2-2023 ISSN 2594-1526

VOL. 82 NO. 2 APRIL-JUNE, 2023

Neumologia y Cirugia de Tdrax

RADIOLOGICAL FEATURES OF NON-NEOPLASTIC
LESIONS OF MEDIASTINUM

\ EDITORIAL

* Pulmonary rehabilitation:
a mandatory intervention in
diffuse interstitial lung diseases

ORIGINAL ARTICLES

e [ffect of a physical exercise and education program
in patients with diffuse interstitial lung diseases

) » Utility of Balik's formula for the quantification of pleural effusion by
ultrasound in the postoperative period of cardiac surgery

¢ Respiratory causes of death in Mexico 2021

PROCEDURES AND RECOMMENDATIONS

Spirometry: update of the procedure and
post pandemic perspectives

REVISTA OFICIAL DE: :
www.revistanct.org.mx SOCIEDAD MEXICANA DE NEUMOLOGIA Y CIRUGIA DE TORAX,
INSTITUTO NACIONAL DE ENFERMEDADES RESPIRATORIAS ISMAEL COSIO VILLEGAS



SAVE THE DATE

SEMANA NACIONAL
DE ASMA 2024

La Sociedad Mexicana de Neumologia y
Cirugia de Térax tiene el honor de invitarle
a participar en nuestra Semana Nacional
de Asma que se llevara a cabo de manera
virtual.

*Contaremos con ponentes nacionales e internacionales*

http:/smnyct.live/Semana-Asma-2024

AstraZeneca

Trabajando juntos en pro de la Neumologia



Neumologia y Cirugia de Térax

www.revistanct.org.mx

ISSN 2594-1526

Volume 82

/  Number2 /  April-June 2023

Oficial journal:

Mexican Society of Pneumology and Thoracic Surgery

National Institute of Respiratory Diseases Ismael Cosio Villegas

Editor-in-chief

Juan Carlos Vazquez Garcia
Directorate of Education, National
Institute of Respiratory Diseases Ismael
Cosio Villegas/Mexican Society of
Pneumology and Chest Surgery

Associated publishers

Pneumology:

Renata Baez Saldafa

Directorate of Education, National Institute
of Respiratory Diseases Ismael Cosio Villegas

Pediatric Pneumology:

Maria del Carmen Cano Salas
Subdirectorate of Education,
National Institute of Respiratory
Diseases Ismael Cosio Villegas

Chest Surgery:

Francina Valezka Bolafios Morales
Subdirectorate of Surgery,

National Institute of Respiratory
Diseases Ismael Cosio Villegas

Editorial Board

José Rogelio Pérez Padilla
Research in Smoking and COPD,
National Institute of Respiratory
Diseases Ismael Cosio Villegas

Patricio Santillan Doherty
National Bioethics Commission,
Ministry of Health, Mexico

Andrés Palomar Lever
ABC Medical Center, Mexico City

Mayra Edith Mejia Avila

Clinic of Interstitial Lung Diseases,
Ismael Cosio Villegas National Institute
of Respiratory Diseases, Mexico

Mario Vargas Becerra

Research in Bronchial Hyperreactivity,
National Institute of Respiratory
Diseases Ismael Cosio Villegas

Assistant editors

Irene Sanchez Cuahutitla

V. Beatriz Ayala Robles
Library and Publishing Office,
National Institute of Respiratory
Diseases Ismael Cosio Villegas

Cover art and design

Diana Beatriz Campos Puebla
Department of Technical

Support in Teaching

National Institute of Respiratory
Diseases Ismael Cosio Villegas

Emma Samantha Gonzalez Benitez

Audiovisual Office, National
Institute of Respiratory Diseases
Ismael Cosio Villegas

Editorial Board

Luis Felipe Alva Lopez
Radiology and Molecular Imaging,
Hospital Médica Sur,

Mexico City, Mexico

Luis M. Argote Greene
Regional Director Thoracic and
Esophageal Surgery Cleveland
Clinic Florida Cleveland, USA

Ivette Buendia Roldan
Research Laboratory on Aging and
Fibrous Diseases, National Institute
of Respiratory Diseases Ismael
Cosio Villegas, Mexico City

Guillermo Careaga Reyna

High Specialty Medical Unit, General
Hospital “Dr. Gaudencio Garza”
CMN La Raza, IMSS. Mexico City

José Luis Carrillo Alduenda
Sleep Clinic, National Institute
of Respiratory Diseases Ismael
Cosio Villegas, Mexico City

Armando Castorena Maldonado
Medical Subdirectorate, National
Institute of Respiratory Diseases
Ismael Cosio Villegas, Mexico City

Miguel Gaxiola Gaxiola
Morphology Laboratory, National
Institute of Respiratory Diseases
Ismael Cosio Villegas, Mexico City

Laura Graciela Gochicoa Rangel
Department of Physiology, National
Institute of Respiratory Diseases
Ismael Cosio Villegas, Mexico City

Alejandro Gémez y Gdmez
Autonomous University of San Luis

Potosi, Center for Respiratory Diseases

(CERSLP), San Luis Potosi, Mexico

Julio Edgardo Gonzalez Aguirre
University Hospital, Autonomous
University of Nuevo Ledn,

Nuevo Ledn, Mexico

Contents

Rogelio Jasso Victoria
Department of Research in
Experimental Surgery, National
Institute of Respiratory Diseases
Ismael Cosio Villegas, Mexico City

Rafael Laniado-Laborin
Tuberculosis Clinic and Laboratory
Tijuana General Hospital, Tijuana, Mexico

José Antonio Loaiza Martinez
Fundacion de los Nifios de las
Californias, Children’s Hospital of
Las Californias, Tijuana, Mexico

Fernando Alfredo Mata Avalos
José E. Gonzalez University Hospital,
Autonomous University of Nuevo
Ledén, Nuevo Ledn, Mexico

Raul Olmos Zudiga
Experimental Lung Transplant Unit,
National Institute of Respiratory
Diseases Ismael Cosio Villegas,
Mexico City

Luis Adrian Renddn Pérez
Pneumology Service, CIPTIR.
Autonomous University of Nuevo
Ledn, Nuevo Ledn, Mexico

Mauricio Salcedo Vargas
Research Unit in Biomedicine and
Genomic Oncology, Hospital de
Gineco-Pediatria 3-A, OOAD Norte,
Mexican Institute of Social
Security, Mexico City

Christian Sanchez Castrillo
Vivian Pellas Hospital,
Managua, Nicaragua

Julio Sandoval Zarate
ABC Medical Center,
Mexico City

Sarai del Carmen Toral Freyre
Technical Training School, National
Institute of Respiratory Diseases
Ismael Cosio Villegas, Mexico City

Claudia Vargas Dominguez
PPD- Thermo Fisher, Medical
Associate Director, Madrid, Spain

Joaquin A. Zuniga Ramos
Directorate of Research, National
Institute of Respiratory Diseases
Ismael Cosio Villegas, Mexico City



Sociedad Mexicana de Neumologia

y Cirugia de Térax, A.C.

José Luis Sandoval Gutiérrez
President

Catalina Casillas Suarez
Vice-President

Jesus Javier Vazquez Cortés
Past President

Uriel Rumbo Nava
Secretary

Luis Albrecht Septién Stute
Treasurer

o
INER

Instituto Nacional de Enfermedades
Respiratorias Ismael Cosio Villegas

Carmen Margarita Hernandez Cardenas
General Directorate Head

Renata Baez Saldafa
Head of the Education Directorate

Joaquin A. Zuhiga Ramos
Head of the Research Directorate

Armando Roberto Castorena Maldonado
Head of the Medlical Directorate

Pneumology and Thoracic Surgery

Address correspondence to: Dr. Juan Carlos Vazquez Garcia, Editor-in-Chief of the journal Neumologia
y Cirugia de Tdrax, Office of Library and Editorial, National Institute of Respiratory Diseases
Ismael Cosio Villegas: Calzada de Tlalpan 4502, district Section XVI, Mexico City, 14080.

Telephone 55-5487-1700, ext., 5145.
Email address: neumolcirtorax@gmail.com

On the internet indexed and compiled in:
www.revistanct.org.mx,
www.medigraphic.com/neumologia,
www.smnyct.org.mx,
www.iner.salud.gob.mx,
www.socune.sld.cu,
www.neumoparaguay.org,
www.soboneumo.com,
www.neumofedeca.org

Cover image: see in this issue the article:
Radiological features of non-neoplastic lesions of the mediastinum.

The journal Neumologia y Cirugia de Térax is the official organ of the Sociedad Mexicana de Neumologia y Cirugia de Térax, the Instituto Nacional
de Enfermedades Respiratorias Ismael Cosio Villegas, Sociedad Cubana de Neumologia, Sociedad Paraguaya de Neumologia, Sociedad Boliviana
de Neumologia, Asociacion Sudamericana de Endoscopia Respiratoria, Asociacién Internacional de Ventilacién Mecénica No Invasiva and the
Federacion Centroamericana y del Caribe de Neumologia y Cirugia de Tdrax; it is published quarterly. The rights of reproduction of the contents
and graphic features of this edition (including by electronic means) are reserved in accordance with the law in the signatory countries of the Pan-
American and International Copyright Conventions. Copyright No. 04-2009-10081130303100-102. All Rights Reserved®© 1985. Periodical Publication
Registration No. 010196 authorized by SEPOMEX. The intellectual responsibility of the signed articles and photographs reverts to their authors.
Certificates of legality of title and content Nos. 6331 and 5011, respectively. Art, design, typesetting, prepress, printing and
distribution by Graphimedic, S.A. de CV. Tels: 55 8589-8527 to 31. E-mail: emyc@medigraphic.com

Electronic libraries and indexes in which the journal of Neumologia y Cirugia de Térax has been registered

Regensburg University Library, Germany

http://www.bibliothek.uni-regensburg.
de/ezeit/fl.phtmI|?notation=WW-
YZ&bibid=ZBMED&colors=
3&frames=&toc=&ssg=

Library of the Federal University
of Sao Paulo, Brazil
http://www.unifesp.br/dis/
bibliotecas/revistas.htm

Library of the Biomedical Research
Institute, UNAM
http://www.revbiomedicas.unam.mx

Library of the Universidad
Norte de Parana, Brazil
http://www.unopar.br/bibli01/
biologicas_periodicos.htm

Infodoctor (site of the Spanish Medical
Societies) with search engine and more than
3,000 links to biomedical journals
http://www.infodoctor.org/revis.htm

State Medical Library of the Ministry
of Heritage and Culture, Italy
http://bms.beniculturali.it/ejnls/index.php

Geneva Foundation for Medical Training
and Research, Switzerland
http://www.gfmer.ch/Medical_journals/
Revistas_medicas_acceso_libre.htm

LATINDEX. Regional Online Information
System for Scientific Journals in Latin America,
the Caribbean, Spain and Portugal

http://www.latindex.org/ PERIODICA (Indexof Latin American

Journals in Sciences), UNAM.

Virtual Health Library (VHL, Brazil) http://biblat.unam.mx

http://portal.revistas.bvs.br

Medigraphic, Biomedical Literature

Library of the Institute of http://www.medigraphic.org.mx

Biotechnology, UNAM
http://www.biblioteca.ibt.unam.mx/revistas.php Google Scholar
http://scholar.google.com.mx/
Italian Association of Libraries, (AIB)

http://www.aib.it/aib/commiss/ Scielo
cnur/peb/peba.htm3 http://www.scielo.org.mx/

Contents



Neumologia y Cirugia de Tdérax

CONTENTS

Vol. 82 - No. 2 / April-June 2023

EDITORIAL

Pulmonary rehabilitation: a mandatory intervention in diffuse
interstitial lung diseases 61
Sarai del Carmen Toral-Freyre

ORIGINAL ARTICLES

Effect of a physical exercise and education program in patients with diffuse
interstitial lung diseases 63
Jhonatan Betancourt-Pefa, Julian Andrés Rivera

Utility of Balik’s formula for the quantification of pleural effusion

by ultrasound in the postoperative period of cardiac surgery . 72
Camelia Cruz-Rodriguez, Edgar Garcia-Cruz, Rodrigo Gopar-Nieto,
Emmanuel Lazcano-Diaz, Diana Lizbeth Ordaz-Figueroa, José Luis Elizalde-Silva,
Gustavo Rojas-Velasco, Daniel Manzur-Sandoval

Respiratory causes of death in MexXiCo 2021.......iiiiiiiiiiieeeires e ssse s ssae s sss e s ae s sae s ssasessnneeen . 79
José Rogelio Pérez-Padilla

REVIEW ARTICLES

Clinical and immunologic characteristics of tuberculosis:

comparison between children and adults 84
Claudia Martinez-Sanabria, Nelly F Méndez-Medina, Ana E Gardufio-Torres,
Miguel Angel Salazar-Lezama, Yolanda Gonzalez-Hernandez

Radiological features of non-neoplastic lesions of mediastinum . 93
Aloisia Paloma Hernandez-Morales, Jolenny Jiménez-Ldpez,
Roberto Sotelo-Robledo, Fortunato Juarez-Hernandez

PROCEDURES AND RECOMMENDATIONS

Spirometry: update of the procedure and post pandemic perspectives 103
Rosaura Esperanza Benitez-Pérez, Arturo Cortés-Telles, Erika Meneses-Tamayo,
Médnica Silva-Cerdn, Rodrigo Francisco del Rio-Hidalgo, Sergio Monraz-Pérez,
Mabelle Gonzalez-Castellanos, Robert Camargo-Angeles, Luis Torre-Bouscoulet,
Juan Carlos Vazquez-Garcia, Rogelio Pérez-Padilla, Laura Gochicoa-Rangel

CLINICAL CASES OF INTEREST

Complicated pleural effusion in Kartagener syndrome: clinical case presentation 123
Mary Carmen Carbajal-Zarate, José Gerardo Sandoval-Contreras,
Shanik Aracely Rodriguez-Amaro, Luis Angel Armilla-Rivera

Mediastinal cryobiopsy: case report . 126
Rafael Bautista-Méndez, Fernando Montero-Reyes,
Gerardo Ezequiel Magdaleno-Maldonado, Rey David Pineda-Gudifio

Pulmonary and endobronchial mucormycosis: a case report . 129
Saul Javier Rabadan-Armenta, Maria Elena Garcia-Torres,
Mario Abel Hernandez-Hernandez

ABSTRACTS OF FREE WORKS

Abstracts Il
International Mexican Congress of Sleep Medicine 133
Rafael Santana-Miranda, Gabriela Hurtado-Alvarado, Andrés Barrera-Medina,
Montserrat Concepcidon Reséndiz-Garcia, Ulises Jiménez-Correa, José Angel Rojas-Zamorano,
Rosana Huerta-Albarran, Juan Manuel Martinez-Nufez, Lucero Judrez-Santiago,
Roberto Gutiérrez-Vargas, Gabriel Cruz-Zorrilla

Contents



Neumologia y Cirugia de Térax

CONTENIDO

Vol. 82 - NUum. 2 / Abril-Junio 2023

EDITORIAL

Rehabilitacion pulmonar: una intervencién obligada en enfermedades
pulmonares intersticiales difusas 61
Sarai del Carmen Toral-Freyre

ARTICULOS ORIGINALES

Efecto de un programa de ejercicio fisico y educacién en pacientes con
enfermedades pulmonares intersticiales difusas... 63
Jhonatan Betancourt-Pefa, Julian Andrés Rivera

Utilidad de la férmula de Balik para la cuantificacién del derrame pleural

por ultrasonido en el posoperatorio de cirugia cardiaca 72
Camelia Cruz-Rodriguez, Edgar Garcia-Cruz, Rodrigo Gopar-Nieto,
Emmanuel Lazcano-Diaz, Diana Lizbeth Ordaz-Figueroa, José Luis Elizalde-Silva,
Gustavo Rojas-Velasco, Daniel Manzur-Sandoval

Muertes de origen respiratorio en México en 2021 79
José Rogelio Pérez-Padilla

ARTICULOS DE REVISION

Caracteristicas clinicas e inmunoldgicas de tuberculosis: comparacidn entre nifios y adultos........ceevevveerenns 84
Claudia Martinez-Sanabria, Nelly F Méndez-Medina, Ana E Gardufio-Torres,
Miguel Angel Salazar-Lezama, Yolanda Gonzalez-Hernandez

Caracteristicas radioldgicas de las lesiones no neopldasicas del mediastino 93
Aloisia Paloma Herndndez-Morales, Jolenny Jiménez-Ldpez,
Roberto Sotelo-Robledo, Fortunato Judrez-Hernandez

PROCEDIMIENTOS Y RECOMENDACIONES

Espirometria: actualizacidn del procedimiento y perspectivas pospandemia 103
Rosaura Esperanza Benitez-Pérez, Arturo Cortés-Telles, Erika Meneses-Tamayo,
Monica Silva-Cerén, Rodrigo Francisco del Rio-Hidalgo, Sergio Monraz-Pérez,
Mabelle Gonzalez-Castellanos, Robert Camargo-Angeles, Luis Torre-Bouscoulet,
Juan Carlos Vazquez-Garcia, Rogelio Pérez-Padilla, Laura Gochicoa-Rangel

CASOS CLINICOS DE INTERES

Derrame pleural complicado en sindrome de Kartagener: presentacion de caso cliniCo.....cccveevveeiensirceienienns 123
Mary Carmen Carbajal-Zarate, José Gerardo Sandoval-Contreras,
Shanik Aracely Rodriguez-Amaro, Luis Angel Armilla-Rivera

Criobiopsia mediastinal: reporte de caso 126
Rafael Bautista-Méndez, Fernando Montero-Reyes,
Gerardo Ezequiel Magdaleno-Maldonado, Rey David Pineda-Gudifio

Mucormicosis pulmonar y endobronquial: reporte de caso 129
Saul Javier Rabadan-Armenta, Maria Elena Garcia-Torres,
Mario Abel Herndndez-Hernandez

RESUMENES DE TRABAJOS LIBRES

Resumenes Il
Congreso Internacional Mexicano de Medicina del Dormir. 133
Rafael Santana-Miranda, Gabriela Hurtado-Alvarado, Andrés Barrera-Medina,
Montserrat Concepcidn Reséndiz-Garcia, Ulises Jiménez-Correa, José Angel Rojas-Zamorano,
Rosana Huerta-Albarran, Juan Manuel Martinez-Nufez, Lucero Juarez-Santiago,
Roberto Gutiérrez-Vargas, Gabriel Cruz-Zorrilla

Contents



NCT

Neumologia y Cirugia de Térax
Vol. 82 - No. 2 / April-June 2023

Editorial

doi: 10.35366/115391

Pulmonary rehabilitation: a mandatory intervention
in diffuse interstitial lung diseases

Rehabilitacion pulmonar: una intervencién obligada en
enfermedades pulmonares intersticiales difusas

Saraf del Carmen Toral-Freyre*

*Instituto Nacional de Enfermedades Respiratorias Ismael Cosio Villegas. Mexico City. Mexico.

There is an urgent need to improve preventive, diagnostic
and therapeutic measures in respiratory patients,
including those suffering from diffuse interstitial lung
diseases (DILD), perhaps even more. The health personnel
who intervene every day in the complex approach to
these pathologies and patients must efficiently offer
interventions that expand the therapeutic options that
could result in the reduction of disability and premature
mortality; with this, it will be possible to meet the United
Nations’ Sustainable Development Goal, which is a
one-third reduction in premature mortality from non-
communicable diseases, including chronic respiratory
diseases (CRD), by 2030. Based on estimates made
globally from 1990 to 2019, CRD were the third leading
cause of death responsible for 4.0 million deaths with a
prevalence of 454.6 million cases worldwide. While total
deaths and prevalence of CRD have increased 28.5 and
39.8%, age-standardized rates have decreased for chronic
obstructive pulmonary disease (COPD) and asthma, but
not for interstitial diseases.’

Pulmonary rehabilitation (PR) is recognized as a central
component of this process. The change of health behavior
is vital for the optimization and maintenance of the benefits
of any intervention in chronic care, PR has taken the lead in
the implementation of strategies to achieve this objective’
and are a fundamental part of the treatment of pulmonary
diseases, especially chronic, such as DILD, contributing

comprehensively in the improvement of symptoms, effort
tolerance, quality of life and reintegration into work, social
and family activities that allow an improvement in the
general and psychological health status of patients, in
addition to reducing costs and the use of health services,
which is a beacon of hope for the respiratory and exercise
limitations they present,” as demonstrated in their
Colombian study Betancurt PJ et al.

The pulmonary rehabilitation departments consolidated
in hospitals that have research areas and ethics committees
have the opportunity to enrich the scientific evidence
through their studies and research protocols in the different
respiratory pathologies. There is little scientific evidence
published globally for the benefits of long-term pulmonary
rehabilitation programes (PRP) for patients with DILD, as
demonstrated in two Cochrane reviews.

2013 ATS/ERS statement on pulmonary rehabilitation
defines it as «a comprehensive intervention based on a
thorough patient assessment followed by patient-adapted
therapies including, but not limited to, exercise training,
education, and behavior change, designed to improve the
physical and psychological condition of people with chronic
respiratory diseases and promote long-term adherence to
health-enhancing behaviors.» It is a conceptual definition
and therefore does not identify the specific structure,
environment, and supports that are required for PRPs to
be successful.’
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New models of PR, such as telerehabilitation, and web-
based PR have demonstrated in some trials, driven by non-
inferiority and using robust methods, results similar to those
of traditional PR in a hospital setting, which expand access
to and increase participation in PR. The expected outcomes
are improvements in breathlessness, quality of life and
exercise tolerance and a reduction in hospital admissions.*

The future of PR is geared towards engaging more
patients in personalized programs. To that end, programs
should be widely publicized and health professionals should
be trained to deal with the individual needs and preferences
of the cases. The exercise program should be viewed as an
individualized program at the limit of the patient’s abilities
to provide as powerful a training stimulus as possible.
Towards the end of the program, subjects need to develop
self-management skills that allow them to live with their
disease, maintain the benefits of the program, and translate
them into better quality and quantity of physical activity.**

Successful implementation will be judged only if the
essential components of the pulmonary rehabilitation
program (PRP) are delivered, changes are measured, and if the
expected results are achieved, a rigorous approach to quality.’

There remains a real challenge in investigating the long-
term benefits of PR and its maintenance programs. It is
naive to believe that the effects of a few weeks program
would last forever, when followed by a maintenance
program they are likely to translate into significant long-
term health benefits through improved cardiovascular
fitness, metabolic, or muscular.* In several diseases such
as interstitial® diseases, asthma,” in pretransplant patients’
with pulmonary hypertension,? in patients with COVID-19,’
among other CRD.

We must remember that you should not enter a PRP
or any of its components (e.g. pulmonary physiotherapy)
without having a specialist doctor who is treating and
monitoring a patient with CRD or acute. Ideally, the
specialist doctor should give indications of the scope of
each component of the PRP.>'0"

Patients who suffer from DILD and go through the
complex journey of diagnosis, treatment and clinical
evolution from the moment they detect that the cough and
dyspnea they perceive is not normal, to the moment they
experience the adverse effects of the different treatments
proposed to them, deserve to have the benefit of a PRP. It
is up to the health system to form multidisciplinary groups
in PR to provide personalized care to these patients and

Neumol Cir Torax. 2023, 82 (2): 61-62

that they have the opportunity to access the benefits that
PR can offer them.
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Effect of a physical exercise and education program
in patients with diffuse interstitial lung diseases

Efecto de un programa de ejercicio fisico y educacion en pacientes
con enfermedades pulmonares intersticiales difusas

Jhonatan Betancourt-Pena,** Julian Andrés Rivera*s
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ABSTRACT. Introduction: diffuse interstitial lung diseases (DILD)
are a group of diseases that compromise the alveolar and capillary
basement membranes, that is, the anatomical interstitium. Exercise
and education are recommended intervention strategies for patients
regardless of the cause of DILD. Objective: to establish the effects of
a physical exercise and education program in patients with idiopathic
pulmonary fibrosis and other DILD on dyspnea, functional aerobic
capacity, anxiety/depression and health-related quality of life. Material
and methods: quasi-experimental study, all patients were linked for
convenience and signed the informed consent. They were divided
into two groups: patients with idiopathic pulmonary fibrosis and other
DILD, evaluated before and after the exercise and education program
in clinical variables, functional capacity, anxiety/depression and quality
of life. Results: 68 patients were linked, 30 with idiopathic pulmonary
fibrosis and 36 with other DILD. Both groups presented improvements
in the distance traveled in the 6-minute walk test, dyspnea and quality
of life p-value <0.05. The idiopathic pulmonary fibrosis group presented
improvements in anxiety and depression and the other DILD group in
anxiety. Conclusion: all patients present significant improvements in
functional capacity, dyspnea, anxiety and quality of life, the group of
idiopathic pulmonary fibrosis additionally improves in depression, being
the variable with significant changes between the groups.

Keywords: lung diseases interstitial, dyspnea, quality of life, exercise
tolerance, idiopathic pulmonary fibrosis.

RESUMEN. Introduccién: las enfermedades pulmonares intersticiales
difusas son un grupo de enfermedades que comprometen las membranas
basales alveolares y capilares, es decir, el intersticio anatémico. El
ejercicio y la educacion son estrategias de intervencion recomendadas
para los pacientes sin importar la causa de las enfermedades pulmonares
intersticiales difusas. Objetivo: establecer los efectos de un programa de
ejercicio fisico y educacién en pacientes con fibrosis pulmonar idiopatica
y otras enfermedades pulmonares intersticiales difusas en la disnea,
capacidad aerébica funcional, ansiedad/depresién y calidad de vida
relacionada con la salud. Material y métodos: estudio cuasiexperimental,
todos los pacientes se vincularon por conveniencia y firmaron el
consentimiento informado. Se dividieron en dos grupos: pacientes con
fibrosis pulmonar idiopatica y casos con otras enfermedades pulmonares
intersticiales difusas, evaluados antes y después del programa de ejercicio
y educacién en variables clinicas, capacidad funcional, ansiedad/
depresion y calidad de vida. Resultados: se vincularon 68 pacientes, 30
con fibrosis pulmonar idiopdtica y 36 con otras enfermedades pulmonares
intersticiales difusas. Ambos grupos presentaron mejorfas en la distancia
recorrida en la prueba de marcha de los seis minutos, la disnea y la calidad
de vida p < 0.05. El grupo de fibrosis pulmonar idiopatica presenté
mejorias en la ansiedad y depresién, y el grupo de otras enfermedades
pulmonares idiopaticas en la ansiedad. Conclusién: todos los pacientes
presentaron mejorias significativas en la capacidad funcional, disnea,
ansiedad y calidad de vida. El grupo de fibrosis pulmonar idiopatica
adicionalmente mejor6 en la depresion, siendo la variable con cambios
significativos entre los grupos.

Palabras clave: enfermedades pulmonares intersticiales, disnea, calidad
de vida, tolerancia al ejercicio, fibrosis pulmonar idiopatica.
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INTRODUCTION

Diffuse interstitial lung disease (DILD) represents a set of
conditions that involve the alveolar and capillary basement
membranes, i.e., the anatomical interstitium;' more than
150 different types of DILD are currently known, however,
it is only possible to establish the etiological diagnosis in
approximately 30-40% of cases.'

These diseases have been classified as having
similar clinical features (dyspnea as the predominant
symptom), radiological (diffuse pulmonary infiltrates),
physiological (preferential alteration of gas exchange), and
anatomopathological (preferential alteration of lung support
tissues).” However, the most commonly reported type of
DILD is idiopathic pulmonary fibrosis (IPF).'

In terms of incidence and prevalence, it differs
substantially given the methodology used to diagnose it, in
turn, changes in the classification and appearance of new
entities make it difficult to collect epidemiological data;
these diseases occupy one of the first places of morbidity
and mortality in the world. In the United Kingdom the
prevalence is 1.5 to 1.8 per 10,000 inhabitants, while
in Spain there was an incidence of 7.6 per 100,000
inhabitants.’

There are environmental or exogenous factors that are
involved in the pathogenesis of the disease, not to mention
also endogenous factors such as gastroesophageal reflux
and autoimmunity,® among the sociodemographic risk
factors found in the appearance of DILD are considered
male, be over 40 years of age and have been an active
smoker for more than 30 packs in the year.*

As for the diagnosis of DILD, the clinical evaluation
includes factors such as exercise intolerance, limitation
in ventilation, gas exchange, diffusion and circulation,
which deteriorate the individual early, in addition to
functional capacity and health-related quality of life.’
Some diagnostic aids, such as chest radiography , allow
observing alterations of interstitial predominance with
patterns: reticulonodular, ground glass and honeycomb.
In addition to this diagnostic aid, currently high-resolution
computed axial tomography (CAT) has shown sensitivity
in terms of the diagnosis of DILD.” Restrictive alteration is
generally evident in spirometry, with a decreased forced
vital capacity (FVC) in relation to the forced expired
volume in the first second/normal forced vital capacity
(FEV1/FVC) and the reduction of the diffusion capacity
of carbon monoxide (DLCO) turns out to be a frequent
finding.! Functional tests, such as the six-minute walk test
(6MWT), turn out to be a predictor of mortality and help
to individually assess patients.®

Exercise intolerance is one of the most frequent
conditions in patients with DILD, it is usually related to
the sensation of dyspnea during exertion and progressive
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increase in fatigue, which causes a worse quality of life.”
Changes in respiratory pattern and decreased tidal volume
further functionally limit patients with DILD, so pulmonary
rehabilitation is widely recommended since clinical
improvements have been documented in 6BMWT, dyspnea
and health-related quality of life (HRQoL).?

However, there are few studies in our context that
report interventions related to pulmonary rehabilitation
(PR) in subgroups of patients with DILD, since the behavior
may not be the same. For this reason, the objective of this
study was to establish the effects of PR in patients with IPF
and other DILD on dyspnea, functional capacity, anxiety/
depression, and HRQolL.

MATERIAL AND METHODS

A quasi-experimental study in which all patients with DILD
who met the inclusion criteria were linked for convenience
and completed a physical exercise and education program
in a clinic in the city of Cali, Colombia, during 2019.

This study took into consideration and adopted the
recommendations of the declaration of Helsinki and was
approved by the Ethics Committee of the participating
Institution according to minutes 126.01.05.02, which
classified it as research with a risk greater than the minimum
according to resolution 008430 of 1993 of the Ministry of
Social Protection of Colombia.

Patients who met the following inclusion criteria were
linked: diagnosis of DILD through a medical history
confirmed by a radiologist and pulmonologist and in those
cases that merited additional examinations, they were
diagnosed by a multidisciplinary medical team through
chest X-rays, pulmonary function tests and CAT, for which
two groups were formed (IPF and other DILD),’'° admission
to the physical exercise and education program of the
clinic for the first time, so that at the time of admission
they had not received exercise recommendations and all
participants were sedentary/inactive. Exclusion criteria
were patients with beta-blocking or anti arrhythmic
drugs, presence of pacemakers, cardiac arrhythmias,
uncontrolled arterial hypertension (160/100 mmHg),
saturation during 6MWT < 80% and other uncontrolled
cardio metabolic diseases and presenting respiratory
comorbidity such as chronic obstructive pulmonary
disease (COPD) and asthma.

For the development of the study, the following
variables were taken into account: age, sex, place of
residence, socioeconomic status, type of DILD, post
bronchodilator volume flow curve spirometry FEV1, FVC,
FEV1/FVC taken from the patients’ medical records.
At the beginning and end of the physical exercise and
education program, the variables were taken: dyspnea
in the activities of daily living of the Medical Research

Contents



Betancourt-Pena J et al. Effect of a physical exercise and education program in patients with diffuse interstitial lung diseases

Neumol Cir Torax. 2023; 82 (2). 63-71

Council (MRC), peripheral oxygen saturation (SpO,),
weight, body mass index (BMI), for functional aerobic
capacity the distance traveled in the 6MWT, anxiety/
depression with the Hospital Anxiety and Depression
Scale (HADS) questionnaire and HRQoL with the Saint
George’s Respiratory Questionnaire (SGRQ).

Measurements

In a first encounter, BMWT was performed in the morning
in a 30-meter-long corridor, in which the patient was
instructed to walk as fast as possible for 6 minutes in a
path delimited by two cones." SpO, and heart rate were
measured through a pulse oximeter (NONIN GO2 FINGER
pulse oximeter® PN# 9570). At the end of the TC6M, the
distance traveled in meters and the VO2e (estimated oxygen
consumption) were obtained with the formula VO2e = 3.5
mL/kg/min + (vel m/min x 0.1)."

After the 6MWT, the HADS hospital anxiety and
depression questionnaire was applied to each of the
participants; this questionnaire takes into account the score
obtained for each subscale with values of 0-3, the score
range being between 0-21, it is considered normal when the
anxiety or depression subscale has a score of 0-7, doubtful
of 8-10 and clinical problem greater than 11.""

Atthe end, the SGRQ questionnaire was carried out in a
self-directed manner, which includes 50 questions that are
distributed in the domains symptoms, activity and impact;
the score obtained varies between 0 = best performance
and 100= worst performance.'

Physical exercise and education program

The physical exercise and education program was carried
out for 24 sessions, carrying out three sessions per week
for eight weeks of exercise and educational activities. The
patients performed continuous exercise in recumbent
bicycle and endless band for 30 minutes starting at 50% of
the VO2e obtained in the 6MWT that increased to 80%,
supplementary oxygen was administered to those patients
who presented a desaturation in the 6MWT > 4% or
who during the exercise the SpO, was < 90%.""* Muscle
strengthening of the upper limbs was performed with four
sets of 12 repetitions with a minute of rest at 40% of the
maximum resistance (MR), which increased to 60% of the
MR at four weeks; the progression of the exercise was
carried out taking into account the score in the modified
Borg dyspnea always maintaining the activities between
3-5/10. In education activities, patients received individual
and group sessions on the following topics including: disease
awareness, medication optimization, oxygen use, feeding,
panic measures, relaxation techniques, and home breathing
exercises." Patients were also educated and encouraged to

increase their levels of physical activity beyond the program
on non-training days."

Statistical methods

The information collected was entered in a Microsoft
Office Excel® 2010 book in which a database was built
that was then analyzed in the SPSS statistical package
version 24; through descriptive tests the qualitative variables
were presented in frequency and percentage, through
the Kolmogorov-Smirnov test the parametric behavior of
the quantitative variables was assumed presenting them
in mean * standard deviation; to compare the variables
at the beginning and end after the physical exercise and
education program in the groups, a t test was performed
for paired samples; in turn, the results were compared
between the IPF group and the group of other DILD at the
beginning and end of the physical exercise and education
program by performing the t test for independent samples.
Assignificance of 95% and a p-value < 0.05 was considered
statistically significant.

RESULTS

66 patients were initially linked to the study, 30 with IPF
and 36 with other DILD; however, during the rehabilitation
sessions one patient with IPF and four patients with other
DILD presented exacerbation so they left the PR program
(Figure 1).

The majority of participants were found to be male,
55.7%; age showed a mean of 61.05 + 16.24 years.
Regarding the socioeconomic stratum, it was found that
the highest percentage was classified as medium with
79.3% in IPF and 50.0% in DILD followed by classified as
low and finally high. Compared to the type of interstitial

N = 66 participants with
DILD diagnosis

T

N = 30 participants N = 36 participants with
with IPF diagnosis other DILD diagnosis
n = 1 presents exacerbation n = 4 present exacerbation

v A 4

N = 32 participants with
other DILD finished PR

N = 29 participants with IPF
diagnosis finished PR

Figure 1: Admission of patients to the pulmonary rehabilitation program.
DILD = diffuse interstitial lung disease. IPF = idiopathic pulmonary fibrosis. PR =
pulmonary rehabilitation.
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Table 1. Socio-demographic and clinical characteristics.

Total IPF DILD
N =61 N=29 N =32
Variables n (%) n (%) n (%) p
Sex 0.390
Male 34 (55.7) 14 (48.3) 20 (62.5)
Female 27 (44.3) 15 (51.7) 12 (37.5)
Age (years)* 61.05+ 16.24 64.97 + 16.09 57.50 + 15.78 0.072
Socioeconomic status 0.070
Low 16 (26.2) 4(13.8) 12 (37.5)
Medium 39 (63.9) 23 (79.3) 16 (50.0)
High 6 (9.8) 2(6.9) 4 (12.5)
Place of residence 0.272
Cali 58 (95.1) 29 (100.0) 29 (90.6)
Outside of Cali 3 (4.9 0(0) 3(9.4)
Type of interstitial disease NA
Idiopathic pulmonary fibrosis 29 (47.5) 29 (100.0) 0(0)
Lupus erythematosus 2(3.3) 0(0) 2 (6.3)
Pneumoconiosis 6 (9.8) 0(0) 6(18.8)
Silicosis 2(3.3) 0(0) 2(6.3)
Interstitial pneumonia 4(6.6) 0(0) 4 (12.5)
Other unclassified DILDs 18 (29.5) 0(0) 18 (56.3)
FEV1* (% predicted) 63.72 + 17.65 68.57 + 18.36 59.33 + 16.02 0.040
FVC* (% predicted) 60.06 + 13.52 63.44 £13.38 56.99 £ 13.10 0.062
FEV1/FVC* (%) 90.62 £ 21.23 89.16 + 19.51 91.94 £22.90 0.613

IPF = idiopathic pulmonary fibrosis. DILD = diffuse interstitial lung disease. FEV1 = forced expired volume in the first second. FVC = forced vital capacity.

* Values expressed in mean + standard deviation.

disease, 29 patients equivalent to 100% belonged to the
IPF group, followed by other unclassified DILD 56.3%;
pneumoconiosis 18.8%; interstitial pneumonitis 12.5%;
silicosis 6.3% and lupus 6.3% respectively; finally, lung
function shows reduced forced vital capacity (FVC) in both
groups (Table 7).

Regarding the changes in the 6MWT pre- and post-
program of exercise and education, it is found in the IPF
group statistically significant improvement going from
371.79 + 121.39 meters to 435.38 = 109.75 and clinically
with an increase of 63.59 + 12.67 meters; the same
happens in the DILD group where a statistically significant
improvement is shown going from 353.0 £ 121.13 meters
to 415.0 = 107.91 meters and clinically significant of
62.00 £ 8.19 meters. The functional aerobic capacity shows
that the estimated VO, shows a statistically significant
improvement in the IPF group from 9.47 + 2.16 mL/kg/
min pre PR to 10.77 * 1.82 mL/kg/min post PR; the same
response is evident in the DILD group from 9.17 + 2.12 mL/
kg/min to 10.43 £ 1.79 mL/kg/min post PR. In addition, six
patients with IPF (20.1%) and five with other DILD (15.6%)
required the use of supplemental oxygen during 6MWT, a

situation that required these patients to perform it during
exercise sessions. Dyspnea measured with the MRC scale
shows a statistically significant change when comparing pre-
and post- PR data in both the IPF and DILD groups; the
same is true for the HADS scale for anxiety and depression
in both groups (Tables 2 and 3).

The health-related quality of life, measured with the
SCGRQ questionnaire in the IPF group and DILD group
shows statistically and clinically significant changes in the
domains of symptoms, activity and impact with a pre PR
total score in the IPF group of 50.14 + 18.90 points and post
PR of 34.00 £ 17.40 points with a difference of 16.14 £ 2.22
points; the same results are evidenced in the DILD group
where a pre PR total score of 54.78 + 17.58 points and post
PR of 44.53 £ 19.11 points with a difference of 10.25 * 3.04
points is presented (Tables 2 and 3).

When comparing the results obtained from the means
versus pre- and post-exercise tolerance PR between the two
groups IPF and DILD, a statistically significant change was
evident only at the end of the intervention in the HADS
questionnaire for depression with a value of p = 0.047
(Table 4).
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DISCUSSION

The objective of this study was to establish the effects of a
physical exercise and education program in patients with
IPF and other DILD on dyspnea, functional aerobic capacity,
anxiety/depression and health-related quality of life, for
which it was important to understand that IPF and DILD
comprise a great heterogeneity and individual variety due
to their pathological process, where we can find different
causal factors and benefits of exercise according to the
type of DILD.

Taking into account the above, this study found that the
male sex occurs more frequently in other DILDs, which
may be due to a greater relationship with a decrease
in steroid hormones such as dehydroepiandrosterone
responsible for decreasing fibroblast proliferation and
increasing apoptosis."” However, it contrasts with other
authors who show prevalences in men of 72.4% in patients
with IPF.'®

With respect to age, this study shows that participants
have an average age of 61.05 * 16.24; despite understanding
that IPF and DILD can have genetic compromises and be
generated at any stage of life, it has been found that their
symptomatology hasa greater presentation from adulthood
where, being more predisposed to these diseases, some

authors mention that some components of RNA telomerase
promote fibrogenesis,” in the same way it is related to
what was described by other authors in the context of
rehabilitation programs.'®

In both IPF and DILD, a decrease in the percentage
of the predicted FVC was found through spirometry,
evidencing a possible restrictive ventilatory pattern with
greater compromise in the group of other DILDs, which
was classified as moderately severe and moderate in the IPF
group, which is due to the fact that in these two diseases
an important restrictive compromise is generated due to
their pathological process related to inflammation and
attempts at tissue repair, which leads to loss of elasticity of
the pulmonary parenchyma, thus decreasing pulmonary
ventilation and gas exchange, producing hypoxia and
subsequently dyspnea as an initial symptomatology in
patients.”

There were no significant changes in BMI in the
comparison groups; this could be due to the time of
intervention in the physical exercise and education program,
since they are not long enough to generate changes that
contribute to the decrease of the fat component in this type
of patients.'®" In addition, this study did not carry out a
nutritional control and follow-up that will cause relevant
changes related to the intervention.

Table 2: Changes in anthropometrics, functional aerobic capacity, dyspnea anxiety/depression
and health-related quality of life in patients with IPF (N = 29).

IPF, mean = SD

Physical exercise and education

Mean differences

Variables Initial Final +SE p

Weight (kg) 67.03 £ 13.24 67.41£13.78 -0.37 £0.49 0.434
BMI (kg/m?) 26.23 +4.47 26.36 +4.6 -0.13+0.17 0.459
Distance travelled BMWT (m) 371.79 £ 121.39 435.38 £ 109.75 -63.59 + 12.67 0.000
SpO, at rest (%) 95.90 +2.70 95.62 + 2.61 -0.28 £0.37 0.463
SpO, final (%) 88.86 + 8.85 89.10 +5.70 0.24+0.74 0.747
Desaturation percentage 7.03 £ 4.99 6.52 +5.03 -0.51+0.68 0.452
VO,e (mL/kg/min) 9.47£2.16 10.77 £ 1.82 -1.31+£0.29 0.000
MRC 2.10+1.01 1.10 +1.08 1.0£0.15 0.000
HAD anxiety 6.31 £ 5.11 3.83+3.37 2.48 £0.65 0.001
HAD depression 5.52 £4.09 3.83+£2.98 1.69 + 0.59 0.008
SGRQ symptoms 50.90 +20.23 36.00 + 17.68 14.90 + 3.06 0.000
SGRQ activities 61.83 +£20.99 48.41 +28.99 13.41 £ 4.61 0.007
SGRQ impact 40.86 + 22.18 24.41 +16.77 16.45 £2.59 0.000
SGRAQ total 50.14 + 18.90 34.00 £ 17.40 16.14 £ 2.22 0.000

IPF = idiopathic pulmonary fibrosis. SD = standard deviation. SE = standard error. BMI = body mass index. 6MWT = 6 minute walk test. SpO, = partial oxygen saturation.
VO,g = estimated oxygen consumption. MRC = Medical Research Council. HAD = hospital anxiety and depression scale. SGRQ = Saint George’s respiratory questionnaire.
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Table 3: Changes in anthropometrics, functional aerobic capacity, dyspnea anxiety/depression
and health-related quality of life in patients with other DILDs (N = 32).

Other DILDs, mean + SD
Physical exercise and education Mean differences

Variables Initial Final +SE p

Weight (kg) 67.84 + 14.26 68.66 + 13.72 -0.82 +£0.48 0.098
BMI (kg/m?) 31.16 £5.34 31.46 £5.32 -0.29 £ 0.17 0.102
Distance travelled 6MWT (m) 353.0 + 121.13 415.0 = 107.91 -62.00 £ 8.19 0.000
SpO, at rest (%) 95.22 +2.72 95.31 £2.73 -0.09 + 0.69 0.893
SpO, final (%) 86.94 +6.8 86.91 + 5.59 0.031 +0.88 0.972
Desaturation percentage 8.28 £5.93 8.38 £5.24 -0.09 £0.79 0.906
VO,e (mL/kg/min) 917 £2.12 10.43+1.79 -1.26 £0.23 0.000
MRC 2.38+1.07 1.78 £1.26 0.59 +0.21 0.007
HAD anxiety 5.38 £3.79 3.81+3.33 1.56 + 0.46 0.002
HAD depression 5.25 +3.52 4.34 +4.41 0.91+0.69 0.198
SGRQ symptoms 51.97 + 18.38 38.28 + 17.40 13.69 £3.12 0.000
SGRQ activities 68.31 + 18.30 57.25 £ 22.67 11.06 = 3.24 0.002
SGRQ impact 4459 +£19.79 35.84 +20.26 8.75 + 3.81 0.029
SGRQ total 54.78 + 17.58 44,53 +19.11 10.25 + 3.04 0.002

DILD = diffuse interstitial lung disease. SD = standard deviation. SE = standard error. BMI = body mass index. BMWT = 6 minute walk test. SpO, = partial oxygen
saturation. VO,e = estimated oxygen consumption. MRC = medical research council. HAD = hospital anxiety and depression scale. SGRQ = Saint George’s respiratory

questionnaire.

It was found that the IPF group travels a greater distance
in the 6GMWT than the DILD group, but this difference is
not significant; it is evident that both groups significantly
improve the distance traveled in the 6BMWT due possibly
to the fact that physical exercise performed in this type of
patients contributes to improving oxygen transport and
oxygen exchange at the tissue level, which contributes
to greater fatigue resistance due to better beta-oxidation
and oxidative phosphorylation at the mitochondrial level,
which contributes to the generation of energy in the
muscle fiber and as a result a better tolerance to exercise
also expressed in better functional aerobic capacity.'® It
was found that the IPF group travels a greater distance
in the 6MWT than the DILD group, but this difference is
not significant; it is evident that both groups significantly
improve the distance traveled in the 6BMWT due possibly
to the fact that physical exercise performed in this type of
patients contributes to improving oxygen transport and
oxygen exchange at the tissue level, which contributes to
greater fatigue resistance due to better beta-oxidation and
oxidative phosphorylation at the mitochondrial level, which
contributes to the generation of energy in the muscle fiber
and as a result a better tolerance to exercise also expressed
in better functional aerobic capacity.'

The SpO, in the two groups IPF and DILD show
significant desaturation during 6MWT, which is due to a
decrease in alveolar ventilation and gas exchange due to the
restrictive ventilation pattern generated in their pulmonary
parenchyma, which does not change after the exercise and
education program and even these two diseases do not
show significant differences when evaluating SpO, after
6MWT.” It is important to note that this situation described
above forced 11 patients of all of them to use supplemental
oxygen during the exercise sessions; however, this situation
showed that there were no differences between the
intervention groups, so both groups had similar functional
performance conditions, both in 6MWT and in the exercise
sessions.”*

In the dyspnea measured with the MRC scale, it was
evidenced that both groups of patients presented a
significant improvement; a situation that can be explained
because the exercises performed in the exercise and
education program allows the training of peripheral muscles
causing a better tolerance to the effort evidenced in the
increase of the distance traveled in the 6MWT.'®

For both groups of patients , there was a significant
improvement in anxiety after the physical exercise and
education program, this could occur since the patients
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presented improvements in MRC dyspnea related to effort
tolerance and activities of daily living, a situation that
allows patients to improve their capacity and functional
independence.?"** Additionally, the group of patients with
IPF presented significant improvements in the depression
domain of the HADS questionnaire, this related to the
greater increase in this group of patients in the distance
traveled in the P and the lower MRC dyspnea score that
allows patients to perceive greater functional independence
and less care by caregivers.”

Changes in HRQoL show that patients with IPF and
other DILDs improve clinically and significantly in the
domains of symptoms, activities and impact; however,
the IPF group shows greater changes in SGRQ scores
compared to the group of other DILDs. These results
are related to the benefits reported by other authors;**
additionally, patients with IPF usually have a worse clinical
prognosis, which clearly shows that they benefit more from
a structured exercise program and educational sessions that
allow them to better perceive their disease in relation to
the environment around them.*®

This study is relevant since interventions related to
exercise and education in patients with DILD have not been
well documented in Latin America. In turn, this study could
be a benchmark in future studies that decide to implement

similar interventions to benefit patients in variables such as
functional aerobic capacity, dyspnea, anxiety/depression
and HRQolL.

The main study limitations are related to the pulmonary
function tests used in patients, given that plethysmography
and DLCO provide more relevant information on the
structural deterioration and prognosis of patients. On the
other hand, being one of the first studies in our context
that differentiates the effects of exercise and education
according to the type of DILD, the implementation of
other strategies such as respiratory muscle strengthening,
intermittent and interval exercise could show additional
gains to those already reported in this study. In addition,
it can be considered a possible bias to consider that the
exercise was only carried out in the context of the program
and that the patients did not exercise in the context of
the home or their social relationships. On the other hand,
aspects related to pharmacological treatment with steroids,
or an analysis by subgroup of patients with supplemental
oxygen use during exercise sessions, were not taken into
account in this study, which can clearly influence the final
result of the measurements. Finally, the quasi-experimental
design of this study considerably affects the external validity
of the study, so randomized controlled clinical trial designs
are recommended in future investigations.

Table 4: Comparison of changes in anthropometric variables, functional aerobic capacity, dyspnea anxiety/depression and health-related quality of life.

Physical exercise and education
Initial Final
Mean differences Mean differences
Variables +SE p +SE p
Weight (kg) -0.81+35 0.819 124435 0.726
BMI (kg/m?) 493 +567 0.328 5.09+5.7 0.351
Distance travelled BMWT (m) -18.79 £ 31.09 0.548 0.47 +£27.89 0.468
SpO, at rest (%) -0.68 + 0.69 0.334 0.66 + 0.69 0.655
SpO, final (%) -1.93£1.63 0.243 0.13+1.45 0.134
Desaturation percentage 1.25 + 1.41 0.381 0.16 £ 1.32 0.164
VO,e (mLrkg/min) -0.30 £ 0.55 0.590 -0.34 £ 0.46 0.472
MRC 0.27 £0.27 0.314 0.68 £ 0.30 0.424
HAD anxiety -0.94+1.14 0.417 -0.02 £ 0.86 0.648
HAD depression -0.27 £ 0.97 0.785 0.52 £0.97 0.047
SGRQ symptoms 1.07 £4.94 0.829 2.28 +4.57 0.915
SGRQ activities 6.49 +£5.03 0.206 8.84 +6.63 0.127
SGRQ impact 3.73+5.40 0.490 11.43 + 4.68 0.429
SGRQ total 4.64 +£4.67 0.324 10.53 £ 4.68 0.851

SE = standard error. BMI = body mass index. SpO, = partial oxygen saturation. VO,e = estimated oxygen consumption. MRC = medical research council. HAD = hospital

anxiety and depression scale. SGRQ = Saint George’s respiratory questionnaire.
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CONCLUSIONS

Patients with IPF and other DILDs who undergo an eight-
week exercise and education program at a clinic in Cali,
Colombia, have a similar increase in distance traveled
on the 6MWT, significant improvements in functional
aerobic capacity, dyspnea in activities of daily living CRM,
and anxiety in all health-related quality of life domains.
Depression only showed significant improvement in the
IPF group.

Acknowledgements
To patients who voluntarily participated in the study.

REFERENCES

1. Betancourt-Pefia J, Hurtado-Gutiérrez H. Efectos de un programa
de rehabilitacion pulmonar en pacientes con enfermedad pulmonar
intersticial difusa. Fisioterapia. 2015;37(6):286-292. doi: 10.1016/j.
ft.2014.12.001.

2. Cournoyer J, Ramos CF, Sturgill B, Tang F, DeLuca N, Mirsaeidi
M, et al. Effects of 100 % oxygen during exercise in patients with
interstitial lung disease. Respir Physiol Neurobiol. 2020;274:103367.
doi: 10.1016/}.resp.2019.103367.

3. Nishiyama O, Kondoh Y, Kimura T, Kato K, Kataoka K, Ogawa
T, et al. Effects of pulmonary rehabilitation in patients with
idiopathic pulmonary fibrosis. Respirology. 2008;13(3):394-399. doi:
10.1111/j.1440-1843.2007.01205.x.

4. Huppmann P, Sczepanski B, Boensch M, Winterkamp S, Schonheit-
Kenn U, Neurohr C, et al. Effects of inpatient pulmonary rehabilitation
in patients with interstitial lung disease. Eur Respir J. 2013;42(2):444-
453. doi: 10.1183/09031936.00081512.

5. Lynch DA, Godwin JD, Safrin S, Starko KM, Hormel P, Brown KK,
et al. High-resolution computed tomography in idiopathic pulmonary
fibrosis: diagnosis and prognosis. Am J Respir Crit Care Med.
2005;172(4):488-493. doi: 10.1164/rccm.200412-17560C.

6. Wickerson L, Brooks D, Reid WD, Singer LG, Granton J, Mathur S.
Exertional oxygen requirements during exercise training in advanced
interstitial lung disease. J Cardiopulm Rehabil. 2018;38(6):419-424.
doi: 10.1097/HCR.0000000000000338.

7. Betancourt-Pefia J, Dominguez-Mufioz D, Salazar-Vargas P, Avila-
Valencia JC. Changes in physiological variables in patients with diffuse
interstitial lung disease in the six-minute walk test. Curr Respir Med
Rev. 2021;17(4):252-259. doi: 10.2174/1573398X17666211201114933.

8. Holland A. Review series: aspects of interstitial lung disease: exercise
limitation in interstitial lung disease - mechanisms, significance
and therapeutic options. Chron Respir Dis. 2010;7(2):101-111. doi:
10.1177/1479972309354.

9. Travis WD, Costabel U, Hansell DM, King Jr TE, Lynch DA, Nicholson
AG, etal. An official American Thoracic Society/European Respiratory
Society statement: update of the international multidisciplinary
classification of the idiopathic interstitial pneumonias. Am J Respir
Crit Care Med. 2013;188:733-748. doi: 10.1164/rccm.201308-1483ST.

10. Richeldi L, Collard HR, Jones MG. Idiopathic pulmonary
fibrosis. Lancet. 2017;389(10082):1941-1952. doi: 10.1016/S0140-
6736(17)30866-8.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Contents

Neumol Cir Torax. 2023, 82 (2). 63-71

Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D, et al.
An official European Respiratory Society/American Thoracic Society
technical standard: field walking tests in chronic respiratory disease.
Eur Respir J. 2014;44(6):1428-1446. doi: 10.1183/09031936.00150314.
American College of Sports Medicine. ACSM’s guidelines for exercise
testing and prescription. 10th ed. Philadelphia: Lippincott, Williams &
Wilkins; 2017.

Yamamoto-Furusho JK, Sarmiento-Aguilar A, Garcia-Alanis M,
Gomez-Garcia LE, Toledo-Maurifio J, Olivares-Guzman L, et al.
Hospital Anxiety and Depression scale (HADS): validation in Mexican
patients with inflammatory bowel disease. Gastroenterol Hepatol.
2018;41(8):477-482. doi: 10.1016/j.gastrohep.2018.05.009.

Brunetti G, Malovini A, Maniscalco M, Balestrino A, Carone M, Visca
D, et al. Pulmonary rehabilitation in patients with interstitial lung
diseases: correlates of success. Respir Med. 2021;185:106473. doi:
10.1016/j.rmed.2021.106473.

Antoniou KM, Margaritopoulos GA, Tomassetti S, Bonella F, Costabel
U, Poletti V. Interstitial lung disease. Eur Respir Rev. 2014;23(131):40-
54. doi: 10.1183/09059180.00009113.

Cerdan-de-Las-Heras J, Balbino F, Lokke A, Catalan-Matamoros
D, Hilberg O, Bendstrup E. Tele-rehabilitation program in idiopathic
pulmonary fibrosis-a single-center randomized trial. Int J Environ Res
Public Health. 2021;18(19):10016. doi: 10.3390/ijerph181910016.
Guler SA, Hur SA, Stickland MK, Brun P, Bovet L, Holland AE, et
al. Survival after inpatient or outpatient pulmonary rehabilitation
in patients with fibrotic interstitial lung disease: a multicentre
retrospective cohort study. Thorax. 2022;77(6):589-595. doi: 10.1136/
thoraxjnl-2021-217361.

Matsuo S, Okamoto M, lkeuchi T, Zaizen Y, Inomoto A, Haraguchi R, et
al. Early intervention of pulmonary rehabilitation for fibrotic interstitial
lung disease is a favorable factor for short-term improvement in health-
related quality of life. J Clin Med. 2021;10(14):3153. doi: 10.3390/
jcm10143153.

He GX, Li N, Ren L, Shen HH, Liao N, Wen JJ, et al. Benefits
of different intensities of pulmonary rehabilitation for patients
with moderate-to-severe COPD according to the GOLD stage: a
prospective, multicenter, single-blinded, randomized, controlled trial.
Int J Chron Obstruct Pulmon Dis. 2019;14:2291-2304. doi: 10.2147/
copd.s214836.

Betancourt-Pefia J, Avila-Valencia JC, Assis JK, Hurtado-Gutiérrez
H, Benavides-Cérdoba V. Benefits of pulmonary rehabilitation in
patients with COPD with use and without the use of supplemental
oxygen during exercise. Curr Respir Med Revi. 2019;15(4):281-288.
doi: 10.2174/1573398X15666191021122926.

Faverio P, De Giacomi F, Bonaiti G, Stainer A, Sardella L, Pellegrino
G, et al. Management of chronic respiratory failure in interstitial
lung diseases: overview and clinical information. Int J Med Sci.
2019;16(7):967-980. doi: 10.7150/ijms.32752.

Betancourt-Pefia J, Rodriguez-Castro J, Rosero-Carvajal HE.
Oxigenoterapia domiciliaria y capacidad aerébica en pacientes con
enfermedad pulmonar intersticial difusa. Estudio transversal. Rev
Cuba Investig Biomed [Internet]. 2022;41:¢1263. Available in: http:/
scielo.sld.cu/pdf/ibi/v41/1561-3011-ibi-41-e1263.pdf.

Yohannes AM. Depression and anxiety in patients with interstitial
lung disease. Expert Rev Respir Med. 2020;14(9):859-862. doi:
10.1080/17476348.2020.1776118.

King CS, Flaherty KR, Glassberg MK, Lancaster L, Raghu G,
Swigris JJ, et al. Phase-2 exploratory randomized controlled trial of



Betancourt-Pena J et al. Effect of a physical exercise and education program in patients with diffuse interstitial lung diseases

Neumol Cir Torax. 2023; 82 (2). 63-71

25.

INOpulse in patients with fibrotic interstitial lung disease requiring
oxygen. Ann Am Thorac Soc. 2022;19(4):594-602. doi: 10.1513/
annalsats.202107-864oc.

Rizq HEH, Younis G, Shafiek H, Elsayed E, Wahab NHA. Effects of
exercise training on functional performance in fibrosing interstitial
lung diseases. Eur Respir J. 2021;58:PA416. doi: 10.1183/13993003.
congress-2021.PA416.

26. Khor YH, Goh NS, Glaspole I, Holland AE, McDonald CF. Exertional
desaturation and prescription of ambulatory oxygen therapy in
interstitial lung disease. Respir Care. 2019;64(3):299-306. doi:
10.4187/respcare.06334.

Conflict of interests: the authors declare that they have no conflict of
interests.

Contents



NCT

Neumologia y Cirugia de Térax
Vol. 82 - No. 2 / April-June 2023

Original

doi: 10.35366/115393

Utility of Balik’s formula for the quantification
of pleural effusion by ultrasound in the
postoperative period of cardiac surgery

Utilidad de la férmula de Balik para la cuantificacién del derrame
pleural por ultrasonido en el posoperatorio de cirugia cardiaca

Camelia Cruz-Rodriguez,* Edgar Garcia-Cruz,* Rodrigo Gopar-Nieto,* Emmanuel Lazcano-Diaz,*
Diana Lizbeth Ordaz-Figueroa,* José Luis Elizalde-Silva,* Gustavo Rojas-Velasco,* Daniel Manzur-Sandoval*

*Instituto Nacional de Cardiologia Ignacio Chévez. Mexico City, Mexico.

ABSTRACT. Introduction: pleural effusion is caused by an imbalance
between oncotic and hydrostatic pressure through the pulmonary
capillaries or by increased permeability. Ultrasound at the patient’s
bedside allows for efficient diagnosis in various areas, due to its portability
and low cost, enabling the quantification of pleural fluid, determination
of its characteristics, and guidance for percutaneous drainage. Post
cardiac surgery, large pleural effusions can affect the patient’s recovery
journey. Material and methods: we conducted a cross-sectional study
of 26 nonconsecutive adult patients who underwent cardiac surgery in
whom pleural effusion was detected by ultrasound in the postoperative
period. The pleural effusion volume, quantified by Balik’s formula,
correlated with the amount of pleural fluid drained. In addition, the
characteristics of the fluid were defined to determine any correlation with
Light's criteria. Results: there was a strong positive correlation between
the volume quantified by Balik’s formula and the amount of pleural
fluid drained. We also found that the characteristics of drained pleural
effusion, as determined through ultrasound, had sufficient diagnostic
accuracy to differentiate between transudate and exudate compared
with Light’s criteria. Conclusions: there is a strong positive correlation
between the fluid volume quantified by ultrasound with Balik’s formula
and the volume drained in the postoperative period of cardiac surgery,
in addition to high diagnostic accuracy in the identification of the fluid
as transudate or exudate.

Keywords: pleural effusion, lung ultrasound, point-of-care ultrasound.

RESUMEN. Introduccién: el derrame pleural es causado por un
desequilibrio entre la presion oncética e hidrostética a través de los
capilares pulmonares o por un aumento de la permeabilidad. La ecografia a
pie de cama del paciente permite un diagnéstico eficiente en diversas areas,
por su portabilidad y bajo costo, posibilitando la cuantificacién del liquido
pleural, determinacion de sus caracteristicas y orientacion para el drenaje
percutdneo. Después de una cirugfa cardiaca, los derrames pleurales
grandes pueden afectar el proceso de recuperacion del paciente. Material
y métodos: realizamos un estudio transversal de 26 pacientes adultos
no consecutivos intervenidos de cirugfa cardiaca en quienes se detect6
derrame pleural mediante ecograffa en el posoperatorio. El volumen del
derrame pleural, cuantificado por la férmula de Balik, se correlacioné
con la cantidad de liquido pleural drenado. Ademas, se definieron las
caracteristicas del fluido para determinar cualquier correlacién con los
criterios de Light. Resultados: hubo una fuerte correlacion positiva entre
el volumen cuantificado por la férmula de Balik y la cantidad de liquido
pleural drenado. También encontramos que las caracteristicas del derrame
pleural drenado, determinadas por ultrasonido, tenian suficiente precision
diagndstica para diferenciar entre trasudado y exudado en comparacién
con los criterios de Light. Conclusiones: existe una fuerte correlacién
positiva entre el volumen de liquido cuantificado por ultrasonido con
la férmula de Balik y el volumen drenado en el posoperatorio de cirugfa
cardfaca, ademas de una alta precision diagndstica en la identificacion del
liquido como trasudado o exudado.

Palabras clave: derrame pleural, ecografia pulmonar, ecografia en el
punto de atencién.
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INTRODUCTION

Normally there is approximately 1-10 mL of fluid in the
pleural space. This fluid is constantly produced and
reabsorbed, and the amount of fluid is maintained by a
balance between oncotic and hydrostatic pressure of the
parietal and visceral pleura. Disruption in this balance
causes the fluid to accumulate in the cavity.

Pleural effusion is caused by an imbalance between
oncotic and hydrostatic pressure through the visceral and
parietal pleura, an increased permeability, or reduced
absorption. It can occur as a result of lung parenchymal
disease, infection, malignancy, and inflammatory
processes. There are other factors that contribute to
the accumulation of pleural fluid in the critical care
setting, such as volume overload, renal or hepatic failure,
myocardial depression, hypoalbuminemia, infections,
and malnutrition.” In the postoperative period of cardiac
surgery, pleural effusions, especially those that require
a secondary drainage procedure during recovery, are
associated with significantly worse outcomes including
increased mortality, longer in-hospital stay, and higher
complication rates. Of patients undergoing coronary
artery bypass grafting or heart valve surgery, between
41% and 89% develop pleural effusions in the first seven
days after surgery and 10% develop a pleural effusion
occupying more than 25% of the hemithorax in the

subsequent month. Causes of pleural effusions after
cardiac surgery include diaphragm dysfunction, internal
mammary artery harvesting (only in internal mammary
artery grafting), and other perioperative complications
(e.g., sepsis, congestive heart failure, pulmonary
embolism, and chylothorax).?

There are various imaging methods to evaluate the
lung, pleura, and pleural cavity. While the presence of a
pleural effusion is frequently suspected from a chest X-ray,
it does not allow the detection of other fluid characteristics
or its quantification. Characteristics such as localization,
thickening, or fibrosis usually need characterization by axial
computed tomography. Ultrasound at the patient’s bedside
allows for the diagnosis of pleural effusion in various hospital
settings (due to its portability, low cost, absence of radiation,
and short examination time), enabling the quantification
of pleural fluid, determination of some characteristics of
the effusion, and guidance for drainage by thoracocentesis
or tube thoracostomy, thus improving the success rate of
the procedures by up to 97%. Ultrasonographic diagnosis
requires the identification of fluid in the pleural space with
the typical anechoic (black) image between the diaphragm
and the chest wall, which allows even small amounts of
fluid to be identified.**

Regarding the etiology of the pleural effusion, ultrasound
does not allow sufficient discrimination in the different
etiologies and the compositions of the effusion. The

Figure 1:

A) Anechoic pleural effusion,

suggesting transudate.

B) Non-septated complex pleural effusion.
C) Septated complex pleural effusion.

D) Homogeneously echogenic pleural
effusion. B-D) Correspond to exudate.

PE = pleural effusion. L = lung (compressive
atelectasis).
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sonomorphological characteristics may vary depending on
its nature, cause, and chronicity. The appearance of the
pleural fluid can be divided into four patterns: (1) anechoic
(Figure 1A), (2) non-septated complex (defined by the
presence of particles within the pleural fluid) (Figure 1B),
(3) septated complex (defined by the presence of septa and
fibrin in the pleural fluid) (Figure 7C), and (4) homogeneously
echogenic («bright» pleural effusion) (Figure 1D), the last
being the most common in hemothorax and empiema.®

Importance

In chest X-ray, the accuracy to quantify the volume of the
effusion is limited. Ultrasound allows for the detection
of volume from 5 mL and volume quantification. Some
formulas have been described for the quantitation of the
effusion.”® Balik’s method found a significant positive
correlation between the volume quantitation and the
drained measurement. In addition to the quantitation of
the effusion volume, Balik’s method also allowed decision
making regarding the realization of the therapeutic
drainage, with success in guiding thoracentesis of 100%
and no complications such as pneumothorax or bleeding
reported.’

Investigation goals

Our primary goal was to determine the correlation between
the amount of pleural fluid quantified by ultrasonography
using Balik’s formula and the amount of fluid drained in
the postoperative period of cardiac surgery. Our secondary
objective was to determine the diagnostic accuracy of the
ultrasonographic characteristics of the fluid to classify it as
transudate or exudate.

MATERIAL AND METHODS

This was a cross-sectional study of 26 nonconsecutive
adult patients who were admitted to the critical care unit
at the Instituto Nacional de Cardiologia Ignacio Chdvez
in Mexico City, Mexico, from 1 May to 30 October 2021,
following cardiac surgery, in whom ultrasonographic
evaluation was conducted upon arrival in postoperative
critical care. For the ultrasonographic evaluation, operator-
obtained images were generated using a phased array
sector probe at 2-3 MHz, from the patient’s right or left
side, with sonographic equipment including the following
modes: M-mode, 2D mode, color Doppler, pulsed wave
Doppler, continuous wave Doppler, and tissue Doppler.
The use of sonographic equipment with advanced
software technology was not necessary. With the patient
in a mild torso elevation of 15°, the transducer was placed
at the PLAPS point (intersection between the posterior

Neumol Cir Torax. 2023, 82 (2): 72-78

Figure 2: A) Position of the ultrasound probe at the patient’s right or left
side. B) Probe marker pointing toward the patient's head.

axillary line and the 7™ or 8™ intercostal space, slightly
above the diaphragm),® with the probe marker pointing
toward the patient’s head. The diaphragm, liver, and
spleen had to be clearly visualized (Figure 2). Then, the
maximum distance in millimeters was measured between
the parietal (from the lung inferior border) and visceral (to
the inferior border of the diaphragm) pleura at maximum
inspiration (Figure 3) using the formula: volume = 20 X
separation (in millimeters).

Then, the pleural effusion was classified by
ultrasonography as:

1. Transudate (anechoic) or
2. Exudate (non-septated complex, septated complex, and
homogeneously echogenic).

Images were processed and analyzed after acquisition.
One physician (a critical care physician with training in
critical care ultrasonography) acquired the images, and
the images were then processed and measured by three
different physicians (clinical cardiologists, DMS, EGC, and
ELD with training in echocardiography) using imaging
software. We reduced bias by blinding the person who
analyzed, processed, and measured the images.

The thoracic tubes were placed by the cardiothoracic
surgery service after performing the ultrasound making,
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without real-time guide, using Argyle TM Thoracic Catheters
of 32 Fr when the effusion was echogenic or complex, and
Blake drains (usually 24 Fr), when the effusion was anechoic.

The biochemical analysis of the fluid was performed to
classify the pleural effusion as exudate according to Light's
criteria:'

1. The ratio of pleural fluid protein to serum protein is
greater than 0.5.

2. The ratio of pleural fluid lactate dehydrogenase (LDH)
and serum LDH is greater than 0.6.

3. Pleural fluid LDH is greater than 0.6 or 2/3 times the
normal upper limit for serum.

Statistical analysis

We performed the Shapiro-Wilk test of normality for
continuous variables and reported these as a median
and interquartile range because all were nonparametric.
Comparisons of continuous variables were made using
the Kruskal-Wallis test. We report categorical variables as
frequencies and percentages and used y* or Fisher’s exact
probability tests, as appropriate, to compare expected
values. We used Pearson’s correlation coefficient to
calculate correlation coefficients, with the following
r value strength categories: 0.1-0.29 = weak, 0.3-
0.49 = medium, and 0.50-1.0 = strong. We used 2 X
2 tables to calculate sensitivity, specificity, predictive
values, and likelihood ratios. Statistical analyses were
performed using STATA v. 14, and p < 0.05 was
considered statistically significant.

RESULTS
Demographic and surgical characteristics

Most patients were males (65%) with a mean age of 55
years (range 45-64 years). The most frequent comorbidities
were heart failure (65.4%), hypertension (34.6%), and
history of myocardial infarction (23.1%). The median of
the left ventricular ejection fraction was 45%. The most
frequently used drugs in the preoperative period were
beta-blockers, anticoagulants, statins, antiplatelet drugs,
diuretics, angiotensin-converting enzyme inhibitors, and
angiotensin Il receptor antagonists (Table 7). The most
frequent surgery was aortic valve replacement in 34.6%,
followed by coronary artery bypass graft surgery in 15.4%
with a mean extracorporeal circulation time of 157 minutes
and aortic clamping of 107 minutes (Table 2).

Characteristics of pleural effusion

The median volume quantified by ultrasound was 600 mL,
and the median volume drained was 550 mL. There was a
strong positive correlation (r = 0.67, p < 0.0001). Of the
total number of patients, pleural effusion was classified as
transudate by ultrasonography in 15 patients (57.7%) and
by Light’s criteria in 16 patients (61.5%). The most frequent
drainage method was tube thoracostomy (84.6%), being
more frequent on the left side (53.8%) (Table 3). When the
diagnostic test evaluation for the presence of transudate vs.
exudate by ultrasound was performed and compared with
Light’s criteria, the sensitivity and specificity were 81.25%
and 80%, respectively. There was a positive predictive value

Figure 3:

The measurement is made from the
lower border of the lung (parietal
pleura) to the abdominal structure
(visceral pleura). A) Anechoic pleural
effusion. B) Non-septated complex
pleural effusion.
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Table 1: Baseline characteristics.

Variable n (%)

Age (years), median [IQR] 55 [45-64]
LVEF (%), median [IQR] 45 [32-54]
Gender

Men 17 (65.4)

Women 9 (34.6)
Body mass index

Underweight 2(7.7)

Normal range 10 (38.5)

Overweight 7 (26.9)

Obese class | 6 (23.1)

Obese class Il 1(3.8)
Heart failure 17 (65.4)
Hypertension 9 (34.6)
Prior myocardial infarction 6 (23.1)
Dyslipidemia 4(15.4)
Diabetes 4 (15.4)
Stroke 3(11.5)
Chronic obstructive pulmonary disease 1(3.8)
Chronic renal disease 1(3.8)
Peripheral vascular disease 1(3.8)

Prior medication
Beta-blockers

Levothyroxine
Allopurinol

(42.3)
Anticoagulants 10 (38.5)
Statins 10 (38.5)
Diuretics 9(34.6)
Antiplatelet drugs 8(30.8)
Angiotensin-converting enzyme inhibitors 7 (26.9)
Angiotensin Il receptor antagonists 6 (23.1)
Aldosterone antagonists 4(15.4)
Oral hypoglycemic drugs 3(11.5)
Calcium channel blockers 3(11.5)
Cardiac glycoside 2(7.7)
Amiodarone 2(
1
1

LVEF = left ventricular ejection fraction. IQR = interquartile range.

of 86.66%, a negative predictive value of 72.73%, and a
positive likelihood ratio of 4 (Table 4).

DISCUSSION

Pleural effusion occurs frequently in patients admitted to
intensive care units and varies according to the technique
used, from 8% with physical examination to 60% using
imaging techniques. Early drainage of clinically significant
pleural effusion is associated with improved oxygenation
and diagnostic accuracy without increased complications."
In postoperative cardiac surgery patients, pleural effusion
can cause atelectasis, increased risk of pneumonia and
empyema, arrhythmias (such as atrial fibrillation), prolonged

Neumol Cir Torax. 2023, 82 (2): 72-78

in-hospital stay, need for hemodialysis, and higher mortality.’
Modifiable associated factors in the management of drains
that may contribute to the accumulation of pleural effusion
include early removal of chest drains, higher outputs, and
removal during or close to mechanical ventilation.” Risk
factors that have been identified include being female and
previous conditions such as heart failure, atrial fibrillation,
peripheral vascular disease, and prior use of anticoagulant
or antiarrhythmic agents.” In addition, dedicated follow-up
and treatment of postoperative effusions enhance recovery
by 15% measured by improvement in the distance walked
one month after cardiac surgery."

Table 2: Surgical characteristics.

Variable n (%)
Surgery
Aortic valve replacement 9 (34.6)
Coronary artery bypass graft 4 (15.4)
Coronary artery bypass graft + 3(11.5)
aortic valve replacement
Mitral valve replacement 2(7.7)
Mitral valve replacement + 2(7.7)
aortic valve replacement
Coronary artery bypass graft + 2(7.7)
mitroaortic valve replacement
Coronary artery bypass graft + 1(3.8)
mitral valve replacement
Extracorporeal circulation time (min), 157 [110-214]
median [IQR]
Aortic clamping (min), median [IQR] 107 [89-147]

IQR = interquartile range.

Table 3: Characteristics of pleural effusion.

Variable n (%)

Ultrasonographic classification

Transudate 15 (57.7)

Exudate 11 (42.3)
Light's criteria classification

Transudate 16 (61.5)

Exudate 10 (38.5
Drainage method

Thoracentesis 4(15.4)

Thoracic tube 22 (84.6)
Localization

Left lung 14 (53.8)

Right lung 12 (46.2)
Ultrasonically quantified volume (mL),
median [IQR] 600 [400-800]

Drained volume (mL), median [IQR] 550 [440-800]

IQR = interquartile range.

Contents



Cruz-Rodriguez C et al. Quantification of pleural effusion by ultrasound

Neumol Cir Torax. 2023, 82 (2): 72-78

Table 4: Diagnostic test evaluation for the diagnosis
of transudate vs exudate by ultrasound.

Light's criteria
Transudate Exudate Total
n (%) n (%) n (%)
Ultrasound
Transudate 13(81.2) 2(20.0) 15 (57.7)
Exudate 3(18.7) 8 (80.0) 11 (42.3)
Total 16 (100.0) 10 (100.0) 26 (100.0)
Diagnostic test evaluation
Sensitivity 81.25%
Specificity 80.00%
PPV 86.66%
NPV 72.73%
LR+ 4.06
LR - 0.23
Accuracy 80.77

PPV = positive predictive value. NPV = negative predictive value.
LR = likelihood ratio.

In our study, most of the population was male, with a
median age of 55 years. The majority of the patients had
a history of heart failure, followed by hypertension and
myocardial infarction, which suggests that these patients
could have a greater probability of presenting pleural
effusion in the postoperative period due to increased
hydrostatic pressure.

Among the drugs administered to our patients, a
higher proportion of patients were taking anticoagulants
and antiplatelet drugs, which could also contribute to the
development of pleural effusion. Regarding surgical variables,
the median extracorporeal circulation time was 157 minutes,
and the aortic clamping time was 107 minutes, which suggest
that prolonged extracorporeal circulation pump and aortic
clamping times (> 100 minutes) may be a risk factor for
developing pleural effusion due to increased bleeding.

The median volume measured by ultrasonography
was 600 mL, and one evacuate was 550 mL. When the
correlation was determined between the measurement
performed by ultrasound using Balik’s formula and the
volume of liquid drained, there was a strong positive
correlation. In the only previous study evaluating the
estimation of volume by ultrasound in the postoperative
period of cardiac surgery, the maximal distance between
mid-height of the diaphragm and visceral pleura, using
the formula volume = 16 X separation (in millimeters),
was used, and the authors found a significant positive
correlation between the volume estimated and the
volume drained. The ultrasonographic characteristics of
the effusion were not described.”

Although there are studies that have previously
compared formulas for the quantitation of pleural effusion,

the equation used by us and proposed by Balik et al.” is
validated for mechanically ventilated patients in a supine
position and with a mild torso elevation of 15°. This is
the position in which we usually find our patients in the
intensive care unit in the immediate period after cardiac
surgery, so we think it is more adequate in this population.

When the characteristics of the pleural effusion
were evaluated by ultrasonography, we found that 57%
corresponded to transudates and the rest to exudates,
according to the echogenicity of the effusion. When the
fluid was evacuated, the type of effusion was corroborated
by Light’s criteria. A total of 61% corresponded to transudate.

Yang et al. evaluated a cohort of 320 patients with pleural
effusion, finding high sensitivity, but poor specificity of
anechoic effusions for transudative effusions.” In a cohort
of 126 patients with transudative pleural effusions, Chen
et al. found that an anechoic pattern was present in 45%
(57/127), while a complex non-septated pattern was seen
in 55% (70/127); transudative fluid was never complex
septated or homogeneously echogenic.”” A recent evaluation
of 300 pleural effusions in 285 patients demonstrated that
the detection of septations or homogenous complexity was
94% specific and carried a 96% positive predictive value for
exudative fluid. Furthermore, anechoic fluid did not reliably
predict the presence of transudative fluid.” Regarding the
analysis of the characteristics of the fluid by ultrasound,
in our series, high sensitivity, positive predictive value,
and positive likelihood ratio (81.25%, 86.66%, and 4.06,
respectively) stood out. It is important to mention that this
is the first time that these findings have been evaluated in
postoperative cardiac surgery patients who had an increased
risk of transudate due to increased hydrostatic pressure.

Regarding the exudates, when a septated complex and
homogeneously echogenic pleural effusion was identified
by ultrasound, it always corresponded to exudate according
to Light’s criteria.

Complications associated with chest tube placement are
reported in the medical literature in up to 40% of cases.”
In 22 of the patients of our study (84%), the effusion was
evacuated by placing a thoracic tube without complications.
The complications that occurred were: one patient with
tube malposition, one patient with minor bleeding from the
insertion site, one patient with insertion site infection, and
one patient with re-expansion pulmonary edema.

In up to 84% of the patients, the effusion was evacuated
by placing a thoracic tube without complications, even
though complications associated with the placement of
a chest tube are reported in 20-30% of cases. The most
frequent location of pleural effusion was on the left side in
up to 53% of cases, as previously reported,'” which suggests
that the anatomical relationship of the heart with the left
pleura could be a factor in the patients who presented with
a greater effusion on the left side.
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Study limitations

This study was conducted at a single medical center and
should be replicated at other centers to assess the protocol’s
reproducibility. In addition, study outcomes should be
interpreted with caution due to the small sample size and
because it was performed in a specific subpopulation
(postoperative cardiac surgery patients). Thus, the findings
may not generalize to all critical care patients. Finally, given
that the study was conducted in a cardiovascular critical
care unit, where point-of-care ultrasonography evaluation
is routine, adequate training is necessary before applying
these techniques.

CONCLUSION

We found a strong positive correlation between the volume
of pleural effusion quantified with Balik’s formula by
ultrasound and the volume drained in postoperative cardiac
surgery patients. We also found an adequate diagnostic
accuracy of the ultrasound in the identification of the type
of effusion compared with Light's criteria.
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ABSTRACT. Introduction: in the international classification of diseases
(ICD-10), deaths of primary respiratory origin are scattered across
several sections, uncommonly compiled together as often happens with
neoplasias and cardiovascular deaths, leading to underestimation of the
impact of respiratory diseases and the influx of resources to the patients.
Material and methods: mortality statistics for Mexico for 2021 coded
with the ICD-10 were reviewed. All causes of death, primarily respiratory,
were added, both from section J, and from those distributed in other
sections, and compared against those that occurred in 2015. Results:
in 2015, 79,383 respiratory deaths (12.6% of the total) were coded, of
which 54,173 were in the respiratory «J» codes and the rest (25,210) in
other codes, while in 2021 there were 349,491 (31% of the total), an
impressive increase due to the COVID-19 pandemic. The most common
causes of death were COPD, pneumonia-influenza, malignant tumors
of the chest, neonatal respiratory deaths, disorders of the pulmonary
circulation, interstitial diseases, asthma, and tuberculosis. Conclusions:
respiratory diseases are an important cause of death in Mexico with and
without respiratory pandemic, so the appropriate training of personnel
and granting sufficient resources to care for the sick must be supported.

Keywords: ICD-10, respiratory tract diseases, mortality.

INTRODUCTION

Respiratory diseases are a primary cause of mortality and
morbidity in the world,"” much more remarkable once
acute and chronic causes are added, as well as infectious
and non-infectious ones. This fact can be intuited by
observing that, worldwide, several respiratory diseases
appear in the first 10 causes of disease and death, chronic

RESUMEN. Introduccién: en la clasificacién internacional de
enfermedades (ICD-10) las muertes de origen primario respiratorio
se encuentran dispersas por varios apartados y cuando no se agrupan
todas se infravalora su importancia, lo que puede reducir el impacto
pablico de las enfermedades respiratorias y la afluencia de recursos
y tratamientos para los pacientes. Material y métodos: se revisaron
las estadisticas de mortalidad de México de 2021 codificada con la
décima clasificacion internacional (ICD-10). Se sumaron todas las causas
de muerte primariamente respiratoria tanto del apartado J, como las
distribuidas en otros apartados y se compararon contra las ocurridas en
2015. Resultados: se codificaron en 2015, 79,383 muertes respiratorias
(12.6% del total), de las cuales 54,173 estaban en los codigos respiratorios
«)» y el resto (25,210) en otros codigos mientras que en 2021 fueron
349,491 (31% del total), un incremento impresionante debido a la
pandemia de COVID-19. Dejando de lado el COVID-19, las causas
mas comunes de muerte de origen respiratorio fueron la enfermedad
pulmonar obstructiva crénica, la neumonfa-influenza, los tumores
malignos del térax, las muertes respiratorias neonatales, los trastornos
de la circulacién pulmonar, las enfermedades intersticiales, el asma 'y la
tuberculosis. Conclusiones: las enfermedades respiratorias son causa
importante de muerte en México con y sin pandemia respiratoria, por lo
que se debe apoyar el entrenamiento de personal capacitado y recursos
suficientes para la atencion de los enfermos.

Palabras clave: ICD-10, enfermedades del tracto respiratorio, mortalidad.

obstructive pulmonary disease (COPD) is the third cause
of death.?

In the current International Classification of Diseases
(ICD-10) the main acute and chronic respiratory diseases
of the entire respiratory tract and chest are in section «J»;*
however, many others are classified in other sections.? The
objective of this work, an update of the one carried out in
2015," is to describe the main causes of respiratory death
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in Mexico in 2021 and compare them with those of 2015.
This description is important, since the causes of respiratory
origin are scattered throughout several chapters of the ICD-
10, and at the national and international level there is an
underestimation of the importance of respiratory diseases
that can decrease awareness about them in general and
especially about chronic diseases, this in turn can lead to a
scarce budget allocation and poor patient care, in addition
to a decreased influx of people interested in training in
respiratory diseases at least in some countries, who maybe
deficient in qualified personnel to care for them.

MATERIAL AND METHODS

For this work, the mortality statistics of Mexico in 2021,
codified with the tenth edition of the International
Classification of Diseases (ICD-10),* were analyzed. Those
of 2015 were taken from the World Health Organization
(WHO) website, which are the statistics that each country
reports and were the reason for a previous study.* As ICD-
10 incorporates in its latest versions thousands of diagnostic
codes and procedures, we use clinical classification
software (CCS) that reduces the diagnostic codes to 285
mutually exclusive (Table 1)° and additionally according to
the scheme of Becker and collaborators® that reduces them
to less than 100, in order to describe in a standardized way
the main certified causes of death that include a classifiable
cause. Subsequently, all causes of death of respiratory origin
classified within any chapter of ICD-10* were grouped,
including those within and outside respiratory group «J».

RESULTS

Table 1 shows the respiratory deaths coded outside group
J (25,210) and those within group J (54,173), for a total
of 79,383 deaths of respiratory origin in 2015, of which
approximately one third were classified outside section
J. In 2021, respiratory deaths totaled 349,491 (31% of the
total). These grouped totals are calculated in the same
way, summing scattered causes in different chapters of
the classification and, therefore, have overlapping codes.
For example, respiratory cancers appear in the total of
respiratory deaths and in the total of cancer deaths, and
pulmonary vascular diseases appear in both respiratory
and cardiovascular diseases. Table 2 describes the main
causes of death in Mexico according to clinical classification
software (CCS)® with mutually exclusive groupings.

DISCUSSION
The results described highlight the importance in Mexico

of respiratory diseases, much more notable in 2021 due to
the COVID-19 pandemic, a primarily respiratory disease.

Neumol Cir Torax. 2023, 82 (2). 79-83

While recognizing that SARS-CoV-2 generates multi-system
complications especially in the so-called prolonged COVID,
the main cause of death is respiratory failure. In addition,
the respiratory ailments, frequent and not, that caused
certified deaths in Mexico are described. This information
is important for planning services and training respiratory
disease experts. Except for COVID-19, the distribution in
2015 and 2021 is similar with the exception of some codes
that increased in 2021 substantially compared to 2015, but
which may be contaminated by the COVID-19 pandemic
such as influenza and pneumonia, respiratory failure, and
acute respiratory distress syndrome (ARDS) (Table 1).

Several groups of diseases that would need to be
reinforced in assistance and training programs for adults and
children draw attention. In adults are notable cor pulmonale,
pulmonary arterial hypertension, diseases of the pulmonary
vasculature and the obesity syndrome hypoventilation and
sleep apnea, which already causes significant morbidity
and is growing in proportion to obesity. They also highlight
benign and malignant chest tumors, HIV respiratory
complications, and acute and chronic respiratory failure.
But without a doubt, COPD, pneumonia and influenza
cause the majority of respiratory deaths.

In general, respiratory diseases, especially chronic ones,
are under diagnosed and under treated, while a growing
increase in their causal factors can be demonstrated:
smoking, exposure to polluted air, overcrowding, survival
of premature children with bronchopulmonary dysplasia,
population aging and the persistence of other factors such
as poverty, the use of solid fuels and limited access to
health services.

The determinants of the minimization of respiratory
diseases are undoubtedly several, and include the efficient
management of groups interested in other diseases, which
can contribute to the heterogeneous way of classifying
deaths, since some codes are derived from etiology, while
others are based on pathophysiological mechanisms, and
others are classified by affected organ or system.

This heterogeneous way of classifying weakens the
position of specialists focused on an apparatus or system,
such as the respiratory system, whose causes of death
are broken down into several sections of the ICD-10.?
For example, perinatal respiratory problems and those
related to pregnancy, childbirth and the puerperium are
classified separately from group J, which helps to highlight
the significant health risk posed by the reproductive
phenomenon, especially in some regions. The same applies
to respiratory complications of rheumatic diseases and those
of external agents.

However, this strategy is done at the expense of diluting
the relevance of the respiratory system as an organ of
shock and in a health system that competes for limited
and fixed resources, whether economic or human, it can
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Table 1: Respiratory deaths in and out of ICD-2015 and 2021 «J» codes.

Deaths due to respiratory disorder 2015 2021

COVID-19 - 238,677
COPD, emphysema, BC (J41-44) 23,851 21,212
Influenza and pneumonia (J10-18) 18,458 54,596
Malignant tumors of the chest (C30-40) 7,825 7,678
Neonatal hypoxia, aspiration, neonatal pneumonia 6,817 4,840
Drowning 4,949 3,778
Interstitial lung disease* (J45-46) 3,181 3,962
Other respiratory diseases (J98) 2,768 1,885
Cor pulmonale, thromboembolism, PAH (126-28) 2,108 2,464
Tb and complications (A15, A16, A19, B90.9) 1,983 2,133
Asthma (J45-46) 1,296 1,426
NS low ARI (J22) 743 405
HIV and P. jirovecii or with pneumonia 697 747
Pulmonary edema (J81) 657 664
Lung damage from external agents (J68-70) 645 710
Respiratory failure (J96) 550 909
Effusion, pneumothorax, and pleural diseases (J90-94) 524 779
Pulmonary or pleural suppuration (J85-86) 394 504
Acute bronchitis (J20) 376 252
Congenital respiratory malformations 294 184
Unspecified bronchitis (J40) 208 69
ARDS (J80) 164 882
Pulmonary cystic fibrosis 144 169
Superior ARI (J0-6) 136 87
Diseases of the nose, sinuses, throat, larynx (J30-39) 135 144
Acute bronchiolitis (J21) 87 35
Air or fat embolism, traumatic or for other cause 72 55
Obesity-hypoventilation syndrome (E66.2) 62 49
Poorly specified thoracic tumors (C76.1) 54 37
Sleep apnea (G47.3) 43 71
Ear and mastoid problems 38 34
Pertussis 36 19
Benign chest tumors (D14, 15, 19) 26 5
Lung aspergillosis 15 28
Congenital and acquired chest deformities 14 7
Pulmonary coccidioidomycosis 8 10
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Table 1 continues: Respiratory deaths in and out of ICD-2015 and 2021 «J» codes.

Deaths due to respiratory disorder 2015 2021
Pulmonary candidiasis 8 13
Pulmonary histoplasmosis 5 12
Pneumocystosis 4 10
Pulmonary zygomycosis 0 4

ICD = International Classification of Diseases. COPD = chronic obstructive pulmonary disease. BC = chronic bronchitis. ARI = acute respiratory infection. NE = non-specific.

HIV = human immunodeficiency virus. ARDS = acute respiratory distress syndrome.

Deaths in J codes are identified in the table. Total non-respiratory deaths 548,254, group respiratory deaths were 54,173 (25,210 out of group J). One reported case of
non-tuberculous mycobacteriosis, pulmonary nocardiosis, cryptococcosis: pulmonary, pulmonary toxoplasmosis and pulmonary paracoccidioidomycosis and two deaths

from HIV and lymphoid interstitial pneumonia and pulmonary actinomycosis.

*Includes idiopathic, by rheumatic disease and external factors, organic and inorganic powders. See annex for ICD-10 codes not specified in the table. In 2021 total coded
deaths 1,116,705, 767,214 non-respiratory. One death due to non-tuberculous mycobacteriosis (A31), HIV and LIP (B22.1), pulmonary cryptococcosis B45, pulmonary
or respiratory echinococcosis, pulmonary sarcoidosis D86, pulmonary toxoplasmosis B58.

Table 2: Main grouped causes of death (Mexico 2015 and 2021).

Disease 2015 2021

COVID-19 (U7-10) - 238,781
Diabetes (E10-E14) 96,508 140,729
Myocardial ischemia (120-125) 85,967 176,639
Cirrhosis, hepatitis and other liver diseases (K70-K76) 34,932 41,890
Cerebrovascular diseases (160-169) 33,409 37,169
Chronic diseases of the lower airway (J40-J47) 25,424 22,748
Hypertensive disease (110-115) 22,754 31,382
Homicides (X85-Y09) 19,968 35,700
Influenza and pneumonia (J10-J18) 18,458 54,596
Traffic accidents (V00-V89) 16,148 15,066
Perinatal deaths (P00-P96) 12,844 10,331
Total deaths of the year 665,688 1'116,705

Grouping of deaths classified by ICD-10 according to LC-CODE grouping.

be disadvantageous for the adequate care of respiratory
diseases, especially those that lack well-defined etiological
agents, or when they are multiple, as well as for having
personnel trained in these diseases. It is still contradictory
from the historical point of view for the respiratory specialty
that tuberculosis, the origin of pneumology, is classified
outside the respiratory group and within infectious
diseases, very correct by etiological agent, but excluded
from the respiratory group. From a practical point of view,
the classification by etiology, and not by organ or system,
or by altered function, or as it originally occurred, by
symptoms or syndrome, is the most recent and advanced,
and allows to identify preventive measures. However, we
have examples where having an etiological agent, such
as smoking, with multiple consequences and damaged

organs, a group based on a relatively non-specific functional
alteration is maintained, such as chronic obstruction to the
passage of air, which immediately calls for intervention with
bronchodilators, but not with measures to stop smoking,
the main cause in almost everyone.

The data shown have known limitations, since they are
based on death certificates” and on using, in general, only one
cause of death and not several described in the certificate.* "
When multiple causes of death are used, an even greater
increase in the contribution of respiratory diseases is
expected than that described in this work using only one.'*"*
But similar results are obtained from widely used estimates
based on disease models and risk factors, such as those of
the Global Burden of Diseases' information with which an
analysis of the health situation in Mexico was made.”
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CONCLUSION

In addition to mortality, it is important to consider other
health indicators, such as the disease itself, disability and
the use of health services that undoubtedly contribute to the
burden of disease in a country. Within respiratory diseases,
asthma and several diseases of the upper airway generate a
considerable burden of disability and care services, but on the
other hand the impact on deaths is limited, although relevant
since they are considered preventable deaths (Table 7).
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ABSTRACT. Pulmonary tuberculosis (PTB) remains a global public health
problem, despite the efforts made in programs to eliminate it, the goals
have not been attained, partially due to limitations in the time of diagnosis
of the disease, which allows transmission to others. PTB is an infectious
disease that infects people of all ages, when diagnosing PTB in children,
it is necessary to take into account the age-specific characteristics of the
disease, since although the risk of PTB is higher in younger infants, from
the age of five the risk decreases, they have a functional immune response
similar to that of adults and it must be taken into account that transmission
in children is usually by close contact with an adult patient with PTB.
The diagnosis of TB in children and adults is based on a combination of
clinical, radiological, microbiological and immunological findings. In this
review we identify the main clinical differences that occur in children
and adults with TB and the differences between clinical guidelines and
research reports, as well as immunological findings that could have an
application in timely diagnosis.

Keywords: pulmonary tuberculosis, diagnosis, clinical features,
immunologic features.

INTRODUCTION

Tuberculosis (TB) is a disease spread through the air that
can infect people of all ages. Because of the route of
transmission, pulmonary tuberculosis (PTB) is the most

RESUMEN. La tuberculosis pulmonar contindia siendo un problema de
salud pablica a nivel global, a pesar de los esfuerzos en programas para
eliminarla, las metas no se han alcanzado, en parte por las limitaciones en
el tiempo del diagndstico de la enfermedad, lo que permite la transmisién
aotras personas. La tuberculosis pulmonar es una enfermedad infecciosa
que infecta a las personas de todas las edades, pero en particular cuando
se trata de diagnosticar tuberculosis pulmonar en ninos, es necesario
considerar las caracteristicas especificas de la edad, ya que mientras el
riesgo de tuberculosis pulmonar es mayor en los lactantes més pequefos,
a partir de cinco anos disminuye el riesgo, ya que poseen una respuesta
inmunitaria funcional similar a la de los adultos y se debe tomar en cuenta
que la transmision en nifos generalmente es por contacto estrecho
con un paciente adulto con tuberculosis pulmonar. El diagnéstico de la
tuberculosis en ninos y adultos se basa en una combinacién de hallazgos
clinicos, radiolégicos, microbiol4gicos e inmunolégicos. En esta revision
identificamos las principales diferencias clinicas que se presentan en
nifos y adultos con tuberculosis y diferencias entre las gufas clinicas y
los reportes de investigacion, asi como los hallazgos inmunolégicos que
podrian tener una aplicacion en el diagnéstico oportuno.

Palabras clave: tuberculosis pulmonar, diagnéstico, caracteristicas clinicas,
caracteristicas inmunolégicas.

common clinical form. The World Health Organization
(WHO) estimates that 10.0 million people were infected
with TB in 2019, of which 56% are adult men (> 15 years),
32% adult women (> 15 years) and 12% are children (< 15
years)." In an M. tuberculosis infection there are differences
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in bacillary load, diagnosis, disease spectrum, risk factors
and clinical characteristics that vary according to the age
of the infected subjects.?*

Neonates (0-12 months) and infants (12-24 months)
are five to 10 times more likely to progress to active
TB after infection, and are also more likely to develop
severe and disseminated forms of the disease. Most adults
are able to contain M. tuberculosis without developing
active disease or eliminating the microorganism and it is
estimated that only 5-10% of infected people will develop
active TB.* Age and maturation of the immune system
are major promoters involved in the development and
phenotype of TB infection. Changes in risk and disease
development have been observed at different stages of
growth (Table 1).>¢

CLINICAL MANIFESTATIONS OF PULMONARY
TB IN CHILDREN AND ADULTS

Adults and children with PTB show varied and distinct
clinical manifestations. In children, clinical diagnosis is
chosen over microbiological diagnosis, and although most
cases have no signs or symptoms, it is estimated that a
diagnosis is only achieved in 70% of cases.” Contact with a
person with TB, contact history, is one of the most important
factors in the clinical diagnosis of PBT in children.? In the
case of adult contact with PTB, signs and symptoms may be
common with other respiratory infections, making timely
diagnosis and treatment of PTB difficult.® Children 5 to 10
years of age may have clinically silent disease while children
under two years of age are more likely to have signs and
symptoms of lung disease.’"" Some common constitutional
symptoms include decreased appetite (alteration of weight
percentiles in children under 15 years of age), fatigue, and
fever (Table 2)."

In infected adults, the signs and symptoms are clearer,
among the main clinical manifestations are: fever, loss of
appetite (weight loss), asthenia, profuse night sweats and
general malaise. A special form of onset is tuberculous
pneumonia, which may present as a radiological clinical
manifestation similar to that of bacterial pneumonia
(Table 2).5681316

The WHO establishes a cough of any duration as a
sign of PTB, in recent reports chronic and incessant cough
that does not improve in more than three weeks, ruling
out other causes, is mentioned; however, the Clinical
Practice Guide mentions productive cough greater than
two weeks, this being the only relevant clinical difference
by time of evolution, in addition the information on signs
and symptoms is scarce in children with TB who become
the most affected by treatment.

DIAGNOSIS OF PULMONARY TB
IN CHILDREN AND ADULTS

It is estimated that TB in all its forms affects up to a quarter
of the world’s population,'® and that the disease of PTB is
mostly underestimated in children, these data represent a
challenge for the timely diagnosis of PTB. That is why the
variety of signs and symptoms that occur, as well as the
absence of these, should be evaluated and clinical data
explored in the primary caregiver or the history of recent
contacts."""”"® The difficulty in establishing a definitive
diagnosis, coupled with the frequency of extra pulmonary
disease in young children, makes the public health priority
lower than in adults."2

The diagnosis of PTB is based on multiple modalities,
including clinical, radiological and bacteriological data.
Clinically, children have forms of paucibacillary PTB (few
M. tuberculosis bacilli) or extra pulmonary TB."*% |n
neonates to school children (0-10 years) TB diagnostic tests
are usually performed using invasive procedures.? For both
adults and children we can include imaging studies such as
chest radiography, which is commonly the most informative
research, although there are significant differences, among
which we can find according to age, high-resolution chest
computed tomography (CT) that provides more accurate
visualization, but its use should be limited to complicated
Cases.11’18’25’26

Microbiological diagnosis is limited by the difficulty of
obtaining sputum samples in children, since they can rarely
provide a sample of expectorated sputum, coupled with the
fact that children produce few bacilli, makes microbiological
isolation for bacilloscopy tests not very sensitive, the

Table 1: Risk of developing active tuberculosis (TB) at different stages of growth.5¢

Age (%)
Young
neonatal-infant Older infant Preschoolers Schoolchildren Adolescent Adults
Pulmonary TB risk 30-40 10-20 5 2 10-20 5-10
Extrapulmonary TB risk 10-20 2-5 0.5 <05 <05 <05

Young neonatal-infant: 0-12 months old. Older infant: 12-24 months old. Preschoolers: 2-5 years of age. Schoolchildren: 5-10 years of age. Adolescent: 11-19 years of

age. Adults: 19 years of age and older.

Contents



Martinez-Sanabria C et al. Tuberculosis in children and adults

Neumol Cir Torax. 2023, 82 (2): 84-92

Table 2: Tuberculosis (TB) clinical manifestations, signs and symptoms in children and adults.®81-16

WHO consolidated guidelines on
tuberculosis 2022. Diagnosis and
Reports Clinical Practice Guide treatment
Signs Symptoms Signs Symptoms Signs Symptoms
Lost of weight* Night sweats Lost of Weakness o Lack of weight gain Night sweats
weight* fatigue Delayed growth
Fever of > 38 °C Non-specific toxic Fever Lack of Fever —
during at least two signs appetite
weeks, ruling out
other common causes
Chronic and incessant Signs of Productive — Cough of any —
Children cough that does not hypersensitivity cough >2 duration
improve > 3 three such as erythema weeks Chest pain
weeks nodosum Hemoptysis
Wheezing — — — Dyspnea —
Neonatal and infants:
common
Preschoolers and
schoolchildren:
uncommon
Productive cough > 2 Shivers Productive Night sweats Cough of any Night sweats
weeks cough>2 duration
weeks
Hemoptysis Lack of appetite Hemoptysis Lack of Hemoptysis —
appetite Chest pain
Adults Dyspnea
Fever™ Fatigue Fever Fatigue Fever —
General
malaise
Lost of weight — Lost of weight — Lost of weight —

* According to the child’s growth curve and percentile chart. ** Greater than 38.3 °C. Data from other Clinical Practice Guide reports.
World Health Organization (WHO) Consolidated Guidelines on Tuberculosis. Module 3: Diagnosis and treatment. Rapid diagnostic means for the detection of tuberculosis.

culture of M. tuberculosis only detects about 30-40% of
cases in children.” So smear microscopy has been replaced
by smear tests nucleic acid culture and amplification in
children.?*#” Although the WHO recommends the use of
the Xpert MTB/RIF test for all children suspected of TB,”
other studies show that the diagnostic value of the Xpert
MTB/RIF in bronchoalveolar fluid (BALF) samples in patients
with PTB has a high sensitivity and specificity, except for
children.?** In another study in children under 15 years of
age, the Gene Xpert MTB/RIF test showed a sensitivity of
50% and a specificity of 96% in samples of gastric lavage,
induced sputum and BALF, with a higher sensitivity than
bacilloscopy.* Due to the above, molecular tests should be

considered as a diagnostic tool in children without ruling
out follow-up in children with negative tests.

In adults, the diagnosis is usually more timely and is
based on microbiological tests such as bacilloscopy and the
culture of Mycobacterium tuberculosis (M. tuberculosis), with
the culture of M. tuberculosis being the gold standard test.”®
There are different diagnostic methods according to age,
according to current reports and the Clinical Practice Guide
(Table 3).2M15173134 Sjgns, symptoms and type of diagnosis
may vary depending on age (Figure 1).1/679-112426:31,35-37
Over time, more complex diagnostic methods have been
developed and improved that allow us to approach the
patient in a timely manner to carry out an adequate
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Table 3: Diagnosis with chest X-ray, TST, nucleic acid amplification and IGRA in children and adults.811151731:3¢

Data from other reports

Clinical Practice Guide

WHO consolidated guidelines on
tuberculosis 2022. Diagnosis

Children

Normal or lateral chest X-ray

A primary complex, consisting of: opacification
(mediastinal or subcarinal) and consolidation or
a segmental lesion (infiltrate and atelectasis)

With unilateral infiltrate or pleural effusion
not explainable by another cause

It has poor specificity and therefore very
low performance for true positive TB

Sputum bacilloscopy

Induction of sputum (warm saline) in cases of
sampling is difficult.

In sputum and gastric juice with the
disadvantage that it is paucibacillary

Basic diagnostic test, not very sensitive

Tuberculin skin test

Immunocompromised children (including HIV
positive children): > 5 mm and in all other
children (with or without BCG vaccine): > 10 mm

Exposed to adults with active
PTB> 10 mm

> 5 mm in children with severe
malnutrition, > 10 mm children exposed
to adults with TB

Xpert MTB/RIF or Xpert Ultra

Xpert MTB/RIF in pulmonary TB, and
extrapulmonary detects 80%

It does not mention information about it

The Xpert Ultra test should be used as
the initial diagnostic test for TB

IGRA in children

It is limited, of low quality, little evidence of
studies in neonates and schoolchildren. In
children with HIV, sensitivity is low

It does not mention information about it

In children over 2 years of age

Adults

Normal or lateral chest X-ray in adults

Hilarlymph adenopathies, pleural effusion

Pulmonary consolidation, fibrous changes
on chest X-ray suggestive of inactive PTB

Extensive cavernous disease may
occur. It offers high sensitivity,
but low specificity

Sputum bacilloscopy in adults

Recommended, with 73% sensitivity

Rapid study, sensitivity (51.8%),
specificity (97.5%)
Nebulization with hypertonic sterile saline
solution (3%) where it is not possible to
obtain a sample spontaneously

It is a basic diagnostic technique
It is not a very sensitive test
Recommended for monitoring patients
with treatment

Tuberculin skin test in adults

People without risk factor: > 15 mm
People where TB is endemic: > 10 mm
People with recent contact or HIV: > 5 mm

>10 mm or > 5 in: close contact with
active TB case, HIV, immunocompromise,
corticosteroid use, immunosuppressive
therapy

> 5 mm in recent contact with TB, > 10
mm in: injecting drug users, residents of
high-risk groups * and > 15 mm in people

without risk factors for contact with TB

Xpert MTB/RIF in adults

High specificity (85-98%)
High sensitivity for TB with positive
bacilloscopy (96%)
Lower sensitivity for TB with negative
bacilloscopy (66%)

It does not mention information about it

It should be used as the initial TB
diagnostic test and detection of
rifampicin resistance

IGRA in adults

> 95% specificity and better sensitivity when
combined with TST

It does not mention information about it

Decreases exposure to TB preventive
treatment

TST = tuberculin skin test. IGRA = interferon gamma release assays. WHO =World Health Organization. TB = tuberculosis. HIV: human immunodeficiency virus.
PTB = pulmonary tuberculosis. BCG = bacillus Calmette Guerin.
* People who are in jail, recent immigrants from countries that have a high TB burden.
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treatment, although they also allow us to see that we still
have a long way to go with the diagnostic methods used in
children in PTB, which is complicated due to its variety of
presentation and the damages that anti-tuberculosis drugs
can generate in minors. This advancement of diagnostic
methods has outpaced the Clinical Practice Guideline due
to a lack of up-to-date information (Figure 1 and Table 3).

The variety of signs and symptoms that patients may
present according to the stage in which they are, together
with the diagnostic methods that could be employed
according to age, are shown in Figure 1.

As an alternative, different evaluations of both the
hematological populations and the immune response of
the host in response to M. tuberculosis infection have been
proposed, which may be complementary to the diagnosis
of TB and/or the follow-up of pharmacological therapy,
although they are not routinely performed.*

HEMATOPOIETIC POPULATIONS
IN CHILDREN AND ADULTS

Because hematologic populations vary with age, reports
of hematologic counts from healthy subjects compared
to patients with PTB at different ages were analyzed. In
neonates, the immune system is in an immature state,
which develops during the first years of life. The maturation
of the immune system will depend in part on antigen
exposure. This is why both children and older adults are
more susceptible to infections in general.?*** Although
some patients may have variations in the absolute numbers

Neumol Cir Torax. 2023, 82 (2): 84-92

of hematologic subpopulations, when these values are
compared in patients with PTB without comorbidities such
as HIV, the number of hematologic cells is not significantly
different in the different groups (Table 4).4"*

Overall, monocyte, lymphocyte, and eosinophil counts
in TB patients are within the normal range relative to
healthy controls; however, in some patients, hematological
alterations such as monocytosis, eosinophilia, lymphopenia,
and neutrophilia have been reported,>*® some of these
alterations have been associated with HIV co-infection.*

It is unclear how much variations in hematological values
contribute to TB. What has been observed to a greater
extent is susceptibility to TB in children attributed to an
immature immune status.”

IMMUNODIAGNOSIS OF PULMONARY
TB IN CHILDREN AND ADULTS

Because existing conventional diagnostic methods are
often limited in time to diagnosis, sensitivity, and/or
specificity, and are sometimes too costly or complex
for resource-limited settings,>*® immunological studies
based on host response to M. tuberculosis infection
have been conducted, predicting treatment efficacy,
reactivation of infection, and immune responses by
vaccination.*” Over the past few decades, different
host response-based markers (biomarkers) have been
proposed for the diagnosis of PTB, which have focused
on diagnosing active PTB, latent TB, and measuring the
efficacy of treatments.**49

= No s mptoms or minimum symptoms ]
aryngeal involvemen
with active TB g Lost weight )
[ More frequently fever is > 38 °C ]
[ Cough that does not improve > 3 three weeks |}
(2]
S 4 Sweats ]
2l [ Alterations in growth curve P
> C Wheezin ¥ anemia in chronic TB
E . 5]
: 9|
[%]
=) "
1 M
5}
Newborn Infant Preschooler 'Schoolchildren  Adolescent Adult Older adult/old age
29 days-24 6-11 years 12-18 years 19-59
. 0-26 days . mon)ihs : 2-5 years of age: ofage ofage of a)éeears . 60 years of age and older
) 2 i Chest X-ray )]
Figure § : Smear and acid fast bacilli culture
a H Tuberculin skin test (TST
Signs, symptoms and diagnostic H : IGRA
according to age for pulmonary - ( GeneXpert MTB/RIF molecular biology system i)
tuberculosis 17:1017.26.28,34,38-43 H H i H . H
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Table 4: Comparison of hematopoietic cell counts in healthy and tuberculosis patients during neonatal-preschoolers and adult age.>*+#’

Neonatal-preschoolers* Adolescents-adults**
Cells Condition (x 10%/mm?) (x 103mm?)

Monocytes Healthy 0.5-1.1 0.3-1.1

Tuberculosis 0.83 0.41-0.69
Neutrophils Healthy 1.5-8.5 1.8-7.7
Tuberculosis 9.7 4.0-5.2
Eosinophils Healthy 0.3 0.2-0.5
Tuberculosis 0.2 1.7-3.8
Lymphocytes Healthy 2.0-8.0 1.0-5.2
Tuberculosis 47 1.5-2.1

*0-5 years of age. ** > 11 years of age.

Table 5: Biomarkers for immunodiagnosis of tuberculosis in children and adults.?474%-68

Biomarker Neonatals-infants Adolescents and adults
Extracellular vesicles Blood: LAM and LprG have been detected Urine: LAM and CFP-10 (Rv3874) have been detected
(EV) by immunoassay by I-PCR
Serum: M. tuberculosis peptides by MBM-MS
Cytokines Sputum: IFN-y and IL-2 detection by ELISPOT Blood: Detection of IL-2 IL-1ra, IL-10 and TNF-a by
Blood: detection of IFN-y, IP-10, (TNF)-a,, IL-1ra, IL-2, multiplex immunoassay
IL-13 and MIP-1f by multiplex immunoassay
miRNAs Blood: the combined identification of: miR-1, miR-155, Pleural fluid: the combined identification of miR-3615,
miR-31, miR-146a, miR-10a, miR-125, miR-150, miR-29 miR-4616, miR-378i that are expressed upwards in
up regulated with 95.8% sensitivity and miR-29 down patients with active and latent TB
regulated with 95% sensitivity Serum: A promising biomarker for the diagnosis of
Serum: detection of let-7e, miR-146a, miR-148a, miR- MDR-TB is Let-7e-5p, miR-155, miR-21-5p, miR-92a-3p and
192, miR-193a-5p, miR-451, miR-532-5p, miR-590 miR-148b-3p, miR-21-5p, miR-92a-3p and miR-148b-3p
-5p, miR-660, miR-885-5p, miR-223, miR-30e, miR-25, Sputum: miR-151, miR-409-3p, miR-1204,
miR-146 hsa-miR-376¢, miR-23a
Serum/Sputum: miR-1270, miR-371-3p, miR-380,
miR-582-3p, miR-618
IP10/CXCL10 Blood: Detection of IP-10 using a sandwich ELISA Urine: detection of IP-10 associated with treatment
efficacy by ELISA
Lipoproteins Plasma: M. tuberculosis lipoprotein (TLP) by ELISA Serum: lipoprotein capture assay by ELISA
75 metabolites Serum: detection of metabolites (leucine and kynurenine) Urine: N-acetylhexosamine, neopterin, diacetylspermine
by mass spectrometry and sialic acids by mass spectrometry

ELISPOT = enzyme-linked immunosorbent spot. |I-PCR = immuno-polymerase chain reaction. MRM-MS = multiple reaction monitoring mass spectrometry assays.

Bioplex = multiplex immunoassay. ELISA = enzyme-linked immunosorbent assay.

From these findings, new tools have been developed
such as immunoprofiles or immunological profiles,
miRNAs, measurement of soluble metabolites (such as
cytokines, chemokines or growth factors) and the use of
new tools such as transcriptomics and multiomics that
improve the diagnosis of TB based on biomarkers present
in accessible samples such as peripheral blood, saliva or
urine (Table 5).449%5 The use of miRNAs in adults has

proven to be effective in discerning between PTB and
other types of pathologies (lung cancer and pneumonia).”
Regarding other methods such as the use of biomarker
cytokines, it has demonstrated potential in the detection
of PTB in children with high levels of sensitivity and
specificity.®® Although these TB biomarkers are still in
the experimental and preclinical stage, few progress to
a validation stage,*” so they are only alternatives for the
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detection of M. tuberculosis and seek to solve the problems
represented in diagnosing.

Timely and accurate diagnosis of PTB is a determining
factor for early detection and essential for achieving
compliance with global TB control programs.'® That is why it
is important to validate new biomarker-based TB diagnostic
methods.*>¢ Unfortunately, few biomarkers progress to a
developmental stage, so validation and application design
studies for the use of biomarkers in PTB diagnosis and
drug treatment monitoring are required to be funded. So
far, only the measurement of biomarkers has been used as
alternatives for the detection of M. tuberculosis in difficult to
diagnose patients, such as the diagnosis of PBT in children.

CONCLUSIONS

Diagnosis of TB in children and adults requires a high
index of suspicion, a thorough assessment of clinical and
radiological features, and judicious use of diagnostic tests.
Although the clinical and immunological characteristics of
TB are similar in both populations, there are differences that
must be taken into account when making the diagnosis.
Further research is required to develop more accurate and
reliable TB diagnostic tests, especially in children.
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Caracteristicas radiolégicas de las lesiones no neoplasicas del mediastino
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ABSTRACT. Non-neoplastic mediastinal lesions of the mediastinum
comprise a heterogeneous group of diseases that do not show a specific
compartmental location; Radiologically, its characteristics can guide the
diagnosis, the best follow-up method, as well as treatment and prognosis.
Computed tomography (CT) and magnetic resonance imaging (MRI)
features provide better patient selection for therapeutic interventions. The
present review provides the radiological findings of this group of diseases.

Keywords: mediastinum, mediastinitis, lymphangiomatosis,
pneumomediastinum, hemorrhage.

INTRODUCTION

The group of diseases that make up the non-neoplastic lesions
of the mediastinum have in common characteristics associated
with increased thickness of the bands, displacement of lines
or morphological modification of mediastinal recesses.
Anatomical knowledge facilitates the decision making of
the best diagnostic method that provides the most clinical
information possible and the following therapeutic and/or
prognostic procedure. The purist anatomical descriptions of
the mediastinum have allowed, according to the structures
included in it, to provide diagnostic possibilities based on
compartments. However, nowadays the diagnostic tools
have evolved technologically, allowing better image quality,
better resolution of the anatomical structures and, therefore,
descriptions with a broad semiological support that reduces
the diagnostic options.

RESUMEN. Las lesiones no neopldsicas del mediastino comprenden un
grupo heterogéneo de enfermedades que no muestran una localizacién
compartimental especifica; radiolgicamente sus caracteristicas pueden
orientar el diagnéstico, el mejor método de seguimiento, asi como el
tratamiento y prondstico. Las caracteristicas por tomograffa computada
e imagen de resonancia magnética proporcionan una mejor seleccién
de pacientes para intervenciones terapéuticas. La presente revision
proporciona los hallazgos radioldgicos de este grupo de enfermedades.

Palabras clave: mediastino, mediastinitis, linfangiomatosis,
neumomediastino, hemorragia.

In the present review, we objectively provide the findings
that best orient radiologically in the clinical-therapeutic
approach, given that most non-neoplastic lesions are not
limited to a mediastinal compartment.

MATERIAL AND METHODS

We conducted a review of the literature. Only studies published
in English were considered. The databases used included
UpToDate, Medline and PubMed. The types of articles
included in the search criteria were retrospective, prospective,
randomized controlled trials, case report studies, original
research, meta-analysis, abstracts, and previous related reviews.
Search terms used to identify relevant articles during screening
included: mediastinal cysts, mediastinal granulomatous disease,
mediastinitis, lymphangiomatosis, pneumomediastinum,
mediastinal hemorrhage, and diaphragmatic hernias.
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RADIOLOGICAL FEATURES OF NON-NEOPLASTIC
LESIONS OF THE MEDIASTINUM

Mediastinal abnormalities are frequently detected on chest
radiography by identification of abnormal mediastinal
contour or displacement and/or increased thickness
of mediastinal lines and bands. Approximately 10% of
mediastinal contours are vascular and include anomalous
vessels and aneurysms." Mediastinal abnormalities can
be focal, unilateral or diffuse and bilateral; once the
abnormality is identified, its location is corroborated in
lateral projection and, according to this, its exact location
is determined. Computed tomography (CT) and magnetic
resonance imaging (MRI) allow the characterization of
the lesions, evaluate their component in density or signal
intensity, the effect on adjacent structures and their
enhancement behavior.

Non-neoplastic pathology of the mediastinum can
be classified according to its main etiology: 1) infectious
type lesions: granulomatous lymphadenopathy and acute
and chronic mediastinitis; 2) congenital type lesions:
mediastinal lymphangiomatosis; 3) acquired non-infectious
inflammatory lesions, post-birth: pneumomediastinum,
mediastinal hemorrhage, diaphragmatic or hiatal hernia,
esophageal dilatation and mediastinal lipomatosis; 4) cystic
and pseudocystic lesions: congenital or acquired including
bronchogenic cyst, esophageal duplication cyst, celomic
cyst; intrathoracic pancreatic pseudocyst and hydatid cyst.

1. INFECTIOUS LESIONS
a. Granulomatous lymphadenopathy

When a mediastinal lymph node is visible in the chest X-ray,
it modifies the mediastinal bands or lines depending on
its origin and vascular drainage, they are generally larger
than 10 mm, lose their kidney-shaped morphology and
show a characteristic postcontrast enhancement. Most
frequently, the paratracheal bands increase in thickness,
modify the trajectory of the anterior pleural junction line,
the azygoesophageal recess is convex and the contour
of the aortopulmonary window is convex towards the
parenchyma.

Non-metastatic or neoplastic nodal disease may have
different radiologic findings depending on its etiology.
When an organism can be identified, granulomatous
lymphadenopathy in the mediastinum is usually caused
by tuberculosis or endemic fungi such as histoplasmosis.
Granulomas may result from a mass of lymph nodes
that may compress adjacent structures, may induce an
inflammatory reaction leading to sclerosing mediastinitis.

Mediastinal lymphadenopathy occurs in 7% of adults
with tuberculosis, although lymph node enlargement is more

Neumol Cir Torax. 2023, 82 (2): 93-102

common in AIDS. Lymphadenopathy may demonstrate low
central attenuation; these areas of low density within the
lymph nodes correspond to caseous necrosis (Figure 1).> The
right paratracheal area is most common, but may involve the
anterior mediastinum or hilum. Lymph nodes may coalesce
into poorly defined masses and adhere to adjacent vascular
structures and mediastinal structures.

Between 5 to 13% of patients with histoplasmosis and
nodal disease have esophageal involvement, particularly in
the subcarinal region. Other less common causes include
coccidioidomycosis, blastomycosis and cryptococcosis.

Another effective imaging method for the evaluation of
mediastinal and hilar lymph nodes is MRI, which has a lower
spatial resolution than CT, but the use of paramagnetic
contrast medium makes it possible to easily identify the
lymph nodes. There are mediastinal levels that can be
assessed more easily in MRI studies, the lymph nodes
located in the aortopulmonary window are observed in
coronal section, and the subcarinal lymph nodes are better
seen in sagittal section.

b. Acute mediastinitis

It is an infection that is becoming less common since the
advent of more effective antibiotics, it can be primary or
secondary. Primary cases of mediastinitis are rare. Although
the infection itself is self-limiting and resolves completely, it
can also spread to the neck or broad ligament of the lung;
90% of mediastinitis is secondary to esophageal perforation
or rupture.’

Descending necrotizing mediastinitis has an incidence
of 1 to 2% and mortality between 30 to 67%. It is more
frequentin men than in women, with a 6:1 ratio, the average
age is 38 years, with a range of 28 to 30 years.*

The most frequently affected sites are superior
(60%), anterior (60%), middle (20%) and posterior
(20%) mediastinum. The most frequent finding on chest
radiography is mediastinal widening (sensitivity of 77% and
specificity of 66%) and pneumomediastinum (specificity
of 100%).°

Chest CT is considered the modality of choice, it delimits
the location and extent of the pathology, aiding clinical
decision making when patients require immediate surgical
intervention and cannot be managed conservatively by
demonstrating pleural association and parenchymal disease.

The incidence of mediastinitis as a complication of
cardiac operations is between 0.4 and 5% with a high
mortality between 27 and 50% depending on the extent
of the infectious process.?

Respiratory tract infections are rare causes of mediastinitis.
However, oropharyngeal infections, such as tonsillitis,
Ludwig’s angina and retropharyngeal abscess, are cause for
concern since they tend to spread along the fascial planes.
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Figure 1:

Granulomatous lymphadenopathy.
Observe in computed tomography,
axial section, the annular postcontrast
enhancement of the lymph nodes in
the prevascular, right paratracheal and
retrotracheal region.

These infections can cause necrotizing mediastinitis. The
lateral parapharyngeal space is a transfer point for infections
originating in the mandible, parotid glands, tonsils and
cellulitis of the sublingual and submaxillary spaces.*®

Tomographic findings include fluid collections,
mediastinal gas, increased mediastinal fat attenuation,
mediastinal widening, pleural effusion, pericardial effusion
and presence of lymphadenopathy, in association with
peristernal abnormalities such as soft tissue edema,
sternal separation with marginal bone resorption, sclerosis
and osteomyelitis (Figure 2). The first two findings are
characterized in the literature as highly positive.”

Mediastinal collections of 20 HU or less is indicative
of the presence of fluid contents; however, high densities
suggest the presence of blood which does not exclude the
presence of a concomitant infection.

The differential diagnosis of loculated fluid collections
includes postsurgical seromas, which show no enhancement
of their wall with contrast medium. However, liquid
collections of mediastinitis may not show enhancement if
they occur within the first postoperative week.

CT performed up to day 15 after surgery has a low
specificity due to the short period of time elapsed.
Therefore, pathologic findings are difficult to differentiate
from those expected in the postoperative period in these
types of procedures. Frequent postoperative symptoms
such as fever or chest pain may justify a tomographic study
for the investigation of mediastinitis.

c. Chronic mediastinitis (sclerosing or fibrosing
mediastinitis)

Fibrosing mediastinitis is defined as diffuse fibrotic infiltration
throughout the anterior, middle and posterior mediastinum.
Organisms are difficult to demonstrate, and cultures
are usually negative. The gap of differential diagnoses
includes histoplasmosis, tuberculosis, coccidioidomycosis,

actinomycosis, sarcoidosis, blastomycosis, syphilis, and
various malignancies (carcinoma, sarcoma, mesothelioma,
and lymphoma).

Fibrous tissue may proliferate within the mediastinum
as a consequence of infection, usually histoplasmosis.
Sclerosing mediastinitis may be related to systemic
vasculitis and may have an immunologic pathogenesis. It
has also been reported in autoimmune disease such as
Behcet'’s, rheumatic fever, radiation therapy, trauma, and
drugs such as methysergide. In addition, it may occur in
association with other fibroinflammatory disorders such
as retroperitoneal fibrosis, sclerosing cholangitis, Riedel’s
thyroiditis and orbital pseudotumor.

Neoplasms that frequently produce fibrosis and can then
be included in the differential diagnoses include sclerosing
non-Hodgkin’s lymphoma and nodular sclerosing variant
Hodgkin’s disease.

Symptoms are caused by obstruction of the superior vena
cava, esophagus, trachea, bronchus or pulmonary veins,
pulmonary arterial hypertension due to direct compression
of the pulmonary arteries, or secondary to pulmonary
venous compression.®

Approximately 30% die from complications caused by
obstruction and fibrosis.” The worst prognosis is related
to bilateral or carinal involvement. It is the most common
cause of superior vena cava syndrome of benign origin.
Central airway obstruction is by far the most common
typical manifestation in patients with fibrosing mediastinitis
presenting with cough and dyspnea. Causes of death are
recurrent infection, hemoptysis, or cor pulmonale.

Fibrosing mediastinitis manifests as nonspecific
mediastinal widening, with distortion and obliteration of
recognizable mediastinal interfaces or lines. The middle
mediastinum is most frequently affected, particularly the
right subcarinal and paratracheal regions. Calcifications
within the mediastinum or hilar are seen in 86% of
patients.'
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Central airway involvement may result in segmental or
lobar atelectasis or recurrent pneumonia in the affected
portions of the lung. The area of narrowing usually occurs
atthe level of the carina and in most cases in both bronchi.

Pulmonary arterial obstruction is typically unilateral
and may result in an appreciable decrease in vessel size
and number and localized regions of oligohememia in

Figure 2: Contrast-enhanced computed tomography, axial plane,
demonstrates liquid collection in paracardiac situation, with some air
densities inside, minimal enhancement, with displacement of adjacent
structures (asterisk).

Figure 3:

Computed tomography,
postcontrast, showing soft
tissue density in the carinal
and subcarinal region,
which decreases the airway
lumen, with the presence

of irregular dystrophic
calcifications (arrows),
characteristic of focal
sclerosing mediastinitis.
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the affected segments. Venous obstruction manifests
radiologically with findings of localized pulmonary venous
hypertension, peribronchial cuffing, septal thickening or
localized edema.

On CT, it typically manifests as soft tissue attenuation
masses that obliterate mediastinal fat planes and encase
or invade adjacent structures. Sherrik et al® identified two
patterns of tomographic invasion: a focal pattern and a
diffuse pattern. The focal pattern (Figure 3) seen in 82% of
cases, manifests as a mass with soft tissue attenuation that
frequently calcifies (63%) and is usually located in the right
paratracheal or subcarinal regions or in the hilum. The diffuse
pattern (Figure 4), seen in 18% of cases as a non-calcified
infiltrative mass affecting multiple mediastinal compartments.
The diffuse pattern occurs in the setting of other idiopathic
fibrosing disorders such as retroperitoneal fibrosis.

The degree of enhancement is variable and is useful to
describe pigeonholing or obstruction of pulmonary arteries
and veins. Two- or three-dimensional reconstructions can
facilitate the surgical approach or local therapy of these lesions.

Venous obstruction frequently results in parenchymal
abnormalities visible on CT, such as focal or diffuse regions
of increased focal or diffuse parenchymal attenuation,
ground-glass attenuation, and interlobular septal thickening.

CT also helps to evaluate the site, length and severity
of airway stenosis. Esophageal invasion by fibrosing
mediastinitis is best demonstrated by esophagogram. The

Figure 4:

Diffuse sclerosing
mediastinitis. Chest
tomography in axial plane,
postcontrast, showing
obliteration of mediastinal
fatty tissue by a soft tissue
attenuation mass, without
evidence of enhancement,
involving the middle
mediastinum (white arrow).
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Figure 5:

Pulmonary lymphangiomatosis.
Contrast tomography shows
infiltration of mediastinal

fatty tissue and towards the
retroperitoneum by soft tissue
density lesion that does not
enhance the passage of
intravenous contrast medium,
involving the anterior, middle
and posterior mediastinal
space (white arrow),

pleural effusion coexists.

junction of the upper and middle thirds of the esophagus
is frequently affected, although extensive invasion can also
occur. The affected segment of the esophagus is usually
adjacent to invaded regions of the trachea or main bronchi.
Typical findings include circumferential narrowing and large
segmental strictures.

MRI shows features ranging from heterogeneous and
infiltrative mass appearance in T1-weighted sequences,
to areas of hyperintensity and hypointensity visualized
in T2-weighted images. These T2 hyperintense areas are
considered to be related to areas where there is more active
inflammation, while those T2 hypointense areas represent
areas of fibrosis and calcifications; with paramagnetic
contrast medium, heterogeneous enhancement of the
affected mediastinum can be observed.

2. CONGENITAL LESIONS
a. Lymphangiomatosis

It is a diffuse proliferation of lymphatic vessels in multiple
sites. It is more common in children. The mediastinum may
be affected as well as the lung and pleura, presenting with
chylothorax. In 60% of cases it is present at birth and in 90%
the diagnosis is made during the first or second year of life."

Radiological findings are: generalized mediastinal
widening on CT with increased mediastinal fat attenuation
(water-like). A focal mass is not visible. The involvement
may be associated with interlobular septal thickening.
Pleural thickening or pleural effusion is seen in almost all
patients (Figure 5).

3. NON-INFECTIOUS INFLAMMATORY
ACQUIRED LESIONS

a. Pneumomediastinum

It was described in 1819 by Laennec. Macklin described
the physiology of pneumomediastinum in 1939."

Pneumomediastinum is manifested by lucent lines or gas
bubbles that demarcate mediastinal structures, elevate the
mediastinal pleura and frequently extend to the neck or
chest wall.

The findings basically depend on the delimitation of the
anatomical structures by air both radiologically and on CT. If
there is sufficient air, the thymus may be elevated producing
the «flying thymus» sign. Air anterior to the pericardium
(pneumopericardium) is a frequent manifestation and
requires a lateral chest view for diagnosis. Air surrounding
the pulmonary artery or its main branches may result in a
ring around it (artery sign).. When there is air adjacent to
the main branches of the aorta both sides of the vessels are
demarcated; mediastinal air demarcates the medial side, and
aerated lung margins the lateral side («tubular artery sign).

Occasionally, air may be in front of a major bronchus,
allowing clear distinction of the bronchial wall producing
the «double bronchial wall contour sign». The continuous
diaphragm is produced by air trapped posterior to the
pericardium, which gives the appearance of a continuous
collection of air on the anteroposterior radiograph.
Mediastinal air may extend laterally between the parietal
pleura and the diaphragm producing the extrapleural sign.

Air may also migrate into the mediastinum within the
pulmonary ligament to rupture into the distal esophagus
(Figure 6). Other names for pneumomediastinum include
the «V of Nacleriusy sign, in which gas delimits the margin
of the descending aorta and extends laterally between
the parietal pleura and the left medial hemidiaphragm.
Although this finding was originally described in association
with esophageal rupture, it is not specific for any other
condition. A second «V-sign» is formed by gas delimiting
the superior margin of the brachiocephalic veins at their
confluence.

b. Mediastinal hemorrhage

Anterior mediastinal hematoma may occur as a sequela of
rupture of a mediastinal vein (such as the internal mammary
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vein) after trauma or coronary artery catheterization. It may
also be seen with aortic damage from blunt trauma, such as
in a motor vehicle accident. In addition, anterior mediastinal
hematoma has been reported to occur spontaneously in
patients receiving hemodialysis.?

CT demonstrates a liquid collection, which has high
attenuation and may or may not have air densities within it.
Soft tissue edema in the chest wall, sternal or rib fracture and
other findings are due to trauma and may be seen in these
patients. Pseudoaneurysms can be carefully excluded in cases
of anterior mediastinal hematoma; therefore, any evaluation
of the chest in the trauma patient should be performed with
bolus administration of intravenous contrast material.

When there is suspicion of mediastinal hemorrhage in
MRI we can visualize a mass-like lesion with increased
signal in FLAIR (fluid attenuated inversion recovery)
enhanced images, which does not lose signal intensity in
fat-suppressed sequences, and signal restriction in diffusion
sequences, which expresses different stages of hemorrhage.

c. Hiatal hernia

The esophageal hiatus is formed by the decussation of
muscle fibers originating from the diaphragm around the
lower esophagus. Sliding hernias account for 90% of them,
the remaining 10% are paraesophageal hernias."

In a patient with a sliding hiatal hernia, the most common
abnormality identified is dehiscence of the diaphragmatic
crura and stretching of the esophageal brachial ligament.
These findings manifest as widening of the esophageal hiatus
identified when the medial margins of the diaphragmatic
crura are not closely opposed. The current standard
esophageal hiatus width measurement, defined as the
distance between the medial margins of the crura, averages
10.7 mm with a maximum width of 15 mm.

Sliding hiatal hernias are commonly associated with an
apparent increase in mediastinal fat surrounding the distal
esophagus secondary to omental herniation through the
phrenic-esophageal ligament. Radiologically, the presence

Figure 6:

Pneumomediastinum.
Posteroanterior projection of
the thorax and high-resolution
tomography showing
delimitation of the mediastinal
structures and dissection of
the facial planes due to the
presence of air, corroborated
in the axial tomography.
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of a mediastinal mass with a hydroaerial level inside (Figure
7), allows the diagnosis of hiatal hernia, it can extend to the
right, left or bilaterally, it displaces the azygoesophageal recess.
Tomographic findings with a wide esophageal hiatus, direct
visualization of abdominal contents, identification of the
esophageal-gastric junction, may be associated with atelectasis,
consolidation by microaspiration of gastric contents.

The main differential diagnosis is Bochdalek’s hernia, which
occurs through the remnant of the pleuroperitoneal canal.

d. Esophageal dilatation

It may occur with esophagitis and strictures, esophageal
carcinoma or other tumors, fibrosing mediastinitis,
scleroderma, achalasia and leiomyomatosis. Marked
dilatation may result in a mediastinal mass apparent on
radiographs. In patients with known esophageal dilatation,
CT may be used in identifying the mass (Figure 8).

Esophageal dilatation in achalasia and scleroderma is
usually associated with normal wall thickness. An air-fluid
level and retained food may be visible in patients with
achalasia, stricture or carcinoma, but is less common with
scleroderma. Esophageal dilatation is present in 80% of
patients with scleroderma and is often asymptomatic.

Few descriptions exist on the application of MRI in the
diagnosis of pathologies affecting the esophagus, but with
the advent of real-time acquisition it has been possible to
demonstrate some findings such as the classic bird’s beak
sign in achalasia, esophageal dilatation, the diameter of the
esophageal sphincter and motility disorders by visualizing
the dynamics of the transit of the bolus or saliva.

e. Mediastinal lipomatosis

It is a benign condition in which abundant amounts of
histologically normal, unencapsulated fat accumulate in the
mediastinum. It may be associated with Cushing’s syndrome,
steroid treatment or obesity. It has no symptoms. Itis relatively
common and is frequently detected in patients with chest CT.
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Figure 7: Hiatal hernia. Posteroanterior and lateral projection of the thorax showing passage of the stomach through the esophageal hiatus, with distension
of its lumen by barium contrast material, air-liquid level in its interior and passage of the gastric fundus through the hiatus in the tomography image.

Figure 8: Esophageal dilatation. There is a large retrocardiac mediastinal mass with a hydroaerial level inside, the multiplanar, sagittal and coronal projections
show the extension, as well as the identification of the esophageal dilatation in specific.

Excess fat deposition is more prominent in the superior
mediastinum resulting in smooth mediastinal widening as
shown on chest radiograph and convex or bulging pleural
surfaces on CT. Tracheal compression or displacement
is absent. Less common is fat accumulation in the
cardiophrenic angles and paraspinal regions.

In patients with lipomatosis, the fat should appear
homogeneously low attenuating, sharply delimiting the
mediastinal vessels and nodes.

Among the differential diagnoses are mediastinal fatty
masses, as well as focal fatty lesions such as mediastinal
fat necrosis, characterized by a nidus of juxtapericardial
fat attenuation surrounded by inflammatory tissue, it is
the analogue of epiploic appendagitis in the abdomen,
and is accompanied by pericardial effusion and adjacent

atelectasis. Mediastinal fat necrosis occurs frequently in
men between 40 and 50 years of age, it is self-limited,
the symptoms are similar to those perceived in pulmonary
thromboembolism and acute myocardial infarction, they
disappear in 48 to 72 hours.” It is histologically normal
fat, very easy to identify in MRI studies, increased signal
intensity is observed in T1 and T2 sequences, with similarity
to subcutaneous fat when compared.

4. CYSTIC AND PSEUDOCYSTIC LESIONS
OF THE MEDIASTINUM

Mediastinal cysts form a group of rare benign lesions of
congenital and inflammatory nature, accounting for 20-32%
of all primary mediastinal masses." They include different
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pathologic entities with overlapping clinical and radiologic
features. They are seen in both adult and pediatric
populations and their classification is based on the cause.

a. Bronchogenic cysts

Bronchogenic cysts constitute 50-60% of all mediastinal
cystic lesions. These types of cysts are sometimes found
together with other congenital lung malformations, such
as pulmonary sequestration and lobar emphysema, thus
calling them hybrid malformations.”

Neumol Cir Torax. 2023, 82 (2): 93-102

Cysts may have clear fluid, serous or mucoid material.
They occur anywhere in the mediastinum, but frequently
near the carina in the middle or posterior mediastinum.
Less frequently they appear in the parenchyma, pleura or
diaphragm. They are frequently connected by fibrous tissue
to the trachea or bronchus. Cysts are spherical and usually
unilocular, but may be multilocular. They have a thin wall
with a smooth outer surface and a trabeculated inner lining.

On CT a bronchogenic cyst appears as a single smooth,
round or elliptical mass with an imperceptible wall and
uniform attenuation (Figure 9). The value, in Hounsfield units,

Figure 9: Thorax tomography in axial plane, showing liquid attenuation image (A), without postcontrast enhancement (B) and histopathological finding

where cartilage is identified in the wall of the lesion (C).

Figure 10:

Esophageal duplication cyst.
Posteroanterior projection of
the thorax shows a mediastinal
cystic lesion, unilocular,
retrocardiac location, exerting
compression and displacement
of mediastinal structures.

The histopathological finding
showed stratified flat epithelium
and three muscular layers,
compatible with the diagnosis.
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Figure 11: Hydatid cyst. Mediastinal cystic lesion with thick wall and faint
enhancement to the passage of contrast medium. It shows adjacent cysts
of smaller size, daughter cysts (white arrow).

may be greater than 100 HU if they have an elevated protein
level and calcium oxalate in a mucoid cyst. Air within the
cyst suggests infection and communication with the airway.

In MRI, in T2 bronchogenic cysts present increased
signal due to their liquid content; in T1 enhanced images
there is variation in the signal pattern, due to the presence
of protein, hemorrhagic or mucous content inside the cyst,
even up to the presence of liquid-liquid level.

b. Enteric duplication cyst

Mediastinal enteric cysts, also called enteric duplication
cysts, are esophageal or gastroenteric cysts. They are
mainly diagnosed in children under 15 years of age. A
male predominance has been described. Patients have
respiratory symptoms, other symptoms present include
dysphagia, cough and vomiting. Cysts covered by gastric
epithelium may ulcerate and perforate. These cysts are
differentiated from bronchogenic cysts by location, absence
of cartilage and the presence of muscularis propria. The
nature of the cyst sometimes cannot be determined due
to the absence of distinctive features.

They are frequently reported in association with
malformations of the thoracic and cervical vertebrae. They
are visually identical to bronchogenic cysts, except that the
wall of the lesion is thick and in contact with the esophagus
(Figure 10), they are located in the posterior mediastinum
near the esophagus, typically in the retrocardiac position.
On T1-weighted MRI images they are hypointense,
while on T2-weighted images they are hyperintense and,
occasionally, liquid-liquid levels are identified.

c. Coelomic cysts

Pericardial or coelomic cysts originate in the embryologic
development of the pleuropericardial membranes, some

are attached by a pedicle. They are usually reported in
adults, but can also appear in children, many patients are
asymptomatic. The cysts have fibrovascular tissue with a
smooth, thin wall, contain fluid, are spherical and unilocular.
The cyst contents are clear watery or straw colored. They
are bounded by a plate or sheet of cuboidal mesothelial
cells supported by loose connective tissue. Coelomic cysts
can be treated surgically or by percutaneous aspiration of
the contents.”

They usually originate in the cardiophrenic angle, they
are more frequent in the right angle than the left. Some
are in the superior mediastinum and connected to the
pericardium. On CT, they can be seen as well-demarcated,
unilocular, oval or round or triangular masses and can be 30
cm in diameter, the attenuation is similar to that of water. In
MRI they present similar findings to the other cystic lesions
of the mediastinum.

d. Hydatid cyst

They are acquired cystic lesions, representing 0.1% of all
mediastinal cysts. They are composed of a fibrous capsule:
pericyst. The true cyst has a thin wall composed of two
adherent layers, the laminated endocyst and the delicate
tapetum endocyst, from which the daughter cysts hang.
They have a predilection for the anterior mediastinum
and appear as cystic lesions with daughter cysts (Figure 11).

In MRI the findings are very characteristic, the pericyst
is hypointense in T1 due to its fibrous component. The
mother or true cyst is of intermediate signal intensity on
T1 and the daughter cyst will have lower signal intensity
on T1 than the matrix of the mother cyst. On T2-weighted
images, the pericyst will remain hypointense, and on T2
the mother and daughter cysts will have the same high
signal intensity.

Figure 12: Intrathoracic pancreatic pseudocyst. Oblique axial projection
showing dehiscence of the diaphragm (white arrow) through which the
cystic lesion crosses to the pancreatic head (asterisk).
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e. Lymphatic cysts

Cystic lymphangioma or cystic hygroma is a cystic lesion
of lymphatic vessels. Thoracic duct cysts can have several
mediastinal locations: below the azygos vein in the posterior
mediastinum, above the aortic arch, at the level of the
hilum, in the epiphrenic area and above the heart. They
can measure 15 cm in diameter or more. The microscopic
appearance is characteristic of fibrous connective tissue
with endothelial cells. On CT, the lymphangioma typically
appears as a multiloculated, smooth-margined mass with
homogeneous water-like attenuation. On T1 and T2 MRI,
adequate characterization of serpentiginous or vascular
shaped septa are identified within.

f. Pancreatic pseudocyst

Alcoholism is a common factor in adults and trauma in
children. In many cases, the pseudocyst extends from
the pancreas to the posterior mediastinum through the
esophageal hiatus. Less commonly, it can penetrate through
the aortic hiatus, Morgagni’s foramen or a diaphragmatic
erosion.

It represents an encapsulated collection of pancreatic
secretions, blood and necrotic material. It always occurs in
the lower posterior mediastinum, gaining access from the
thorax via the esophageal or aortic hiatus. Tomography
shows a thin-walled, low-attenuation cyst in the posterior
mediastinum or adjacent to the thoracic cavity associated
with compression or displacement of the esophagus,
may be hyperattenuating depending on whether there is
hemorrhage or infection (Figure 12).

CONCLUSION

The theoretical boundaries of mediastinal compartments
are not so clear, and identification of the close anatomic
relationships of a mass is often instructive.

In most cases, the initial use of chest radiography
instructs the next diagnostic method upon suspicion of
a visible mediastinal abnormality; however, tomography
is a tool that in most cases is diagnostic in the context of
a non-neoplastic lesion of the mediastinum, in short and
long-term follow-up for clinical management and treatment.

There are several clues in the differential diagnosis, most
of the time based on previous clinical knowledge.
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ABSTRACT. Spirometry is the most widely used and standardized
respiratory function test. In 2019, the American Thoracic Society and
the European Respiratory Society updated the international guidelines
for its execution. The COVID-19 pandemic forced the establishment
of better biosafety parameters and has renewed interest in respiratory
medicine in the world, including physiological evaluation. The present
manuscript summarizes these changes incorporating recommendations
and suggestions for countries with limited resources.

Keywords: spirometry, lung function, vital capacity, bronchial
obstruction.

Abbreviations:
ATS/ERS = American Thoracic Society/European Respiratory
Society.
COVID-19 = disease by coronavirus 2019.
EOFE = end of forced expiration.
EOTV = end of test volume.
F/V = flow/volume.
FET = forced expiration time.
FEV, = forced expiratory volume in one second.
FVC = forced vital capacity.
FIVC = forced inspiratory vital capacity.
IC = inspiratory capacity.

RESUMEN. La espirometria es la prueba de funcion respiratoria mas
utilizada y estandarizada. En el ano 2019, la Sociedad Americana del
Torax y la Sociedad Respiratoria Europea actualizaron los lineamientos
internacionales para su ejecucion. La pandemia de COVID-19 ha obligado
a establecer mejores parametros de bioseguridad y ha renovado el interés
por la medicina respiratoria en el mundo, incluyendo la evaluacion
funcional. El presente manuscrito es una propuesta de procedimiento
de espirometria ajustado a los cambios e incorpora recomendaciones y
sugerencias para pafses con recursos limitados.

Palabras clave: espirometria, funcién pulmonar, capacidad vital,
obstruccién bronquial.

PEF = peak expiratory flow.

RV = residual volume.
SVC = slow vital capacity.
TLC = total lung capacity.
V/T = volume/time.

INTRODUCTION

Forced spirometry is a respiratory function test that assesses
components of lung mechanics. It measures the maximum
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volume of air that an individual can forcibly inhale and
exhale as a function of time."

The main variables measured in forced spirometry are:
forced vital capacity (FVC), which is the maximum volume
of air, measured in litres, that can be exhaled through the
mouth with maximum effort after a full inspiration; and
forced expiratory volume in one second (FEV,), which is
the volume of air exhaled during the first second of the
FVC manoeuvre.”?

The FEV/FVC ratio, expressed as a percentage of the
absolute value, is the defining variable for obstruction, as
it represents a disproportionate reduction in the maximum
FEV, of a forced manoeuvre relative to the total volume that
a subject can exhale during the FVC manoeuvre. Therefore,
a decreased FEV./FVC ratio implies airflow limitation, i.e.
airway obstruction during exhalation.?

Other spirometric variables briefly addressed in this
paper are FEV . and FEV, ., which represent the forced
expiratory volume in the specified fraction of a second,*
as well as the slow vital capacity (SVC) which is the
maximum volume of air measured in litres, that can be
exhaled through the mouth in a relaxed manner after a
full inspiration.’

This document aims to adjust the spirometry procedure
according to the new recommendations published in the
2019 ATS/ERS standard for forced spirometry,' as well as
the challenges and protocols assumed in its execution in
the wake of the COVID-19 pandemic.®

INDICATIONS

Spirometry is a fundamental test in respiratory assessment.’
Indications are shown in Table 1, updated according to current
evidence on the usefulness of the test in multiple settings.

CONTRAINDICATIONS!

The FVC manoeuvre directly increases intrathoracic
pressure and indirectly increases intra-abdominal and
intracranial pressure, and physical exertion can increase
myocardial demand. Therefore, the potential risks when
performing forced spirometry are due to the impact of these
changes on thoracic organs, abdominal, venous return and
arterial pressure. The international standard for spirometry’
states that there are no absolute contraindications for
performing forced spirometry and that its performance will
depend on the risk-benefit of performing the test.
Patients with contraindications should ideally be
evaluated in a pulmonary function laboratory by expert
personnel. Slow spirometry may sometimes be performed
to assess the subject’s vital capacity, although the result is
not interchangeable. It is also important that the patient
is cooperative and follows instructions in order to avoid

Neumol Cir Torax. 2023, 82 (2): 103-122

submaximal manoeuvres. The appearance of pain,
presyncope or discomfort during the test is a criterion for
suspension of the test.

Contraindications, all relative, are shown in Table 2.

MATERIAL RESOURCES
Spirometer

A device that records physiological ventilatory volumes, in
the vital capacity range, as well as the flow generated by
them through a sensor.”

ATS/ERS 2019 states that this equipment must meet the
minimum requirements of the latest update to ISO: 26782,%
which are summarised below:

1. Measuring range from O to 8 litres, under BTPS (Body
Temperature and Pressure and Saturated) conditions.

2. Maximum permissible error in volume measurement
of £ 3% or 0.050 L (whichever is greater).

3. Minimum expiratory time recording of 15 seconds.

4. Real-time graphs with a ratio for the F/V (flow/volume)
graph of 2 L/s: 1 L and for the V/T (volume/time) graph
of 1L: 1s.

5. Recording of the extrapolated volume as well as the
volume at the end of the forced exhalation (to identify
start and end criteria).

6. Impedance of the equipment, with all its accessories,
less than 0.15 kPa/(L/s) with flow rates up to 14 L/s.

7. Have a weather station for temperature measurement,

which must have an accuracy of £ 1 °C to properly

calculate the BTPS correction factor; in case of not having

a weather station, the calculation of the correction factor

to BTPS units will have to be done manually.

Appropriate reference equations for the population.?

9. Real-time display of F/V and V/T graphs at the time of
manoeuvres.'

10. The report generated should have both F/V and V/T
graphs for each of the manoeuvres performed; a
volume scale > 10 mm/L and a time scale > 20 mm/s is
recommended.?

e

Volumetric spirometers have fallen into disuse and
flow spirometers, which measure air displacement
velocity and calculate volume by integration, now
predominate. These spirometers are portable, easy to
clean, and some use disposable sensors, reducing the
risk of cross-contamination; features that have facilitated
the incorporation of spirometry in the office, hospital,
laboratory and even the patient’s home.

Table 3 summarises the different types of flow
spirometers, their advantages and disadvantages, virtually
all of which are available in Mexico.
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Table 1: Indications for spirometry.

Diagnosis'

¢ In suspected COPD:
© Presence of post-bronchodilator FEV,/FVC < LIN or Z-score with symptoms and risk factors®’

¢ In suspected asthma:
© It helps during the diagnostic process to document FEV /FVC below LIN, especially if it reverses post-bronchodilator. Also an increase of > 400

mL post-bronchodilator in FEV, or FVC

© Repeated spirometry (or PEF) in occupational settings may suggest occupational asthma that worsens at work and improves outside of work
© If FEV, increases more than 12% and 200 mL from pre-bronchodilator value or from baseline after four weeks of anti-inflammatory therapy®
© In suspected severe asthma, one of the criteria is the presence of pre-bronchodilator FEV, < 80% pred (or < 1.64 in Z-score)®

* In suspicion of other respiratory pathology with one or more of the following data:’
© Symptoms: dyspnoea, cough, wheezing, stridor
© Signs: rales, thoracic deformity
o Abnormal laboratory and laboratory studies: hypoxaemia, hypercapnia, polycythaemia, abnormal chest X-ray

* Assessment of pulmonary impact of systemic disease:'

© In any patient with suspected ILD

© In any patient with neuromuscular disease and suspected respiratory muscle weakness (SVC may be a better indicator of respiratory muscle
weakness than FVC as it is not affected by the coexistence of airflow obstruction)™

© Difference > 10% in FVC performed in the sitting-supine position (FVC delta) suggests diaphragmatic weakness; unilateral diaphragmatic
paralysis may have delta between 15-25% and bilateral up to 50%

Screening:

© Not indicated in screening asymptomatic subjects without risk factors'™ ™

© |tis indicated in the intentional search for cases: presence of respiratory symptoms or signs and risk factors (> 35 years and smoking rate > 10
p-a, occupational or occupational exposure to biomass or toxic substances)'

© Decreased FEV, is a cardiovascular risk factor independent of age, sex and smoking'®

Preoperative risk assessment:" "

© Respiratory function tests have not been shown to be superior to anamnesis and physical examination in predicting postoperative pulmonary
complications in the absence of symptoms and risk factors

© Perform in suspected lung disease without prior diagnosis and in procedures close to the diaphragm (thoracic or upper abdominal surgery)

© Indispensable before lung resection and transplantation surgery

Follow-up'
* Response to therapeutic interventions in lung disease
* Prognosis of already diagnosed lung disease:'
© In COPD, at least once a year to identify ‘rapid decliners’ (FEV, drop > 50-90 mL/year)"'®
© In asthma, at the start of treatment, 3 to 6 months after achieving control (better lung function) and periodically®
© The presence of FEV, < 60% pred and/or a very significant response to BD in asthmatic patients (even if asymptomatic or with few symptoms)
are risk factors for crises®
In CF, at the start of treatment and every 3 months to identify the pattern of lung function decline'
The presence of persistent FEV1 < 40% pred in patients with CF is a criterion for advanced lung disease®
In interstitial lung diseases (of any aetiology) at least during the first 2 years of diagnosis, as it identifies progressive fibrosing phenotype: fall in
FVC > 10% or fall in FVC between 5 and 10% and worsening of respiratory symptoms and/or extension of fibrosis on HRCT?'
© In muscular dystrophies; if the patient is still walking and < 12 years old, annual is recommended. If the patient is > 12 years, wheelchair user
or has an FVC < 80% pred, every 6 months is recommended (FVC < 40% pred is indication for volume recruitment manoeuvres and assisted
cough and FVC < 30% pred for non-invasive mechanical ventilation)?2
* Assessment of functional status during and after an exacerbation of the underlying lung disease:'
© The presence of FEV, < 60% pred in a patient with an asthma flare-up after 48 hours of inhaler titration is an indication for initiation of OCS®
Occupational monitoring of subjects exposed to noxious agents:'
© Recommended on admission and annually thereafter. An excessive fall in FEV, identified by any of the following methods: % from baseline (>
15%), limit of longitudinal decline or linear regression suggests further evaluation of the worker®
During or after the use of drugs with known pulmonary toxicity:
© Patients on chemotherapy regimen (bleomycin, gemcitabine, paclitaxel, platinums, cyclophosphamide, doxorubicin). The presence of a spirometric
pattern suggestive of restriction usually occurs in advanced cases, so it is suggested to perform serial DLCO in conjunction with spirometry®

O O O

Disability assessment'

O Admission to rehabilitation programmes

O Initial assessment by insurers for risk of respiratory pathology

O Initial assessment of lung health in physically demanding occupations
O Medico-legal assessments
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Continued Table 1: Indications for spirometry.

e Qther'
© (linical research
o Epidemiological studies
o Generation of population reference equations
[¢]
[¢]

General routine respiratory assessment

Assessment of health status prior to strenuous physical activity

COPD = chronic obstructive pulmonary disease. FEV, = forced expiratory volume in the first second. FVC = forced vital capacity. %pred= predicted percentage.
SVC = slow vital capacity. p-a = pack year. BD = bronchodilator. CF = cystic fibrosis. HRCT = high-resolution tomography. OCS = oral corticosteroids. DLCO = pulmonary

diffusion of carbon monoxide. LLN = lower limit of normal.

Table 2: Relative contraindications to spirometry.*

2. Scale, stadiometer.

Due to increased myocardial demand or changes in blood
pressure

o AMI: one week prior*

e Symptomatic hypotension

o Severe hypertension (MAP > 130 mmHg)?®
* Uncontrolled atrial or ventricular arrhythmia
* Decompensated heart failure

o Untreated pulmonary hypertension

¢ Acute cor pulmonale

* Acute PTE

* History of cough or exertional syncope

3. Stable chair with side armrests. Avoid chairs with wheels
to prevent falls.

4. Room thermometers with an accuracy of 1 °C and
hygrometer for relative humidity measurement.

5. Mouthpieces recommended by the manufacturer,
diving mouthpieces can be used for those patients who
are unable to make a good lip seal.

6. Nasal forceps.

7. Certified three-litre syringe.

Infection control supplies:

Due to increased intracranial/intraocular pressure
o Cerebral aneurysm

o Cranial or brain surgery: 4 weeks*

* Recent cranial contusion with persistent symptoms
* Eye surgery: one week

1. Access to hand washing and gel-alcohol.
Disposable in-line filters with > 99% efficiency for filtration
of viruses, bacteria and mycobacteria; dead space < 100
mL and resistance less than 1.5 cm H,O at 6 L/s flow rate.
3. NO95 respirator with leakage of less than 10% and a

For increased intraotic pressure
¢ Sinus or middle ear surgery: One week*
¢ Otic infection: one week*

filtration efficiency of > 95% at a flow rate of 50 L/min.
4. Protective eyewear.
5. Natural water should be available, as well as facial

For increased intrathoracic and intra-abdominal pressure
¢ Unresolved pneumothorax

e Thoracic surgery: four weeks*

* Abdominal surgery: four weeks*

e Late pregnancy

tissues to be offered to the patient in case of coughing
or secretions.

Bronchodilator consumables:

1. Salbutamol in metered dose inhaler (100 mg by

Infection control

* Confirmed or suspected active respiratory infection (COVID-19,
tuberculosis or other)

e Physical conditions predisposing to transmission of infection
(active haemoptysis, presence of significant secretions, oral
lesions or active oral bleeding)

atomisation).
2. lpratropium bromide aerosol (20 mg per atomisation).
3. Reservoir chamber (spacer) with a recommended
volume of at least 300 mL.

QUALITY CONTROL AT

1.

AMI = acute myocardial infarction. MAP = mean arterial pressure.
PTE = pulmonary thromboembolism.
*In acute events, forced spirometry is not recommended.

Other equipment and consumables?

require).

THE WORKPLACE (Figure 1)

There are requirements that any laboratory or site, where
spirometry is performed, must meet to ensure good practice.

Logbook?

Computer and printer (some equipments do not We recommend an auditable quality control report.

The log should include the results of calibration

Contents
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Table 3: Types of flow spirometers.t?’

Type of spirometer

Principle of action

Advantages

Disadvantages

Pneumotacograph
(differential pressure)

Measure the pressure difference
generated by passing a laminar fluid
through a known resistance, where
flow = Apressure/resistance

The resistance may be a mesh or a
tube formed by a set of capillaries; it
is usually heated to 37 °C to prevent
condensation of water vapour from
the exhaled gas

* Highly accurate at different flow
rates

* Portable

* Automated

* Available with disposable sensors

* Requires recalibration during the
same day if ambient conditions
change significantly

* Accumulation of secretions or
condensation of exhaled vapour
changes the resistance and hence
the flow measurement

* Susceptible to resistance
contamination if used without a filter.
Change in gas composition
requires calibration

hot-wire thermistor)

(usually platinum) heated by an
electric current. The flow of gas
through the filaments causes them
to cool. In one filament, the current
increases to maintain a constant
temperature; the other filament

acts as a reference. The change in
current is proportional to the gas flow

* No moving parts

* Measurement not susceptible to
ambient temperature and pressure
or fluid viscosity

* Automated

Electronic turbine It consists of a helix inside the * Portable * At high flows, the propeller is
tube that receives the flow. A light » Useful in cardiopulmonary subject to distortion
emitting diode (LED) is mounted exercise testing (CEPPT) * At low flows, inertia may lead to
on one side of the propeller and a o Automated misestimation of the flow rate
photodetector on the other side. « Available with disposable sensors » Susceptible to turbine contamination
Each time the propeller rotates, it if used without a filter
interrgpts the light from the LED * Fragile moving parts with a
reaching the detector. These tendency to accumulate dirt that
pulses are counted and summed to impedes free rotation of
calculate the gas flow the turbine

Thermistor (or It consists of two metal filaments * Portable * Sensor resistance connected in

series, any modification to the
components could be erroneously
measured as a flow

Pitot tube

Based on the measurement of the
fluid pressure at a given point in
the pipe and using the relationship
between the pressure and the area
the fluid passes through, the fluid
flow can be calculated

Ultrasonic

Ultrasound waves travel through
membranes on both sides of a tube
at an angle to the gas stream. The
sound waves speed up or slow
down depending on the direction

in which the gas is flowing. By
measuring the transit time of the
ultrasonic waves (which is modified
by the passage of the gas) the flow
can be accurately measured

* Portable

* Highly accurate

* Measurement not susceptible to
ambient temperature and pressure
or fluid viscosity

* Air exhaled by the subject is not in
contact with the sensor

* Measures molar mass, with several
additional applications possible

* Piezoelectric material very
sensitive to shocks or falls

* In absence of HEPA filter (high
efficiency particle arrester) favours
aerolisation

* High cost sensors

processes, dates of spirometer maintenance (repairs
and/or adjustments) and calibration syringe, software/
hardware updates (dates on which procedures were
performed and check that reference equations are

included). Logbooks should be under the custody
of the responsible technical professional and always
available. Each spirometer should have its own physical
or electronic logbook.
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Evaluation of spirometer accuracy

All spirometry equipment must be validated prior to
release and subsequently calibrated or verified (before
manoeuvres are performed) to meet accurate flow and
volume measurements for consistent clinical decisions.
The following is a breakdown of the concepts describing
these processes:

Validation: assesses the reproducibility of expiratory
manoeuvres using a computerized curve generation system.
The spirometer must faithfully reproduce the model curve
generated by the computer system. Itis not part of standard
laboratory procedures; it is performed before spirometers
are marketed.”

Calibration: a procedure by which a relationship
is established between the volume or flow measured
by the sensor and the actual flow or volume of the
calibrator (syringe) under Ambient Temperature,
atmospheric Pressure, Saturated (ATPS) conditions. It is
an electrical gain adjustment manoeuvre of the device.
Spirometers whose sensor is affected by gas characteristics
(condensation, etc.) such as pneumotachographs should
always be calibrated.

Neumol Cir Torax. 2023, 82 (2): 103-122

Calibration verification: procedure that verifies that the
spirometer is within the accuracy limits (= 3%, corresponding
to: = 2.5% of the equipment and * 0.5% of the calibration
syringe) under ATPS conditions. If the device fails, the
verification must be repeated and the possible causes (leakage
at the syringe junction with the spirometer, zero flow error,
error in the syringe filling and injection process, or malfunction
of the syringe) must be analyzed. If the failure is repeated, the
equipment should be sent for recalibration and maintenance.
The procedure should be performed daily by discharging the
calibration instrument (certified three-litre syringe) through
the sensor at least three times, in a flow range between 0.5
to 12 L/s (with injection times between 0.5 to 6 seconds).
The final result should yield a volume of 3 L + 90 mL (x 3%).
If spirometry is intended to be performed with filters, then
this procedure should also use filters. There are spirometers
that are pre-calibrated by the manufacturer and cannot
be recalibrated by the spirometer operator, however, it is
advisable to carry out the calibration verification process on all
equipment (even ultrasonic) and generate the corresponding
reports that will be filed in the logbook.

Biological control: performed with the participation
of a healthy pulmonary subject, without risk factors,
with normal spirometry; usually a laboratory technician

Quality control

Biological control

* Lung health

+ Normal espirometry
+ Selection

+ Weekly performance

Instrument
(espirometer)

Operator
(performer)

Test

(espirometry)

Theoretical-practical
training

Acceptability

Repeatability

Syringe
(3L certified)

Constant supervision

from the syringe)

Calibration verification:
Verify the accuracy of the spirometer. Margin < 3% (2.5 from the spirometer and 0.5

1. Volume: unload the syringe into the sensor. Daily measurement or when there is
temperature change

2. Lineality: inject the syringe into the sensor within 0.5 to 6 seconds, generating high,
medium and low flows ranging from 0.5 to 12 litres/sec. Weekly measurement

Contents

Adequate start

Proper term of forced
expiration

Figure L:

Quality control al the work site.
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who has the ability to perform the procedure in a highly
repeatable manner. It does not replace the use of the
calibration syringe. The subject to be designated as the
biological control is given serial spirometry for a specified
number of days at the same time, averaging the highest
FEV, and FVC values." Some machines provide the option
of automated calculation of the SDs (standard deviations)
within which the measurements obtained are considered
to be correct. Subsequently, the subject should perform
weekly spirometry to compare the measured value against
the maximum expected error.

Standardized calibration instrument

Corresponds to a three-litre syringe with an accuracy
of + 15 mL or + 0.5%, with a current certificate. It
should be checked according to the manufacturer’s
recommendations and ideally once a month, looking for
possible leaks, performing a manoeuvre that attempts
to fill and empty the syringe (at different volumes) with
the outlet blocked. Similarly, it should be stored away
from moisture or heat. A damaged or knocked syringe is
considered potentially out of calibration and should not
be used for this procedure.

Procedure conditions'323

1. ATPS: ambient temperature, barometric pressure
and ambient water vapour saturation. All procedures
involving the input and output of volumes from a
calibration syringe to the sensor must be performed
under these conditions.

2. BTPS correction: given that exhaled air is at a body
temperature of 37 °C and saturated with a water vapour
pressure of 47 mmHg; the partial pressure in the
lungs is 760-47 mmHg = 713 mmHg (at sea level). All
procedures involving the performance of manoeuvres
on subjects must conform to these conditions.

3. The work site should ideally meet the following
characteristics: temperature between 17 to 35 °C,
relative humidity between 30 to 75%. Changes in
temperature or humidity during the working day should
be recorded in the logbook as this may be a source
of variability in spirometry results. In situations where
the ambient air temperature changes rapidly > 3 °C
in < 30 min, the appropriate correction should be
made in the spirometer. Artificially air-conditioned
laboratories allow better control of environmental
variables.

4. Some spirometers have built-in sensors that automatically
measure temperature and barometric pressure, but it is
recommended that the operator verify the accuracy of
these parameters.!

Ongoing staff training

Staff performing spirometry should maintain competence
through regular training to safeguard the quality of results.
Lack of ongoing training and infrastructure contribute
to lack of knowledge about this test.”” A short course
improves competence;*® learning is reinforced by a second
training of longer duration and close monitoring.” It is
recommended that staff develop skills to cope with special
situations including: non-English language (dialects),
hearing or visual impairments, and uncooperative
patients.!
Quality of manoeuvres. Review the relevant section.

Improving patient experience®'

The European Lung Foundation (ELF) conducted a virtual
survey in 2018 in 52 countries among patients who
regularly underwent spirometry. Of the 1,760 respondents,
only 17% of them rated the test as difficult to perform, the
rest rated it as tolerable. The most important suggestions
from patients were the following: clear and concise
information before, during and after the test (regarding
drug cessation, contraindications, etc.), as well as access
to and explanation of the results obtained in the context
of their pathology.

FORCED SPIROMETRY PROCEDURE
WITH BRONCHODILATOR?3

Recommendations for the patient prior to the test

1. No smoking, vaping, or using water pipes at least one
hour beforehand.

2. No use of drugs that affect consciousness within eight

hours before.

No strenuous exercise one hour before.

Avoid wearing restrictive chest or abdomen garments.

5. Ifthe indication for the test is diagnostic, bronchodilators
should be discontinued according to the time of action
of each (Table 4).

B w

Preparation of equipment prior to testing

1. All components (hoses, sensors, connectors, etc.)
must be properly disinfected and/or sterilised
and assembled according to the manufacturer’s
instructions.

2. Perform calibration or calibration verification.

3. The spirometer must be coded to the altitude or
barometric pressure and average relative humidity of
the site where the study is performed.

4. Verify that the spirometry report is properly configured.
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Table 4: Bronchodilator withdrawal time in diagnostic spirometry.*

Withdrawal time
Type of bronchodilator Example (hours)
SABA (short-acting beta-agonist) Salbutamol/phenoterol 4-6
SAMA (short-acting muscarinic antagonist) Ipratropium bromide 12
LABA (long acting beta-agonist) Formoterol/salmeterol 24
LAMA (long acting muscarinic antagonist) Tiotropium bromide/umeclidinium/aclidinium/glycopyrronium bromide 36
Ultra-LABA (ultra long acting beta-agonist) Indacaterol/vilanterol/olodaterol 36-48

Staff actions on arrival of the patient

Introduce yourself to the patient and check that your
details are correct (check name and date of birth).
Review the indications.

Evaluate the presence of possible contraindications,

vital signs and the patient’s adherence to the

recommendations.

4. Enter patient data into the spirometer: full name, date
of birth, anthropometric parameters: age in years at the
day of testing, sex at birth (patients may provide their
gender identity, but should be informed that sex at
birth is required as it is a determinant of predicted lung
size). It is important to enter, as notes or observations,
any additional data that may help in the further
interpretation of the study (such as smoking, exposures,
history of previous lung disease, etc.).

. Obtain the weight in light clothing, on a precision scale
and record it in kilograms in closed units to the nearest
0.5 kg.

6. Obtain height with a stadiometer (should be measured
without shoes, with feet together, standing as upright
as possible, facing forward, with back and heels against
the wall or stadiometer.)

7. In patients unable to stand or with rib cage deformity,
measurement of arm span may be used to estimate
standing height; measure the distance between the tips
of the middle fingers (wingspan). For Caucasian males:
height = arm span/1.03, for African-American males:
height = arm span/1.06 and for females height = arm
span/1.01. For patients who cannot be measured
standing and also do not have an arm, the mid-span
can be measured as the distance between the tip of
the middle finger and the prominent cervical vertebra.
And in patients with significant body posture deformity
in whom it is not possible to measure the wingspan
linearly, the composite wingspan shall be calculated.

8. Place the patient in a seated position, in a chair without

wheels and with arm support, with the chest and neck in

an upright position. If the test is performed in a different
position (e.g. decubitus) it should be recorded.

9. Explain to the patient, in simple words, the purpose
of the test. The following sentence is recommended:
«Spirometry is a blowing test to measure the size of
the lungs and to find out whether or not there is
obstruction of the bronchial tubes. You are going
to blow hard and steady through this mouthpiece
several times until you get at least three proper
manoeuvresy.

10. A video or picture can be used to reinforce the
explanation. It is not advisable to remove eye or
respiratory protection to demonstrate the manoeuvre.

Forced vital capacity (FVC) manoeuvres

Manoeuvres that assess both phases of the respiratory cycle
(inspiration and expiration), also known as «closed circuit»,
are preferred.

The four basic steps of a good manoeuvre are as follows:

1. Maximal inspiration to total lung capacity (TLC).
. Explosive, immediate and unhesitant exhalation.

3. Continuing exhalation until the end of forced expiration
criteria are met. At this point the motivation given by
the performer is important.

4. Breathe in again until TLC. This closes the inspiratory
curve and allows assessment of the forced inspiratory
vital capacity (FIVC).

In spirometers that do not record the inspiratory phase,
open circuit manoeuvres can be performed by placing
the mouthpiece immediately after inspiration (step 1)
and removing it after meeting end of forced expiratory
criteria (step 3).

Figure 2 outlines the steps of a closed-circuit manoeuvre.

Bronchodilator administration®
The administration protocol should be recorded in writing

in the site’s internal procedures manual; it should contain
the following elements:
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1. Hand washing and PPE donning

A 4

2. Receiving the patient

+ Introduce yourself

* Provide sanitizer or handwashing

+ Confirm identification data

+ Perform anthropometry and vital signs

+ Ask about indications and contraindications

3. Explain and demonstrate the manoeuvre (video recommended)
« Correct position: seated, trunk upright, head elevated, with nose clip
+ Proper mouthpiece placement: hold with teeth (no biting), tongue underneath, seal with lips
+ Basic steps of a good manoeuvre: full inspiration ‘until the lung is full’, immediate and explosive
exhalation, continue to exhale ‘even if you feel that you are out of breath’ until instructed to do so,
and again full inspiration

4. Performing the spirometric manoeuvre

Closed circuit (preferred)
+ Correct position
+ Nose clip placement
+ Nozzle placement
+ 1-2 normal breaths (tidal volume)
+ Full and quick inspiration (< 2 sec)
+ Explosive exhalation (at maximum effort)
+ Continue to exhale (vigorous stimulation) until some end of forced exhalation criterion
is reached
+ Complete and quick inspiration
+ Remove mouthpiece and nose clip

5. Evaluate each manoeuvre
+ Adequate initiation of forced expiration
+ Adequate end of forced expiration
+ Absence of artifacts
+ In case of not acceptable FEV, and FVC: correct artifacts, repeat instructions and
perform max. 8 attempts

6. Evaluate the manoeuvres against each other
* Once 3 acceptable FEV, and FVC manoeuvres have been achieved
* Repeatability between the 2 best values of FEV, Figure 2:
+ Repeatability between the 2 best values of FVC

Spirometric manoeuvre.

v PPE = personal protective equipment.

7. Graduate the quality of FEV, and FVC FEV, = forced expiratory volume in the first
! second. FVC = forced vital capacity.
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1. Type of bronchodilator (salbutamol, fenoterol, 2. Adequate end of forced expiration (Figure 3B). A

ipratropium bromide or combinations).

Dose to be administered in children (salbutamol:
200 pug) and adults (salbutamol: 400 ug, ipratropium
bromide: 80 ug).

Method of administration: metered dose inhaler (MDI)
with or without mask, nebuliser. In this regard, MDI
with air chamber is recommended; the use of nebulisers
should take into account air flow, equipment pressure
and not use oxygen while administering the drug.
Waiting time for post-bronchodilator manoeuvres: when
using salbutamol wait at least 15 minutes and in the case
of ipratropium bromide at least 30 minutes.

QUALITY OF MANOEUVRES!

Evaluation of each manoeuvre

At the end of each manoeuvre, it should be assessed for
compliance with the following technical acceptability criteria:

1.

Adequate onset of forced expiration (Figure 3A). An
explosive onset, with maximal effort, ensures that we
are obtaining the patient’s true FEV/.

The following two indicators must be assessed and met
to ensure that the manoeuvre had a correct onset:

a. The extrapolated volume, which is the amount of
gas that is exhaled in a hesitant manner from peak
inspiration at time 0, should be < 5% of the FVC or.

b. The flow/volume (F/V) curve should be triangular in
morphology, with steep, vertical rise to peak flow
and gradual decline to 0.

Contents

proper end of the manoeuvre ensures that the patient’s
true FVC is obtained.
At least one of the following three indicators must be
assessed and met to ensure that the manoeuvre was
properly terminated:

a. Plateau. This is the best indicator of the end of forced
expiration; it refers to an absent increase in volume
on the V/T or EOFE curve.

b. Expiratory time of 15 seconds. This indicator is more
likely to be achieved in older adults or in patients
with lower airway obstruction. For patient safety, if
the plateau has not been reached, but 15 seconds
of expiratory time has been reached, the manoeuvre
should be terminated.

c. The subject is unable to continue exhaling. In this
case, the FVC of the previous and subsequent
manoeuvres shall be assessed to ensure that they
are repeatable with respect to each other.

. Absence of artefacts affecting technical acceptability

(Figures 4 to 11).

Baseline errors. Occurs when the operator