate,

A package insert mist be provided with cach porntable PEF
meter contaiting gf dexst; (7] citar insructions (with Hhustrarions)
for use of the instrument in simple terms that are understood
by the general publies () instructions concerning maintenance
of the instrament and methods 10 recognize when it is malfune-
tioning. and (3) appropriate actions o b ke when PEF re=ad-
ings change appreciably (i, whom o contao)

Ratiorale Concerning the requirement of a fla frequency re-
sponse up o I3 Hz, Lemen and cowarkers {19) have shown that
the mean highest frequency (HFY with significapt amplitude con-
went was 5.06 Hz in healthy individuals apd 6.4 Hr in patients
and smokers. They conciuded that flow measuring devices should
have a frequency response that s flat up to 12 Hz Peslin and
cowotkers (200 found a slightly higher HF of about 10 Hz in
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healthy males and 7 5 Hr in female subjects. In additon, our-
ren mechanical waveform-generaling squipment generally cap-
not accurately produce waveforms with frequency conten: above
12 Hz. The scouracy recommendation is tess stringent for PEF
than for the FVC and FEV, (10% versus 5%) because of the
higher within- and berween-nziject variabilities associated with
PEF measuremenss and becanse of testing insrumen: imitations,
The PEF instrument precision and intra-instrament variabilicy
recommendations are lower (5%0) than the accuracy and inter-
insinament variability requirsmenes (10%) because of the nead
for low instrument varabilicy in the routine us= of PEF meters
for serial measurements. [n addition, several studies have shown
PEF metets 10 be much mome precise than accuras (21-23), These
recommendations are also similar wo those of the MAEP (5), The
rabge recomnnendations are made with the wodersianding dhat
PEF measurements are often made uting portable PEF meters,
With these meters, reading resolution (number of graduarons)
rmus be balanced against the range of the mever (upper and lower
meter limirs). Therefore, different instrament ranges for children
andg adults are appropriare. The rangs recommendations for ckil-
drem are not mtended o preclude the use of ab insirument with
adult ranges if the instrument meets the fesalution requirements
{=ase of reading) for children.

An nstrement's life span and durzbility are difficuli to de-
termine and will be specific to an instrument. However, porta-
ble peak lowmerers are often used for exrended periods of tme.
Therefore, the insrrument manufacturer must provide informa-
tior oo the rypical life span of their instrument as well a3 clean-
ing and other mainrenance instructions. The package insert re-
quirements recommended by the NAEP %) are similar to those
recommended in this staternent. ‘!_g
Recommendaticn: FEF2s 71w
FEF;ysna = Mean forced expimiory flow during the middle
balf of the FVC. Formerly caifled the maximal mid-expiratory
flow (MMEF), expressed in Liters/second (TPS)

- The FEFas-ym must be measured with an acouracy of af famiy
* 5% of rmading or = 0200 L/5, whichever is greater, over a

range of up 0 7 L/ The FEF e fust de meitured oo 2 sy~
1em thar mests diaghosrie FYWC recotomendations,

Recommendation: Fow (V]

¥ = Insanmanecus forced expiratary flow (exsept for PEF), ex-
pressed in litery/second (BTPS)

Flow may be measyred etectronically or mtanually frem a
fow-volume display with adequats tize for hand measuring,
Where fTow—vohmme Joops or orher uses of flow are made, with
flow in the range of —14 10 14 L/s, the flow must be measurable
o within + 5% of reading or = 0200 L/s, whichever is greater.

Recommendation: Farced Expiratory Tame [FET)

FETTi1 = Time from the back-exrapolatsad “dme zero” unl 2
specified percentage of a maneuver's FVC is exhaled, expressed
in seconds For example, FET93% would be the dme required
to reach 95% of o mansuver’'s FYC. See APPENDIX A for FET%
examples FET100%: would be defmed a5 the time required o
reach the FYC or the time 3 which the vohime was observed
1o be af itz highest ievel. For mareuyer quality accescment puf-
poses, the reporting of the FET99%s (24) or FET100% i encour-
aged but not mandated Alta, the FET25.75% (mid-expiratory
tirne} may be a usaful indicator of diminished ficw when VC is
decreased and may be less dependent oo body or lung size than
other flow parameters (2755

Recommendation: Foroed inagivatoery Vit Capacity Maneuvers
Thess maneuvers aré DSPUALoTY vital cpacly maneuvers par-
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formed with maximally forced effort from a positien of maxi-
mai sxpiration o a position of maximal inspiration. Both volume
and flow parameters ars measurad, which raughly correspond
(except for direction) 1o these from the FVWC maneuwer, Vojume
measurements are sxpressed in liers (ares), flow measurements
it ters/secood (¥TPS).

Rativagie. Fored inspiratory maneuvers are useful in diag-
nosing and monitoring LppsT airway obsiruction. They are usu-
aily performed either preceiiog or follewing the FYC mansuver
but may be performed separatsly. Elderly or il patients often
have difficulty performing formsd inspirstory and expiratory
mansuvers as part of the same effort. Forsed inspiratory maneu-
vers require the use of one of the closed circuit m:h.u.iquﬁ.

For measurements of Fomeed inspiratory spirometric param-
eters diagnostic spirometers mus meet the corresponding range,
accuracy, and presivion recommendarions specified for dizgnostic
spirometry syitems (Table 2),

Recommencation: Maxmal Voluntary Yentilation (M)

MYY = The volume of air exhaled in a specified period during
repetitve maximal respiratery efforts, expressed in liters/minue
(HTI).

When a spirometsr is used for measuring MV, it muost have
an amplitude-frequency respanse that is flat witkin = (% from
zeroto 4 Hz at flow rates of up & 12 L/ over the volgme range
The time for exhaied volume tegration or recording mist be
no less than 12 5 por more than 15 5 (26, The indicared tme
must be acourare to within = 3%, The MVY must be mearured
with an aceuracy of + 10 of reading or + 13 L/min, whichever
i5 greater,

Guneral Backgrounc: Spiromety Recorden/Displays

Paper records or graphic displays of spirometry signals are ne-
giired and am used for:

1. Diagnostic funetion— when waveforms are to be used for quai-
ity control o review of the forced expiratory maneuver to da-
terpine if the manesuver was performed properly, so chat un-
acrrptable mancuvers can be eliminated.

2. Validarion fungtion —when waveforms are tn be used 1o vali-
dlate the spirometer system hardware and software for accuracy
and relinbility through the use of mannal measurements {for
example, measurement of FEV, using back extrapolation by
comparing computer- and manually determined FEV, ).

3, Manmzad measurement function — when waveforms art o ke
manially measursd for spimmeric paameters (FYC, FEV,,
etc) io the abtence or fiiuee of a computer.

With the continued advanes in computsr wchnoiogy, there
are many differ=ni ways (o display and record spirometric wave-
forms. The comumities continues 10 sacourage use of computer
technalogy.

Paper recorder rmequiramenty are the same regardless of the
purpose, diagnostic, validdtion, or manval measurement. If oo
paper recorder of printer i available, then proof of validation
of the accuzacy and swability of the spirometer by an mdepen.
demt laboratory must be provided by the manofacryrer. For these
compyter methods, sy new softwars releassy mow alsg be vadis
darad.

Recomumendation: Diplay of YV Maneurver

Either “ppen™ or “closed™ cireuit techniqne mey be used 0o mea-
sure the VO manesver, Although the open circud! technique may
be preiermed because of hygieme concerns, this wechrique does
rot allow the monitoring {display) of the inhaladon w TLC and
therefore is less than optimum. Regardless of whether the open
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or ciosed circuit techmique is ussd, a display of the entire VC
manecuver most be provided. The maximal expiratiey veluose
must be asseised 10 determine whether the subject bas olbrouinsd
a plapeau in the expirarory effore Scbjects with atrways obstruc-
tion usuzily sxhibit different shaped curves a1 the end of their
eXpiratory maneuver —a slope showing the nonhomogencous
emptying of luog units. Some patimrs with severe airways ob-
Riuction are oot abke v rerern 1o the level of FRC due to gas
trapping (see APPENDIX A, VO maneuvers). 1o addition, impor-
tant differences between inspiratory (1VC) and expiratory (EVD)
Maneuysrs may be observed in patents with airways alsaric-
tion {Z7). For systems using a closed cirouit with carbon dioxide
absorption, 4 volume-time display is nesded to verify baseline
end-gxpiratory level {funcrional residual capacity or FRC). The
graph shomld indicare the stardng volume to evaiuate the correct
positioning of FRC.

Recormmendation: Display of FYC Manewrver

Displays using flow versus volume insvead of volume versus time
expand the initial pordons (first 1-2 s) of the Forced vital capac-

_ ity maneuver. Since this portico of the manegver, particalarky

the peak expiratory flow, is correiated with the pleral pressure
during the mansuver, the flow—volume disphay is zsefizl o assess
the magnitude of effort doring the iniua) portjons of the ma-
asuver. Overfaying a series of flow—volume curves registered at
apparent TLC (mavimat inhalston, which may rot be mue TLC)
is belpful in devecting 4 submaximal effort that may msule in
a large though nonreprodusible FEV, a3 a consequence of nega-
tve effort dependence (28).

Unliie the flow—voinme curve display, disptay of the KYC ma-
neaver 25 a volume-time graph sxpands the porminal bordons
of the mancuver. Therfore, the voiume-rime dispiay is useful
in attescing the duratom of effort and whether a plateay is
achieved. Where spiromeiry may need o be reviewed by mde-
pendent agencie, 3 volume—time tacing of sufficiens size allows
indepetdent mensurement and cajrularion of parammers from
the FVC maneuvers Onverlaying & seried of volome-time carves
afigned at bock-exrrapolated time zero or flow-volime curves -
aligned at TLC is useful in cvaluating reproducibility and sul-
maximal efforts. For opdmal quality comirol, both fow—volume
and volume-time dispiays are vaeful andd suongly escouraged.
Sen APPENDIX A for lusorations of volume-time and flow-vol-

Recommiendation: W and FYC Manewver Volume:

arvd Torewe Scabes .

Volume scaje: When 2 volume—time mzrve bs ploteed or displayed,
the volame scale must be o deexr W) mm/L (BTPI)

Time sale o feerr 2 onds lurger e scabet are prefermd
fat least 3 cm/) when mannsl mescurements are to be made (1,
2%, 30). When the volume-time plot is used in conjunction with
2 flow-volume curve (both dispiay methods are provided for in-
terpre@tons and no hand-meesrements are performed), the fime
scale reguirernent is reduced 10 ] an/s from the usually required
minitmum of 2 Gn/s. This eeeprion js allowed because, in these
circumstances, the flow-valume curve czn provide the means for
Guality assessment during the initial portien of the FVC manru-
v, The valume-time curve can be used 1o svaluate the terminal
portion of the FVT maneuver, and che ime scale is less critical.
For dispiay of the siow VC, the volume scale may ats be reduced
w | cm/L and the time scale to L5 am/s.

Racommendation: Raw-Volume Curve

When a flow—vplume curve is plonsd or di exhaled Florw
must be piottad upwards and ethated volume rowards the right.
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TABLE 4

MIKIMUM REQUIRED SCALE FACTORS HHL TIME,
VOLUME AND FLOW SRAPHICS

[FE TV
Parameter Recsined Scale facor
Vel urme a02% L 10 mma
Flow 0790 L's 5 memsL
Tirme ol 2 omi

A 1:] rapio must be maintained berween the flow and voiume
scales eg., 2 L/t aof Aow and 1 L of exhaled volume must be
the same distance o thelr respactive axes. The fiow and volume
scales must be ar feasr as shown in Teble 4.

Rarionale It was the commifies’s ufanimous opinion that the
previpys dizgnostic recorder requirements of 5 mm/L and 1 emss
have proven inadeguate for judging the quality of an =xpiratory
effort, ag., ietminal events ane oot detectable (APPENDIX AL For
certain applications (for example, for disability derermination
and legal cases), dagoostic siee displays are clearly zo¢ adequare
{2&, 30). The U5, Cotton Dust standard requirss “. _  tracings
musy be stored and avaitable for recall and must be of mifisient
sire that manual measurements may e made . . .7 (31). Alsg,
users will custcomarily oot be able Lo venily accuracy and stabi)-
ity of spirometers by themselves in the absence of an adequate
paper recording.

Recommendation: Comection to 8TPS

This satement recommends that diagnastic spirometric sudies
nat be conducted wicth ambient temperarures less than 17° C or
more than 40° C. In par, the rationate for this recommendation
15 based on problems with finite cooling dmes of gases In vohame-
vpe spimmeters (12-34) and the problems of eximating sTrs
correcdon factors for flow devices (15-3T). When a subject pet-
forms an F¥C maneaver, the afr leaving the lungs and entering
the spirometer is at 2pproxiroately 33 to 35* C (38, 3% and is
sarurated with warer vapor. Most volume-type spirometers as-
sume instantanepus cooling of the air 25 it enters the spirometer.
However, this is not always the case, and an eror in FEY, @an
oceur due to the incorrect assumprion of inszantaneous cooling
of the air. For capillary and screen: pnevmotachometers, the gain
is dependent on gas viscosity and increases with increasing tem-
peramre. Thersfore, a different cormection factor is nesded be-
rwesn patients afd 3 cfibrating syringe and berween inspiratery
and sxpitarory manevvers. [n addition, the assumpticn is usu-
ally made that no eooling of the air oocurs af the air passes
through the flow sensor. Thix may net be the case, pardcularly
with unheated flow sensors (35), 1f the expired 3as it acymed
10 be pres, an oror of abour 1% wil] result. The errér will m-
crease if the Oow senser is lncared farther from the moutk and
more cooling occurs. [n addition, water condmsarion withio or
on the surface of a flow sencor may ajter jis calibation. Depend-
ing oo envircnmental Ehperansre, the kT comecion factor may
be as jarge as 10%. Therefore, the method wied o caleular: or
estimate the aTPs factor can potsntally inraduce significant er-
rors by the application of an eropecus BTPs correction factor.

Changes in spirometer temperature can be a source of vari-
ability; thersfore, spirometer temperature showld be measursd
and not assumed ko be constant, sven over the course of one test-
ing session. Johnxom and colleagyes (40 found that if ambient
LT P atire was used it XTPS correction and applied to 2l manen-
vers, FEY, and FYC measurement errars of up 1o 8% may oc-
tur. When using velume spirometsrs, they recommend that the
ternperalure of atr inside the spirometer should be measimred ac-
curately during =ach breathing maneuver.

11ts

Recommendation [Monitoring): Comrection o &S

Fot gperating simplicity, monitoring devices may use One BTPS
correcnon facor for 2 range of barometric pressures (Altitude)
and sovironmental emperatures. However, the use of a single
ATPs correction facter of dirsct readingy at ATPE does 0ot &limi-
nate the requiremesnt o mest the aceuracy specificadons under
BTPE condinians. Therefore, manufacturers muast provide appro-
priate lxbeling conczrnipg the emvironmentai conditions (ampient
temperarre znd pressure) under which their devics will meet the
ACCUracy regquirements. If necessary or appmopriate, the manufac.
turer may provide severat BTPs correction factors o meet the ac-
CUracy requirsments over a range of enviroomental cooditions
(aftitode and temperature).

EQUIPMENT VALI Dﬁ'l'lbﬂ
Recommendation: FYC Yalwdation

The diversity of FVC maneuvers encountersd in clinical practice
are currendy best simulaied by the use of the 24 standard wave-
forms developed by Hankinson and Gardner (17, 41). These wave-
forms can be nsed 0 drive a mmpﬂ:u—mnuuﬂed mechanical
syTinge or its squivalent for resting aciuzl hardware and sofi-
ware (42, 43) or they cag be put into a sysem in digital form
to evaluate onfy the softwarr, It is strongly recommended thar
spirometry systezns be svaluated ysing 3 computer-driven me-
chanical syripge or its equivalent and that the digital forms only
be used for evaluating changes in software APPENDOL Cshows
the measared vajines for ach of the 24 standard waveforms, The
American Thoreeir Society also provides thest waveforms an
floppy disks for an 1IBM-PC.* Appropriate corrections for usig
gas ai Amipient temperaturt and humidizy i of =1rs may
need 1o be made for some mechanical syringe-spirometer com-
binaticns. I additon, precision criteria bave been added, ang
usting of spirometry systems using heated and humidified test
gas is recommendead.

The acouracy validarion limits {poierance for smulator systems
i5 included in thess Limits) for valume are: volume (FVC, FEVY .}
* 3.5% of readipng or = 0.0M) L, whichever is greater: and aver-
age low [FEFy.na) = 5.5% of rading or £ 0.250 L /s, which-
ever is greater. The errof raage is expanded from the earlier ATS
spirometry meommendation to allow for errors associated with
mechanjcal syringes (44). The precision validadon limits are wol-

" ume (FYC and FEV,} 5.5%s (range percent) or 0,100 L, whichever

is prater; and fow (FEF, ) 55% or 0250 L/5, whichever is
greater. Mechanicad syringes used for validarion must be accurate
within + 0.025 L for FYC and FEV, and + 0,100 L/ for
FEF 1perem.:

Rationgle. Testing of spiromery systems using heated and ho-
midified st gas has been added 1o the validation riteria bes
cayse of potential probiems assccizted with TP commection
(31-37). See AprEnNDIX B for further details.

Recarmendation: PEF Validation

PEFinsmmdmgnsmust bew.lidamdu.nn:amnchmmauy
driven syTinge or its equivaient, using rhe flaw—time waveforms
described in APPENDIX D. These waveforms are available on dig-
ital media from the ATR In addition, the mechanically driven
syringe mus be validated (Arrenpix E) o sasure that it ag-
curately produces thess waveforms and corresponding PEFs
withit = 2% of reading. The Mow-time waveiorms in AFFEN-
oDl D were chosen to represent a rapge of peak flows and
flow-time sighes with varicus times-10-PEF (time required 1o
g0 from 0.200 L/x 1o PEF). The accuracy wlldation Lmir for
PEF ia = |3% of reading or + 25 L/min, whichewer is greater.

" Avadpble ram the Amencan Themcic Secdty.
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The precision (range deviation) validation limit for PEF is 6%
or |5 L/min, whichever i5 greates.

Rationale, The NAEP (f) recommended the use of a me-
chanically driven syringe 1o =z and validate the aceuracy of
peak flow measering mstroments and 1o assess intra- and inter-
devics precision. Their recommendations inchuded the use of ATS
wavefarm 24 with various multipliers 1o achieve different PEFs.
One problem with using ooly waveform 24 is a lack of variabil-
ity in the shape or rise-time in the waveforms used to tesn PEF
meters. Therefore, the use of several waveforms in the westng
and vatidarion of PEF meters 1¢ provide a range of PEFs and
tire-o-PEF (tise-times) is recommended. The waveforms in Ar-
PENDIX [ are flow-time waveforms and, therefore, the defini-
tion of peak flow obtained from these waveforms is simple 10
derive In addition, a volume-time curve for use by the mechian-
ically driven syringe can be obtaiped from a flow-time curve by
simply summing the fow-time values (integratng the flow
signal).

The accuracy of the mechanically driven syringe for PEF,
+ 2% of reading, was chosen based on current technica] feasi-
bility, Current technology of mechanically driven sytinges is oot
sitfficienr 1o provide greater securacies. This is doe o the dy-
ramic aspect of peak flow—high frequency cacteat and PEF
occurs at 4 poiot in the flow-tume signal whers the acccieration
is changing, resalting in potental “overshoot” by 2 mechanical
syringe {n addition, insufficient data are availabie concerning
the acturacy of PEF meters uxing waveforms with higher fre-
quency conten: (shorter imes-to-PEF). Additional detaijed n-
formarion conserning spirometer 1esting procedures is contuned
in APPENDICES B, C, and I

Recommandation: MV Yalidatian

When rested with 2 pumyp producing a sinusoidal waveform, the
accuracy validatiom limits of the spirometer used for MVY for
flesws up o 250 L/min, produced with stroke volumesup 1o 2 L,
are + 10.5% of reading or + 20 L/min, whichever i3 griarer.
Druring the testing, the pressgre at the mouthpiece must ot &=
cesd = 10cm HyO, For volume spirometers, these igquirements
apply throughout their volome range

QUALITY CONTROL

Routine squipment prevendve maintenance - cleaning, calibra-
tion checks, wrification, and quatity congol — is exsentil 1o 25~
sure accurate spirometry resuls (44} A spirometry procedure
manual is an important base for @ quality assurance program.
The manual should contain a quality coomol plan, puidetines
for ordering spirometry, guideiines for performing

spiromerTy,
and guideline for reparting spiromesry resuity See the docu-

ment, “ATS Qualkty Assurasce for Pulmonary Laborat;ties,” for
more details {44),

Reconunenvdation: Technicians Rode i Quality Control

uality conzrol is important to ensore that the laboratory is con-
sistenzly metting appropriate standards. In any quality contral
program, an important element is a procedures manual contain-
ing: calibrarion procedures, st performance procedurss, calcu-
ladions, criteria, reference vaiues source, and action to be takem
when “panic” valoes are obterved. A notebock should be main-
1ained that documentt daily instrument calibration as well as
and system hardware and sofiware upgrades. Revords of anom-
alous weenas imvolving either parients/subjeces or the technician
shouid be documentad, with the results of subsegquent svalua-
Hon and responses [ the event. The technician should slye main.
tain reconds of cootinuing edusation and the results of evalua-
tion and feedback provided by the medical director. Perhaps the
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most important component o suecessful spirometry is 3 well-
motivated, snthusiastic lechnician. A recent siudy has chearly
demonstrated the importanes of 2 guaiity control program with
fesdback o techpicans in gbraining adequate spirometry results
{8). A quality conrrel program thal continuously maonitors wech-
nician performance is criGeal to the colection of high-quaility
spircmerry dara. Feedback to the wechnicians concerning cheir
performance should be provided on a rowtine basis. This feed-
back should include, at a minimum: () informaticn concerning
the natere and exemn of wnasceprable FYC mapsuvers and non-
reprocucible wests; (27 corrective action the technician can take
to imnprove the quality and number of accepiable manmvers: and
(3 recogmition for superior performancs oy the wechnician in ob-
taining good maneuwers from challenging patienrsssubiecis

Manufaciurers are sneourzged to inchide quality contrel aids
im thetr sofiware packages for spirometers. For example, a cali-
bravion loggping program may be provided that stores the tme
and resuits of routine daily calibration checks. Additicnally, the
program could issue a warning if an acceptabie daily calibration
check has not been performed.

Recommendaton; Hygiene and Infection Control

This section has been reviewed by the Microbiology Assembly.

The major goal of nfecion conurod is 1o preven: infection
(ransmissicn 10 paurnts/subrecrs and saff during pulmorary
funcricn testing. Two majos rypes of infection repsmission ane;

1. Direst comtacy: There is poteatial for mansmissicn of upper
respiratory disease, emteric infectionk, and blood-borae in-
fections through direet contact. Although hepatitis and HIV
contagion are uniikely via saliva, this is a passibility when
there are open sores oo the oral mucosa, blesding or
hemoptysis. The most Lkely surfaces fivr contact are mouth-
piecet and the mmediziz proximal surfacet of valves or mbing.

2. lndirect contact: There is poteniial for gansmission of tuber-
cuiosis, various viral infections, and, possibly, opportunistic
infecions and nosocomial poecmonia through arrosol drop-
lets. The most likely surfaces for ponible contaminatica by
this route are mouthpiecss and proximal valves and tabing

Prevawntian:

1. Pmmmofmfemunmnmmnwmhmmupmd
o contaminsted spirommetsr sarfasts can be aeromplished
through proper hand washing or use of barrier devices (latex
Povet), To avoid technician scposune and cross-contamination,
hands should be washed immediately after direct handling
of mouthpieces, rubing, breathing valves, or interior spirom-
eter surfaces, Gloves should be worn when handling poten-
daily contaminated equipment if there ame any open cuts o
sores on technicians’ hands, Hand washirg chould always be
periormed betwesn patienty. Indications and rechnigues for
hand washing during pulmonary functicn testing have been
reviewed by Tablan and coworkers (45).

1 To avoid erss-conmamination. reasabie mouthpiccss, breath-
ing nibes, vaives, and manifokls shoukd be dixinfectsd or steri-
lized regularly. Mouthpieces, pose clips, and any other equip-
be disinfected, sterilized, ar discarded {ie disposable mouth-
pieces, nose clips, = ) after sach use. The optimal frequency
for disinfection ar steniization of ubing, vaives, or manifokis
has not been ssmblished. Howeves, any squipment surface
with visible condensation from expired air should be disin-
fected or steriiized before rozse, Since the wwe of cold steriliz-
ing agents is not withoue risk, laboratory swaff should take
care 10 follow all manufacturer’s recommendations regard-
ing proper handling of these products.

3. Betwesn subjects, spirometers using the closed circuit tech-
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nigue should e [ushed A beast five times over the encire vol-
ume range to Facilitate clearance of droplet pucled, Alse, the
breathing tube and mouthpiece thonld be decontaminated be-
twesn patients When the open circuit techhigue is used, oniy
that porrian of the cieuit through which rebreathing oocars
nerds (o be decontaminated berween patiznts. For sample,
when 2 poevmaotachometsr system is used, cither inspiration
From the device sbowld be avoided or the resistive ¢lement and
tubing shouid be decontammated heyween subjerts. A dispos-
able sensor is another alternative. When an open cinenit tech-
nique is used for measurement of only the forced exhalation,
withoul inspiration from the measuring sysemn (either volutre-
or flow-t¥pe spirometers), ondy the mouthpiece oeeds o be
changed or decontaminated bevween snbjects.

It should be noted that disassembling, ¢leaning, andsor sen-
sar repiacsment requires tecalibration. If patients 4o oot inspire
through che device, there is the disadvantage thar (est accept-
kility may be more difficult to assess in the absence of an in-
spiratory gweing On the other hand, dizassembiy, cleaning, or
sensor replacement has the disadvantage that recalibrazrion is re-
quired Alternatively, in-line fitters may be offective in prevent-
ing squipment conmminarion (46). However, if an in-line filter
{5 used, the measuring system should mest the minimal recom-
mendations for range, accuracy, flow resistance, and back pres-

sure with the fiiter instalied. The influence of commersally avail -

able in-line filters on forced expiratory measures, such as the FVC

and FEY,, kas oot heen w=ll characterized,

4. In settings where uberculosis or other diseases spoead by drop-
let auclei ar= likely (o be encouprered, propar anention o en-
virouetal enginesring controls, such as ventilation, gir flira-
tion, or wtraviclet decontamination of air, should be ased
1o prevent disease mansmissico

5. Special precautons should be taken when testing patients with
bemoprysiz, open sores on the oral mucosa, or bleading gums
Tubing and breathing vaives sheuld be decopramipated be-
fore reuse and internal spiromecer surfaces shouwld be decon-
taminated with accepued disinfecrants for blood-ransmiccble
Agenty.

6. Extra precautions may be undartaken for patients with knoem
transmissible infectimes diseases. Possible precautions inclode:
(a) Reserving squipment for the sole purpose of wating in-
feced patients: (&) testing patients at the snd of the day to
ailow titoe for spirometer disassembly and disinfecion: and
(c) westing patients i their own room of io rooms with ade-
guats ventilation and easily cleaned surfaces.

7. In the absence of evidence for infection trapsmission during
pulmonary function testing, the regular use of ip-iine filters
it not mandated wher the precautions described above are
followed However, some spirernetric squipment, particularty
Those incorporated in multi-purpose tstng sysiems, employ
valve manifickds that are simated praoximal to brearhiag cubes,
These valving arrangements provide internal surfaces on which
depasinor of expired asrcssl oucie is likely. Given their com-
plexiry, they may be difftcwlr o disass=mble and disinfect be-
oween subjects To the extsnr that in-line filters hawe been
shown 0 remove microorganisms from the expirmtory air
stream and thus prevent their deposition, presumably ax aero-
siof nuglei oo spiromerer surfaces (456), their use may be mdi-
cated in this setting. The economy of using i-tine flwrs com-
parsd with tubing and vaive changes depends on the PFT
equipment in use The extent to which measures such at max-
imusn expiratory flow or cther instantaneons flows are in-
fluenced by the use of in-line filters iz vndocumented. One
study has shown thar 2 iow impedance Barrier device did pot
have a significant impact oo spirometric indicss, such as the
forved vital capacity and the FEV, (4T). If an in-line Fiter
is used during spirometry, interpretarion of spirometric indi-

1117

c25 ather thap FVYC and FEV, {ex., PEF) shonid aliow for

the possibility that the Hlter might affect spirometer perfor-

mance, The merhanical chapacerimics of the combined meas-
uring device and filter should mest the minimat recommen-
dations cudined in Tabie 2, Furthermore, if in-line filters are
used, it is recommended that equipment be calibrated with
the filter installed The use of in-line fters does nor elimi-
nate the need for regular cleaning and decontamination of
spirometric aquipment.

$. Manufacrurers of spirometric squipment are encouraged Lo
design instrumentation that can be sy disassembled for
disinfection.

Rarionale. Spirometric equipment has not been dirsctly im-
olicared i the transmission of infezions, aithough there is ip-
direct evidence of infection ransmission during pulmenary fupe-
ton testing (PFT). Organisms from the respiratory tract of test
subjerts can be recovired fram PFT mouthpisces and from the
proximal surfaces of ubing through which the subjects breathe
{48, 49]. There iz one case report of a tuberculosis skin-tast con-
version after exposure 1o a spirometer used 1o (25t 2 patient with
documented mbertuiosis {500 Likewise, thers is circumstantial
evidence that contaminated PFT equipment may be implicated
int the increating prevalence of Perudomonas infections amang
cystc fibrosis patients at one center {51). There is sotne evidence
that poesmotachomersr-based symems are less suscvpeible to bae-
terial contamination than water-sealed spircmerers (52). Finally,
it is well documented that community haspital warer supplies
can b contammated with Mycobacrsria and Praudomongs teru-
gingsz organivng {(53-55), Thus, the porenrial exiss for both pa-
fients/subjects and heeleh care workers to dq;;g:hmmn-
izms enin spiromeer surfaces (inchiding mowh aose clips,
tubing, and agy imteroal or exemnal machine surface), which could
subsequentty come into dirert or indirect contact with other pa-
tients. This doss net seem o pose an appreciable threat to pa-
tients/subjects with competent immune sysTema

It bas besn antued that immunocompromised patiénts may
require onfy 4 refatively small mfective dose of siher opporturLs-
tic organisms or common pathogens. Concerns for the protec.
thor: of immunccompromised hests, along with increased public
and provider awareness of hospital infection conirol issues over
the past decade, has lad many laborarory directors Lo use in-lins
filters routinely as 2 means Of resssuring patients and labora-
tory personne] thar adequare comyideration bas beex: given 1o pro-
rection. There is no direct evidence that reutine spirometry teste
ing poses 3n incrrased risk of infection to Mmunocompromised
parnents.

Recommendaton: Equipment Cuality Control
- The recommendations thaf foliow are primazily aimed a: diag-
nosTic devices -

Arrention to good equipment quality conmel and cilibraton
is an important part of good laboratory practce Log books of
alibration resubis must be mabcained. Docarmrnarion of repairy
o other alicrations that rerurn the seoipanent (o acseprable oper-
atlon need 16 be maintzined Dates of eamputir sofrevare and
hardwars updatss or changes must alon be maintained.

Volume. The spirometer's ahility to accorarely memsare vol-
wme mus be checked af leayr daily with a calibrared syringe with
a vodume of at least 3 L. During dusmrial nerveys or other stadies
in which a large number of salbjest maneouvers are done, the equip-
ment’s calivration mus be checked daity, before testing, and ev-
ery 4 h during use (44). In circomstances where the temperatyre
is changing {=3., field srudies), mone frequen? tmperaturs cor-
rections may be peeded, Although there is minimal day-ro-day
variation in volume calibratiom, daily calibration checking is
highly recommended 5o thar the onset of a probism can be de-
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terminesd within ] day, elininating needless reporting of Faise
values for several weeks of mooths and also to help define day-
ro~day laboratory variability. It is recommendiad that the cali-
brazion syTinge be stored and sed in such a way as to mainnain
the exact temperarurs and humidity of the testing siee This is
best accomplished by keeping the syringe in close proximiry to
the spirometer. In the case of flow-type spiromerers where a val-
dme syTinge is used to check the instrument, volume calibradon
checks using different flow razes zre recornmended. AL least thres
rriais where the Tlow rates ar= varjed between 2 and 12 T/s must
be performed {3-L injecrion times of approximately 1 5, &5, and
somewhers in between 2 and & 5).

Syringe Accuracy. The syringe used to check the valume cali-
bralion of spirometsrs must bave an aceuracy of at jeast 15 ml
or at deast 0.5% of full scale (15 ol for & 3-L syringe), and the
manufacturer must privvide recommendations concerning Ipgeo-
priate syringe calibration intervais If the syringe has an adjustable
variable s20p, the syringe may be out of mlibraden if the sop
is reser, Calibration syTinges should be leak-testexd periadicalty
by trving to emply them with the ountler corked.

Leak Test. Volumetric spi S¥ysiems must be svaiuzted
for leaks on 2 daily basis (15, 58). The [ntermountain Thorace
Sociery Manual {15) suggests that leaks can be detected by ap-
plyingamnmrposfﬁwmoﬁcmﬂ,ﬂmmmwﬁh
the spirometer outlet occladed. Any cbserved volume change of
greater than 10 ml after 1 min is indicative of a leak (15) and
ne=ds 1o be cormesied.

Linsgrity. At yan quarterly, volume spirometers must have
their calibration checked cver their mrire volyme tange (ix I-L
incrernents) using a calibraved syringe (42) or ap equivabent vol-
ume standard. Flow spirometers must bave their linearity deter-
mined ar lewsr weekly and given the curremt sofrware capabill-
tiss, daiky kinearity checks are rasonable. Flow spirometer linearity
can be checked by injectng the volume from a 31 syringe with
several different fiows. The lincarity check is considered accept-
able if the spiromerer mests the volume acouracy requirements
far ali fiows and/or volumes tested.

ﬁmﬁmmﬂmmmmmm
ammuhmunhpafmmdarkunqumum
of within % must be achieved. 1f squipment is changed or o~
cated {eg , mdusirial surveys), calibration chacks and qualirty con-
mlgmﬂmmmhummdbdweﬁﬁmshmm

PEF Meters, Since it is difficubt to perform n culibmsion check
nfpambkpenkﬂowmnndwin;mmﬂipuﬁmﬂuhrim-
poTiant that the instiucrions from the manufacturer include -
formatiop concerning typical inscument lifetimes and methods
of recognizing when an jnstrumenst i malfencrioning.

Other Quolity Asmurance Procedures. In addition 1o calibea-
tion with physical standards, the practice of using laboratory per-
sonnel as “known subjects” and performing intralaboratory and-
interiaboratery Lsting is recoramended {44} The ATS has pub-
ushed;uidglinufnrquﬁtrmuinpﬂmomfmm
laboratories {(44), which can be consulted for specific details.

The use of computers b anaivze spiromeay has acesleraied
inthepastlnw.andthinrmdiudmmuwmmohuhm-
curate spiroeerry (10, 301 However, ting of commendially avail-
abl:spimmews:uminmﬂrshw:thuamljursmn{er-
Tors is i computer sofrears (41). Because of the increased use
ufmmpuwsmwmmmmm
sociarad with them (42, 57), the ATS has published computer
guid:linsforpuhnonmhhmum'iu{ﬂ},whichshuuldbefol-
lowed, Computer software mug adhere 10 ATS recommenda-
tions, especially procedural recommendarions, contained in this
staternent. Because of the tremendous improveraent in the powet
and speed of computers and their ogensive use io bospimls and
clinics, manufacnurers shoild Amempt o inEegraLe COMputers Lo
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TABRLE %
EQUIPMEMT QUALITY COMTROL SUMMARY
Tast My merval A
volume  Thaily . L syringe Cheok
Leak Daily 1 cm HeO cormt previeo ior 1 mm
Linearmty  CQuarery 1k iNCrETET with 2 GINbrating

Weshly [flow soinamene) TYTINGE ML RIS DAEr BTN
veluma g (fio tRinomwien
SHTULAE Mvary cibterer
flanwr rRnN)

hvpch et Fooncer chveck wilh
o IToh

Log immallytion SAE and pertorm el
uding “engwe” subject

Tume

Guaniry

Saftware  Mew veruond

their spirometry systems. Primary data shouid be available, al-
lowing independent manipuiation of uncormeeted values by the
user. Listings or descriptions of ATS aigorithros should be avail-
able (end of wsit, back-svrapolation, erc). In addition, soms pro-
gram flexibility should be available to the user, for example,
allowing user selection of appropriate refersnce equations, in-
cluding the use of user-derived reference equaticns.

MANEUVER PERFORMAMNCE RECOMMENDATIONS
Fersunnal Qualifications

The AYS has made recommendations for laboratory personnel
eonducting pulmonary function tests (59). High school training
was recommendad. 1o addition, the ATS encouraged but did not
mandate one of more yeary of college or equivalent training and-
a strong background in mathematics, For pulmanary fufction
iaboratories, 6 me of supervised training Sme is recommended
for conducting spirometry. If moubleshooting is to be a part of
the laboratory technician’s responsibility, a training period of
1 yT is recommended. The ATS recommends that the medical
directors must huve approprists taining and be reaponsible for
all pulmonary function testing (600

For infustrial/oceaparional testing, thers are training require-
menrs mandated by the National Instituts for Occupational Safery
and Health (NIQOSH), industry, and the ACCP (16, 31, §1). Jev-
eral excellent training mamuais have been prepared for perfor-
magce of spiromerry (I3, 16, 11, 62, 63), NTOSH approves the
comien of spiromery maining courses upder the US, Cotzon Dust
Standard (16).

Recomimendation: VWC—Subject Instruction and
Mansuver Performance

The VC maneover may be comgidered cither a4 an inspiratory
vital capacity (TWC), where the subject inhales completely from
:pnsiﬁonaffnﬂmpinﬁnn,orumﬂpinmqﬁmmpndw
{EVC), where the subjest exhales completely from » pesition of
fuil inepiration. In addivion, several] $pirometer seups are posi-
bie using either open or ciosed circuit techniquey with or with-
out rebreathing.

i. A closed creuit eechnique witkout CO, absorption (e, using
amﬂing-sﬂindorwm-sﬂlndmm}wbeuﬂhb-
ing is preferable because it aliows technirians i better moni-
tor the entire vital capaciry maneuver, [n the absence of OOy
absorprion and the addirion of supplemental axygen, the ma-
preuver should be hrief = fewer tidal volumes befor: and after
the VC manegver.

2. A closed cireuit technique with CO, absorption and the addi-
tipm of supplemental oxygen may be used. This system ailows

GUIA DE NIOSH SOBRE ENTRENAMIENTO EN ESPIROMETRIA APENDICE F-12



American Thoradc Society

the subject to rebrezthe for a longer period of time and enab-
lish 3 beter FRC baseline. Fowever, it requires pregise replace.
ment of cxygen to avoid shifting the baselies

3. A modified closed circuit technique (e, flow-sensor—basad
3ysiems where the subject can breathe in and out through the
sengar without the need for CO; absorption) may be wsed.

4. An open circuh rechnigue where the subjects may inhale com-
Hetety before inserting the mouthpiece and exhating into the
spiramerer may be used. This may be preferable when hygiene
CODCENS aT¢ Present.

For all systems, it is important 1o instruct the subjeer in the
VC maneuver and demonstrate the appropriace technique, 1t is
imporrane ther subjects understand they must compierely fill and
empry their jungs

Sranderd Procedure Cpen Circyit Technigus The subject in-
halss maximally, insetts the mouthpiecs ust past hiv'her froat
teeth, s2als his/her Gps around the mouthpiecs, and blows slowly
and svenly uorl a clear plateau ix seen at maximal exhalation
or until smd-oftest criteria (see sections om FYC and end-ofsoest
criteria) are met. The techoician must chserve the subject's in-
. halation 10 ensure that it {5 compiete and thas air is not exhaied
whiie the mouthpizce is being inserted. During the exhalation,
the technician should monitor the spirometer volume-time dis-
play o ensure that a relarively constant expiracory flow and an
adequate emd-expiratory plateau is achieved (ser AFrENDIX A
for mamples of the YO mancuver).

Closed Circwit Techniguer The following procedurs should
be used when testing is cosducted withow 0, absorption
(iimited oxygen reserve available for et performance). A two-
way valve may be useful, allowing the ivital fidal volumes o
be performed with room zir before the subjecr is sognected to
the spirometer. The t=xt it begun with quiet breathing, prefera-
bly with the subject brearhing room air. No more than five tidal
voiumes shouid be recorded with the subject rebreathing from
the sprrometer, The subject should then perform the VC manen-
ver described below. When C0, absorption i nat oied, retarm-
ing to FRC after the W maneyver followed by three tdat volumes
may be helpful but is oot required.

The fotlowing procedure should be axed when testing is con-
ducted with C0, absorpdon and oxyger mpplementation. The
[est is begun with quiet breathing. Several tidal volumes showld
te reconded (minimum of e or untdl a stable end-eqiratory
level is observed) The subject should then perform the VC ma-
reuver described below. The end of test is reached whien the sub-
Ject reiorms (o the bevel of FREC and performs at Least thres mogre
tidal volures, .

For both procedures, the manesver s ot forced; it is per-
formed in a relaxed manner with the subject uting a mowthpiece
and a nese clip. The VO mancuver is composed of the subject
exhaling complerely to residual volume (KV), a0d completely in-
haling 10 o] lung capacity (T1.C), 2nd then exhaling to resid-
tai volume again. The technician should encourage the subject
to reach maximg inhaled and sxhated volumes with a relatively
consant flow, Technicians should observe the subject to be cer-
tain his/her Lips are sealed, that norhing obaructs the mouth-
picce, that no leaks occur, and that TLC and RV are reached,
The technician shouid check the volume dispiay to snspre mia-
tively linzar inspiratory and expiratory volume curves and ade-
quate maxima) jpspriratory and expirarory level plarsaus. Oxy-
g should be added 1o the crenit to precisely counterbalance
the absorpricn aof CO,.

For all wehniques, a minimum of two acceptable YC maneu-
vers should be obained, with & maximum of four attemprs, The
largest VI should be reported. Some investigators have reported
thar the Wi is slightly higher than the FVC in normal subjects (64).
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TARLE &
PERFOAMANCE OF FVL MAMELAER

Check spiroenecer caRBraLGn
Explain tegm
FrEpare fubject
Alk ADmat SOk, et llmess LD WEs BOE
INTLAST 3T dermontrace 160 o subjea
Correct poature with head srvated
Inhabe commpirtely
Peartion mMouthpwece {open cirgurt)
Exbale with mammal tonce
Fyrioern maney v
FvE SUDMET N T COMECE Sty
Afech nose clip
ihake complestly; e mhaaoen should be rapid Dul met eeced
Mace methpikct in mouth ang < fips amundt Cathpessr e
Exhabe maxmaity a5 1oon a5 liog 30 ieaked areund moulhpiece
Reoeat iNAILCTGNE 35 nvceuary, enaching vigaroushy
Aapeat Inr 2 mufemus o thees MANSL 10 Mot fan wight ane
unally peguined
Chach test repreducibility and perform moss tanerven i Laad H

* FAngaly and consoried (65) hanes reported s PEF and FEV, kv 13 normad
WErtcn Matiougd in ¥ DAdy BHETUNCERIEN AN Mol (4% and $%, nSorCvey)
WiHET, Humihg O INIRELETY MArskuwe, T B 8 =61 Dkt oF T1C T i
NG echaidivan. Tharelon: & coomsnar MaH i TLC shouud be seondinl

Recommendation: FYC—Subsect Instruction and
Maneuver Performance

Instruct the subject in the FVIC maneuver. The technician should
demonstrate the appropriare echmique (Tabie 6) Have the sub-
jectinhaie from FRC and then, if using the opeg circait method,
insere the breathing tube into his/her mouth, making sure his/her
lips are sealed arcund the mouthpiece, and begin the FYC ma-
negver with minimal hesitavion {65), 1 is imperotive that the sub-
joct have 2 complete inhalation befors beginning the forced ex-
batatioe. Prompt the subjest to *Has,™ not just “biow,” the air
from their lungs, then continue o socoarage Bim /her Lo fully
axhale Throughout the maceuver, snthusizstically coach the syb.
jest by word and body language Tt is particutarly halpful o ob-
serve the subject and the chart recorder or computer dispiay dur-
ing the test to better snsare maximal effort. Perform a minirnmon
of three acceptable FYC manewvers, If a subject shows large vari-
ability (FVC and/or FEV,) betwesn sxpiratary maneuvers ¢ (.2
L), mproducibility criteria may require that up to but usually
n¢ mare than eight muncovers be performed. Yolome-time pr
fkyw—vniume curves from the bes three FVC mansuvers must
be retained. See Figure 3 and the sectivn on acecepuability and
reproducibikity for forther clarification

Recovnmendsation (Mondtoring): PEF—Subject instruction:

and Test Performance .

Singe PEF is both effort- and volume-dependent, maxirmum sube

jeer cooperation is essential. Since an omtimal peak flow is uwy.

ally reached in about one-tenrh of 3 second, patients must e

sacouraged o perform the expimiory mansgver as vigoronsty

as possible. The subject should not cough and a protonged ex-
haixtion is unnecessary (1 to 2 5 is adequate).

When impleamenting unobserved self-administersd PEF mea-
surements, it is essenrial that;

I. The subject should be mught haw to use the peak Fow meter
preperly by someone skilled with the procedure. Trained per-
- sonnel should observe the subject’s performance both inirially
and On repel vivs,

2 The subject shouid be taught how and when o record PEF
feasuremnents, along with other pertinent informarion, such
as Symploms-

3. The subject should be instructsd abour whar action to ke
if PEF falls
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Store & Intecpret

Figure 3. Flow-chan diasgram of FYC spinemedry terting.
-+

Racommendation: FVC-~Satisfactory Start=cf-Test Criterip

T achiewe acourate “time zerc™ and enture that the FEV, comes
from a maximal effore curve, the extrapolared voiume must be

icss than 5% of the FYC cor 0.15 L, whichever is greater. Sec Fig- -

ure 2 for an example and sxplanarion of back exrapolation. In
the example shewn, the exrapolared volume is 8.16 L or 5%
In general, back-extrmapolatad volame should be mexnmed on sy
curve with 2 percemtible extrapolared volome. Provigom for rapid
computerized feedback o the technician when these criteria are
0oL mer are sncodraged

The commities discussed the possible ase of dme-to-PEF a3
2 measure of the subject’s performanes early in the FYC maneu-
ver, However, the committes felt there were ingufficent data on
which to Base 2 clear recornmendation, and additional meeareh
is nesded When conducting research on asyesyment of the sulkb-
jats eorreet performance of FYC manmrvers, imvestigators are
encouraged to measure the dme-t-PEF or rize-time of peak flow
i addition 10 otker qualiry assessnent puramerers, The rise-time
of peak flow is defined as the time required for expiratory flow
t2 rise from- 10" 1o H0% of the manenver's peak flow, Although
use of other mensures of acceptable efforts have been described
and may be useful {8, 68), they are not rrcommended at this time

Ratiprale. & very stow suiret with 2 low peak flow will reralt
in a greater than allowable extrapelaed volume (Figure 2 {1,
&7-89). In addition, the FEY, from a submawimal effoet can be
rither stoalier than those obtained when a maximal effiore is per-
formed bemuse the subjest fils wo reach a maximad TLC, or langer
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TARBLE 7
PERFONMANCE OF PEAK FLOW MAMEUVEL

Explain and demonerate the

Zerny che FEF moomw, it mepceasary

Stand up nrught

Infaie coWmphetely: the inhulman shoulkd op rapid But not faced

PMace PEF monilor in mouth and cose lips amourd mouthpeeoe’

Exhake with marimal bomes a0 soon 2 lips are drdled around
L'H-:mll.l."q:l-il.':lj

‘Wrkte dowm rerulls

Refeear Twe mome e (theee tokal)

Rermrd all three values

* RO TR il B P

T Nos clips are not necesany.

¥ ipbe ST SR WGEands T kot fl il B AerLOty Mo, AOC Rt U
o RN AL T OF MO T

+ [rangek and cowovien (657 Rave reported that PEF i reduced wiem, during the
imSpaRTtDry MU, e of 8 Sodes puanr A TLE DetfOne Dage ey s ton. i i ot
mdmwmwllnwmmmmhm

due 1o less dynamic compression of airways in subjecis where
airways are relatively more collapsible Recent experjence in large
epidemiciogic sindies (%) suggears that use of time-to-FEF and
PEF reproducibility may minimize mos of these problems in
the= majoriry of subjects. However, ar this time, i1 is not recom-
mended that maneuvers be eliminated becavse of a low PEF or

PEF rise-time, bur only bc:am of an excessively large oXirapo-
lated volume

Recomrrendation: FYC—MInimasn Exhalation Time

A minimum exhalation time of § 5 {Jengrh of maxim

tory effort), unless there is an obviows platear in the vol

curve display, is required 1o obtain maximal FYC resoles. There
are instances (&g the tesing of children, young aduits, and some
restracted patients) where shorter exhalation times are acceptable -
Racormenandation: FFC—End-of-Tast Criteria

To obtain an optimal effort, it is imporaet that subjects be ver-
bally exhorted 10 continue 1y exhale air at the end of the maneu-

wver; End-of-test rriteria are used to identify & reasonablke TVC
cffore Recommended end-of-test criteria are:

1. The subject cannot or should pot cominue Further exhaia.
tion. Althcugh subjects should be encouraged 1o achieve their
maximal effort, they should be allowed o rerminate the ma-
neuver on their own ar any time, especially if they are ex-
periencing discrmfore. The techoician should also be alert 1o
amy ipdication the pacient & experiencing discomfort and
should werminats the west if a patient is becoming uncom-
fortable

OR
lﬁcwlum:—mmmmmnhnuu:pmﬁus
- criteriom iy based on no change in vohune for of feast 1 5 after
an exhalation thoe of ar feasy 6 5 (10 5 is optimal). “Mo cuange
in vohame™ is defined as the minimal detectable volume of
the spiromerer. To meet ATS oriteria, the minimal detectabls
volume for spirometers must be 0,030 £ or less.
OR

3. mfnmdnhlhnmnnfmmubleduﬂmﬁrpnﬂm
with sirwsys cbhstruction of plder subjects, exhalarion rimes
looger than & 5 are freqzently needed 10 reach a platean. Mamy
would not reach a plarean even with a 20-5 exhalation How-
ever, exhzlation dmes greacet thae 15 s will arely change clin-
ical decisions. Multiple projonged sxhalations (looger than
6 5) are seldom justified and may Gt lightheadedness, syn-
cope, undue Btigye, and unnecessary dseosfort In such pa-
tients, a slow or unforeed VIC maneuver (previously described)
may provide a more apprapriste denominatar for calenlzrion

GUIA DE NIOSH SOBRE ENTRENAMIENTO EN ESPIROMETRIA APENDICE F-14



amencan Thoradic Socisry

of the FEV./VC% Manufacturers showd note that severa)
of the 24 fest waveforms have durations longer than 20 5

Achieving an end-of-vest criterion is one measure of maneu-
var aceeprabilicy. Maneuvers that do not mest an end-ofest
criterion should not be used ro satisfy the mquirement of three
acceptable maneuvers. However, early trmination is zot by it-
self a reason to eliminaie 2 mapeyver from further considera-
tomn Informarion such as FEV, and FEV,; may be valid {depend.-
ing on the length of exhalation) and should be repored from
these carly werminated manruvers. When the subject does not
exhake complaely, the volume ascumulated over a shorw perigd
of time (e.g.. 4 5} may be used as an approximare surrogate for
FVEC. In such caces, the volume label should reflect the shorter
exhalztion tme (eg.. FEV, for a 45 =halagion),

Recommendation: ¥C and FYC—Mazimum Number of Mansueers

Although there may be some croumstancss in which more than
eight consecutive FYC maneuvers may be needed, sight manen-
vers ix considered a practical upper Hmit for mast subjects. Af.
ter several foreed expiratory manetuvers, fatigue begins 1o ake
its ]l o0 subjects, apd thus oo their spirvmetnic parameTers,
50 additional maneuvers woold be of little added value, In addi-
tiotw, some subjects with asthma may exhibit spirometrr-inducad
bronchaspasm. Ferris and associarss (70} and Kaoner and cal-
leagues (71) have reported that for adults and children, eight
maneuvers is a practical upper Emit, For VC, four is considered
a practical upper limit. Because of the potential for muscular
fatigue and vohime history cffects, it is preferable that VO manen-
vers be perforimed before FYT mancuvers.

Recommendation [Monitaring): PEF—Number of Trials
The subject must perform and record 2 minimum f thre: mials,

Recommendaton: VE ad FVC—Envirorwmental Conditions
Spirometric testing with ambient temperanores s than 17T C
or more than 40° C may pose problems. Ambient wemperature
must siways be recorded and repartad to an accurasy of = 1% C.
in situations where the ambient'air emperatune is changing ap.-
idly &+ 5" C in less than 30 min), continmous tem perature £or-
rections should be made Spirometer users should be awar of
the probleme with testing done at Jower emperarures, which in
some subjects oan muse airflow Lmiacdon. Due to other techni-
cal reasons, 17* C is judged to be an acceptable and reasonahble
lower limit (32-38, 72) for ambient temperarare Ranges of baro-
metric pressurss thaz are acceptabie for the spirommerer must be
pubiished by the manufacture ;

Rerionele Theoe i evidence that some sulzjects mey develop
airflow limitation with the inhalation of very cold air. Thers-
fore, spiromerry should ot be conhacted wien the ambien: tem-
perature is cold encgh to induce airflow Limdrarion.

Studies alse point out the problem of fnite cocling Smes of
gases in volume-ryps spirometers and their associated wbing
{32-35) when aTPs cormetion techniques usually assame instan-
tanecus cooting. In one of these studies, it was found thata 7.7
to 14% error in FEV, resuits if the volume-type spiromener is
al an ambienl wmperatureof 3° C and the standard 3T corves-
fion is used. This ervor is less if the spircmeter is warmer (feeer
body temperanrs) (32). As a result, 17° C was judged to be an
acceptable and reasonaklie lower Limit,

Compiedties related to ternperatute are also encountered with
flow-measurmg devices (34-38), Air exhaled from the mouth is
esttmared 1o be 33 1o 34* (36, 38, 39), [f any connecting wbing
is used Beyween the mouthpiece and the flow smsor, the shaied
gas will experience a variable amount of cooling if the room tem-
perature is oot at approximately 33° C. Details of the ccoling
pattern For many types of flow spiromerers have not been swd-

12

ied, but they may result in emors similar to those for volume
devices {34-18).

Because oot all spirpmeters ar= used af 5= level (blood pres-
sure = 760 mm Hg), the range of barometric pressures ailowed
oy the spirometsr and its associared compuomiional sguipment

“must be specified by the maoufacturer.

Recommendation: ¥ and AYC—Uxe of Nose Clips

In toost people, oot wearing nose clips does not appreciably in-
Nluence the FYC ahen using the open circwil technique How-
ever, somne prople breathe through the nose and the use of noss
clips is encouraged, especially when performing a slow Vi ma-
nsuver, Nose clips must be used if a closed cirouit technique with
carbon dioxide absorpizon 15 used

Recommendation: VT and PYE=Sitting Versus Standing

Testing may be done cither in the sinting or standing pasition.
[ndication of position is necessary on the reponr (1, 73). The stand-
ing position may not be Appropriats in some circamstancss, smch
48 in hospitals where many patienis may aot be able 2 tolerats
the standing position, =speciaily when making forced maney-
vers. The selerticn of the position for testng is, therefore, an
individual onea [fthe stapding position is used, an appropriately
shaped chair should be placed behind the patient/subject so
hasshe can be quickly and masily sased into a sitting positian if
heshe becomes Light-headed during the maneuwver.

Rationafe Siudiss by Townsend show that for adalty thers
are significanily larger FEVs in the standing position than in the
sining position {73). The earlier ATS recommendation indicates
that in children, ¥C is grearer when standing (1),

k3

Recommendation {Manitaring): PEF—Mose Clifis
and Subject Position
Wose clips are not necessary when using PEF meters= Although
the tast can be conducred while sitting, the standing position is
preferred.
" Rationale Becanse the PEF iy dependent on 4 compiet= in-
halatipn and an sxhalation with maximal force, the ganding po-
sition is prefermed

Bronchodilator Testing. Spircmetty is often performed be-
fere and after inhalation of tronchodilarors: {or ronchomonstrie-
tars) from a mevered dose inhaler (M) or pebulizers. Although
specific recommendations are beyond the scope of this documenr,
it should be remembered thar this is 2 compiex procedure. Fac-
tors that can xignificanrcly affect a patient's response include: (1)
activity, dose, and airwzy deposition of the medication; (I} re-
cent prict medication; () timing of the postmedication maney-
ver; (41 choice apd variability of the meuspreanent used 10 detest
2 response; and (F) the methoed of sadenlaring the magnirade of
change after admiristering the broochodilator.

MEASLIREMENT PROCEDURES
Mleasunement

Spirometric vatiables should be mensured from a sevies of or leest
thre= accermable forced expiatory curves.

Recommendation: YC and FYC—Test Result Selectlon/Reporting
of Resudts

The larg=st VT should be reporwed from all arceptable corve,
including the forced maneuvers (FYCY, The largest FVC and the
lzrgest FEV, (1P3) should be recorded afier samining the dara
fiom all of the scceptable corves, svem if they do nor come from
the same carve Other measures, such as toe FEF 3.ps and the
instantanecus sxpizatory fiows, should be obrained from the sin-
gle curwve (1, 2, 15) that mems the acoepability critenia and gives
the largest sum of FVC plus FEV, (best t=st).
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Recommendation {Monitoring): PEF—Test Rexgit/ Reporting

of Aeadings

Although all readings are recorded, the highest reading at any
testing session {minimum of three trials) should be used in trend
analysis. All readings are recorded to allow the companyon of
the Hals 1o evaiuate reproducbility and o detesy possible
mansuver-induced bronchospaso

‘Rasionale Since the PEF is effori-dependent, the highest read-

ing shouid be used, This is copastent with the curTent recom-
mended selecrion method for FYC aod FEV,.

ACCEFTABIUTY AND REPRODUCIEILITY
Recommendation: YG and FYC—-Maneyver Acceptability

For FYC measurements, aceepiability must be determined by
asceriaining that the recommendations outlined previously in the
section on performing the FVC test are met. AFFENDIX A cOD-
tains examples of unaccaptable volume-time and correspond-
ing fow-volume carves, In review, these acoepuability criteria ares
¢ Iy satisfactory stari-of-test; () minimum FVC exhalation tme
of & 5= and (3) end-of-t=t criteria. [n addition, the technician
should observe that the subject understood the instructions and
pcrfum:dth:mancumwithamuimum inspiration, with a
good start, with a smooth coptinucus exbalarion, with maximal
effort, and withoul

|. An unsatisfactory start of expirarion, charactsrized by exres-
sive hesitation, false start, or exmrapolated volume of greater
than 5% of FYC or 0.13 L, whichever is greater (Figuse I}

pR Cau:hin;durin:th:ﬁmmnﬂoftb:meummueby
affu:ﬁugmemnwmdFEV,m:,mmmhﬂmushm
in the technician's judgment, interferes with measurement af
accarare resulis (APFENDI A, Figures 24 and 1H).

3. Early terminarion of sxpiration. A plateau in the volume—time
curve should be abserved, a5 defined by ne change in vohone
for af least 1 5 or a reasonabie expiratory ome In 3 aormal
wungmbjeﬂ;tdswmﬂdbcbefmrmplﬁmnfmmh—
mﬁ&*mmun&smummh'uubm-uﬂadmold:r
heaithy subject, a longer expiratory time is required to reach
aplatnu(l.?&?ﬂ{,ﬁnmﬁ,ﬁguruiﬁmdﬂ].ﬂw
ever, multiple prolonged exhalations (longey than 6 3) are sei-

) dom justified.

4. Valsalva manecuver (glottis closure) or hesitation during the
maneuver that cuuses a cessation of airflow (ArFENTAZ A,
Figures 44 and 4H).

5. A Jmk (AFFENDI A, Figures SA and SB).

6. An obsuctsst mouthpiece{e g, obstractice due (o the wogue
b&ngpla:ndinfmmdth:mﬂhpimurfahmflﬂin;
in fromt of the mouthpiece).

For ¥C meastrements, all of the above mequirements should
e 81 with the exception of those relaed 1o the foread natre
of the effort. 1 additica, plateans in the volume-time display
shuuldbemchad:tbmhmcmuimalinspimrymdnpirb
tory voliumet

Computer-based systems that provide fesdback to the tech-
ni:iuwhmtheahmmndiﬁnmaremtmﬁmdﬁinbk.fhe
reporting format should inctude qualifiers indicating the accept-
abﬁwﬂﬂmmm.m,hmhmm
thar faifure to mest these criteria does not pecessarily invalidae
the manegvet, since for some sabjects this is their best perfor-
mance. Further, such maneyvers should be retained, since these
maneuvers May contain useful informarion.

A Tlow chart outlining how acceptability and reprodudbility
criteria are 1o be applied is shown in Figare 3.
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Recommencation: ¥C ang FYC—Test Result Reproducibality

As 2 goal during tes result performance, the largest FYC (of
¥C) and second largent FYC [or ¥C) from accepabie maneu-
vers must not vary by more than 02 L. In addition for foresd
ethalations, the largest FEY, and the second largest FEY, must
oot vary by more than 0.2 L. The 0.2 L reproducbility criteria
are 2 change from the ATS 1987 Spimometry Stat=ment apd are
intended to provids an equal assessment of test reproduciiility
independent of lung size However, these criteria are ooly goals
during data coilection; therefore, an immedixie change m spirom-
ey dara collection softwars i not warranued.

The reproduciilicy crizeria are used a5 3 guide 1o whether more
than three acespable FVC maneuvers are peeded; these criterid
are ot to be used for excluding resutts from repors or for ox-
cluding subjects from a study. Labeling resuits as being derived
from dara that do oot canfarm o the reproducbilicy criteria
stated above is encouraged {especiaily when the data suggest thal
broochospasm was triggered by the FYC maneuver). In addition,
the reproducibility criteria are MiNIMULM Mequirsments and may
subjects should be able 10 prowide FVC and FEV, reproducibil-
iry well below 02 L. The acceptability criteria must be applied
before the reproducibility crit=ria (Figue 1) Unaccepable mates-
vers must be discarded before applying the reproducibility eriaria,

The ogly criterion for unacceptable subject performance is
fewer than two accspuble curves No spirogram should be re-
jecudsn]&yontbebmsnfitspmrrepmdu:ibﬂimn:pmdu:i-
biliry of resuits should be considered at the rime of interpreca-
tion. Tse of dara From maneuvess with poor reproducbilicy is
left to the discretica of the interpretar. In addition, ute of data
from unzceeprable maneavers due to fajhire to meet the end-of-
test requirements is Jeft 1o the diseretion of the interprever.

Rerionzle Several apidemiologic srudies (67-69) have shown
that the elimination of data from subiects who fail 10 meet the
ATS reproducibiliry criteria may result in & popularion bias by
excluding data from subjects who bave abnormal lung fanetion.
Pennock and colleaguaes (76) have reportad thar subjects with ob-
struction have greaer cosfficients of variation than do normal
subiests. Therefore, thess subiects are more fkely to be unabie
to mest the ATS minimum reproducibility criteria. The reproau-
cibility criteria have been simplified to climinate confusior:. If
acceptabiliry criteria are not applied befere the reproducibriny
criteria, a passive exhalation maneuwver will often be labeled 23
the best test mansuver because it may give the Jargen sum of
F¥C and FEY.. : '

“The cakuiation of the FVC and FEY, reprodudbility presents
no problem for a computer; however, the need for rapid deter-
mination of FEY, during the ratng sesyion pheents a recog-
nized logisties problem if reubts are and calar-
lated., Changing w 0.2-L criterion does simplify this cabcutation.

Changing the reproducibility criteria to a minimum vwhae of
0.2-L is based on evidence that within subject variability of F¥C
and FEV, is oot depencent on body size The use of 2 3% or
100-m1 criterion has been shown to result in more individuais
of short stature being clnssified at nonreprodieidde [o concast,
a 0.2.L fixed yolume criterion provides a commensurable jevel
of difficubry for all subjects, regardless of age or height (lung
volume) (7T). Regardiess of the reprodusibility criterion for FYC
or FEV,, il shonild beused as a goal during daca collertion. There-
fore, coptinued use of the previous criteria (5% or Ol L,
whichever is greaer) during an interim period should have Hetle
practical impact on SPOMETy refts
Recommendaton: PEF—Manmuver Acceptability
and RAeproducibiity
PEF values for each mancuver must be resorded in the order
in which they occur. This informagcn will be useful in detecting
possible 1=t (maneuver-nduced bronchospasms
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TABLE &
ACCEFTABUTY AND REFRODUCIBILITY CAMERIA: SLIMRART

AL DAITY ke
Irdividudd spimograms are “acobctabet o
Ty ary bree from artfech (See ARRNOLL A for saammphes)
‘Cough or gioths desum dunng dhe frem second of exhaldion
Earty Titningdan or ouiedt
Yarabe qHort
Leak
sty mouthpire
Five Cobd LTRITE
EXDIDOEE] voaume (3 Tan 5% of FYC or 0,15 L whichever
15 oreaten Of
Tirme-te-FEF of 161 than 1.0 i3 {opoonal uptl herther saformaten i
ebaeiey
Have & sawsfacnry exhalaion
65 ol sxhawban andlar 3 plyteau in the velume=bme U DR
Ressonable duraton ar 3 platray in the valume—time cures; G8
If the subje canmet of $himld not cormtinee o axhale
Remmooucibvlily cribemr
After thies Xreptaple ARICGrame Nive B gbtaned apply tha
fedbowiney tests: )
Arg tve twa larmest FYC within 0 L of esch achee?
Ary Hva twa fargest FEVy witthin 0.2 L of each other?
if both of these ctena are met, etz seasion may be conciudeg.
I Booh of Mty <orteria o not M, conbaue TeStg untl
barh af ohe chbgng are et with amaias of sdoitional acceprabie
Hpirogram; OF
A ok af seght LTt hiane: Eeken prfonmend; OF
The pabent/subiect canno: oF At MOE CONTIN
Sirvi W & UNiAUmM the dres Sl MamEAvErs

Raticnale. Unlike the FEYV, obtaned from routine spirome-
try, PEF measurcments are more variable, and the measurerent
is aften conducted in padents with high variabifiry 15 ther PEF.
Although thare may be some benefit from using PEF reproduci-
bility ta improve 4 subject effort, no specific reproducdibility
criterion is recommended at this ime

REFEREMCE VALLIES, INTERPRETATHON STANDARDIZATION,
AND CLINICAL ASSESSMENT

Chnical/Epidemiclogic Consberations

Whether the spircgram resuhs ane 1o be used for clinical or
epideminiogic purposes, the following recommendarions apply.

Stoee the last suandards were issued in 1987, a detadled stams-
ment o selection of refersnce values and inrerpretation of hung
functien testt hax been published (3). The interpretaton of
spiromemy involves twe tasios {J) The ciassification of the de-
rived vajues with respect to 2 referenes population iod atwess-
ment of the reliability of the dars; and {2) The integration of
the spirometric values into the diagnosit, therapy, and progoosis
far an individua) patient. The st task is ordinarily the rspon-
sibilicy of the laborarory direstor or 2 designees and serves not
only 1o communicate miormation 1o referring bealth care pro-
viders but alsais an imporant atpercs of laborarory quality son-
trid. The tecond task is ordinarily the responsibility of the phy-
sician requesting the studies and is performed within the context
of patient care,

[t is the responsibilicy of the medical director o devalop sx-
plicit procedures for interprewation of spiromenry 20d 1o selem
approptiate reference valués The procedurss for inverpreation
and reference vainss may legimacety vary from laboratory to
laboratory depending upon geographic location and the charxe-
terisiics of the population being rested. in 2 setting whers fargs
numbers of heaithy individuals are being screened for abnormai-
ity and the prevalenee of disease is low, it 13 appropriate to set
the thresheld for abnormality at a higher level than in # setting
where most individuals are referred because of symproms o dis-
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ease it che lanier case, where the prevalence of disezse is high.
ap 2pproprial= standard would be set to a more sensitive thoesh-
0ld for abnormality. The intarpretative strategy should also take
intw consideration the consequences of False-positive and false.
nEgative errars. Accordingly, oo specific guidelines for tnterpreta-
Tive procedures ars ~ecommendad that would be appliczhts 1o
all laboratonies. ore important, however, is that thers be a con-
sistent approach 1o the inrpreation of lung function tests within
a sipgie laboratory. Therefore, referring physicians will not infer
a shange in the condition of the patient from a change i in-
terpretation when it 15 the resull of a change in the approach of
the interpreting physician,

in providing the referring physician with an interpretation of
spirometry resulrs, it is alsa imponant w comment on deviations
of the data frotn the guidelines fior acceptability and reproduc-
kility set forth hersin. Although i spirometry session may oot
meet all of the guidelines, it may provide important clinicad in-
formation and shauld be reported with appropriate qualifica-
ton. Althoygh some individuais display negative effort depen.-
dence, submaximal efforts wsually lead oo undersstirnation of
the maximal effor values (28} Suboprimal =fforts may be zde.
quate t¢ assist clinical decisions, where iz can be judged that the
recorded valyes underestimate rye lung funciioe.

Adncrwiedigment The Commitbie tharrs those whin e preraded inpur o
s upaate of the Stncard zaton al Spirsmetry. Soecel thams go o the onginal
Partcipans of the: Upsdate 'Workshaop, witase vaiued inpat was seught ang wee,

Externgi revarwin S0 T, Weiss, MO, WS, Caay B Fpber, WD 208 {ames
R Harnzen, WD,

AFFEMDIX A

Ssmple Spirograms

The sample spirograma shown in this 2ppendi are from actual
individuals and represent a Few illustrations of acceptable and
unacceprable manegvers, It is imperative that the rechnician ad-
ministering the test be capable of recoxnizing these anomalies
and take appropriate corTecTive 2CTlon - proper coaching. Dhwe-
ing the interpretation process, the reviewsr may decide to inchade
a mansuver that may have been considered unacceptable during
test performance. As with the reproducibility criteria, somne judg-
ment must be made concerning what is an unacceptable maney-
ver, This decision will be based on the aumber af curves avail-
abix, the discase partern observed or expected for the individual,
etc, However, the techrician's action taken during the data col-
lection stage of the process should almost always b to obtain
additiona] maneuvers combined with effective coaching of the
individoal

Figures Ala and Alb are volume-time and corresponding
flow-volume samplss that are acorptable spimgrams from the draf
NIOSH spiromerry manual (781 In these spirograms, the in-
dividual exhibited 1 maximat effort for the entire maneaver, sx-
haling for ar least 6 3 with a grester than 1 $ piateau in the vol-
urme-time eurve Figure Ala illuscrates the relarive expansion of
the last portion of the FVC maneuver associated with a vole
ume-time curve display. 1o contras, Figure Alb illusreates the
relative expansion of the ipitial porton of the FYC mmanmgver
associated with o flow—volume curve display. Motice in the
Mow-volume curve (Figure Alb) it is more difficult (o determine
thar the individuai produced an accepnble plareay than in the
volume-time curve display,

Figures A22 and Adb illustrate an unacceptable spiragram
dueé 10 & cough during the first second of exhalarion. Notics thar
the cough, which occurs at approximacely 3.0 to 3.5 L, is very
apparsnt in the Mow-voheme corve but is more difficulr 1o deter:
in the volume-time curve. The ancmalies seen m the volume-time
curye at approximasty 5.0 and 5.5 L could be slight coughs or
variabile effort, but cocurred after the first second of exhalation.
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Acceptable Spiregram

Volumes {L.}

4.0 20 4.0 6.0 8.0

10.0
- Time {3)
figure Alo. Acceptable volurre-time spiregram.
b
10.0 -
Acceptable Spirogram
20 -
% €0~
é 4.0
u o
u'u & | 1 ' | 1 ] 1 1 1 1
o0 10 2.0 a0 4.0 20
Volume (L}
Figure Alh. Acceptable Row—volume spirogram.

Ahthough the flucruazions in flow obseryved in the fow—vol-
ume curve in Figure AZb are reasonably large, they muy 0ot m-
sult in a significantly different FEV,. Therefore, the FEY, from
this curve may be valid, particulariy if all other curves are unec-
captable Regardless, when the techoician observes the spirograms
in Fizurey AZa and Alh, additional manewess should be ab-
tained from the individual.

Figuret A3a and A iflustrate an vpacceptable spirogran
due to a variable effort or cough during the first second of exha-
larion and early termination of the manwrver. The anomaly ob-
served at 1 L of exhalation is apparent on both the volwme-time
and Now-volome curves.

The doration of the anomaly and the fact that the flow im-
mediarely following the anomaly doss not exceed the expecied
flow-volume savelope suggest what the anomaly is a variation
in +ffort instead of 2 cough. The eariy erminaticn is less appar-
ent of the flow-volume surve However, on the volume-dme
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Figure A20. Yolume=time spirogram with a cough during the first
second of exhalation.

0.0 1.0 20 10 40 30 5.0
Volums (L)

Figure A2b. Flow—volume spirogram with i cough during the first
serond of exhalation.

curve, it is apparent that the individuat failed to exhale for 63
and there is oo ks plateay of the volume-iime cure.
Figures Ada and Adb dlusgals maceepiable sample spim-
grams due 1 an abrupt termination of flow ac the rod of the
maneuver, possibly the result of the individuad closmg hit/hac
glowtis. Notice in Figure Ads thar the volume—tims curve pia-
tean occurs abruptly at approximarely 2.2 s where the volume
remains copatani for the remainder of the maneuver. In Figure
Adb, the flow-volume surve exhibits an abrups decrease in flow
at the end of the mansmver. :
Figures A%a and A¥b lliusirate unacceptable sample spirc-
grars due to a leak in the walume-type spirometer or spiromess
hose This Ieak is approximaceiy 50 ml/s and prodoces an ap-
proximare 300-ml loss in volume over the -3 exbalation produced
by this individual Notice that the leak is very apparent on the
volume-time curve and perhaps less apparent oo the flow-vol-
ume curve At the end of the maneuver when the kmak is most
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Figure A3, Unacceptable volume—time spirogram due to variabie
effort and early terminatian.

b
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figure Alb. Unacceptable low—volume ipimgram due Lo varigble
effort and earky termination.

spparent, the flow ix slightly negative and volume iz decrexsing
(s£e intert i0 Figure ASh, shom line moving to the left belgw the
zere flow line). If 2 spirometry system display does not dispiay
negative flows, then the leak would be even less apparent on the
fow—yoiyme curve,

Figures Afia znd ASb ilinstrars acerprable sample spircgrams
for an individia) wirh mild airesy obstruction (FE Y,/ FYC % =
£7%2). Notice the relatively small change in volume after 105
of exhalation (Figure Afia) and the corresponding refative low
flow [Figure Afh) &t the end of the maneover.

In addition to requiring three acceprable maneyvers, the
reprochacibifity stiteria for FYC and FEV, should be met a8 a
goal during et performanes Figure A7a ilustrates the wol-
ume-rime curve and Figurs ATk the corresponding flow-volume
curve for a 32-yr-0ld, heplthy female In these figures, the sub-
ject did mot meet the minimum reproducibillty eriteria for both
the F¥C and FEY, despite performing three acceprable maneu-
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Figure Adg. Unacceptable volume-time spirogram due to possible
giatey ozure.

b
10.9 -

Glottis Closure

Yolome (L)

Figure Adb. Unaccepuable fow-volume sirogram cue o passible
giotis dosure. e

vers, The sacond Largest FVC was 0.43 L (10%) lower than the
largest, and the second largest FEV, was .37 L (12-1%) lowsr
than the largest FEV,. Therefore, at least one additional ma-
neuver shirmld be performed by this subject inan amempe 1o meet
the FVC and FEY, reproducibility eriteria. The most likely ciuse
of this pattern (sonreproducible tracirgs bt good initial effort)
is a failure 1o achieve a rnaximal inhalarion befare performing
the FYC maneuaver.

Figures Afa and AfD [llustrame: 3 reproducible tacr with thres
accepiable mancuvers. Figure Afa displays the thres acceptabie
volume-time curves, and Figure ABb displays the corrsspond-
ing flow—volume curves. ‘Thes: maneuvers were obrained from
an 30-yr-old male with an FEV /FVCT = §1. 7%, Notice that
the curves are very rpmducible even though the subiect required
appreximately 10 5 to reach bis final volame or FVC.

Figre A% shows a sampie VO mansuver for 3 normal sub-
jecz. This subject starts the test with scveral tidal volumes through
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Figure Aja, Unaccepiable volume-time spirogram due to a lesk.

Leak {50 mifs)

0.0 10 20 3¢ 40 50
. Volums (L} '
Figure ASh. Unacceptable flow—volume spirogram due to a halk

2 valve opaned 10 room air 10 become acsustamesd 1o breazhing
on the mouthpiecs. The subject is then connected to che spirom-
eter, where several additional tidal vohunes are reconded. The
subiect then completsly inhales to toal lung capacity (TLC) ad
Mmﬁmmmmm:mmmﬂqﬂ
inhale to TLEC and sxchate 1o BV, After reaching RY, the suhject
returns o FRC, where several tidal volumes are again obained
befare the subject comes off the mauthplece. Notice the pisteans
at TLC and RV, indicating thar the subject has compiesely in-
haled and exhaled. ) .
Figure Al0 shows 2 sample VC maneuwer for a subjeet with
severe airways obstroction. The identical manetrver for the nor-
snal subject shown in Figure A9 is repeated for this subjest with
severe airways cbstruction. However, the ddal wiumes of e
mbjmwﬂhsnmairwmobsmaﬁionmmu:hmmupiﬂuﬂ
the subject requirss 2 longer exbalation time to reach RV, as loog
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Fgure AG@. Acceptable volume—Gme sprogram for an individual with
mild aineays chstruction.

b
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Fgure Atb. Accepable firw—vohuame spirogram for an individual with
mikcl airways SESTUCHON

uﬁsﬂndc:mntuwimmemmﬂnhjm.apmuqqthe

volume-time curve i obrainesd at both TLC and RV. This indi-
cates that the subject has compietely inhaled and exhaied. Alsa
notice that the subject has mm:difﬁcuhﬂnnbtamm:u;mbh

_FRC;&:rthe‘itm:um.mhhiy&ummmpmm

APPENDIX B

Sparometsr Testing Guislelines .

The following testing guidelines should be used when evaluating
pew spiromerer decigns and when changes hmrehu._-.umad.em
sﬂmmhﬂmmmﬁmhpmﬂuﬁmm;&em
ofasmﬂlﬂmufmwzv:fmwbetppmmm
mhum:ursclmudfurmﬁn:shmlﬂben'pmdm“mndd
and not one thas was specifically selected becguse of any extraor-
dinary calibration effores. Once testing has begun, the device be-
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Figore AZ Nonmeproducible tect with thes acceptable volumetims
cprves, Percents are difference fom largest vaiue.

b
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3 Accaptable Maneuvers
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I
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Figure A7b. MWonreproducibie test with thees accaptable flow-val
UITHE Cufves,

ing tested should not receive amy adjusements or special calibra-
ton procedurss that are not part of its routine operational
procedures,

Volums parameters should be validated uang the 24 volume-
time standard waveforms desribed in Arrevox C. For PEF and
other flow parameters A0 Based oo 2 percentage of the FVC,
Lhe 25 flow-tirme standard waveforms should be used (ArrevmiDc
D). The validarion fimits are provided for each parameter in the
main secrions of this sztarement Al te=rt should be conduered
using the appropriate waveforms and a computer-controlled me-
chanical 1yTinge or its equialent (waveform geneator), The ac-
curacy of the wiveform generator should be checked at leaxt dadly
when in ugse, sther ysing 2 $pimmeter for volume waveforms
or a poneumotachometsr for flow waveforms, or an equivalen:
method. The desired accuracy of the waveformn generator for vol-
ume parameters is = $.5% {or = 0.05 L, whichever is greater);
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Figurz ARa. Reproducibie test with three acceprable valume-time
curves, Percents are difference from largert valus.

12.0 -

Reproducibly Test
1 Acceptabris Manauver

Vielums L)

Figere ASh. Reproducible test with three dcceprable Aow—yolume
Qurves,

x 2% (or + 3 L/min, whichever ix greaws) for Bow parameters
{=§. PEF) ln comparing resubs obtained from a particular
spimometer, the tolerance limits of the waveform generator are
e be congidersd by adding them 1o the acouracy requirement
for the parameter under test, for owample 0.5% (= 0,05 L) for
volume parameters and 2% (+ 5 L/min) for flow paramevers.
oiserved values woukl be x 3.5% (performance acouracy requires
ment * 3% pius wavelorm generpor accuracy of = 035%).

mmncyudpmdﬂmv:ﬂdaﬁmﬁmumtﬁnﬂhthis
section assume a waveform generarnr scouracy of 0.5% for vols
ume and 2% for flow paameers. The aramacy of availabie weve-
form gensralors has not been esablished; therefore, the desired
2% waveform generator accuracy for flow parameters may ot
be achieved. In this eircumstance, the ecruel accuracy limit of
the waveform generator should be added to the accuracy require-
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Figure AR, Sample relaxed VO manewryar in a nomal susbjpect

ment of the parameter under test. Every attempe should be nade
to mprove the accuracy of »waveform stmularont, but in no case
shionld the simulator acouracy fimit be considersd less than 0. 5%
for volume and 2% for flow parameters.

Spiromerers or peak fiow metzrs should be connected o the
wavelorm generatot in the same orlentatiog used in the e=ting
of subjeets. Tubimg or other copnecting marsrial may be used,
bus the volume assoctared with the conneming nebing should be
less than 300 ml. For handhetd devices, full westing should be

cooducte] with the sencor in a horizomal position {the oypical-

position with the patient at TLC about 1o initiate the maneuy-
ver). In additon, hapdheld devices should be tested with twd
waveforms (siandard volume—time waveforms § and €) ata oS-
cal FRC position (insirurment ar a 30* angle down from horizon-
tal). These devipss must meet disgnostic spircimeter aomiracy
criteria for these 1wo saveforms in the 30" down-angle posidon

The inscruments {diagnostic or menitcring devices) should
be tesved using the waveform generator under conditions similar
te those present when testing human subjess. Mo special proce-
dures shonld be fallowed th tetring the inttroenent. Specifically,
each waveform wifl be injected into the instrurnents within noe
less than S 4 or more than 1 min of the innrument being sex 10
the ready condivion. In measuring the resistznce of the nero-
menot, pressure should be messured in the side of the standard
mauthpisce ussd by the instrument when constant flows are in-
Jected into the spircmeter. If ao m-line filter is 1o be used as part
of routine esting of humans, 2 flter mopst be attached during
spirometer validation ahd resisiance testing.

Five repeats of sech of the 24 waveforms should be injectad
into the best instrument UsSing ro0m Air Ar ambimat temperatire.
In those sreumstances where the flow or voiume sensor is
changed Berween subjects (Lg., disposable flow sepsor), 3 differ-
ent sensor should be osed fer wach of the repeat tests. The aver-
age of the five repear values shouid be used for comparison with
the standard valuss, The range and perernt deviations of values
from the five repeated testz should alse be computed by:
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Figure ATS. Sarmple ¥YC maneuyer FIom 3 subject with severt Airwlys
olstruction.

Rangs = rmaximum — minimum (B1)

Range (o} = 100 » (DAXimum - minimum)  may
average

Deviaticn = average — standard {8

Deviation (%) = (00 « (¥Erage — sapdard)  qy
standard
Averages are calculared a5 a simple o weighted average.

The five repeats of 24 waveforms should be coasidered a rigid
testihg sequence. The resting of a device should be compiecad
by rumming all 24 waveforms with five repeated tests. If the de-
vice faily 1o dccurately measurs a value for a partcular wave-
form, no additional repeats should e conducted for only one
waveiorm,

Dingnostic devices should alcy be tegtad Yy injecting ax lease
four waveforms using beared and humidifi=d air (wayveforms 1
through 4} o verify acouracy of volume paramerers under sres
conditiont. Lixing volume-time waveforms | through 4, the o
erage FVC and FEV, of three trials shall be compared o the stan-
dard values The validation limitx fir testing under ¥r2s condi-
tions are + 4.5% or 200 ml, whichever is grearsr, Spiromerers
must mest these acruracy criteria for all four waveforms under
BT conditions. Using 4.5% allows a 1.%% simulator error, neces-
sy because of the added unceriainty when using heated and
bumidified air. The fime between cach of the three trials should
be le=s than 2 min, The wmpemiore of the air injected into the
device under test shoyld be within = 1* C of 37* € and should
be measured pefore the afr is injectad iorta the device Waveform
generators are being modifled o aliow XTPS asring. The 3TPS
testing requiremnent will be impiemented when BTPS 1esting ser-
vices ar= available,

[n addirion to testing usiny the waveform generator, the de-
vice should be tested wsing ar least w0 heality kuman subjects.
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TABLE B3

STROKE VOLUME VOUMIE IN SPIRGMETER AT START
OF TEST (FOR YOLUME SPIROMETERS), RATE
AND CORAESPOMDING MW TAAGET YALLES

Tt Target MyY  Siroke Yolume Rate Surung valurme
Nurmtaes {Limun} L} [Jroeet e} [ §]
1 1] 10 aa 0
2 oo (s 100 10
3 120 10 52 LA
4 200 14 100 30

The purpose of the testing using a human subject is to verify
that the instrument will function properiy under conditions other
than those presept using 2 mechanica] simulator, To achisve a
balanced design, each subject should perform alternaring manen-
vers herwien: a standard spirometer and the device bring tested,
periorming three maneuvers on sach device, for a 1ol of six
manegvers. Ooe subjec shewld be randomiy assigned o perform
their first manecver on the standars spiromerer whiie the other
subject’s first muneyver will be performed on the device being
tested, ailowing the learning effect to be equally disoibured acoss
both instruments. The differences bevwen the Largest of the thres
trials from cach device should be within + 6% or 200 m,
whichever ik grmater, for FYC and FEV,, and + 15% or 30 L/min_
whichever is grearey, for PEF.

For validating M VYV, a mechanical pump shouid be used with
a sinusoidal waveform. The response of the device should be de-
termined using incrementally increased flows up 1o a maximum
of 230 L/min, produced with sroke velumes up 1o 2 L. The spe-
cific minimim parterns and for voiume spirometers, the volume
iny the spirometer, are given in Table Bl. The device should read
the MVY within = 10.5% of reading or + 20 L/min, whichever
is greater for all four test parerns specified in Tabie B, In addi-
ticm, the pressure measured ar the mouthpisce should not ex-
ceed 10 cm H2O during the entire MYV maneuver. No meckani-
cal pump testing at NTYS is required for MYV,

ES

DIAGNOSTIC DEVICES: TESTING FOR ACCLURACY AND
PRECISION WITH A WAVEFORM GENERATOR '
Accuracy Testing
Accuracy criterie: Deviation = 3.4% or 3 0.100 L, whichever
is greaver, for volume measursments; + 5.5% or = 0250 L,
whichever is greater, fof FEFy-nm; = 12% o + 24 L/min (£
0.420 L/s), whichever is greater, for PEE. These criteria ars in-
creased stightly from chose in Table 2 to account for the wave-
form generator inacouracy. For MYV testing, deviatiog must be
less than = 105% or X0 L/mim, whichever is greazer,

Wiveforms: Twenty-foor standard slume—time %aveforms
(Arrerom ) for FYC, FEV,, and FEFjrpm; 26 stazndard
flew-time waveforms (Arrevpix D} for PEF. For wTps tesTing,
volume-rime waveforms | through 4 shoudd be used with hearsd
and humidified afr as specifiad in this appendix. For MYV test-
ing, sinnscidal veaveforms should be used with the parnerns spaci-
fied in Table HIL i

Spiromener tested: One production spiromerer. Spiromerstx
should oot be screened or especially cajibrated before testing.
If an in-lins filter is to be used during the vsdng of humans,
it should be attached for this testing. When during clinical test-
ing, if the fiow of volumte sensor is changed berween subjecns,
the sensars must be changed for ach of the five repear tests gee
wribed below. The spirometer may net be recaiibrated after these
sensor changes unless recalibration is required after sach sensor
change during clinical testing,

Validation: Each spirometric waveform is to be injectad into '
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the spirometer five times. MYY parterns will be inject=d jo dupki-
cate Average values will be calcuiared for cach waveform and,
along with individual vatues, will be used to score the spirome-
ier. See formulas Bi-B4.

Acceptable performance: For FYC and FEY, in sach of the
volume-time waveforms: deviation (formula B3} must be jess
than 0.100 L or deviation {%o) (formula B} musr b= fevs than
3.3%. For FEF:y . in =ach of the welume-tme waveforms:
deviation must be less than 0250 L/s or deviation (e} must be
lesx than 5.5%s. For PEF in sach of the flow-time waveforms:
deviation must be less than 25 L/min (0.420 L/s) or deviarian
(") must be less than 12%. For 573 (ssting using waveforms
1-4: deviation must be less thar 0.2 L or deviation (%) muse
be less than 4.5%. For MYV in each of the patterns: deviarion
st be (255 than 20 L/min or deviation (%s) must be less than
10.5%,,

A error occurs when both deviation (formulz BY) and davi-
ation (%) {formula B4) excesd their specified Limits. For esling
with ammbient air, accepuabie performance is present if the eror
tate for each individual parameter (FVC, FEV,, FEF, v,
PEF) is less than 5% {one error for each parameter when 24 or
26 waveforms are used). For MYV testing and spirometric test-
ing with urPs conditions, accepiabie performance is present if

- the ¢Tor rats js zero.

Precizion Testavg: Intradevior Testing

Precisico criteria: See the acceptable performance criteria lisied
below "

Waveforms: Use data generated as part of accurzcy Testing,

Acceprable performance: For FYC and FEY,, far =ach of the
volume-time waveforms: The range (formula BI) must be less
than 0100 L a7 range (%) {formuia B2) must be less than 3.5%.
Fot FEFas-ras, using exch of the wolume-time waveforms; The
range (formula Bl) roust be fegs than 0.250 Ls or the range (%)
{formula B2) must be iess than $.5%. For PEF using sach of
the {low-time waveforms: The aoge must be less than 25 I/min
0420 L5y or the range (W) must be less than 7%

~An error oceurs when both range (Formula Bl) and razge (%)
{formula B2} rxceed their ypecified Hmite Accepiabie perfor-
mance i present if the ertor mte for each individual paramerer
(FVC, FEV, PEF) is less chan 5% (one ervor for #zch parameter
il 24 or 26 waveforms are used).

MONITORING DEVICES (PEF) TESTIMNG.-CRITERIA

‘The range and deviations from the standard PEF values should
be caleulated using formulas B] throngh 4.

Accuracy Testing

Accuracy criterion: £ 12% or = 25 L/min of targer values,
whichever is larger. The pritary critericn is = 10%h; 3% is added
b account fot the inacruracy of the waveform generator,

Waveforma: 26 flow-time curves {Arrerpm DL

Meters ened: Two production mieters, Meters should be
s=lerted routinely from a producticn run and not b scresmed
before validation esting,

V¥alidadon: Each meter will receive five manegvers for sach
of the 26 waveforms. An aversgs for sach waveform will be cal-
crliaved and vyed to score thar meter Against the aceuracy criteria,

Arceptable performance: An error ocrurs when both devia-
tion {fermula BI) and deviation (W) (formula B4) exceed their
specified limits. Acceprable performance s jees than three -
rofs out of the toral 52 rexts (26 waveforms, 2 meters).

Preclsion Tastdng: Intragevice Testing

Criterion: Less than 6% inoadevics variakility or 15 L/min. which-
ever is greater. The primary criterion is leyy than $9%. Cne per-
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YALUES FOR STANDARD WAYEFORME

cent or 5 L/mon is added o account for the imprecision of the
waveform generalcs, .
Waveforms: Four of the 26 standard Now-tme waveforms

R F FEv1 Wext. Vet FEF FEV 25 ram
cve W D e (D RO e {waveforms 1, 4, §, and 25).
Meters tested: Ten production meters.
1 4000 4243 710 40 0e 6497 E Validation: Three flows for each waveforn for each meter.
T o - o e For each waveform and for 2ach meter, calcutate range (formula
- - " ; Bl} and e (%) (formula B2) for =achk PEF.
i 1a9g 1371 91§ oang 1.3 2952 1704 ang
3 L132 LM 74 O008P 1.7 535 1w Arceptable performanes: An error occurs when both range
& 011 3427 7SS DT ) 5063 2572 (formuta Bl) and range (™) (formula B2) excesd their specified
7 1189 2319 RS G35 112 475 1368 lmnite Acceptabile performance is six or fewer errors (=Tor e =
4 1993 ts1s NG DAl ra 1450 1887 5% for 120 trials).
$ affs 1772 T LM a2 1T 3.3858
] 383 3011 RS D2 &3 4650 ZEwe Precisi rercevice Varia
1M z75 LA &2 o4 oM Rjos 1272 ion Testing: In bility
i 2062  L631 A10 00w i7 EX T h 1,780 Criterion: Less than 1% interdevice variabilicy or 25 L/min,
13 4E08 1334 TR 04D 2.4 saor 1677 whichever is greater. This inciudes 1% or 5§ L/min for the impre-
14 ATFss Aps3 0. 0138 ol ENTE 1122 cision of the waveform EEneraton.
15 S917 5304 93 D80 13 12182 5,092 . ; : ;
I S458 31R9E T4 Q21 % Tavs 89z Wavcforms: Sm: as for '“‘.“‘"““. iesting-
17 4833 2587 445 008 Qe 5,287 1153 Moezers temed: Same as for intredevice t=sting,
1 M3 1455 7IE  ooe2 o 7 zag Validarion: Same data as for intradevice testing. 1oterdevics
1% 1935 2512 638 006 11 5408 1137 percentage is caloulated as follows: for each meter, @ionfate an
20 a0 2431 Mo Gl T4 LY rrl 2e9s average PEF for cach waveform. For sach waveform, combine
n 4477 3349 71 0102 23 .39 1364 all data from the 0 meters 1o catcutare range (formula BY) and
;-: :ﬂ; f;}: ::-: :.'213; g': ;ﬁ nm_m rangs (%) (formula B2) for each of the four waveforms, -
2 1237 A%z S oD% 095 7o Acteprable performance: An errar ocours when both @nge
{formulz B1) and range (%} (formula B2 exceed their specified
Drfiriticur of R Vet = RTRpoEd wiume (v Foum 1 i gesopvond. Jimigs, Acgeptable performance iy present if there are no aore
TABLE DF
CALCULATED VALUES FON 26 STANDARD FLOW-TIME
WAVEFORMS (0.002-3 SAMPUNG INTERVALY*
Vet Fow
Flow York-A0 Wok-00 Mam- Thmee Tima= Lxir
Wavefnem rer PIF PEF Titre to-PEF . vl et 30
Number (173 {Lis) [Li5) (et} ()} () [43] (RAT) (1))
1 T.H5 7Z43 733 M5 BB 1517 .10 5 iin
H 16,850 2.905 10,450 357 465 A Qie3 Ll 35
3 + a4 4372 4430 sA3 50 114 005 11 1302
4 .1 o 2ag 3N e 856 1163 051 19 1,482
5 1430 1584 1584 1594 1704 L0 e 18 2am
1] - 10Kk 1.7k Fho 445 WA T Q0T 1.3 LY
7 130 inr a0 T4LD 674 1734 0.007 17 1.048
| iz 1048 e FLIS LY =4 0.0 1.0 0950
g 5359 a9y 10w 20 a3 a4 0.04 11 i
0 4733 2457 - 4558 e 11 122 0.015 14 b v
n 587 5472 &704 na &7.4 1284 0.08% Al 2080
12 y[¥' TN 10.528 10558 1153 1308 a4 (8] ] 34 415
12 £y 4,708 4 T 1053 121.7 9 0000 F i) 2304
" L 17%4 76 1387 127 xna 074 FY ] 224
5 7954 74 7532 1749 1526 oy T 192 50 3y
"% 1281 5000 5165 b %] T 1Az D00 z1 124
17 L2347 57 5T 1681 1634 L amn Y] a0
u 30 04 L5 1329 1263 Z4LT B17% 14 %303
hiJ 5953 * a5 &7 res az 1202 [+ T+ 1) 221 3007
o 7430 734 TaM 1209 1433 2684 14 FI 4513
Fi iy 1T4AS 1,580 303 A 1931 00re L] 1.0%
z 37 1.314 LT 1842 1574 1598 L% 50 x
n 132 7954 as 4 (] 1521 4107 14 IATE
24 4155 4028 A 0SS 503 523 nr Q.01 132 553
2= 14154 13895 TI04E 573 LER 1003 2128 19 [T77)
25 T1.395 10446 R L s al 1 LT 1.7 43N

Foftrutanes of qpdwrvaptiony: Ficer FEF = paas flow oeterrmaned by ooaeeed heghat abaeoend e viulc l-0 PEF = Dbl Mty

SockTy.

ST, Vihi0 FEE % Feak faew QurtefTo M volm-CIme Garvt LANG 4 -40-m
spcpripeets Rigg-Tlrrek & fima requined for tv Rowr o mea rem 106 ol PEF to 908 of PEF: Pow Time-to-MEF = tine requined o Mone 20
rebd Froams 200 MM L Maciamat fow {FEFY, Vear Time-to-PFEF # tme tbtpuined e foes b0 ke from Yaxz ome e o PEF.

™ Unic: fw (L), wolumes (L), ana ame (mbisecondc). Thase wirtionm Jme 2vsilibie on dighad media from the amenicen Thoracic
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MOMNTORING DEVICES (FYiC AND FEV:) TESTING CRITER1A

Accuracy Testing
Criterion: Deviation = 5.5% ordeviarion (%} £ 01 L, whichever
5 larger,

Waveforms: Twenty-four standard velume-time waveforms
(ArpENDIX C).

Drevies tasting: Two production devices selected rowrinely frem
a produrton rzn and oot screened before lesting.

Validation: Fach device will recaive five maneuvers for sach
of the 24 waveforms. An average fior each waveform will be cal-
culated and used 1o score thar metsT against the accuracy critefia

Acceptable performanss: AD error occurs when both devia-
tion {formuiza B3) and deviatien (M) (formula B4) exceed their
specified limits. Accsprable performance for wach individual pa-
rameter is less than three erTors out of the total 43 tedts (24 wave-
forms, 2 devices).

PFlaw {Lis)
N

1131

Prediiion Testing: Imtrecevior Testing
Criterion: Range (%) < 1.5% or mange < 0.1 L, whichever is
gTeater.

Waveforms: Four of the 24 standard volume-time waveforms
{waveforms 1, 3. 4, and ).

Meters exted: Ten production deviess,

Validation: Three flows for each waveform for sach deviee
fer each waveform and for sach device, calcuiate range (formuta
Bl) and range () (formula B2) for FYC and FEV,.

Acceptable performance An srror ocours when both range
(formuia BL) 2and range (M) (formula B2) sxceed their specified
imits. Acceprable performance for sach individual parametsr
15 gix or fewer erTOrs (MfTOr rate -« 3% for 120 triais)

Precision Testing: Inberdevice Varizbility
Criterion: [=ss than 11%: interdevice vanability or 0.2 L, which-
&VEl i5 greater,

g
o
t

T {8y

Wavetorm #i

=
—
4

&
e
-
&
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25T

Time {a)
LK
52
..-.4 T
5 Waveform ¥#5
Fta
8
"Lg s
§ %
]
o
T -
'-
..
39
[
2
¥ i
»

Waveforms: Same as for intradevics testing.

Devices testad: Same ag for intradevics tesiing.

Validation: Same dars as for intradevice texting, Interdevice
pemenings is calenlarsd as follows: for.sach device, calenlate an
average FVC and FEV, for each waveform. For sach waveform
and prrameter, combioe all data from 10 meers wo caiculate ange
(formuola BlY and range (%) (formula B2} for cach of t.he four
waveforms

Acceprable performance: An error socurs when both mope
{forroula Bl) and rmnge (%) {formola B2 excesd their specified
limits, Acceprable performance s present if there ame oo eroors.
APPENDIX D
itandard Fow-Tuns Waveforms for Validating PEF

The following flow-time waveforms are imended primarily for

T sk
1
4
g: Waveform #10
H
%
1
1
0E 1 15 H 15
Tirm (8]
Wavaform #12
y .
oE 1 15 z 1
Tiwl [B)

testing portable PEF meters bt can be used for testing ocher
t¥pes of spiromerers, cspeciaily those measunng PEF, tme-to-
peak flow, or rise-ttme These waveforms were chosen (o Tepre- .
senit a range of PEFs and efforts (rise-times). The PEF it derived
direetly from the flow-time waveform-maximal observed value
“To caleulate the volume-det=mined PET, volume is first obrained
by integrating {summing} the flow value Flow 1 then caleu-
laced from the volume—time waveform using the ATE S-poimt
smocihing funcrion. The resuldeg volume PEF it usaally lower
than the PEF obtained from the frow-Lime warveform. Rise.time
i$ defined ax the time required for the flow to rise from L0 of
the PEF to 0% of the PEF and is =xpressed in milliseconds.
Crther irvesrigators have used the time-o-PEF, using the back-
extrapolated technique to determine che zero rime-poier. Using
back-extrapolation 9 calciiae time-to-peak flow sometimes
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= Waveform #13
4 =
= a
z 3
wit 2|
1+ 1
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54 t 3!
~ =
14
1 4
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results in artificially lower time-te-PEF, as can be seen in wave-
form 7.

APPEMDIX E
Signal-Processing Tutarisl
Since compaters have come ini¢ such common use i spirome-
try and since fundamental srrors have been detected in recent}y
tested comnvwrtialty availe e hardware and sofrware {79, a shoet
tutonial on signel processing is preseared (Figure E1).

For volume spiromerers, signals are generally derived from
slecirical voliages from a potentiomezer. Some spirometers also
use oprical shaft or position encoders {80). Flow devices of the

Twna {2}

Fleisch preumomachomerer vaniery also have slectrical volage
outputs. For the volume spircmeter with a potentiometer and
the flow device with a flow transducer, the signal is sampled by
a compuler's anajog to digital (A-to-D) converner. The ability of
these systemns o aceurately measure the spirogram depends on
the volhume or flow ransducer's linsaricy, the acouracy and jinear-
ity of the ebecirical ransdueer {potentiometer), and the resojy-
ton of the A«o-D converter. A resolution of 12 bits {I part m
4,006, raw resoludon from Q003 to G004 L) for the Ao D
caoverter is recommencded, although 10 bits {1 part in 1024, raw
resohation from 0008 o 0.014 L) may be adequate for sam-
pling volume The sampling mte of the spirometer volume of
flow is very irmpemant. Lernen and asscciates (197 have shown
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INPUT COMPUTER gﬁﬁg‘lﬁ.
SIGNAL PROCESSING e
— 5 |SPIROMETERL N
HARDWARE & FEV1
FLOW OR SOFTWARE FEF25-75%
VOLUME

Figure ET. Bilock diagram of spirometer data acquisition.

that for both infants and adults, 95%: of the signal energy in the
flerw~time spirogram is within a bandwidth of zero to 12 Hz. For
the volome-tme cyrve, 5% of the signal snergy is contained
from r#ro to 6 Hz. Digital sampling theary requires that sam-
ples be raken ar leass twice the raxe of the highsst frequency con-
tained in the signal {81}). Thus for volume-time spirograms, 4
12-Hz saropling rate shouid be adequatse However, most vol-
ume-time spirograms are samplad at 2 100-Hz or greater rate
to make measyrements easier and more accurate Computer sys-
e devebapers should be avears thar even with 100-Hz sampling,
it may be necessary 1o linearly interpolate betwesn camplicg
poines 1o derermine acvurate FEV,, FEF s, and other simi-
lar spirometric measur=.

Yoinme sampling techwiques with optical and shaft or posi-
tion encodets of the volume-tme signal have been used (80). This
aperogeh Meatures the ome interval berwesn uniform volume
intervals {for example, 0.01¢ L) In this case, the resolution of
the time ingerval betwesn meamaementd during rapid flow be-
comes a limiting facor. Ostler and associaies have recent]y ad-
dressed these issues {B0). For eunmple, if 2 resolution of fow
to within + 5% of reading ac 12 L/ for 2 syttern with 0.010.1
resolution is required, then aclu:k resolurion of at least 4 s
is needed (80
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APENDICE G. LISTA DE VERIFICACION DEL PROCEDIMIENTO DE LA
ESPIROMETRIA

La lista que se muestra abajo es un resumen de la unidad 4: Tecnica espirométrica. Refiérase a
dicha unidad para mayor informacion.

1. Prepare el equipo.

a.

f.

Configure y limpie el equipo.

1. Verifique si hay papel.

2. Fije la velocidad del papel si es necesario.

3. Verifigue la posicién de las plumillas.

4. Coloque el tubo principal si el caso lo amerita.
Verifique la calibracion del equipo.

Haga una prueba de como corre el papel.

Verifique que tenga todo lo necesario en cantidad adecuada.

Escriba el valor de la temperatura ambiente (y de la presion barométrica, si esto es
necesario).

Verifique que las escalas de medicion de peso y talla estén funcionando adecuadamente.

2. Prepare a la persona.

a.

Explique el motivo de la espirometria: “Me gustaria ver queé tan fuerte y rapido puede
usted sacar aire”.

Determine si la espirometria debe ser pospuesta usando los criterios de su institucion, o

los aspectos explorados en la siguiente lista de preguntas:

1. ¢CoOmo se siente hoy?

2. ¢Hausted fumado cigarrillos, puro, o pipa, durante la tltima hora?

3. ¢Ha usado cualquier medicamento inhalado, como un broncodilatador en aerosol,
durante la ultima hora?

4. ¢Qué ha comido en la ultima hora?

5. ¢Ha tenido usted alguna infeccion respiratoria como catarro, gripe, neumonia o
bronquitis, en las ultimas tres semanas?

6. ¢Ha tenido algin problema o infeccion en los oidos, durante las ultimas tres semanas?

7. ¢Lo han operado recientemente?

8. ¢Si usted usa prdtesis dental (dentadura postiza), se puede quitar ésta?

3. Coloque a la persona en posicion.

a.

Verifique la posicion previamente empleada (sentado o parado) y use la misma posicion
de ser posible. Registre en la hoja de la persona la posicion que se va a usar.
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Recomiéndele a la persona aflojarse cualquier prenda de vestir entallada e indiquele que
eleve el menton y extienda ligeramente el cuello.

Enséfiele a la persona como se coloca el clip nasal y verifique que lo haga de la manera
correcta.

Realice la prueba.

a.

Expliquele a la persona como colocar la boquilla (en la boca, sin que haya obstruccién
por la lengua o dientes, y que cierre los labios alrededor, herméticamente).

Expliquele y pongale el ejemplo de como se realiza la maniobra espiratoria forzada:
“Cuando este listo, tome todo el aire posible, cologue la boquilla en su boca y sin
titubeos, sople y expulse el aire lo mas fuerte, rapido y completo que pueda, sin parar, y
hasta que yo le diga”.

Verifique los altimos detalles de la preparacion.

a.

b.

Coloque la plumilla para imprimir en la posicion apropiada sobre el papel.

Comience a correr el papel al menos un segundo antes de que la persona sople en la
boquilla.

Asesore a la persona.

a.

b.

Anime a la persona de manera activa mientras esté realizando la maniobra (jSople, sople,
soplel).

Siga animandola hasta que se alcance una meseta—ATS-1994. (Polvo de algoddn,
Cotton Dust): cambio de volumen en 0.5 segundos, menor a 25 ml.

Verifique la aceptabilidad de cada trazo antes de continuar la prueba.

a.

Los espirogramas aceptables no deben tener:

Titubeos o falsos inicios.

Tos

Esfuerzo variable.

Cierre de glotis.

Finalizacion temprana antes de alcanzar una meseta.
Fugas.

Errores en la linea basal.

NogakrowhE

Revise con el sujeto, si es necesario, las causas de los errores.

Continue haciendo maniobras hasta que haya obtenido tres trazos aceptables,
permitiéndole al sujeto que descanse entre cada una de las pruebas y no supere un
méaximo de 8 pruebas.
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8. Verifique el exceso de variabilidad de las dos CVF y los dos VEF; mayores. (Véase la
unidad 5: Célculos espirométricos basicos y el apéndice H: Esquema general de los
célculos espirométricos, para mayor informacion). Haga que la persona realice todas las
maniobras espiratorias forzadas adicionales que sean necesarias y que no se las prohiba una
afeccion médica

9. Registre la informacion en la hoja del paciente. Anote, como minimo, la siguiente
informacion:

Nombre,

edad,

Sexo,

talla,

raza,

posicién de pruebas anteriores,

valores esperados usados previamente,

dia'y hora de la prueba,

temperatura ambiente,

presion barométrica (si es posible),

resultados de la prueba,

identificacion del técnico.

—xT T SQ@ P o0 o
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APENDICE H. ESQUEMA GENERAL DE LOS CALCULOS ESPIROMETRICOS

La lista abajo mostrada es un resumen de la unidad 5: Calculos espirométricos basicos.
Refiérase a dicha unidad para mas informacion.

1. Use solamente trazos que cumplan los criterios de aceptabilidad (Véase apéndice G.
Lista de verificacion del procedimiento de la espirometria y la unidad 4: Técnica
espiromeétrica, para las instrucciones).

2. Capacidad vital forzada (CVF)

a. Mida la CVF a partir de la linea basal, en todos los trazos aceptables.

b. Determine si hay un exceso de variabilidad, esto es, que la diferencia entre las dos CVF
mayores sea menor de 200 ml (Opcional: de acuerdo a la ATS-1987 (Sociedad
Americana Toracica), para las CVFs que tienen un valor de 2 litros 0 menos, usese 100
ml; para CVF mayores de 2 litros, Usese 5%; Polvo de algoddn - CVF menor de 1 litro,
use 100 ml 6 10% para aquellas CVF mayores de un litro).

c. Use la mayor CVF obtenida a partir de todos los trazos aceptables.

d. Convierta a BTPS si se necesita (véase mas abajo).

3. Volumen espiratorio forzado en un segundo (VEF;)

a. Mida el VEF; en los trazos aceptables.

b. Encuentre los puntost =0y t = 1 segundo.

c. Haga una extrapolacion retrdgrada si el t = 0 no resulta obvio. La ATS recomienda
hacerla en todos los calculos del VEF;. Trace una linea recta a lo largo de la porcion mas
empinada de la curva y extienda la linea hasta interceptar la linea basal.

d. Calcule el volumen ent = 1 segundo.

e. Determine si hay un volumen extrapolado excesivo a nivel de t = 0. No se acepta un
volumen extrapolado si es mayor del 5% de la CVF, para aquellas CVF que exceden de 3
litros - use 150 ml para aquellas CVF menores de 3 litros.

f. Determine si hay un exceso de variabilidad. La diferencia entre los dos mayores VEF;
debera ser menor de 200 ml. Opcional: de acuerdo a la ATS-1987, use 100 ml para VEF;
de 2 litros 0 menores; use 5% para aquéllos que sean mayores de 2 litros; Polvo de
algodon - para un VEF; menor de 1 litro, use 100 ml 6 10% para VEF; mayores de 1
litro.

g. Convierta a BTPS si es necesario (véase mas abajo).

4. El VEF; como porcentaje de la CVF.
a. Use la CVFy el VEF; mayores aceptables, ain cuando no provengan del mismo trazo.
b. VEF,/CVF x 100 = VEF1/CVF%
c. No convierta a BTPS, ya que el resultado es una proporcion o cociente.

5. Indice de flujo espiratorio forzado medio (FEF25.750)
a. Use la “mejor curva” (trazo aceptable con la suma mayor de la CVF y del VEF,).
b. Calcule el 25% y el 75% de la CVF y marque dichos puntos en el trazo.
c. Trace una linea recta a través de los puntos del 25% y del 75%.
d. Localice dos lineas verticales de tiempo adyacentes que estén separadas por un segundo.
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Determine el volumen para cada una de esas dos lineas verticales.
Determine la diferencia entre estos dos volumenes.

Convierta a BTPS (vease mas abajo).

El resultado es en litros por segundo.

oKQ Hh o

6. Conversion a BTPS
a. Convierta la temperatura ambiente a grados centigrados, si fuera necesario.
b. Encuentre la temperatura ambiente y el factor de conversion correspondiente en el
nomograma de conversion a BTPS.
c. Multiplique la CVF, el VEF; y el FEF,s5.759 por el factor de conversion, para obtener el
volumen correcto en BTPS.

7. Valores normales esperados

a. Sea consistente con la tabla de valores esperados que vaya a usar.

b. Localice los valores esperados para el VEF; y la CVF, utilizando como indicadores la
edad de la persona, su sexo, su talla y su raza.

c. Enalgunas personas de raza blanca, multiplique los valores esperados por 0.85 (el factor
de conversion racial).

d. Calcule el porcentaje del valor esperado:
CVF observada/CVF esperada x 100 = CVF% del valor normal. (Haga lo mismo para el
VEF, Yy el FEF25.75%).

8. Cambios en espirogramas de seguimiento
a. Calculelo como diferencia absoluta (vgr., CVF en el tiempo; — CVF en el tiempo, =+ 0 —
litros de diferencia).
b. Puede también calcularlo como cambio porcentual con relacion al valor previo (Vgr.,

CVE en el tiempo; — CVFE en el tiempo, x 100+ 06 - %
CVF en el tiempo,

c. Use los mismos pasos para calcular el cambio porcentual en el VEF; y en el FEF,5.75%.
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APENDICE I: CALCULOS MATEMATICOS BASICOS

SUMA: a+tb=c
Ejemplo:3+2=5

RESTA: c-b=a
Ejemplo:5-2=3

MULTIPLICACION: axb=d

Ejemplo: 3x2=6

DIVISION: d
b=a 60 db=a
Ejemplo:3x2=6
FRACCION: a = numerador 6 a/b
b denominador
Ejemplo: 3/5
DECIMALES:

1. Los nameros a la izquierda del punto decimal son numeros enteros.
Ejemplo 3.

2. El primer numero a la derecha del punto decimal representa las décimas.
Ejemplo .2 =2/10
3. El segundo namero a la derecha del punto decimal representa las centésimas.

Ejemplo .05 =5/100
.67 =67/100

4. El tercer numero a la derecha del punto decimal representa las milésimas, etc.

Ejemplo: .009 = 9/1000
.872 =872/1000
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CONVERSION DE FRACCIONES A DECIMALES:
alb=.c

Ejemplo: 4/5=.8

CONVERSION DE DECIMALES A FRACCION:
a.bc = abc/100
Ejemplo: 3.75 = 375/100
=3%
CONVERTIR DECIMALES A PORCENTAJES:
a4=a x 100=a%
Ejemplo: .8 =80%
(.8 x 100 = 80%)
CONVERTIR PORCENTAJES A DECIMALES:
a%=a%/100=.a

Ejemplo: 80% = .8
(80/100 = .8)
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APENDICE J. CONVERSIONES METRICAS

El sistema métrico sigue una secuencia ordenada para los prefijos que indican la unidad de

medicién:

Prefijo Unidades en Ejemplo

Kilo- miles 1 kilolitro = 1,000 litros
Hecto- cientos 1 hectolitro = 100 litros
Deca- decenas 1 decalitro = 10 litros
No prefijo unidades

Deci- décimas 1 decilitro = 0.1 litro
Centi- centésimas 1 centilitro = 0.01 litro
Mili milésima 1 mililitro = 0.001 litro

Se presentan las unidades de medicion mas frecuentes en el sistema métrico y su equivalente en
unidades utilizadas en los Estados Unidos:

Unidades Métricas Abreviacion

Eguivalente aproximado

Distancia

Kilometro Km.
Metro m
Centimetro cm.
Milimetro Mm.

Capacidad (liquidos)
Litro |

Capacidad (material seco)
Litro |

Peso

kilogramo Kg.
gramo g
miligramo MG

de unidades usadas en USA

0.62 millas
39.37 pulgadas
0.39 pulgadas
0.04 pulgadas

1.057 cuartos de galén

0.908 cuartos de galén

2.2046 libras
0.035 onzas
0.015 pizcas (grains)
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Unidades Equivalente

Norteamericanas métrico
Distancia

1 milla 1.609 Km.

1 yarda 0.914 m

1 pie 30.480 cm.

1 pulgada 2.540 cm.

Capacidad (liquidos)

1 galon 3.7851 |
1 cuarto de galon 0.946 |
1 pinta 0.473 |
1 onza liquida 29.573 ml

Capacidad (material seco)

1 medida de aridos (bushel) 35.238 |

1 cuarto de galon 1.1011

1 pinta 0.550 |
Peso

1 libra 0.453 Kg.

1 onza 28.349 ¢
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APENDICE K. OTROS FACTORES A TOMAR EN CUENTA AL CALCULAR BTPS

1. Presién ambiental. Algunos médicos prefieren usar los factores de conversion BTPS que
corrijan la presion del ambiental asi como la temperatura. Las fluctuaciones en la presion
ambiental produce cambios de menos del 1% en las pruebas espirométricas habituales. Sin
embargo, a grandes alturas o durante estudios de investigacion, se debera considerar el uso de
factores de conversion para la presion ambiental.

Para obtener la presion ambiental, use un barémetro o inférmese con el servicio
meteoroldgico sobre la presién barométrica. Convierta las pulgadas de mercurio en
milimetros de mercurio, si es necesario (1 mm = 0.04 pulgadas).

Para tomar en cuenta la presién ambiental dentro de los calculos de BTPS, use la siguiente
formula:

VBTPS = MATPS X [310 X (PB'PHEO)]
[(Pe-47) x (273 + T)]

Pb = Presion barométrica, mmHg.

PH,0 = Presion del vapor de agua a la temperatura del espirémetro
T = Temperatura en grados centigrados

47 = Presion del vapor de agua a temperatura de 37°C

310 = Temperatura absoluta del cuerpo (en grados Kelvin)

2. Factor del instrumento o de campana: El factor instrumental o factor de campana se
menciona ocasionalmente junto con BTPS. En ciertos espirometros de sello de agua, se
refiere a una constante que indica el volumen de desplazamiento por milimitero, del
movimiento vertical de la campana. Si usted usa este tipo de espirdmetro, se necesita este
factor de correccion. Consulte las instrucciones en el manual del fabricante.

3. Instrumentos con graficas en unidades BTPS: Algunos instrumentos cuentan con un papel
graficado que asume que el espirometro se encuentra a 25°C y a una presion barométrica de
760 mm de mercurio (presion barométrica a nivel del mar). Si la temperatura ambiente no es
de 25°C, la informacion recolectada por este tipo de instrumentos debe ser corregida con el
factor BTPS apropiado. Consulte las instrucciones en el manual del fabricante.
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APENDICE L. TABLAS DE VALORES DE REFERENCIA DEL NHANES I (Hankinson
et al.-1999)

Tabla 1. Varones caucasicos
Talla Edad CVF VEF1 VEF1/CVF%
Pred LLN Pred LLN Pred LLN
170cm 20 5.10 4.25 4.30 3.58 83.9% 74.3%

30 4.97 4.12 4.08 3.36 81.9% 72.2%
40 4.79 3.94 3.83 3.11 79.8% 70.1%
50 4.55 3.70 3.55 2.83 77.7% 68.1%
60 4.26 3.41 3.23 2.51 75.7% 66.0%

180cm 20 5.75 4.80 4.79 3.98 83.9% 74.3%

30 5.62 4.67 4.58 3.77 81.9% 72.2%
40 5.44 4.49 4.32 3.52 79.8% 70.1%
50 5.21 4.25 4.04 3.23 77.7% 68.1%
60 4.92 3.96 3.72 2.91 75.7% 66.0%

190cm 20 6.44 5.38 5.31 4.41 83.9% 74.3%

30 6.31 5.25 5.10 4.20 81.9% 72.2%
40 6.13 5.07 4.85 3.95 79.8% 70.1%
50 5.90 4.83 4.56 3.66 77.7% 68.1%
60 5.61 4.54 4.24 3.34 75.7% 66.0%

Tabla 2. Varones afro-americanos
Talla Edad CVF VEF1 VEF1/CVF%

Pred LLN Pred LLN Pred LLN
170cm 20 4.29 3.43 3.69 2.93 85.6% 75.2%

30 4.11 3.25 3.46 2.70 83.8% 73.3%
40 3.93 3.07 3.23 2.47 81.9% 71.5%
50 3.75 2.89 3.00 2.24 80.1% 69.7%
60 3.57 2.71 2.77r 2.01 78.3% 67.9%

180cm 20 4.88 3.91 4.15 3.30 85.6% 75.2%

30 4.69 3.73 3.92 3.07 83.8% 73.3%
40 4.51 3.55 3.69 2.84 81.9% 71.5%
50 4.33 3.37 3.46 2.61 80.1% 69.7%
60 4.15 3.18 3.23 2.38 78.3% 67.9%

190cm 20 5.49 4.42 4.64 3.69 85.6% 75.2%

30 5.31 4.24 4.41 3.46 83.8% 73.3%
40 5.13 4.05 4.18 3.23 81.9% 71.5%
50 4.95 3.87 3.95 3.00 80.1% 69.7%
60 4.76 3.69 3.72 2.77 78.3% 67.9%
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Tabla 3. Varones méxico-americanos
Talla Edad CVF VEF1 VEF1/CVF%
Pred LLN Pred LLN Pred LLN
170cm 20 5.14 4.31 4.41 3.71 85.7% 76.6%

30 4.96 4.13 4.12 3.41 83.5% 74.4%
40 4.74 3.91 3.82 3.12 81.3% 72.2%
50 4.49 3.66 3.53 2.83 79.1% 70.0%
60 4.20 3.37 3.24 2.54 76.9% 67.8%

180cm 20 5.76 4.83 4.94 4.15 85.7% 76.6%

30 5.58 4.65 4.65 3.86 83.5% 74.4%
40 5.36 4.43 4.35 3.56 81.3% 72.2%
50 5.11 4.18 4.06 3.27 79.1% 70.0%
60 4.82 3.89 3.77 2.98 76.9% 67.8%

190cm 20 6.42 5.38 5.50 4.62 85.7% 76.6%

30 6.24 5.20 5.20 4.33 83.5% 74.4%
40 6.02 4.99 4.91 4.03 81.3% 72.2%
50 5.77 4.73 4.62 3.74 79.1% 70.0%
60 5.48 4.44 4.33 3.45 76.9% 67.8%

Tabla 4. Mujeres caucasicas
Talla Edad CVF VEF1 VEF1/CVF%
Pred LLN Pred LLN Pred LLN
150cm 20 3.20 2.61 2.87 2.37 86.6% 76.8%

30 3.19 2.61 2.74 2.24 84.4% 74.6%
40 3.11 2.53 2.57 2.07 82.3% 72.5%
50 2.96 2.37 2.35 1.86 80.2% 70.4%
60 2.72 2.14 2.10 1.61 78.1% 68.3%

160cm 20 3.66 2.99 3.23 2.66 86.6% 76.8%

30 3.65 2.98 3.09 2.53 84.4% 74.6%
40 3.57 2.90 2.92 2.35 82.3% 72.5%
50 3.42 2.75 2.71 2.14 80.2% 70.4%
60 3.18 2.51 2.46 1.89 78.1% 68.3%

170cm 20 4.15 3.39 3.61 2.97 86.6% 76.8%

30 4.14 3.39 3.47 2.83 84.4% 74.6%
40 4.06 3.31 3.30 2.66 82.3% 72.5%
50 3.91 3.15 3.09 2.45 80.2% 70.4%
60 3.67 2.92 2.84 2.20 78.1% 68.3%

GUIA DE NIOSH SOBRE ENTRENAMIENTO EN ESPIROMETRIA APENDICE L-2



Tabla 5. Mujeres afro-americanas
Talla Edad CVF VEF1 VEF1/CVF%
Pred LLN Pred LLN Pred LLN
150cm 20 2.76 2.15 2.49 1.97 87.6% 76.9%

30 2.68 2.07 2.31 1.79 85.5% 74.9%
40 2.55 1.94 2.12 1.60 83.5% 72.8%
50 2.36 1.76 1.90 1.38 81.5% 70.8%
60 2.13 1.52 1.66 1.15 79.4% 68.7%

160cm 20 3.18 2.49 2.82 2.24 87.6% 76.9%

30 3.10 2.41 2.65 2.06 85.5% 74.9%
40 2.97 2.28 2.45 1.86 83.5% 72.8%
50 2.78 2.10 2.24 1.65 81.5% 70.8%
60 2.55 1.86 2.00 1.41 79.4% 68.7%

170cm 20 3.63 2.85 3.18 2.52 87.6% 76.9%

30 3.55 2.77 3.01 2.34 85.5% 74.9%
40 3.42 2.64 2.81 2.14 83.5% 72.8%
50 3.23 2.46 2.59 1.93 81.5% 70.8%
60 3.00 2.22 2.36 1.69 79.4% 68.7%

Tabla 6. Mujeres méxico-americanas
Talla Edad CVF VEF1 VEF1/CVF%
Pred LLN Pred LLN Pred LLN
150cm 20 3.29 2.69 2.91 2.40 87.9% 78.5%

30 3.21 2.60 2.73 2.22 85.6% 76.3%
40 3.07 2.47 2.54 2.03 83.4% 74.1%
50 2.89 2.29 2.32 1.81 81.1% 71.8%
60 2.66 2.06 2.07 1.56 78.9% 69.6%

160cm 20 3.73 3.05 3.28 2.70 87.9% 78.5%

30 3.65 2.96 3.11 2.53 85.6% 76.3%
40 3.51 2.83 2.91 2.33 83.4% 74.1%
50 3.33 2.64 2.69 2.11 81.1% 71.8%
60 3.10 2.41 2.45 1.87 78.9% 69.6%

170cm 20 4.20 3.43 3.68 3.03 87.9% 78.5%

30 4.12 3.34 3.51 2.86 85.6% 76.3%
40 3.98 3.21 3.31 2.66 83.4% 74.1%
50 3.80 3.03 3.09 2.44 81.1% 71.8%
60 3.57 2.80 2.85 2.20 78.9% 69.6%
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APENDICE M. TABLAS DE PATRONES OBSTRUCTIVOS Y RESTRICTIVOS

La informacion que se presenta abajo, representa un metodo para interpretar los resultados
espirométricos. Este método no es el Unico y existen otros que se pueden usar.

ENFERMEDADES PULMONARES Y RESULTADOS ESPIROMETRICOS

Interpretacion VEF./CVE% CVE VEF,
Persona normal Normal Normal Normal
Obstruccion de las vias aéreas Bajo Normal o baja Bajo
Restriccion pulmonar Normal Baja Bajo
Combinacion de Bajo Baja Bajo

obstruccidn/restriccion

Adaptado de: Chronic Obstructive Pulmonary Disease, 5th. Edition [1977]. American Lung
Association (46).

LINEAMIENTOS PARA EVALUAR EL GRADO DE COMPROMISO VENTILATORIO

Interpretacion Patron obstructivo Patron restrictivo

Normal VEF/CVF% > LLN CVF>LLN

Limitrofe VEF/CVF <LLL & VFV;>LLN

Leve VEF; <100 & > 70% Pred CVF <LLN & > 70% Pred
Moderado VEF; <70 & >50% Pred CVF <70 & >50% Pred
Severo VEF; <50% Pred CVF <50% Pred

Adaptado de la Sociedad Toréacica Americana: Lung function testing: Selection of reference
values and interpretative strategies [1991]. American Review of Respiratory Diseases 144:
1202-1218 (30).
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