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 תביעה כתב

 על ") התובע המערער :" (להלן צינצולקר ערן מר של ערעורו הנכבד הדין לבית בזאת מוגש

 2.6.24. מיום המשיב החלטת

 רקע

 ,נפגע האוויר מיזוג בתחום ,עצמאי האירוע במועד 45 ,כבן 30.04.1976 ,יליד התובע .1

 מסוג גז להתפרצות נחשף מזגן חלק להלחים נדרש עת עבודתו בעת 29.4.21 בתאריך

22 Freon התאונה :" (להלן גז משאיפת נפגע והוא .(" 

 ומשחלה כשבוע ,לאחר מחנק ותחושת נשימה מקוצר התובע סבל התאונה לאחר .2

 מעקב להמשך אותו הפנה ,אשר הקהילה במסגרת לרופא ,פנה נשימה בקשיי החמרה

 חזה. צילום וביצוע רפואי

 הדגימו לא אשר חזה וצילום ארגומטרית בדיקה ,לרבות בדיקות מספר ביצע התובע 3.

 סימפונות. מרחיבי עם ספירומטריה לביצוע הופנה קרדיאלית בעיה ומשנשללה ממצא

 וימיומיות פשוטות פעילות בביצוע ,קושי נשימה מקשיי לסבול המשיך אשר התובע .4

 הופנה והוא תרופתי טיפול לו ,ניתן הרפואי במעקב המשיך פיזית עבודה בביצוע וקושי

 ומעקב. בדיקות להמשך

 בתאונה להכרה בתביעה פנה ממנה וכתוצאה עבודתו בזמן כאמור נפגע אשר התובע .5

 פגיעה. דמי ותשלום עבודה כתאונת

 כדלקמן: תביעתו את הדוחה המשיב החלטת נשלחה 2.6.24 בתאריך .6

 ,אולם, נשימה קוצר בגין פגיעה דמי לתשלום תביעתך את שקיבלנו מאשרים "אנו
 ומהנימוקים הלאומי הביטוח לחוק 79 סעיף הוראות פי על לדחותה ,עלינו לצערנו
 הבאים:
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 מחלת או עבודה תאונת היא בעבודה ,פגיעה הלאומי הביטוח לחוק 79 סעיף פי על
 מקצוע.

 במשלח עיסוקו עבודתו ועקב כדי תוך למבוטח שאירעה תאונה היא עבודה"י ייתאונת
 ידו.

 עקב בה חלה ,והמבוטח בתקנות מקצוע כמחלת ,שנקבעה מחלה היא מקצועיי יימחלת
 ידו. במשלח עיסוקו עבודתו

 הנטען ארוע לבין הנשימה קוצר בין סיבתי קשר קיום הוכח לא רפואית מבחינה
 בעבודתך.

 העבודה בתנאי קשור שאינו טבעי תחלואתי מצב רקע על התפתחה מחלתך

 ." עבודה כתאונת במחלתך לראות ,אין לפיכך

 ". "1 כנספח ,מסומנת המשיב החלטת רצ"ב

 מבוססת, אינה המשיב ,החלטת יסודה בטעות המשיב החלטת כי יטען התובע 7.

 הערעור. ומכאן זה בתיק ולראיות המקרה לנסיבות גמור בניגוד ,עומדת שרירותית

 הערעור: נימוקי ואלה

 התאונה ,במועד ישראל במשטרת מבצעי בתפקיד שנים במשך ,עבד 48 ,כבן המערער .8

 בריא. לתאונה עובר ,היה האוויר מיזוג בתחום עצמאי

 משיי לסבול החל התאונה יום ולמן FERON 22 מסוג לגז התובע נחשף בתאונה 9.

 רפואי למעקב נזקק ,הוא יומיומיות פעולות ובביצוע מאמץ בביצוע קושי נשימה

 תרופתי. טיפול ולנטילת

 "2" בנספח ,מסומנות רפואיות תעודות רצ"ב

 לא מהן מגבלות וממספר ממחלה המערער סובל ובעטיה התאונה שמאז היא עובדה .10

 הדורשת יומיומיות פעולות ובביצוע עבודתו בביצוע מתקשה והוא לתאונה עובר סבל

 אלה. שורות כתיבת למועד ועד התאונה יום למן פגיעותיו עם מתמודד ונאלץ מאמץ

 מבוססת ,לא שרירותית החלטה הינה המשיב החלטת כי המערער ,יטען בנוסף .11

 עם להתמודד טורחת אינה אשר כאמור שרירותית .החלטה ולדין לאמת החוטאת

 נימוק כל וללא גס באופן להכרה המערער תביעת את ,דוחה ,אלא המקרה עובדות

 החוק. מכח הסוציאלי ולתפקידו לאמת המשיב חטא זו בהחלטתו כי יטען התובע .12

 ריאות מחלקת ,מנהל פנימית ולרפואה ריאה למחלות ,מומחה פרוכטר 'אורן פרופ .13

 כדלקמן: קובע התובע את בדק ,אשר וולפסון החולים בבית

 קודמת אבחנה וללא בעברו נשימתית תחלואה ללא ברקע עישון עם 48 כבן בגבר מדובר

 לגז אוויר מיזוג כטכנאי עבודתו במהלך נחשף 29.4.21 .בתאריך אסטמה או COPD של
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 )מדובר. )HFFC hydrochlorofluorocarbon בחומר .מדובר Freon 22 מסוג מזגנים

 דרכי מגרה כחומר ,הידוע hydrogen fluorine, and carbons של תערובת המכיל בחומר

 acute inhalational injury ל תאונה בעת חשיפה בעת להביא שעלול אוויר עס

 (דלקת ברונכיוליטיס ), כימית ריאות (דלקת chemical pneumonitis של התפתחות

 ). 1 מקור .( ריאות ובצקת ), קטנים סימפונות

 לאחר מייד בחייו לראשונה שהופיע נשימה קוצר של הקלינית התמונה הנוכחי במקרה

 ללא גם סטרואידים מתן שהצריכה קלינית תמונה עם יחד האירוע ממצא או האזנתי -

 אותה בשל שנגרם נשימתי נזק משקפת גבוהה בסבירות ,הינה החזה בצילום ממצא

 דומה קליניקה של והיעדרה לקליניקה החשיפה בין הזמנים סמיכות בשל וזאת חשיפה

 קודמת.

 להביא עלולים בקרבתם המצוי אדם של לריאותיו נשאפים הם כאשר מגרים חומרים

 reactive airway disorder (כלומר RADS של במנגנון אסטמה של להתפתחותה

syndrome .( כמו ביותר קצר זמן תוך מתפתחת כלומר) של יתר )רגישות זה במקרה 

 2-4) מבואות (ראה אסטמה של חולפים בלתי לתסמינים המביאה האוויר דרכי

 בדרכי צפצופים של וקליניקה בשיעול מלווה נשימה בקוצר מתבטאים אלה תסמינים

 בשאיפה. סטרואידים וכן אוויר דרכי מרחיבי בתכשירים קבוע טיפול הדורשת הנשימה

 הנזק ועל התובע של מצבו על התאונה של הקרדינלית להשפעה מתייחס המומחה .14

 כדלקמן: בעטיה שנגרם

 לכן( קודם ידועה הייתה שלא חסימתית ריאות מחלת של בהמשך הקלינית התמונה

 תעסוקתית חשיפה אותה נזקי בין שילוב לוודאי קרוב )מהווה ממושך קודם עישון בהינתן

 העישון. והשפעת חדה תאונתית

 דרכי מגרה חומר שאיפת של תאונתי אירוע אותו תרומת של היחסי החלק כי להניח ייש

 עומד העישון של היחסי החלק כאשר 2/3 כ על עומד הנשימתית מחלתו להתפתחות אוויר

 1/3 על

.I סביר כלומר הליקוי התפתחות על השפיעו העבודה תנאי כי % 50 מעל של סבירות קיימת 

 הליקוי הופעת על השפיעו לעיל שפורטו לחומרים והחשיפה העבודה תנאי כי לקבוע יותר

 ההפוך המצב לעומת החמרתו או הנשימתי

.II שעולה במידה הליקוי על ביותר משמעותית השפעה הייתה התובע של העבודה לתנאי 

 2/3. של לסף מגיעים העבודה לתנאי כי קובע אני זה במקרה. % 20 של סף על וודאי באורח
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 נכות דרגת קביעת

 לנפגעי נכות דרגת "קביעת הלאומי הביטוח תקנות יסוד ,ועל לעיל הנכתב בסיס על

 המוסד 2013 עבודה נפגעי לרופא תדריך )ולפי 2019 (תיקון 1956 "תשט"ז- עבודה

 להלן: כמפורט ריאתית מבחינה החולה נכות את קובע "אני לאומי לביטוח

 נכות של % 30 5 )לפי (FEV1 62-68 % 1 כרונית חסימתית ריאות מחלת ב - א- סעיף -

 ." ביניים

 "3" כנספח ,מסומנות 'פרוכטר פרופ דעת חוות רצ"ב

 כדלקמן: להורות הנכבד הדין בית ,מתבקש לעיל האמור ,לאור כן על אשר .15

 כנפגע בובע ולהכיר המשיב החלטת ביטול על להורות מתבקש הנכבד הדין בית .16

 פגיעה. דמי ותשלום בחוק כהגדרתה עבודה תאונת

 שכייט לרבות משפט בהוצאות המשיב את לחייב הנכבד הדין בית בזאת ,מתבקש כן .17

 כחוק. מע"מ בתוספת עו"ד

 יד עד פריץ אריאל

 המערער בייב
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 1) מתוך 1 (עמוד הנספחים תוכן
 שם עמוד המסמך

 החלטה דחיית - התביעה (לדמפ עמודים 9 עד 7 :) 1 נספח | 7 -

 תעודות = רפואיות (עמודים :11 2 נספח 24 )עד 11 |

 חווד עם נספחים :( 3 נספח עמודים עד 26 )111 26 אן

 :יפוי 4 נספח (עמודים כח 113 עד 113 )114

 1.94 גרסה - פלטינום עודכנית ע"י הוכן זה מסמך
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 1: נספח

 לדמפ התביעה דחיית - החלטה

 9) עד 7 (עמודים

 1.94 גרסה - פלטינום עודכנית ע"י הוכן זה מסמך
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 1 נספח

 הלאומי הביטוח נתניה סניף
 פגיעה דמי

 2 מתוך 1 דף

 לכבוד

 צינצולקר ערן
 30 הפרחים

 עוז ניצני 4283600 490-304-000

 תיק:
38423679-61-02 

 ,תשפ"ד באייר כ"ה
R RR091233674Y5 | 1 

 2024 ביוני 02

 תיק: מספר 03842367-9

 :29/04/2021 פגיעה תאריך
 רשום

 נכבד, אדון

 נשימה קוצר בגין פגיעה דמי לתשלום :תביעתך הנדון

 ,עלינו ,לצערנו ,אולם נשימה קוצר בגין פגיעה דמי לתשלום תביעתך את שקיבלנו מאשרים אנו

 הבאים: ומהנימוקים הלאומי הביטוח לחוק 79 סעיף הוראות פי על לדחותה

 מקצוע. מחלת או עבודה תאונת היא בעבודה ,פגיעה הלאומי הביטוח לחוק 79 סעיף פי על

 ידו. במשלח /עיסוקו עבודתו ועקב כדי תוך למבוטח שאירעה תאונה "היא עבודה "תאונת

 עבודתו/ עקב בה חלה ,והמבוטח בתקנות מקצוע כמחלת ,שנקבעה מחלה "היא מקצוע "מחלת
 ידו. במשלח עיסוקו

 בעבודתך. הנטען ארוע לבין הנשימה קוצר בין סיבתי קשר קיום הוכח לא רפואית מבחינה

 העבודה. בתנאי קשור שאינו טבעי תחלואתי מצב רקע על התפתחה מחלתך

 עבודה. כתאונת במחלתך לראות ,אין לפיכך

 זו. החלטה על תובענה להגיש בידך ,הרשות ליבך לתשומת

 7 )בת ניסנבוים יצחק 'הרב ברח לעבודה האזורי הדין לבית עותקים 4 – ב להגיש יש התובענה את -
 זה. מכתב קבלת מיום חודשים עשר שנים ,בתוך 59620 ים בת

BTL.GOV.IL 

 נתניה סניף 1-222-6050 או * :6050 טל
 :09-8602737 פקס 68 הקניון ליד- הרצל
 מענה: שעות 4239226 נתניה

 17:00 עד 08:00 חמישי עד ראשון 13:00 עד 8:30 ,חמישי ,שלישי :ראשון קהל קבלת
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 הלאומי הביטוח י נתניה סניף
 פגיעה דמי

 2 מתוך 2 דף

 בתביעה. ההחלטה קבלת ממועד חודשים 6 תוך תביעות לוועדת לפנות באפשרותך ,יש לידיעתך
 "פניה טופס למלא יש כך .לשם תביעות פקיד החלטת שנית לבחון להמליץ רשאית תביעות ועדת

 ). 910 .ב.ל "( תביעות לוועדת
 האינטרנט, באתר או * 6050 הטלפוני מהמוקד לבקשו או לאומי לביטוח המוסד בסניפי להשיגו ניתן

 www.btl.gov.il האתר כתובת
 לאומי. לביטוח המוסד של האינטרנט באתר סמכויותיה ועל הוועדה על ללמוד באפשרותך

 רפואיים. בנושאים לדון מוסמכת אינה הוועדה

 הדין. לבית תביעה להגשת בחוק הקבועים המועדים להאריך כדי תביעות לוועדת בפנייתך אין

 כדי בהן אין המשפטי לסיוע פניה ,וכן הלאומי לביטוח חוזרת פניה או התכתבות ,כל לידיעתך

 ערעור. להגשת המועד את להאריך

 סנדרה וייס - אסולין UGNIU רב בכבוד

 ? תביעות פקידת ילאו לאומי לביטוח המוסד
 ). הביט

 העתק:
 פרייברג אריאל עו"ד

* 
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 לאומי לביטוח המוסד
 הגימלאות מינהל

 או שתביעתו ,למי תשלום ללא משפטי לסיוע זכאות
 לאומי לביטוח המוסד ידי על נדחו עררו

 לסיוע מהלשכה משפטי לסיוע בקשה להגיש זכאות קיימת הלאומי הביטוח לחוק 397 לסעיף בהתאם
 המשפטים. משרד שליד משפטי

 תשלום, ,ללא עו"ד באמצעות משפטי סיוע ,מספק המשפטים במשרד משפטי לסיוע !האגף לידיעתך
 לאומי. לביטוח המוסד ע"י נדחו עררו או שתביעתו למי

 יגיע משפטי לסיוע שהאגף לכך ,בכפוף לעבודה הדין בית בפני וייצוג ייעוץ כולל המשפטי הסיוע
 בעניין. משפטי סיכוי קיים כי למסקנה

 לעבודה, הדין בית ,במזכירות לאומי לביטוח המוסד בסניף להשיג ניתן משפטי לסיוע הבקשה את
 הקרובה משפטי לסיוע ובמחוז www.justice.gov.il שכתובתו המשפטים משרד של האינטרנט באתר

 מגוריך. למקום

 * :6405 משפטי לסיוע הלשכה של טלפוני מוקד

 משפטי: לסיוע הלשכה כתובות

 כתובת המחוז שם פקס

 1777 ..ת.ד מצפה בית - 1 'הסורג רח 02-6467611 ירושלים
 91017 ירושלים

 64924 יפו אביב ,תל 4 סולד 'הנרייטה רח ל אביב - יפו 02-6467717

 13 הלל לוד 'אבא רח 02-6468008

 רח' ים - פל 15 ,קומה 11 02-6467943 חיפה
 33095 חיפה

 רח 'קרן ,היסוד 4 בית קרסו 02-6467672 באר שבע

 הגליל, ,נוף 2 הממשלה קריית דרך 02-6462532 נצרת
1776602 

 השעות: 'בין ה ', ג ', ב ', א :בימים בלשכות קהל קבלת שעות 12.30 - 08.30

 ג' ביום בין גם 17.00 – 15.00 השעות

 קהל קבלת מתקיימת 'לא ד ביום

 (01.2023) /217 בל
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 2: :נספח

 רפואיות תעודות

 24) עד 11 (עמודים

 1.94 גרסה - פלטינום עודכנית ע"י הוכן זה מסמך

- 10 - 



 2 נספח

 רשיון מספר 16604 = כללית ד"ר מיכאל דוד כהן הרופא שם רפואה מייעצת פנימית תחום

 ,רזיאל 8 נתניה כתובת

 טלפון 09-8603555
 פקס 09-8601474

 נתניה מקצועי :מרכז מרפאה :שוייש מחוז

 ביקור סיכום תאריך 04/05/2021

 המטופל פרטי

 ערן צינצולקר 00-03842367-9 45.00 30/04/1976 אברהם ז
 מין ת.לידה גיל האב שם זהות מס פרטי ושם משפחה שם

 ניצני עוז הפרחים 77 50 3453494- 5674647 30

 נוסף טלפון טלפון בית מס רחוב ישוב

 רב, שלום

 ביקור: תאריך 04/05/2021

 רגיל ביקור 0 סוג :ביקור

 הביקור: מהות רגיל

 FREON .22 רעיל גז נשם שבוע :לפני הפניה /סיבת תלונות

 נשימה. קוצר לו יש עכשיו

 קולות הלב .תקינים :ממצאים

 הצדדים. בשני תקינה אוויר כניסת

 נוספים נשימה קולות אין

 בביקור אבחנות

 קוד איפיון אבחנה
7860 DYSPNEA 

FREON 22 INHALATION 

 בביקור הפניות

 קוד סטטוס התחייבות ההפניה פרטי הפניות
 78060 לדימות צילום - חזה הפניה H3 הודפס

 בביקור תרופות

 סה"כ | | משך D | P פ OP מ נ קן יחידה תרופה מנה הגשה ח עד
 METHYPREDNISOLONE INJ 125 MG 2 | W 0 | D1 סור 1 זריקה N 1 INJ יחידה

12 

 נריין | תאונה טיפול מחזורי עין תרופה .אישור ת
METHYPREDNISOLONE INJ 125 MG 2 

12 

 בברכה,

 ד"ר 16604 מיכאל דוד כהן

 'מס רישיון הרופא וחותמת חתימה הרופא שם

 *** הפרטיות הגנת חוק פי - על מוגן מידע מכיל המסמך *** 1 דף סיכום ביקור
 ערן צינצולקר 00-03842367-9 ד"ר הודפס ע"י מיכאל 04/05/2021 דוד כהן

- 11 - 
 18.12.2023. ־ב ליין און כללית מאתר הודפס



 כללית 103 שנה * אישי חסוי מידע *
 למשפחה טובה הכי

 רנטגן - מחוזית נתניה דימות מכון

 1 מתוך 1 עמוד

 צינצולקר :3842367-9 ת"ז 04/05/2021 ערן נבדק .ביצוע ת ::
 :לידה: גיל תאריך 45 30/04/1976 04/05/2021 :שנים פענוח אישור

 120000) ,( שומרון - שרון מחוז :04/05/2021 :מפנה .הדפסה :ת מין מוסד זכר
 122100) ,( נתניה יועצת לרפואה :מרכז מפנה גורם
 16604) ,( כהן דו :מיכאל מפנה רופא

 חזה :צילום בדיקה

 ההפניה: סיבת

 /סרוקה ממוחשבת הפניה קיימת

 בו

 נמר; :חצב מבצע :1125002117866 מ.ג 04/05/2021 15:20 בתאריך חזה צילום
 חזה; צילום

 ממצאים:

 גודש או פלאורלי תפליט תסנין נצפה לא
 9.6.2016- ל בהשוואה משמעותי שינוי ללא יתר ניפוח נצפה +

 מוגדל לא הלב צל

 סיכום:

 לעיל. בפענוח כמפורט

 23733 :4/5/2021 רשיון 16:07 מספר צ'אושו )ברונו (רופא :ד"ר ע"י אושרר

 * 1981 התשמ"א הפרטיות הגנת חוק ע"פ מוגן מידע מכיל המסמך – דימותי מידע תוצאות העתק *

- 12- 12 - 



 03 - :5772555 טל מור ברק בני מור סניף כלליות בדיקות אגף
 בשבילך מתקדמת רפואה

 ארגומטריה בדיקת דו"ח ,2022 יוני :19 הדפסה תאריך
 :צינצולקר /ת נבדק שם :ז מין ערך 038423679 :. ת.ז :46/2 גיל

 050 - 5674647 050 - :5674647 טלפון :לודמילה /ת 0030 טכנאי הפרחים עוז :ניצני ,כתובת
 גורם מפנה 19/06/2022 השרון גלינה זסלבסקי :דיירדייר /מטפל מפנה גורם שומרון :- בדיקה תאריך

 בלבד) כללית (רופאי נוסף מידע

 לציין מה :אין רפואי עבר
 גופנית: בדיקה

 ביום .קופסא :כן עשון
 :ספורט ריצה כן

 :לא תרופות

 קייג :86 משקל ס"מ :177 גובה
 :140/80 במנוחה דם לחץ :63 במנוחה לב קצב

 :תקין במנוחה .א.ק.ג
BRUCE מירבי - :תת המתוכנן המאמץ מבחן :פרוטוקול 

 175, לגיל חזוי מירבי ,דופק % 16 ,שפוע /שעה מיל 1.7-4.2 ,מהירות דקות 9:36 סופי זמן
 4 % :מסילה הארגומטר METS = 10.2 מירבי מדופק 4 % הושג

 165 המאמץ בשיא דופק :תקינה למאמץ דופק תגובת
 93 ') דק (5 בהתאוששות דופק :תקינה בהתאוששות דופק תגובת

 :תקינה במאמץ דם לחץ תגובת 200/90 המאמץ בשיא דם לחץ
 150/90 ') דק (5 בהתאוששות דם לחץ דם לחץ יתר - תקינה :לא בהתאוששות דם לחץ תגובת

 בנשימה ,קושי מירבי - תת מטרה :דופק /תלונות המאמץ הפסקת סיבת
 :לא ST - T -ב :שינויים במאמץ .בא.ק.ג ממצאים
 :לא במאמץ קצב הפרעות
 :לא בהולכה הפרעות

 :תקינה לארגומטריה קליני סיכום

 טוב - :בינוני גופני כושר

 :המלצות .ל.ד ומעקב מלח דלת דיאטה הפסקת עשון

 המטפל הרופא מעקב המשך

 להשוואה. קודמות בדיקות בידי אין

 בברכה,

 גפן יעקב דייר גנטלב טטיאנה דייר
 לב למחלות 29099 מ.ר מומחה

 8120 מ.ר.מ 12038 מ.ר משגיחה רופאה

 הבדיקה סיום עם /ת לנבדק נמסרו הא.ק.ג מתרשים דוגמאות

 ומעקב. טיפול המשך לצורך /ת /המטפל המפנה /ה הרופא אל בהקדם הבדיקה תוצאת את להעביר יש /-ת לנבדק
 חדשה. בדיקה לביצוע פניה בכל להשוואה קודמות בדיקות להביא יש

 עבירה. עובר כדין שלא .המוסרו הפרטיות הגנת חוק לפי מוגן מידע מכיל זה דו"ח
 1 מתוך 1 עמוד

ISO ,27799 

IQC one nga poes IND יכה RO DALCU .ניהיר 

 ? לחום ISO 9001 2015 מידע לאבטחת

 :crm@mor.org.il דוא"ל :03-6907118 פקס :03-5772555 טל 5- 13 -2 ברק ,בני 938 ,ת"ד 7 :ז'בוטינסקי ראשי סניף הישראלי התקנים מכון
Bnb Argo 



 טלפון: מור הרצליה מור סניף קרדיולוגיה מחלקת
 בשבילך מתקדמת רפואה

 :30/06/2022 בדיקה :תאריך

 אקוקרדיוגרפיה בדיקת דו"ח
 :צינצולקר /ת נבדק שם :ערן מין גיל :038423679 :46/2 .ת.ז
 050 - :5674647 טלפון 5674647 - 050 ,הפרחים עוז :ניצני כתובת -

0030 

 גלינה זסלבסקי :ד"ר /מטפל מפנה רופא :גורם מפנה השרון שומרון :- מדפיסה
 ראשונה בדיקה

Indications VENTRICLES: AND VALVE FUNCTION 

Cardiac Dimension And Function 

Aorta Left Atrium Right Atrium 

mm = Root 33 Normal Normal Size Size 

mm mm = == 37 33 PSLAV ASC 

Left Ventricle Right Ventricle 

Normal Size Normal Size 

% EF = 
60-65 Normal Systolic Function Normal Systolic Function Estimated 

mm mm == 8 IVS 53 LVEDd PSLAV = 32 mm 

mm mm PW 8 34 LVESd 

Valves And Doppler 
Aortic Pulmonic Valve Valve 

3 Normal Cusps Valve 

Regurgitation None: None :Regurgitation 

Mitral Valve Tricuspid Valve 

Normal Normal 

Trace Trace Regurgitation: Regurgitation: 
DIASTOLIC 

= cm sec/ cm sec/ 27 80 51 E A/ = TIG = A = 1.6 E = mmHg 
FUNCTION 

Normal cm sec/ E E/ =' E =' 

Summary And Conclusion 
NORMAL LEFT VENTRICULAR SIZE AND SYSTOLIC FUNCTION 

NORMAL RIGHT VENTRICULAR SIZE AND SYSTOLIC FUNCTION 

NORMAL MITRAL VALVE TRACE, REGURGITATION 

NORMAL AORTIC VALVE NO, REGURGITATION 

MINIMAL TRICUSPID REGURGITATION TIG, = 27 mmHg 

 בברכה,

 שאהין יוסף דייר פראח חאלד

 לקרדיולוגיה מומחה טכנאי
 11811 מ .מ.ר 18839 מ.ר

 ומעקב. טיפול המשך לצורך /ת /המטפל המפנה /ה הרופא אל בהקדם הבדיקה תוצאת את להעביר יש /-ת לנבדק
 חדשה. בדיקה לביצוע פניה בכל להשוואה קודמות בדיקות להביא יש

 עבירה. עובר כדין שלא .המוסרו הפרטיות הגנת חוק לפי מוגן מידע מכיל זה דו"ח
 1 מתוך 1 עמוד

ISO 27799 
IQC 

 :crm@mor.org.il דוא"ל :03-5772636 פקס :03-5772555 טל 5110802 ברק ,בני 938 ,ת"ד 7 :ז'בוטינסקי ראשי סניף הישראלי התקנים כון

EqoKard All 
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 הרצליה ,1 רמב"ם פקס כללית דייר דקה 27820 סמיר מספר רשיון הרופא שם טלפון 09-9620700 פנימית וברפואה בקרדיולוגיה מומחה תחום 09-9620730 כתובת
 הרצליה -יועצת לרפואה מומחים מרכז שוישת מחוז מרפאה

 ביקור סיכום :09/12/2022 תאריך

 המטופל: פרטי

 ערן :צינצולקר ופרטי משפחה שם :46.07 גיל 00038423679 :מין זהות מס :ז
 ת.לידה: 30/04/1976 ניצני הפרחים :רחוב :ישוב עוז

 נוסף: טלפון :50-5674647 טלפון 77-3453494 30 בית :מס

 רב, שלום

 רגיל ביקור 09/12/2022 :0 ביקור 0 סוג תאריך :הביקור

 הביקור: מהות רגיל

 סוג :הביקור ראשון ביקור

 :דיר מפנה רופא

 קבועות תרופות או הרגלים ללא בריא שנים 46 :בן הפניה /סיבת תלונות
 CVD ל חיובי משחתי רקע

 תלונות ללא גופנית פעיל

 מאמץ לאחר קשה לאות לאחרונה
 תקינות תוארו מור במכון מאמץ ומבחן לב אקן

 במאמץ לב אקו נבצע

 חיובי. משפחתי סיפור ): כלילית למחלה סיכון (גורמי ברקע

 דופק: 271

 לחץ /91 132 :דם

 אבחנה

 איפיון קוד אבחנה

7993 TIREDNESS 

NORMAL ECHOCARDIO MOR 

NEG STRESS TEST MOR 

 סטטוס קוד ההפניה פרטי הפניות

 לאקו הפניה 76006 א.ס .- H219 US הודפס אקוקרדיוגרפי

 78043 .- א.ס US לדימות דופלקס H3 הודפס עורקי הפניה

 כמות קוד פעולות

 409 1 409 פתיחת תיק

 במאמץ. לב אקו :ביצוע והמלצות סכום
 קרוטיס דופלר

 ביד תוצאה עם - הבדיקות ביצוע לאחר חוזרת ביקורת

 בברכה,

 דקה ד"ר סמיר 27820

 'מס רשיון הרופא וחותמת חתימה הרופא שם

 1 דף
 *** הפרטיות הגנת חוק פי - על מוגן מידע מכיל המסמך *** סיכום ביקור

 ערן צינצולקר הודפס ע"י 09/12/2022 00038423679 דקה ד"ר סמיר
- - 15 - 

 18.12.2023. ־ב ליין און כללית מאתר הודפס



 הרצליה ,1 רמב"ם פקס כללית דייר דקה 27820 סמיר מספר רשיון הרופא שם טלפון 09-9620700 פנימית וברפואה בקרדיולוגיה מומחה תחום 09-9620730 כתובת
 הרצליה -יועצת לרפואה שויש מומחים מרכז מרפאה מחוז

 ביקור סיכום :12/12/2022 תאריך

 המטופל: פרטי

 ערן :צינצולקר ופרטי משפחה שם :46.07 גיל 00038423679 :מין זהות מס :ז
 ת.לידה: 30/04/1976 ניצני הפרחים :רחוב :ישוב עוז

 נוסף: טלפון :50-5674647 טלפון 77-3453494 30 בית :מס

 רב, שלום

 רגיל 12/12/2022 ביקור :0 ביקור 0 סוג תאריך :הביקור

 הביקור: מהות רגיל

 סוג הביקור :מעקב

 :ד"ר מפנה רופא

 קבועות תרופות או הרגלים ללא בריא שנים 46 :בן הפניה /סיבת תלונות
 CVD ל חיובי משחתי רקע

 תלונות ללא גופנית פעיל

 מאמץ לאחר קשה לאות לאחרונה
 תקינות תוארו מור במכון מאמץ ומבחן לב אקן

 במאמץ לב אקו נבצע

 חיובי. משפחתי סיפור ): כלילית למחלה סיכון (גורמי ברקע

 דןפק: 71

 לחץ דם /91 :132

 במאמץ לב אקו בדיקת :12/12/2022 נוספות בדיקות תוצאות
 מ"מ. 46/24 בגודל שמאלי .חדר מ"מ 30 עולה אאורטה :קוטר במנוחה באקו
 הפרעה ,ללא תקין סיסטולי .תפקוד מ"מ 10/10 השמאלי החדר דפנות עובי

 בהתכווצות. אזורית

 סמ"ר 13 שמאלית עליה .שטח משמעותית מסתמית מחלה ללא

 השגת עם דקות 8 של מאמץ בוצע
 % של בעומס המירבי מהדופק 97

METS 12.1 

 עילפון טרום חש התאוששות בתחילת

 ST במקטע משמעותיים דינאמיים שינויים נרשמו לא באק"ג
 ההתאוששות שלב בתחילת PVC'S מספר
 הנתון הדופק והשגת מאמץ :לאחר הבדיקה ממצאי סיכום הבדיקה סיכום

 בהתכווצות. מובהק וגלובלי אזורי שיפור הראתה הבדיקה

 מיוקרדיאלית לאסכמיה שלילית הבדיקה :אקוקרדיוגרפית מסקנה
 סיכויים ציון כולל הבדיקה ממצאי על הוסבר
 המטפל /הקרדיולוג הרופא ובירור מעקב להמשך חזרה

 אבחנה

 אבחנה איפיון קוד

7993 TIREDNESS 

NORMAL ECHOCARDIO MOR 

NEG STRESS TEST MOR 

 כמות קוד פעולות

 מצמיד לא- במאמץ דופלר אקו 416 1 416

 בברכה,

 סמיר דקה דייר 27820

 *** הפרטיות הגנת חוק פי - על מוגן מידע מכיל המסמך *** סיכום ביקור 1 דף

 ערן צינצולקר הודפס ע"י 12/12/2022 חחח 38423679 דקה ד"ר סמיר
- 16 - 



 מס' הרופא שם רשיון הרופא וחותמת חתימה

 *** הפרטיות הגנת חוק פי - על מוגן מידע מכיל המסמך *** סיכום ביקור 2 דף

 ערן צינצולקר הודפס ע"י 12/12/2022 דקה ד"ר 00038423679 סמיר
- - 17 - 

 18.12.2023. ־ב ליין און כללית מאתר הודפס



 ע'רביה אל באקה פקס כללית ד"ר יעקוב חשב אבו 35916 מספר רשיון הרופא שם טלפון 04-6121600 תחום ראות רופא פנימית ברפואה מומחה - 04-6252474 כתובת

 באקה - יועצת ורפואה ילדים מרפאת שויש מרפאה מחוז

 יעוץ סיכום :30/12/2022 תאריך

 המטופל: פרטי

 ערן :צינצולקר ופרטי משפחה שם :46.08 גיל 00038423679 :מין זהות :מס ז
 ת.לידה: 30/04/1976 ניצני הפרחים :רחוב :ישוב עוז

 נוסף: טלפון טלפון: 77-3453494 5674647 -50 30 בית :מס

 גלינה זסלבסקי :ד"ר לכבוד

 46. :בן תלונות
 כבד מעשן

 ברקע מחלות ללא

 .!! בסרטייד טיפול .ומקבל מעבר בעונות בנשימה קוצר על תלונות רק
 חזק. במאמץ ומחנק בנשימה קוצר על תלונות לאחרונה

 לבבית. בעיה נשללה - קרדיולוג בדיקת עבר

 יציב כללי :במצב ממצאים

 נינוח

 נשימתית מצוקה ללא
 חדר אויר על % 96 - סטורציה

 דו"צ וטובה שווה אויר כניסת לריאות "מעל

 אבחנות

 איפיון גילוי מועד אבחנה

DYSPNEA 

 אבחנתית תוכנית

 קוד סטטוס ההפניה פרטי הפניות

 H3 לדימות 78060 הודפס צילום - הפניה חזה

 כללי הפניה טופס H4 76065 ספירומטריה - הודפס עם מרחיבי

+ 
 ביעוץ פעולות

 קוד בתאריך בוצע כמות פעולות

 654 30/12/2022 פתיחת 1 654 תיק

 משפחה רופא :מעקב והמלצות סיכום
 סימפונות מרחיבי עם לספירומטריה מופנה

 חזה צילום

 עישון הפסקת

 הבדיקות לאחר חוזר ביקור

 בברכה,

 35916 חשב אבו יעקוב ד"ר

 מספר רשיון הרופא וחותמת חתימה הרופא שם

 *** הפרטיות הגנת חוק פי - על מוגן מידע מכיל המסמך סיכום יעוץ 1 דף
 צינצולקר רודפס ד"ר ע"י 30/12/2022 00038423679 יעקוב ערן חשב אבו
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4 w 1,4 j 

 YARA RAY להדמייה יארא מרכז

 :03/01/2023 תאריך

 סמיר דקה :דייר לכבוד

 :כללית חולים קופת

 :10 00 בשעה 02/1/2023 מתאריך צוואר דופלר קרוטיס אולטרסאונד פענוח

 ערן :צינצולקר נבדק שם
 :38423679 ת.ז

 צוואר: עורקי - קרוטיס דופלר בדיקת תוצאות -

 רגיל. בגובה ביפורקציה - ימין מצד

 המודינמית. הפרעה ניראתה לא – משותף עורק -

 המודינמית. הפרעה ניראתה לא -חיצוני עורק

 המודינמית. הפרעה ניראתה לא – פנימי עורק

 עורק חוליות כיוון – וזרימה .תקינים -

 רגיל. בגובה ביפורקציה - שמאל מצד

 המודינמית. הפרעה ניראתה לא – משותף עורק

 המודינמית. הפרעה ניראתה לא -חיצוני עורק

 המודינמית. הפרעה ניראתה לא – פנימי עורק -

 תקינים. וזרימה כיוון – חוליות עורק
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1,45 
YARA E RAY להדמייה יארא מרכז 

 סיכום:

 חריג ממצא ללא

 אולטרסאונד טכנאי ידי על בוצעה הבדיקה
 ידי על בוצע התמונות של פיענוח

 אבחנתית ברדיולוגיה מומחה

 שאפעי ראמי ד"ר

 135784 מ.ר.מ - 135784 מ.ר -
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 מור דו"ח תפקודי ריאות
 בשבילך מתקדמת רפואה

ID: 27/02/2023 Male :: Date 03842367-9 Sex Name: צינצולקר ,ערן 

Height 176.00: Weight 84.00: Age 46: 

Pre - Bronch Post - Bronch 

% Pred Pred % Actual Pred Actual % Chng 
---- SPIROMETRY 

79 4.58 73( 3.65 L 3.35 +8 FVC) 

2.34 62 2.56 68 3.72( +9 L FEV1) 
8.94 60 64 5.80 +7 5.37 40 51 38 /( 4.10 2.10 L) sec 1.68 +25 % 25-75 FEF 70 79 70 +0 88 )( % FVC/ FEV1 88 

FEF Max L) (sec/ 

7.78 40 3.18 4.18 53 +31 L( sec/ %) 25 FEF 

44 47 4.87 38( 2.30 1.88 +22 sec/ L) % 50 FEF 378 2.04 0.91 1.20 58 +31 /( sec L) % 75 FEF 

---- ---- LUNG VOLUMES 

3.49 4.58 76 L( SVC) 

3.45 83 2.88( L TGV) 
2.11 2.51 118 L (( )) Pleth RV 

6.98 6.00 85 )( L )( Pleth TLC 

42 32 130 % (( )) Pleth TLC/ RV 

---- DIFFUSION 

24.01 77 31.14 /( mmHg ml min/ DLCOunc) 
99 4.45 4.46 /( L mmHg/ ml min/ DL) VA/ 

8T 

3 

2 

2+ 
0 

1 2 

2 1 55 N 

Post - Test :Comments 

 קלה רסטרקטיבית להפרעה כעדות הכללי הריאות בנפח :ירידה הריאות נפחי
 סמפונות מרחיבי אחר קל ,שיפור הנשיפתיות בזרימות בינונית :ירידה הנשימה דינמיקת
 חלקי הפיך מרכיב )עם (בינונית )וחסימתית (קלה רסטרקטיבית מעורבת :הפרעה סיכום

 אלביאולרי לנפח תיקון אחר ,תקינה הכוללת בדיפוזיה קלה ירידה דיפוזיה בדיקת. -
 % 98 - חמצן ריווי

 ריאות למחלות מומחה - סלמן 'הרצל פרופ -
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 ע'רביה אל באקה פקס כללית ד"ר יעקוב חשב אבו 35916 מספר רשיון הרופא שם טלפון 04-6121600 תחום ראות רופא פנימית ברפואה מומחה - 04-6252474 כתובת

 באקה - יועצת ורפואה ילדים מרפאת שויש מרפאה מחוז

 יעוץ סיכום :18/07/2023 תאריך

 המטופל: פרטי

 ערן :צינצולקר ופרטי משפחה שם :47.02 גיל 00038423679 :מין זהות מס :ז
 ת.לידה: 30/04/1976 ניצני רחוב :הפרחים :ישוב עוז

 נוסף: טלפון :50-5674647 טלפון 77-3453494 30 בית :מס

 גלינה זסלבסקי :ד"ר לכבוד

 :30/12/2022: תלונות
 46. בן

 כבד מעשן
 ברקע מחלות ללא

 .!! בסרטייד טיפול .ןמקבל מעבר בעונות בנשימה קוצר על תלונות רק
 לאחרונה תלונות על קוצר בנשימה ומחנק במאמץ .חזק

 לבבית בעיה נשללה - קרדיולוג בדיקת עבר -
18/07/2023: 

 מעשן .עדיין

 מדרגות. ובעליית במאמצים בנשימה קוצר על תלונות
 FVC - 73--79 - ריאה תפקודי

FEV1-62 --- 68 

FEV1 FVC/ - 70 --- 70 

TLC - 85 

DLCO - 77 

 בדיפוזיה קלה וירידה בינונית חסימתית הפרעה
 !!!! מעשן בחולה COPD ל מתאינה התמונה

 :30/12/2022: ממצאים

 יציב כללי במצב

 נינוח

 נשימתית מצוקה ללא
 חדר אויר על % 96 - סטורציה 4

 דו"צ וטובה שווה אויר כניסת לריאות מעל

18/07/2023: 

 אבחנות

 איפיון גילוי מועד אבחנה

COPD 

DYSPNEA 

SMOKER 

 30/12/2022: ב שהופקו :ההפניות טיפולית תוכנית | דיון
 עם ספירומטריה - 76065 - כללי הפניה ,טופס חזה צילום - 78060 - לדימות הפניה

 מרחיבי

18/07/2023: 

 ביעוץ פעולות

 בוצע בתאריך קוד פעולות כמות

 654 18/07/2023 פתיחת 654 1 תיק

 657 פענוח תפקודי ריאה 18/07/2023 וייעוץ 657 1
 654 30/12/2022 654 פתיחת 1 תיק

 משפחה רופא :מעקב והמלצות סיכום

 ופוסטר אינכרוז במשאף טיפול נתחיל
 לעשן להפסיק

 חודשים 6 בעוד חוזר ביקור

 בברכה,

 חשב אבו יעקוב ד"ר 35916

 מספר רשיון הרופא וחותמת חתימה הרופא שם

 *** הפרטיות הגנת חוק פי - על מוגן מידע מכיל המסמך סיכום יעוץ 1 דף
 18/07/2023 צינצולקר רודפס ד"ר ע"י 00038423679 יעקוב ערן חשב אבו
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 פקס כללית ד"ר גלינה זסלבסקי 24442 מספר רשיון הרופא שם 09-8787200 טלפון תחום משפחה רופאת 09-8784002 ובית הספר בית ליד חפר לבת בכניסה כתובת

 הכנסת

 שויש מחוז רופאים - חפר בת מרפאה עצמאיים

 רפואי מידע סיכום :17/10/2023 תאריך

 המטופל: פרטי

 ערן :צינצולקר ופרטי משפחה שם :47.05 גיל 00038423679 מין :: זהות מס ז
 עוז ניצני הפרחים :30/04/1976 ת.לידה :רחוב :ישוב

 77-3453494 50- :5674647 נוסף :טלפון טלפון :30 בית מס

 המעוניין כל -ל מיועד

 על סמך הרשום בתיק נרשם

 משקל לחץ דם /kg bmi cm176 27.76 86 .B.P 132 91 כעת מעשן גובה

 בריאותי מצב- אבחנה

 Current פעילות Diagnoses בעיות

 איפיון בעיה ת.גילוי

SMOKER 01/01/1992 

 Diagnoses Past עבר בעיות

 איפיון .גילוי ת בעיה .סיום ת

00/02/1999 17/10/2023 DISLOCATION SHOULDER RECURRENT LT 

Medications קבועות תרופות 

 כמות פעמים תרופה .הגשה א ב ...

 שאיפות INCRUSE ELLIPTA &lt; &gt; &lt; &gt; INH 55MCG 55MCG 1 1 ביום

 2 שאיפות FOSTER INH 100MCG 6MCG/ 100MCG 6MCG/ 1 ביום

 ד"ר גלינה ** דיגיטלית נחתם ** 24442 זסלבסקי

 מספר רשיון הרופא וחותמת חתימה הרופא שם

 להלן: לתנאים כפוף זה רפואי רישום
 הכללית. במרפאה הנ"ל של שמו על הרפואי שבכרטיס הרישומים על מבוססים זה באישור אשר הנתונים

 בדיקות. תוצאות בדבר מידע על /או ו הנ"ל ע"י המטפל לרופא שנמסר מידע על מבוססים אלה רישומים

 או הנ"ל מפי שנרשמו העובדות לאמיתות אחראים אינם מטעמה שפועל מי וכל ,עובדיה ,רופאיה חולים קופת
 ביטויים את מצאו לא מסויימת בדיקה או ,טיפול ביקור אם או זה אישור ניתן שלגביו הנ"ל של /יו אפוטרופסו מפי

 הנייל. של שמו על הרפואי שבכרטיס ברישומים

 זה. אישור סמך על ', ג צד ע"י בנ"ל שיבוצע בטיפול רשלנות או משגה תוצאות על אחראים הם אין כן ,כמו

 הכללית להנחיות בהתאם מאובטחת אלקטרונית בחתימה חתומה זו תעודה

 *** הפרטיות הגנת חוק פי - על מוגן מידע מכיל המסמך *** רפואי מידע סיכום 1 דף

 17/10/2023 זסלבסקי גלינה ד"ר ע"י הודפס 00038423679 צינצולקר ערן
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 הרצל ,11 יונה כפר פקס כללית 137247 מספר רשיון רעד אסעד הרופא שם 09-8902222 טלפון תחום אורתופדיה 09-8988137 כתובת

 שויש מרפאה מחוז יונה כפר

 ביקור סיכום :07/12/2023 תאריך

 המטופל: פרטי

 ערן :צינצולקר ופרטי משפחה שם 47.07 00038423679 :מין ז גיל: זהות :מס
 :30/04/1976 ת.לידה ניצני הפרחים :רחוב :ישוב עוז

 נוסף: טלפון :50-5674647 טלפון 77-3453494 :30 בית מס

 רב, שלום

 הביקור: תאריך 07/12/2023

 רגיל ביקור 0 סוג :ביקור

 הביקור: מהות רגיל

 בדר"כ ,בריא 47 :בן הפניה /סיבת תלונות
 לא תנועה ללא חבלה ללא לטרלי אפיקונדאיל המרפק מעל מכאבים סובל לדבריו

 נכונה

 גופנית: בדיקה תנועה ,טווח במישוש דיפוזית ,רגישות זיהום או חבלה סימני ,ללא נפיחות ללא

 מוגבל אנטלגית ,שמור NV תחושה שמורה ,דפקים נימושו '.

 אבחנה איפיון קוד

7263 TENNIS ELBOW 

 תרופות

 סה"כ משר D פ OP P מקנ תרופה מנה הגשה יחידה

 BREXIN 20MG M) TAB( 20MG טבליות TAB 1 1 N D 10 10 P 1 יחידה

 להשתמש P 1 2 ב N GEL SWISS RELIEF SPRAY GEL 4 % 25GM 4 % D20 1 אריזה

 בברכה,

 רעד אסעד 137247

 'מס וחותמת חתימה רשיון הרופא הרופא שם

 *** הפרטיות הגנת חוק פי - על מוגן מידע מכיל המסמך *** סיכום ביקור 1 דף

 ערן צינצולקר הודפס ע"י חחח 38423679 אסעד 07/12/2023 רעד
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 3: נספח

 נספחים עם חווד

 111) עד 26 (עמודים

 1.94 גרסה - פלטינום עודכנית ע"י הוכן זה מסמך
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 3 נספח

 אורן 'פרוכטר פרופ
 משפטיות רפואיות דעת חוות ריאה מחלות

 פנימית ולרפואה ריאה למחלות מומחה

 נשימתי נמרץ וטיפול ריאות מחלקת מנהל
 אביב תל אוניברסיטת לרפואה הספר בית וולפסון רפואי מרכז

 054-2518445 נייד

 03-6354174 פקס
prof.fruchter@gmail.com 
www.prof-fruchter.co.il 

1 

 2024 יולי 28 ראשון ,יום אביב תל 2

 דעת חוות רפואית 3

 038423679 ת.ז ערן צינקולקר 4

 דעתי חוות את בזאת נותן אביב תל 1 ברלין 'אליהו ,מרח פרוכטר 'אורן ,פרופ מטה החתום אני 5

 038423679 ת.ז ערן צינקולקר בעניין המקצועית 6

7 

 ואלה פרטי השכלתי וניסיוני המקצועי 8

 (1990) ירושלים והדסה העברית ,האוניברסיטה הרפואה במדעי בוגר תואר 9

 (1994) :26306 רישיון מספר ירושלים וייהדסה העברית ,האוניברסיטה רפואה לימודי 10

 נוכחי) - (2015 אביב תל אוניברסיטת של לרפואה הספר ,בית קליני 'חבר פרופ בדרגת סגל חבר 11

 (2004) :20770 מומחה רישיון )מספר (בהצטיינות פנימית לרפואה מומחה 12

 (2008) :25688 מומחה רישיון )מספר (בהצטיינות ריאות ברפואת מומחה 13

 (2004-2006) רמביים רפואי מרכז ייג'י פנימית לרפואה המחלקה בכיר רופא 14

 (2008-2009) רמביים רפואי ,מרכז ריאה למחלות ,המכון בכיר רופא 15

 2009-2014) "( בילינסון "קמפוס "רבין רפואי מרכז פולשנית ריאות לרפואת השירות מנהל 16

 2014-2015) "( בילינסון "קמפוס רבין רפואי מרכז ריאה למחלות המכון ס.מנהל 17

 נוכחי) - (2015 וולפסון רפואי ,מרכז נשימתי נמרץ וטיפול ריאות מחלקת מנהל 18

 אביב תל לרפואה ,הפקולטה המשך ללימודי הספר ,בית רפואית רשלנות בתחום למשפטנים מרצה 19
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 פרוכטר 'אורן פרופ
 נשימתי נמרץ וטיפול ריאות מחלקת מנהל

 אביב תל אוניברסיטת לרפואה והפקולטה וולפסון רפואי מרכז
prof.fruchter@gmail.com 

 2023 אביב תל אוניברסיטת למשפטים "הפקולטה רפואי יימשפט תעודה לימודי 1

 2 ,החברה הנשימה מערכת למחלות האירופאית ,החברה ריאות לרפואת הישראלי האיגוד חבר

 ריאה. למחלות האמריקאית 3

 הרפואית ההסתדרות של המדעית המועצה מטעם ריאות ברפואת למומחיות הבוחנים בוועדת חבר 4

5 

 038423679 ת.ז ערך צינקולקר דעת חוות
 12 מתוך - 2 - עמוד
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 פרוכטר 'אורן פרופ
 נשימתי נמרץ וטיפול ריאות מחלקת מנהל

 אביב תל אוניברסיטת לרפואה והפקולטה וולפסון רפואי מרכז
prof.fruchter@gmail.com 

 מר של הריאתית המחלה לעניין דעתי לחוות רסקיו פרייברג עו"ד משרד ידי על נתבקשתי 1

 הרפואי, מהמצב הנגזרות רפואיות נכויות ,לעניין ") "התובע "או "החולה גם (להלן צינקולקר 2

 במהלך שהתרחשה עבודה תאונת ,לבין הנכות ,בין שקיים ,ככל אפשרי סיבתי קשר ולעניין 3

 29.4.21 בתאריך אוויר מיזוג כטכנאי עבודתו 4

 במרפאתי החולה את ,בדקתי לעיל שפורט המקצועי ניסיוני על ,בהסתמך הדעת חוות כתיבת לצורך 5

 הרפואי בחומר ,ונעזרתי בהמשך שתפורט כפי הרלבנטית הרפואית בספרות ,עיינתי 23.7.24 ביום 6

 הרלבנטי התמחותי לתחום שהועמד לרשותי :כדלקמן 7

 כללית" בריאות ישירותי מקצועיים ורופאים משפחה רופא ביקור סיכומי 00 8

 כלליתיי בריאות "שירותי ריאות רופא ביקור סיכומי 9

 4.5.21 מתאריך משפחה רופא בדיקת 10

 17.10.23 כלליתי בריאות שירותי רפואי מידע סיכום 11

 4.5.21 חזה צילום פענוח 12

 27.2.23 נשימה תפקודי 13

 29.4.21 מתאריך מס חשבונית 14

 להלן סיפור המקרה 15

 ). הדעת חוות עריכת במועד 48 (כבן 1976 יליד התובע 16

 97. פרופיל בריא סיור יחידת שוטר .בעבר ומקצועו בהכשרתו אוויר מיזוג טכנאי 17

 בעברו. אחרות ריאה מחלות או אסטמה שולל קודמת נשימתית תחלואה שולל 18

 ליום. חפיסה עד 48 גיל ועד 17 מגיל עישון 19

 2009. משנת אוויר מיזוג כטכנאי עובד 20
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 מסוג גן של התפרצות עם מזגן חלק הלחים יהודה"י "אבן באיזור עבודה בעת 29.4.21 בתאריך 1

2 22 Freon היה בו הסגור מהאיזור החוצה לצאת ונאלץ מחנק של מאד חזקה תחושה שחש .מתאר 

 מחנק. תחושת עם נשימה בקוצר לחוש המשיך מכן ולאחר 3

 4.5.21 בתאריך משפחה רופא ידי על נבדק 4

 רב, שלום

 ביקור: תאריך 04/05/2021

 רגיל ביקור :0 ביקור סוג
 הביקור: מהות רגיל

 FREON .22 רעיל גז נשם שבוע :לפני הפניה /סיבת תלונות
 נשימה. קוצר לו יש עכשיו

 תקינים. הלב :קולות ממצאים
 הצדדים. בשני תקינה אוויר כניסת

 נוספים נשימה קולות אין

 בביקור אבחנות
 איפיון קוד אבחנה

DYSPNEA 7860 

FREON 22 INHALATION 

 בביקור הפניות
 קוד סטטוס | התחייבות ההפניה פרטי הפניות

 78060 צילום - לדימות הפניה חזה H3 הודפס

 בביקור תרופות
 חקנ סה"כ משך | D | IP מ פ OP מנה הגשהן יחידה תרופה עד

 זריקה | INJ 1W N 10 METHYPREDNISOLONE INJ 125 MG 2 D1 0 1 יחידה
12 

 אישור נר"ן .תאונה ת מחזורי טיפול תרופה עין
5 METHYPREDNISOLONE INJ 125 MG 2 

 ורידי. תוך במתן סטרואידים ידי על טופל הכתוב לפי 6

 4.5.21 חזה צילום פענוח 7
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 ההפניה: סיבת

 /סרוקה ממוחשבת הפניה קיימת

 בוצע:

 נמר: :חצב מבצע :1125002117866 מ.ג 04/05/2021 15:20 בתאריך חזה צילום
 חזה: צילום

 ממצאים:

 גודש או פלאורלי תפליט תסנין נצפה לא
 9.6.2016- ל בהשוואה משמעותי שינוי ללא יתר ניפוח נצפה

 מוגדל לא הלב צל

 סיכום:

 לעיל. בפענוח כמפורט

1 

 מתקשה פיזיות עבודות של בביצוע מתקשה קל במאמץ נשימה קוצר האירוע שמאז מתאר החולה 2

 .בעת מאמץ 3

 משפחתי באירוע היה התאונה לאחר שכחודש מתאר ". לעצמו חזר "לא אירוע אותו שמאז מרגיש 4

 נשימה. קוצר תחושת בשל לרקוד להפסיק נאלץ ובו 5

 31.12.22 בתאריך ריאות רופא ידי על נבדק 16
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 יעוץ סיכום :30/12/2022 תאריך

 המטופל: פרטי

 ערן צינצולקר ופרטי משפחה שם 46.08 זהות מס מין :: 00038423679 ז :גיל

 :30/04/1976 ת.לידה רחוב עוז ניצני :ישוב :הפרחים

 :50-5674647 טלפון 30 טלפון 77-3453494 :נוסף מס :בית

 גלינה זסלבסקי :ד"ר לכבוד

 46. :בן תלונות
 כבד. מעשן

 ברקע מחלות ללא
 !! בסרטייד טיפול .ומקבל מעבר בעונות בנשימה קוצר על תלונות רק

 חזק. במאמץ ומחנק בנשימה קוצר על תלונות לאחרונה
 לבבית. בעיה נשללה - קרדיולוג בדיקת עבר

 יציב כללי :במצב ממצאים

 נינוח

 נשימתית מצוקה ללא

 חדר אויר על % 96 - סטורציה
 דו"צ. וטובה שווה אויר כניסת לריאות מעל

 אבחנות

 איפיון גילוי מועד אבחנה

DYSPNEA 

 אבחנתית תוכנית

 קוד הפניות סטטוס ההפניה פרטי

 הודפס H3 78060 צילום - לדימות הפניה חזה

 הודפס H4 76065 ספירומטריה - מרחיבי עם כללי הפניה טופס

 ביעוץ פעולות

 בתאריך בוצע כמות קוד פעולות

 654 פתיחת תיק 30/12/2022 1 654

 משפחה רופא :מעקב והמלצות סיכום
 סימפונות מרחיבי עם לספירומטריה מופנה
 חזה צילום

 עישון הפסקת

 1 הבדיקות. לאחר חוזר ביקור

 30.12.22 ריאות רופא בדיקת להלן 2
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 נוד גז וסבטון ..

 :30/12/2022 תלונות
 46. בן

 כבד. מעשן
 ברקע מחלות ללא

 !! בסרטייד טיפול .ומקבל מעבר בעונות בנשימה קוצר על תלונות רק
 חזק. במאמץ ומחנק בנשימה קוצר על תלונות לאחרונה

 לבבית. בעיה נשללה - קרדיולוג בדיקת עבר
18/07/2023: 

 מעשן. עדיין
 מדרגות. ובעליית במאמצים בנשימה קוצר על תלונות
 FVC - 73–79 - ריאה תפקודי

FEV1-62-68 

FEV1 FVC/ - 70-70 

TLC - 85 

DLCO - 77 

 בדיפוזיה קלה וירידה בינונית חסימתית הפרעה
 !!!! מעשן בחולה COPD ל מתאינה התמונה

 :30/12/2022. ממצאים
 יציב כללי במצב

 נינוח

 נשימתית מצוקה ללא
 חדר אויר על % 96 -סטורציה

 דו"צ. וטובה שווה אויר כניסת לריאות מעל
18/07/2023: 

 אבחנות

 איפיון גילוי מועד אבחנה

COPD 

DYSPNEA 

SMOKER 
1 

 Incruse + foster מסוג במשאפים טיפול הוחל. COPD כ סוכם כאמור 2

 17.10.23 מתאריך רפואי מידע סיכום להלן 3
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 :17/10/2023 תאריך רפואי מידע סיכום

 המטופל: פרטי

 ערן :צינצולקר ופרטי משפחה שם 47.05 מין זהות :מס :00038423679 :ז גיל

 :30/04/1976 ת.לידה :ישוב ניצני עוז :הפרחים רחוב

 77-3453494 :50-5674647 נוסף :טלפון טלפון :30 בית מס

 המעוניין כל -ל מיועד

 סמך על בתיק הרשום נרשם

 משקל כעת מעשן לחץ kg 86 דם cm176 .B.P 132 91/ 27.76 bmi גובה

 בריאותי מצב - אבחנה
 Current Diagnoses פעילות בעיות

 איפיון ת גילוי בעיה

01/01/1992 SMOKER 

 Diagnoses Past עבר בעיות

 איפיון גילוי ת .סיום ת בעיה

DISLOCATION SHOULDER RECURRENT LT 00/02/1999 17/10/2023 

Medications קבועות תרופות 

 כמות פעמים ... .הגשה א תרופה ב

 שאיפות INCRUSE ELLIPTA &lt; &gt; &lt; &gt; INH 55MCG 55MCG 1 1 ביום

 2 שאיפות FOSTER INH 100MCG 6MCG/ 100MCG 6MCG/ 1 ביום
1 

2 

 תלונות החולה ומצב נוכחי 3

 יומיות. יום פעולות של בביצוע .מתקשה פיזיות בעבודות מאד .מתקשה קל במאמץ נשימה קוצר 4

 בעלייה ומתקשה מסוגל אינו כעת כבדים משאות להרים מסוגל היה עבודתו במהלך בעבר אשר בעוד 5

 של מדרגות 6

 בבדיקה 7

 סימטרית שווה :התפשטות חזה .. % 97 סטורציה 12 נשימות מספר 00 8

 מוארך. .אקספיריום יתר הדיות :בניקוש ריאות 9

10 
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 וגובה) ,מין גיל לפי חזוי מערך (% נשימה תפקודי 1

TLC FEV1 RV TLC/ DLCO FEV1 FVC/ FVC תאריך 

0.88 85 62-68 130 73-79 77 27.2.23 

2 

ID Male 27/02/2023: ערן ,: :צינצולקר Sex Date: Name 03842367-9 

Height 176.00: Weight 84.00: Age 46: 

Pre - Bronch Post - Bronch 

% Actual Actual % Pred Pred Chng Pred 

.SPIROMETRY 
tttttttt 3.35( L 4.58 73 +8 3.65) 79 FVC 

3.72( 62 68 L) 2.34 2.56 +9 FEV1 

70 70 79 88 88 +0 %) /( FVC FEV1 

1.68( 51 sec/ 40 2.10 % L) 4.10 +25 25-75 FEF 

sec )( L 8.94/ 60 5.80 +7 5.37 64 Max FEF 

sec/ 7.78( 40 % L) 53 25 3.18 +31 FEF 4.18 

38 sec/ 47( +22 % L) 1.88 50 4.87 2.30 FEF 

44 1.20 0.91( 58 L) sec/ 2.04 +31 75 % FEF 

LUNG VOLUMES- 
)( L 76 3.49 4.58 SVC 

L) 2.88( 3.45 83 TGV 

2.51( 2.11 118 )( L RV) Pleth 

85( )( L 6.98 6.00) Pleth TLC 

32( 130 )( % 42 Pleth) RV TLC/ 

---- DIFFUSION ---- 

99 mmHg/ L/ DL( VA/ ml) min/ 4.45 4.46 77 24.01( 31.14 mmHg/ ml) min/ DLCOunc 789 

1 

1 -1 2 3 4 5 

Post - Test :Comments 

 קלה רסטרקטיבית להפרעה כעדות הכללי הריאות בנפח :ירידה הריאות נפחי
 סמפונות מרחיבי אחר קל ,שיפור הנשיפתיות בזרימות בינונית :ירידה הנשימה דינמיקת

 חלקי הפיך מרכיב )עם (בינונית )וחסימתית (קלה רסטרקטיבית מעורבת :הפרעה סיכום
 אלביאולרי לנפח תיקון אחר ,תקינה הכוללת בדיפוזיה קלה ירידה - דיפוזיה בדיקת.

 % 98 - חמצן ריווי 3
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 דיון 1

 COPD של קודמת אבחנה וללא בעברו נשימתית תחלואה ללא ברקע עישון עם 48 כבן בגבר מדובר 2

 Freon מסוג מזגנים לגז אוויר מיזוג כטכנאי עבודתו במהלך נחשף 29.4.21 .בתאריך אסטמה או 3

 של תערובת המכיל בחומר )מדובר. )HFFC hydrochlorofluorocarbon בחומר רבודמ.22 4

5 hydrogen fluorine, and carbons בעת חשיפה בעת להביא שעלול אוויר דרכי מגרה כחומר ,הידוע 

 ריאות (דלקת chemical pneumonitis של התפתחות עם acute inhalational injury ל תאונה 6

 ). 1 מקור .( ריאות ובצקת ), קטנים סימפונות (דלקת ברונכיוליטיס ), כימית 7

 יחד האירוע לאחר מייד בחייו לראשונה שהופיע נשימה קוצר של הקלינית התמונה הנוכחי במקרה 8

 החזה בצילום ממצא או האזנתי ממצא ללא גם – סטרואידים מתן שהצריכה קלינית תמונה עם 9 -

 הזמנים סמיכות בשל וזאת חשיפה אותה בשל שנגרם נשימתי נזק משקפת גבוהה בסבירות הינה 10

 קודמת. דומה קליניקה של והיעדרה לקליניקה החשיפה בין 11

 להתפתחותה להביא עלולים בקרבתם המצוי אדם של לריאותיו נשאפים הם כאשר מגרים חומרים 12

 מתפתחת כלומר ). reactive airway disorder syndrome (כלומר RADS של במנגנון אסטמה של 13

 בלתי לתסמינים המביאה האוויר דרכי של יתר )רגישות זה במקרה (כמו ביותר קצר זמן תוך 14

 בשיעול מלווה נשימה בקוצר מתבטאים אלה )תסמינים 2-4 מבואות (ראה אסטמה של חולפים 15

 וכן אוויר דרכי מרחיבי בתכשירים קבוע טיפול הדורשת הנשימה בדרכי צפצופים של וקליניקה 16

 בשאיפה. סטרואידים 17

 עישון (בהינתן לכן קודם ידועה הייתה שלא חסימתית ריאות מחלת של בהמשך הקלינית התמונה 18

 והשפעת חדה תאונתית תעסוקתית חשיפה אותה נזקי בין שילוב לוודאי קרוב )מהווה ממושך קודם 19

 העישון. 20

 אוויר דרכי מגרה חומר שאיפת של תאונתי אירוע אותו תרומת של היחסי החלק כי להניח יש 21

 1/3 על עומד העישון של היחסי החלק כאשר 2/3 כ על עומד הנשימתית מחלתו להתפתחות .22
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.I סביר כלומר הליקוי התפתחות על השפיעו העבודה תנאי כי % 50 מעל של סבירות קיימת 

 הליקוי הופעת על השפיעו לעיל שפורטו לחומרים והחשיפה העבודה תנאי כי לקבוע יותר 2

 ההפוך המצב לעומת החמרתו או הנשימתי .3

4 .II שעולה במידה הליקוי על ביותר משמעותית השפעה הייתה התובע של העבודה לתנאי 

 2/3. של לסף מגיעים העבודה לתנאי כי קובע אני זה במקרה % 20 של סף על וודאי באורח 5

 נכות דרגת קביעת 6

 ". עבודה לנפגעי נכות דרגת "קביעת הלאומי הביטוח תקנות יסוד ,ועל לעיל הנכתב בסיס על 7

 "אני לאומי לביטוח המוסד 2013 עבודה נפגעי לרופא תדריך )ולפי 2019 (תיקון 1956 תשט"ז 8
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INTRODUCTION Upon arrival to the emergency department pulse, rate 
was 125 min/ with a respiratory rate of 22 breaths per 

Inhalation injury refers to damage to the respiratory tract or 
lung tissue from heat smoke, or chemical irritants during 

1 

inspiration that can cause acute and fatal .pneumonitis 
Hydrofluorocarbons HFCs) are( synthetic organic com- 

MOBILE 

pounds that contain fluorine and hydrogen atoms.2 They 
are relatively non - flammable and are used in a wide variety 
of cooling systems from, refrigerators and freezers to auto- 
motive air - conditioning units We. report a unique case of 

acute HFC pneumonitis in a 19 - year - old man following an 

inhalation injury during air - conditioning service in a con- 
fined .space 

CASE REPORT 

A previously well non, - smoker 19, - year - old part - time air- 
conditioning service operator presented with an acute onset 
of dyspnoea after servicing an air conditioner in a confined 
closed office space He. noted a faint sweetish smell when he 

started his job but he continued to work One. hour later he, 

developed shortness of breath with palpitations and a sensa- FIGURE 1 Chest radiograph on admission showing bilateral 
pulmonary infiltrates. tightness chest of tion 

This is an open access article under the terms of the Creative Commons Attribution License which, permits use distribution, and reproduction in any medium provided, the 
original work is properly .cited 
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RADS and Its Variants 

Asthma by Another Name 

Annyce Mayer MD, MSPHa, b, *, Karin, Pacheco MD, MSPHa, b, 

KEYWORDS 

• Reactive airways dysfunction syndrome • Work - exacerbated asthma 
• Irritant exposures • Irritant asthma 

KEY POINTS 

• Acute high - level irritant exposures can cause asthma and exacerbate underlying .asthma 

• Lower - level irritant exposures can at least exacerbate underlying asthma although, there 
is emerging consensus that recurrent lower - level exposures may also cause .asthma 

• There is overlap between the exposures that have caused acute irritant - induced asthma 

and work - exacerbated asthma WEA) ,( many of which are also .sensitizers 

New - onset asthma in workers following lower - level irritant exposures with, no prior history 
of respiratory symptoms or asthma may, well be limited to a subset of susceptible" ,hosts" 

such as those with asymptomatic airway hyperresponsiveness atopy, and, those who 
outgrew" childhood" .asthma 

The ATS statement on WEA has identified research needs to better define risk factors bio-, 

logic mechanisms and, outcomes in WEA which, should help facilitate necessary interven- 

tions in the medical system as, well as to formulate and apply strategies for .prevention 

INTRODUCTION 

Asthma is a chronic respiratory condition characterized by variable airflow ,obstruction 

airways hyperresponsiveness and, airway inflammation Approximately. 7.7 % of US 
adults of working age have asthma¹ and an estimated 16.3 % of all cases of adult 
asthma have been attributed to asthma caused or exacerbated by workplace expo- 

2 
sures.² Many other conditions and factors such, as rhinosinusitis gastroesophageal, 
reflux disease GERD) ,( vocal cord dysfunction and, cigarette smoking may, trigger 
symptoms that mimic asthma but are not and, these are covered elsewhere in 

this issue Other. more, serious conditions that mimic asthma include hypersensitivity 
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mental Occupational/ Health Colorado, School of Public Health - University of Colorado ,Denver 

13001 E. 17th Place B119, Bldg, 500. 3rd, Floor Aurora, CO, 80045 USA, 
* Corresponding .author 

E - mail address mayera@njhealth.org: 

Immunol Allergy Clin N Am 33 2013) 79–93( 
http://dx.doi.org/10.1016/j.iac.2012.10.011 immunology.theclinics.com 

- 0889-8561 13/ $/ – see front matter © 2013 Elsevier Inc. All rights .reserved 

Downloaded for Anonymous User n) a/ at( Tel Aviv Uni- 41 -n ClinicalKey.com by Elsevier on October 18 .2021, 
For personal use only No. other uses without permission Copyright. © 2021 Elsevier. Inc. All rights .reserved 



80 Mayer &amp; Pacheco 

pneumonitis which, can be caused by low molecular weight irritants that are also 

sensitizers 3-6, bronchiolitis obliterans 7,8, and irritant odorant/ - triggered cough.9-11 
it Whereas asthma caused by sensitization is well described and well ,accepted 

is not the primary focus of this article On. the other hand reactive, airways dysfunction 
syndrome RADS) and( other variants of irritant - induced or irritant - exacerbated asthma 

may not always initially appear as asthma but, are in, fact alternate, presentations of 
asthma Therefore. occupational, and environmental exposures that can cause or exac- 
erbate asthma should be considered as well Although. unique conditions exist in the 

workplace that more often lead to the type of exposures that can cause or exacerbate 
asthma exposure, to sensitizers and irritants that exacerbate or cause asthma can also 

occur in the home during, avocational activities and, following accidental industrial 

releases into the environment Thus. although, the terms occupational and workplace 

are used in this article environmental, sources of these exposures should also be 
.considered 

The role of irritants in the causation of asthma is now well established RADS. was 

originally defined in 1981 by Brooks and Lockey 17 and detailed in case series of 
new - onset asthma syndrome within 24 hours following a single high, - level irritant 
exposure.18 Since that time modifications, to the case definition have been ,proposed 

and more recently the term acute" irritant asthma has" been used with, good 

consensus that this is not just an asthma syndrome but indeed occupational 
asthma 14,16,19,20. Asthma has been reported after lower - level irritant exposures with, 

considerable controversy regarding whether or not the lower - level irritant exposure 
caused the asthma 21,22, was a result of concurrent immunologic sensitization 16,23, 
or caused an exacerbation of underlying asthma 14-16,24,25. Work - exacerbated asthma 
WEA) is( defined as preexisting" or concurrent asthma that is worsened by workplace 

25" conditions in, which there is a temporal association between asthma exacerbations 

and work in a place where conditions exist that can exacerbate asthma but, that 
asthma caused by work immunologic) asthma and acute irritant asthma is( considered 

unlikely WEA. is often not compensable under workers .compensation' 
This article covers the different clinical variants of irritant - induced asthma specifi-, 

cally focusing on high level irritant - induced asthma and irritant - induced WEA reviews 
known causes addresses, the often adverse medical and socioeconomic outcomes of 

this complex condition and, considers issues of causation from an occupational and 
environmental medicine .perspective 

CLINICAL VIGNETTE 1 

John Adams is a 45 - year - old city maintenance worker He. is a never - smoker and has 

no history of asthma or other medical problems He. performs maintenance inside city 
facilities including, the wastewater treatment plant On. one occasion a, regulator mal- 
function caused the sudden high - pressure release of 100 % chlorine into the very small 
room where he was working The. sudden release caused him to take in a deep ,breath 

and he experienced immediate cough burning, eyes and nose chest, burning and 

tightness and, shortness of breath He. was taken to the emergency department and 

placed on oxygen He. is not sure about what other treatment he received but, after 
a period of time he felt somewhat better and was discharged Most. of his symptoms 

continued to improve but, the dry cough persisted He. noted chest tightness and 

shortness of breath with exertion such, as walking in the mountains His. chest symp- 

toms were also triggered by irritants such, as cigarette smoke perfume, and, ,dust 
which had never bothered him before He. seeks medical attention for these symptoms 
3 months later Could. this be asthma ? 
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ACUTE IRRITANT ASTHMA 

Yes asthma, should be considered as part of the differential diagnosis and, should 

be confirmed by methacholine challenge or bronchodilator responsiveness The. 
presentation is consistent with RADS defined, as asthma caused by a single high, 

level irritant, exposure hypothesized to cause acute bronchial mucosal damage leading 

to airways hyperresponsiveness Whereas. allergen exposures are well - documented 
causes of asthma the, role of irritants in the causation of asthma has been recognized 

only more recently RADS. was originally described as a persistent" asthma "syndrome 
after high - level irritant exposure 17,18. Brooks noted that although the illness clinically 
simulated bronchial asthma and was associated with airways hyperreactivity it, 
differed from typical occupational asthma because of rapid onset within) 24 hours after( 

a single high - level environmental exposure and, this period of time is too short for the 
development of sensitization 18. Although the validity of the syndrome as new - onset 
asthma was initially debated 26,27, numerous case reports have followed 9,28-32, and it 
is now widely accepted that acute high - level irritant exposures not only cause 
a syndrome that mimics asthma but can cause asthma itself 14-16,19,20. Tarlo and Broder 

introduced the term irritant" - induced asthma in" 1989 to include workers in their case 

series who had high - level irritant exposure on more than one occasion 33, which has 
been subsequently reported by others 30. Other studies included those with onset of 
symptoms up to 7 days after a well - defined spill they; identified additional cases that 
otherwise met the case definition.34 The term acute" irritant - induced asthma was" 

recently proposed 16,20, and for workers without any prior history of asthma the, term 
is an accurate unifying descriptor A. list of some of the exposures reported to have 
caused acute irritant asthma termed, RADS and asthma after spills or accidental expo- 

sures are, shown in Table 1. The clinical criteria for RADS described by Brooks 18 and 
modifications that have been proposed are shown in Box .1 

In many cases the, symptoms resolve within months but, they can persist in 
9,18,29-32,35,36 The long - term sequelae can be significant One. long - term follow- 

up study of workers 52) % participation with( claims accepted by the workers compen-' 

sation agency in Quebec revealed significant ongoing respiratory impairment and 

psychosocial impact two years after initial symptoms These. patients presented with 
acute irritant - induced asthma due to a well - defined high - level accidental release 

57) % chlorine and( had symptoms that developed within 24 hours and persisted 
beyond 3 months All. subjects still had respiratory symptoms 68; % were on inhaled 

corticosteroids there, had been no significant improvement in forced expiratory volume 

in 1 second FEV1) )( mean FEV1 74.5 % ± 19.5 % predicted ,( and most still demonstrated 
airways hyperresponsiveness based on methacholine challenge or improvement after 

bronchodilator There. was a negative impact on quality of life and, about one - third 

had abnormal depression scores 37. The long - term impact was similar to that reported 
38 

in immunologic .asthma 

CLINICAL VIGNETTE 2 

Michael Janvier is a 54 - year - old insulator in a large plant He. has a 5 - pack - year history 

and had stopped smoking at age 30. He has no prior history of respiratory .symptoms 
He has performed installation repair, and, routine maintenance on the pipes in 

a chrome - plating shop on and off over the past 10 years Some. of the pipes were 

located 4 to 5 feet above the acid baths Depending. on the job he, could spend several 
weeks or even months at a time in that shop He. sometimes felt burning in his ,eyes 

nose and, throat as, well as some cough although, these symptoms were fairly mild 

and typically resolved later that evening or the next day About. a year ago he, began 
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Table 1 

Reported high - level irritant exposures associated with development of acute irritant - induced 

asthma along, with pH potential, for thermal injury and, sensitizer potential 

Potential 

High or for Thermal Potential 

Reported Outcome Sensitizer Author Chemical Low pH Injury 

- Brooks RADS after Uranium hexafluoride ~ ? et al single, Floor sealant ~ 18 | 

1985 ? Spray paint (3) high - level 

exposure 35 % hydrazine 
+ + + Heated acid 

? Fumigating fog 
remover coat ? Metal 

? Fire smoke/ + 

Acids RADS after 1 + Tarlo and 

Calcium Broder oxide 33, or more 

+ Chlorine sulfuric, acid high, - 1989 level 

sulfur dioxide exposures 

+ phosgene, HCI 
? welding, oxide Calcium 

fumes 

? ? Burnt paint fumes 

Spray paint no isocyanate 
Chlorine 

Toluene diisocyanate 
++ Diphenyl methane 

diisocyanate 

+ after Chatkin Asthma 
? 45 Isocyanates tr Paint et al 4, spills or 

Solvents accidental 2007 

Chlorine exposures 

Ammonia 

Calcium oxide 

Acrylates 

? Ozone 

Pesticides 

Wood dust ? 

Methylmercaptan 

The +" refers" to the listed chemical exposures that have one or more of the other properties high: 

or low pH potential, for thermal injury and or/ are potential sensitizers The. ?" refers" to those 
chemical exposures that might have one of those properties but, there is insufficient information 
about the exposure to .determine 

Abbreviation RADS: reactive, airways dysfunction .syndrome 

to notice worsening shortness of breath while running and playing soccer He. also 
started awakening at night with chest tightness about once a week A. cardiac evalu- 

ation was negative including, a normal stress echocardiogram His. symptoms 
continue to worsen and he seeks further medical attention Could. this be this asthma ? 

ASTHMA FOLLOWING LOWER - LEVEL IRRITANT EXPOSURES 

In 2005 Brooks, 39 introduced the term not" - so - sudden onset❞ irritant - induced asthma 

to describe the exposures in a subgroup of subjects who had onset of asthma 
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Box 1 

Clinical criteria for acute irritant - induced asthmaa 

1. A documented absence of preceding respiratory .complaints 

2. The onset of symptoms occurred after 1 or more high - level exposures.b 

3. The exposure was to a gas smoke, fume, or, vapor that was present in very high 

concentrations and had irritant qualities to its .nature 

4. The onset of symptoms occurred within 24 hours after the exposure and persisted for at 
least 3 .months 

5. Symptoms simulated asthma with cough wheezing, and, dyspnea .predominating 

6. Pulmonary function test may show airflow .obstruction 

7. Methacholine challenge testing was .positive 

8. Other types of pulmonary diseases were ruled .out 

a Clinical criteria for RADS defined by Brooks18 with minor modification as .noted 
b Exposure to high - level irritant exposure on one or more occasions not confined to a single workplace 

33 .event 

C 34 

Others have used symptom onset up to 7 days after .exposure 

following longer and less intense irritant exposures In. a group of 71 subjects consid- 
ered to be at moderate to high risk for RADS after repeated exposures to chlorine at 

a pulp and paper mill 82, % had persisting respiratory symptoms 22, % had evidence of 
reduced FEV1 and, 41 % had nonspecific airways hyperresponsiveness based on 
methacholine challenge that persisted 18 to 24 months after the end of exposure 

without clear host predisposition.40 In contrast long, - term decline in lung function 
was seen in a longitudinal study of workers exposed to puffs" ” of chlorine at a metal 
production plant these; exposures caused mild symptoms in those with a smoking 

history of 20 - pack - years or more 41. Kipen and colleagues 21 described a series of 
10 cases of adult - onset asthma following “ low - dose ” irritant exposures as, shown in 
Table 2. Four of the cases were reported due to exposure to acid mist whereas, 

4 or 5 of the other irritant exposures potentially also could have been sensitizers In. 

this series another, 5 cases had been excluded because of a history of asthma before 

the exposure although, 41 % of the cases did meet the investigators criteria' for history 
of atopy case) history reviewed for seasonal allergy rhinitis, atopic, skin disease or, 
positive immediate hypersensitivity skin results .( Host predisposition was also sug- 

gested as a mechanism in the subgroup with not" so sudden irritant" - asthma reported 

by Brooks and colleagues 22, in which 88 % were atopic defined) as allergen skin 
testing or radioallergosorbent tests positive personal, history of allergic ,disease 
elevated total immunoglobulin E level or, family history of allergy and( 40 % had 
a history of childhood asthma or asthma that had been quiescent at least 1 .year 

It is important to recognize that a single high, - level exposure to a sensitizing chemical 

with irritant properties may also cause irritant asthma although, it may be difficult to 

exclude concurrent sensitization when that exposure is not confined to a single 
event 18,33. Distinguishing between an immunologic and irritant mechanism can be diffi- 

cult in the individual patient This. has been handled in a number of different :ways 
excluding those with exposure to irritants that were also sensitizers 39,42, analyzing 
the chemical composition to exclude the presence of sensitizers to determine irritant 

mechanism 43, using a specific inhalational challenge SIC) in( the laboratory or work- 
place to distinguish the two 44, or including all high - level exposures regardless of SIC 
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Table 2 

Reported low - dose irritant exposures associated, work - exacerbated asthma and, low - dose 

RADS along, with pH potential, for thermal injury and, sensitizer potential 

Potential 

High or for Thermal Potential 

Outcome Reported Sensitizer Injury Author pH Chemical Low 

Chiry WEA with Flour et al 46, 

Triethanolamine 

Lemiere WEA with + Ammonia 

et al 47, Engine exhaust fumes negative SIC 

? Metal fumes ? ? Pyrolysis 2012 fumes 77 
Silica 

Mineral fibers 

? compounds Metal 

+ Paints including, industrial 

and motor vehicle 

? Adhesives 

Degreasing stripping 

agents 

+ Hardeners + + 

+ Isocyanates 
Solvents 

Bisulfite + SO2 Kipen et al 21, Low - dose 

 RADS ? ? 1994 teaching Chemistry י

laboratory 

+ + 4) Acid( mist 

? Cutting oil 

agents ? Cleaning 

? agents Perfume 

? New carpet installation 

The +" refers" to the listed chemical exposures that have one or more of the other properties high: 
or low pH potential, for thermal injury and or/ are potential sensitizers The. ?" refers" to those 
chemical exposures that might have one of those properties but, there is insufficient information 
about the exposure to .determine 

Abbreviations RADS: reactive, airways dysfunction syndrome SIC; specific, inhalation ;challenge 
WEA work, - exacerbated .asthma 

results.45 The latter is not inconsistent with the original criteria proposed by Brooks and 
18 

colleagues As. shown in Table 1 many, of the irritant exposures reported to cause 
acute irritant induced asthma are also potential sensitizers Perhaps. more important 
than establishing mechanism establishing, whether or not there is concurrent immuno- 

logic asthma has important implications for the degree of exposure control required for 

the worker to successfully remain in the .workplace 

As described for high - level irritant exposures lower, - level exposures to sensitizing 
chemicals with irritant properties can also cause asthma either by an irritant or a sensi- 

tizing mechanism Immunologic. asthma has been differentiated from irritant - induced 
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asthma in some studies by results from SIC 46,47. As shown in Table 2 many, of these 
irritant exposures in which sensitizers were not automatically excluded are very similar 

to the exposures reported with acute irritant asthma listed in Table 1. In a study by 

Kogevinas and colleagues 48, occupations associated with excess risk of occupational 
asthma included farmers painters, plastics, workers cleaners, spray, painters and, 
agricultural workers these; are occupations in which there may be concurrent expo- 

sures to sensitizers Overrepresentation. of respiratory symptoms and asthma has 
been reported in workers repeatedly exposed to moderate to low - level irritant expo- 

sures that can also be sensitizers such, as cleaning workers 49-51 and hair dressers 52. 

CLINICAL VIGNETTE 3 

Sandra Dalton is a 26 - year - old woman with a prior history of childhood asthma and 
seasonal allergic rhinitis Her. asthma improved when she was an adolescent and, 
she used a bronchodilator only before exercise or for chest symptoms associated 

with an upper respiratory infection URI) .( Six months ago she began a job with 
a company producing experimental semiconductors She. was responsible for loading 
panels of chips into a holder this; holder was then lowered into a nitric acid bath before 

the chips were removed and sent down the assembly line Her. job also involved refilling 

the nitric acid reservoir when levels were low Although. the bath was covered it, was 

opened to load and remove the computer chips The. room had an unpleasant acrid 

odor and, after about 3 months at work she, began to develop more frequent episodes 

of chest tightness that no longer completely resolved after using her bronchodilator A. 

recent URI triggered profound cough and wheezing requiring, a burst of oral steroids 
and the addition of a steroid inhaler to control symptoms Is. the patient's asthma exac- 
erbation work related ? 

WORK - EXACERBATED ASTHMA 

Yes it, is now widely accepted that low - level irritant exposures can exacerbate preex- 

isting asthma 14-16,24,25. WEA was recently defined by the American Thoracic Society 
as preexisting" or concurrent asthma that is worsened by workplace conditions ", 

wherein the asthma either predates the exposure preexisting) or( is determined 
to have occurred independently but, concurrently with the workplace exposure 

concurrent) .( 25 The diagnosis of WEA requires establishment of temporal association 
between asthma exacerbations and work in a workplace where conditions exist that 

can exacerbate asthma WEA. is common reportedly, occurring in 23 % of adults 
within a health maintenance organization.53 

Temporary Exacerbation Versus Permanent Aggravation of Preexisting or Concurrent 
Asthma 

There is an assortment of irritant workplace exposures that may temporarily increase 

symptoms due to underlying asthma or, indeed any other chronic lung disease Such. 
increases in symptoms are often mild temporary, and, respond well to simple 
measures to decrease or avoid exposure with, the occasional additional use of 

short - acting bronchodilators Patients. with severe underlying asthma may not be 

tolerant of low level irritants that are present in many different environments The. 
problem occurs when there are specific exacerbating conditions that exist in the work- 

place but, the worker does not have control over mitigating them such; workers are 
often unable to remain in the workplace A. letter to the editor described the long- 

term impact of WEA in 10 cases 1 to 4 years after a diagnosis of WEA None. had 

been able to remain in the workplace because of their respiratory symptoms and, 
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they also were unable to obtain any financial compensation from the Quebec Worker 
Compensation Board 54. Although it is possible that medical treatment or enhanced 
ventilation or respiratory protection might have allowed these workers to remain in 

their jobs outside, of the workers compensation' system such, patients often do not 

have the authority to effect meaningful decreases in respiratory exposures in the 

.workplace 

As a result loss, of employment a, need to change jobs and, other adverse socio- 
economic effects 55-58, as well as increased use of health care resources and 
decreased quality of life 59, have been documented by a growing number of studies 
of workers after a diagnosis of WEA If. the worker does not return to baseline status 

despite optimized medical therapy and, reasonable exposure control measures 

have been implemented such, worsening would be considered a permanent aggrava- 
tion rather, than a temporary .exacerbation 

Although there are considerable data on disability and adverse socioeconomic 

outcomes in WEA there, are few clinical outcome studies 25. There are also no clinical 

outcome data on workers who receive optimized medication therapy and reasonable 

workplace exposure controls and, their long - term ability to remain within the work- 

place ie) the, extent to which such cases of WEA could be limited to temporary 

exacerbations that are not associated with job loss and other socioeconomic 

disadvantages .( 

More concrete consideration of permanent aggravation can be made in the context 

of an acute irritant injury in a worker with preexisting asthma The. original clinical 
criteria proposed by Brooks and colleagues 18 excluded persons with preceding 
history of respiratory complaints In. most cases it, is impossible to verify a preexisting 
lack of airways hyperresponsiveness or airflow limitation Multiple. cases of high - level 

irritant exposures resulted in asthma that otherwise met the definition of RADS except 

for a prior history of mild asthma 22,36,60,61. There is nothing about underlying asthma 
that would be expected to confer immunity from airways injury following such irritant 

exposures that cause RADS in a worker with normal airways Indeed. one, might postu- 

late that those with preexisting asthma are even more susceptible to airways injury and 

persistent effects from irritant exposures as, is suggested by the 76 % of subjects with 
a preexisting history of asthma who had accepted claims for asthma by the Ontario 
Workers Compensation' Board following high - level irritant exposures 45. In many 
cases with, treatment workers, with preexisting asthma will be able to return to their 

baseline status in the same way as those with no prior history of asthma In. ,others 

the condition does not return to baseline and, there is objective evidence of permanent 

worsening such, as a change in FEV1 methacholine, PC - 20 medication, ,requirements 

and or/ the need for permanent removal from exposure even after optimized medical 

treatment and implementation of exposure controls In. this setting the, term acute" 

irritant - aggravated asthma could" be considered to describe the permanent change 
from the patient's baseline .condition 

CHALLENGES IN THE DIAGNOSIS OF IRRITANT - INDUCED VERSUS IRRITANT- 

AGGRAVATED ASTHMA FROM AN OCCUPATIONAL AND ENVIRONMENTAL MEDICINE 

PERSPECTIVE DISTINGUISHING WORKERS WITH PREEXISTING OR CONCURRENT 

ASTHMA FROM NEW - ONSET ASTHMA 

There can be difficulty distinguishing between new - onset occupational asthma 

caused by work and, WEA For. example in, a group of 53 workers with documented 

reversible airflow limitation or airways hyperresponsiveness and WEA defined, by 
worsening asthma symptoms at work and a negative SIC only, 20 % reported a history 
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of asthma before the exposure 47. The investigators concluded that although it is often 
not possible to confirm by objective testing a, proportion of these subjects may suffer 
not from WEA but, from low" - dose irritant asthma )" ie new, - onset asthma .( In another 

study clinicians, were not able to reliably differentiate the peak flow measurement 

pattern in workers with new - onset occupational asthma versus WEA on visual inspec- 

tion or computer analysis 46. In fact the, US National Institute for Occupational Safety 
and Health NIOSH) Sentinel( Event Notification Systems for Occupational Risks 
SENSOR) program( for surveillance of work - related asthma considered new - onset 

work - related asthma symptoms to be work - initiated asthma even, in the context of 

preexisting asthma that had been untreated or asymptomatic for at least 2 years 
before entering the workplace 62. 

Preexisting asymptomatic airways hyperresponsiveness AHR) is( well described as 
one of the factors that can predispose to asthma and, some investigators have 
argued that the existence of preexisting AHR precludes a diagnosis of RADS as 
new - onset asthma The. prevalence of asymptomatic airways hyperresponsiveness 

has ranged from 4 % to 35 % of the population depending on the definition used.63 
It is described with 64 and without65 correlation with eosinophilia which, along with 
atopy can also predispose to asthma A. prior history of asthma including, childhood 

asthma is, also defined as preexisting asthma The. extent to which these are preex- 
isting conditions or, simply markers of host risk factors for asthma remains, to be 
determined.66 

In many of the US workers compensation' systems work, - related conditions are 

defined on a medically probable greater) than 50 % likely basis( that the need for 
treatment in a case is the result of a work - related exposure when certain factors 

are present These. factors include ): 1 the( work exposure causes a new ;condition 
or 2) the( work exposure causes the activation of a previously asymptomatic or 

latent medical condition to become symptomatic and now require treatment or; 

3) the( work exposure aggravates a preexisting symptomatic condition that now 

requires treatment that was not needed before A. helpful approach to determining 
whether a condition is work - related is recommended by the Colorado Division of 

Workers Compensation' would: the patient need the recommended treatment if 

the work exposure had not taken place ? If the answer is no" ", then the condition 

is most likely work related 67. To establish that the worker had preexisting or concur- 
rent asthma the, physician would need to verify an asymptomatic or well - controlled 
stable asthma pattern that had clearly changed due to a well - defined workplace irri- 

tant exposure It. is also incumbent on the physician to rule out the contribution of 
nonoccupational causes to the asthma exacerbation such, as GERD infection, or, 
.rhinosinusitis 

Defining High - Level Exposure 

What constitutes a high - level exposure may or may not be obvious In. cases of very 

high - level accidental releases where no respiratory protection had been worn the, 

high - level exposure is obvious A. good example is the massive exposure to airborne 
alkaline particulates following the World Trade Center collapse in 2001 this; led to the 

development of asthma in many of the first responders 68-70. When explored a, dose- 
response has been noted 28, but in most cases no, industrial hygiene monitoring data 
or dose reconstruction by an industrial hygienist are available In. less obvious ,cases 
the physician can try to estimate the dose" that" was delivered to the lungs of the indi- 

vidual worker based on the intensity of the irritant exposure the, frequency and, the 
.duration 
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Intensity 

Intensity is determined by the airborne concentration of the vapor dust, gas, or, ,fume 

as well as the innate irritating properties of the chemical s) .( Some chemicals are inher- 
9 

ently more irritating than others For. example those, with very low or, worse very, high 
pH are, extremely irritating When. heated chemicals are inhaled thermal, injury may 
compound the .damage 

A release may or may not be large A. worker very close to the source of a release 
may have a high concentration in his or her breathing zone that is not shared by 

others a little farther away as, the concentration of irritants can be fairly quickly 

dissipated through dilution with ambient air currents Airborne. concentrations will 

be much higher within a confined space because there is no such potential for dilu- 
tion Chemicals. with very low vapor pressure can quickly volatilize in considerable 

quantity particularly, when heated The. size of the chemical particle and its water 

solubility will determine deposition within the respiratory tract with, the smallest 
and most water - insoluble chemicals having the greatest potential to reach the lower 
.airways 

However there, does not need to be a release or other recognized event to signal 

exposure to high - level irritants Not. all workplaces will have appropriate engineering 

controls in place such, as enclosures and local exhaust ventilation which, can 

greatly minimize exposure to vapors dust, gas, and, fumes Such. controls need 
to have been installed and used correctly to be effective Unrecognized. failures of 

these control measures may result in unrecognized excess exposures although, 
such exposures may be limited to only a few individuals who work directly in the 

area Air. monitoring by an industrial hygienist can determine actual airborne 
concentrations although, if interim control measures have been implemented these, 

may not reflect the actual concentration at the time of the release or engineering 
control .failure 

The amount of the vapor dust, gas, or, fume that reaches the lungs of the worker 
will be considerably decreased if respiratory protection is used but, only if it was 

used and worn correctly and, the exposure did not exceed the respirator's protec- 
tive limits A. filtering respirator needs to have the correct cartridges for the expo- 

sure For. example particulate, filtering cartridges are highly effective in trapping 
airborne particulates but do not filter out irritant gases Combined. particulate 

P100) and( organic vapor cartridges are highly effective protection against many 

gases and vapors as, well as fumes and particulates Filtering. facepiece respirators 
are considered protective at concentrations up to 10 times the Occupational Safety 
and Health Administration OSHA) Permissible( Exposure Limit PEL) for( half - face 

respirators and up to 50 times the PEL with full - face respirators However. the, 

respirator will only have been effective to that level if it was worn properly sealed 
to the skin without facial hair and, the adequacy of the seal was confirmed by fit 
.testing 

Frequency 

The frequency of the exposure is relevant in considering exposures not confined to 

a single event and, should be considered along with .duration 

Duration 

The duration of the exposure before moving to fresh air is another important factor in 

determining dose" in" both high - level and lower - level exposures Moderate. to heavy 

physical exertion will increase tidal volume and respiratory rate thus, effectively 
increasing the amount of the irritant delivered to the lungs per unit of .time 
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SUMMARY 

Acute high - level irritant exposures can cause asthma and exacerbate underlying 

asthma Lower. - level irritant exposures can at least exacerbate underlying ,asthma 

although there is emerging consensus that recurrent lower - level exposures may 
also cause asthma There. is overlap between the exposures that have caused acute 
irritant - induced asthma and WEA many, of which are also sensitizers What. consti- 

tutes an excessive level enough to cause asthma from acute high - level or recurrent 

lower - level accidental releases is not currently defined New. - onset asthma in workers 

following lower - level irritant exposures with, no prior history of respiratory symptoms 
or asthma may, well be limited to a subset of susceptible" hosts" such, as those with 

asymptomatic airways hyperresponsiveness atopy, and, those who outgrew" child-" 
hood asthma But. it is reasonable to consider asthma to more likely than not have 

been caused by such irritant exposures when previously asymptomatic workers 

develop symptomatic asthma following clearly defined workplace irritant ,exposures 

the asthma is confirmed by objective testing and, other lung diseases and nonoccu- 
pational causes of the asthma have been excluded This. attribution of work- 

relatedness should also apply to workers with prior well - controlled stable asthma 

who sustain objectively documented changes in the pattern of their .asthma 

Workers with irritant - induced and WEA should receive optimized asthma .therapy 

Equally important is the reduction and control of their exacerbating workplace expo- 
sures Without. the ability to receive this combination treatment it, is likely these cases 

of WEA will not be limited to temporary exacerbations but, will continue to experience 
the long - term disability and socioeconomic disadvantage that has been repeatedly 
observed The. ATS statement on WEA has identified research needs to better define 

risk factors biologic, mechanisms and, outcomes in WEA 25, which should help to facil- 
itate necessary interventions in the medical system as, well as to formulate and apply 
strategies for .prevention 

The informed clinician should be prepared to identify and treat both new - onset and 
work - exacerbated asthma and, to partner with occupational and environmental medi- 

cine clinicians to address the challenges inherent in the diagnosis and treatment of 

irritant - induced and irritant - aggravated .asthma 
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103 ACUTE RESPONSES TO TOXIC 

EXPOSURES 

WARE G. KUSCHNER MD, • PAUL D. BLANC MD, MSPH, 

INTRODUCTION Hydrocarbon Hydrochloric, Pneumonitis Chloramines, and Chlorine Fire- 

Lung Acid and, Related Chemicals Eater's PATHOGENESIS OF LUNG INJURY 

Paraquat FROM INHALED TOXICANTS Oxides of Nitrogen Ozone, Sulfur, 
Dioxide and, Acid Aerosols Patterns of Response to Irritant Smoke Inhalation 

Inhalation Military and Crowd - Control Agents Pharmacologic Syndromes 
of Response Toxic Metals Patterns Other Other Inhalant Exposures 

Fume, Fever GENERAL MANAGEMENT PRINCIPLES Polymer, Fume Fever Metal Miscellaneous Exposures 
Organic Dust Toxic Syndrome and, CHRONIC SEQUELAE AND RESIDUAL KEY POINTS 
Other Inhalation Fevers EFFECTS 

Fluorocarbon Aerosol Spray Pneumonitis SPECIFIC EXPOSURES 

INTRODUCTION workers diseases' linked to this chemical 1-3, flock" worker's 

lung caused" by short synthetic textile fibers 46, and Ardystil" 
This chapter focuses on the acute effects on the lung after ". pneumonia 7,8 - organizing induced lung ", a dye chemical 
exposure to toxic substances For. most acute toxicant expo- Some of these syndromes are discussed elsewhere in this .text 
sures inhalation, is the route of delivery leading to the lung 
injury Importantly. target, organ does not equate with route 
of exposure In. some instances inhalation, may be the route PATHOGENESIS OF LUNG INJURY 
of exposure for the toxicant and, yet the primary target 

FROM INHALED TOXICANTS organ is not the lung e.g.) solvent, inhalation that causes 
central nervous system depression .( Inhalation exposures 
leading to nonpulmonary illnesses are not addressed .here PATTERNS OF RESPONSE TO IRRITANT 

As used in this chapter acute, indicates short - term expo- 
INHALATION 

sures minutes) to hours ,( with the initial onset of pulmonary 
but of exposures from a variety responses results within a Acute lung toxicity similarly rapid time period ,Generally. 

the relevant toxicant exposures are of high intensity far, in nonetheless is manifest by a narrow repertoire of injury 
excess of recommended safety limits for population - wide Table) 103.1 .( Irritant toxicants can be encountered in vari- 
environmental .levels ous physical states relevant to their inhalational .properties 

Because ingestion may also lead to lung injury paraquat, Such states include gases vapors, i.e.) the, gaseous form of a 
temperatures at normal or a solid that is a liquid and hydrocarbon examples, of ingested toxins with severe substance 

acute target organ effects on the lung are, included in this and pressures ,( and fumes i.e.) solid, material often, ,metals 
.chapter of small particle size suspended in a gaseous medium ] most 

Moreover this, chapter does not address brief ,exposures &lt; 1.0 μm and many &lt; 0.1 µm in diameter [ .( Aerosols encom- 
pass a mix of potential states i.e.) liquid, droplets or fine par- inducing acute responses mediated by anamnestic ,i.e.) 

allergic or other immune - mediated mechanisms( These. ticulates dispersed in a gaseous medium smoke; is a subset of 
responses require prior exposures that already have led to aerosols from incomplete combustion .( 
sensitization such, as hypersensitivity pneumonitis HP) )( see These various classes of exposures include heteroge- 
Chapter 91 or( occupational asthma see) Chapter 100 .( neous toxicants capable of causing extensive cell injury 
Although there is overlap with certain specific exposures throughout the upper and lower respiratory tract The. pri- 
that at far lower levels are also relevant to ambient air pollu- mary location of respiratory tract injury and the onset of 
tion such) as oxides of nitrogen ozone, and, sulfur dioxide ,( clinical symptoms partly depend on the solubility of the ,gas 

these are addressed at the population level in the chapter on vapor fume, or, aerosol involved and in, the case of fumes 

air pollution see) Chapter 102 .( or aerosols on, the physical characteristics of the particle 
syn- or droplet Other. factors that determine the injury pattern pulmonary cause unusual toxicants some, Finally 

dromes after subacute days) to months exposure( Some. of following exposure include 1) the( amount of the toxicant 
these syndromes have emerged in recent years associated inhaled ), 2 the( duration of exposure to the inhalant ), 3 the( 
with new technologies or novel toxicants such, as diacetyl- concentration of the inhalant in the ambient air ), 4 other( 
caused popcorn worker's lung and other flavor industry physical properties such) as pH or chemical reactivity ,( and 
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Table 103.1 Major Clinical Scenarios of Pulmonary Responses Shortly After Acute Toxicant Exposure 

Clinical Scenario Additional Comments Exemplar Exposures 

burning) airway irritation Chlorine chlorine, dioxide chloramine, bromine; At; low exposures mucous, membrane and membrane Mucous 
eyes nose, irritation, may be the sole effect with; and throat sulfur dioxide acid; aerosols sulfuric) ;, laryngospasm and 
bronchospasm with( or without lower lung injury hydrochloric hydrofluoric, ;( ammonia zinc; heavy exposure lower, lung injury may 

chloride smoke) (bombs seen pulmonary) edema diffuse, alveolar damage be( 

Exposure can be inadvertent or occult with Nitrogen dioxide phosgene, ozone, cadmium, Lower lung injury pulmonary) edema diffuse, 
presentation little or no mucous delayed with( damage 24-48 alveolar hr fume mercury, vapor nickel, ,carbonyl 

membrane( irritation or airway effects waterproofing) fluorocarbon 

Self - limited flulike illness with fever and Zinc oxide fume heavy, organic dust ,inhalation The presence of hypoxemia or lung injury 
polymer leukocytosis fume beginning diagnosis endotoxin, 6-12 another hr after a clear indicates 

exposure history 

Foreign substance ingestion followed by Heavy aerosol inhalation can cause lipoid lipoid exogenous, aspiration Hydrocarbon 
pneumonia pneumonia paraquat; pneumonitis, paraquat can fibrosis also be 

absorbed through the skin 

5) a( variety of host factors such, as age genetics, use, of OTHER PATTERNS OF RESPONSE 
respiratory protection and, comorbid illness Overwhelming. 
exposures to any irritant inhalant however, can, cause Acute irritant inhalation injury is the predominant but, 
extensive damage throughout the respiratory tract not. the only pathophysiologic, mechanism underlying 

acute toxicant - caused lung syndromes In. contrast to the Ammonia and sulfur dioxide 10 are examples of sub- 
stances that are highly soluble in water Such. highly soluble anatomic distribution commonly seen in water - ,soluble 

be dif- it, may substances cause immediate irritation of the conjunctival injury inhalant - related chemical irritant 
mucosa and upper airways This. immediate ficult to delineate a descending hierarchical, pattern from onset of irritant 

effects provides warning symptoms that may prompt the upper airway to lower lung injury following exposure to 
exposures, of these victim to flee thereby, limiting exposure In. contrast oxides, Many. agents of other a group diverse 

as with the water - soluble irritants also, lead to acute lung of nitrogen 11, ozone 12, and phosgene¹³ have relatively low 
water solubility For. this reason exposure, to one of these injury through nonimmunologic mechanisms ,clinically) 
agents may not be characterized by immediate symptoms acute respiratory distress syndrome ] ARDS [ ,pathologically; 

pro- to lead more DAD ,( as detailed subsequently in this chapter Other. toxi- This. may irritation membrane of mucous 
longed exposure and delay cant exposures produce various other syndromes of respi- in seeking medical .attention 
Both more - soluble and less - soluble irritant exposures can ratory tract injury such, as heavy metal pneumonitis 20, 
lead to distal lung injury but in, the case of highly soluble or hydrocarbon paraquat lung aspiration injury.2 22,23 21, 

The inhalation fever syndromes are exceptions in that they materials a, history of severe upper respiratory symptoms 
should precede the presentation of distal airway and alveo- do not involve obvious lung injury the; pathophysiology of 

group to this appears syndromes lung lar damage.14 acute - limited of self 
be cytokine mediated.24 Irritants reaching the lower respiratory tract either, 

because of their inherent physical characteristics or 
because of exposures that overwhelm the absorptive capac- GENERAL MANAGEMENT 
ity of the upper airway can, injure both the lung epithe- 

PRINCIPLES lium and its endothelium Irritant. injury at this level leads 
to a nonspecific pattern of diffuse alveolar damage (DAD) 
similar to that seen from a variety of different causes see) Symptoms and signs of acute inhalation injury can be 

delayed in onset Following. removal of the patient from expo- Chapter 8 .( The pathologic changes in fatal cases of irritant 
lung injury include focal and confluent areas of edema with sure while safeguarding the rescuing personnel the, next 
protein - rich fluid in the alveolar spaces hyaline, membrane most important management decisions include protection 

of the airway i.e.) preemptive, intubation may be required formation and, denudation of the alveolar epithelium In. 
addition mucous, membranes of the bronchial and bron- to prevent precipitous airway obstruction from progressive 
chiolar walls may be denuded or destroyed Pulmonary. airway edema and( treatment of hypoxemia The. naso- 

pharynx and larynx hemorrhage may be seen in irritant lung injury but is typi- may manifest injuries earliest because 
they are cally not the dominant clinicopathologic manifestation exposed; to the highest concentrations of inhaled 

a also be may prominent pulmonary hemorrhage should raise suspicion airway The upper toxicants. - soluble water 
of other toxicant- or non - toxicant - mediated syndromes 15 primary target organ as a result of angioedema in selected 

toxicant ingestions 25. Within a few hours of exposure pro-, see) Chapter 94 .( 
be may gressive airway edema mucopurulent, sputum production injury, tract respiratory, level On the cellular 

and bronchorrhea may develop Bronchoconstriction. peri-, mediated through the deposition or formation of an ,acid 
alkali free, radical or, other reactive chemical species The. may sloughing mucosal and bronchial edema, bronchial 

precise cellular mechanisms of injury from irritant inhal- produce atelectasis In. the distal airways and alveoli epi-, 
- induced leads to permeability ants have not been fully delineated even, for relatively injury thelial and endothelial 

common irritants such as chlorine or the chemical warfare edema which, can manifest ranging from mild interstitial 
agent phosgene substances, edema to DAD Pulmonary. edema may be rapid following for which extensive human 
and experimental animal data exist 16–19. high - concentration toxicant exposure or may be delayed 
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up to 24 to 48 hours Pneumothorax. and pneumomediasti- Companion animals e.g.) dogs, cats, and, birds often( 
show symptoms and num can be acute complications of respiratory tract injury signs in advance of humans An. 

resulting from chemical toxicants 26-31. example of historical interest is that of coal miners bringing 
Acute toxicant lung injury manifest as DAD should be canaries into coal mines This. phenomenon may allow the 

managed consistent with the basic management of acute clinician to identify occult exposure test, and, treat while 
human disease is mild or still subclinical.45a lung injury from other causes This. includes utilizing lung- 

protective ventilation strategies for patients with ARDS and 
avoiding fluid overload 32,33. Concomitant airway injury CHRONIC SEQUELAE AND 
with acute bronchospasm often warrants treatment with 

RESIDUAL EFFECTS bronchodilators because of the airway .obstruction 
A beneficial role for systemic corticosteroids in the acute 

Persons surviving symptomatic exposure to acute irritants phase of irritant and other chemically mediated forms of 
may have persistent structural and acute injury to the lungs has not been established either, by functional effects Long-. 

controlled trials in humans or through studies using experi- term consequences to the upper airways nose) pharynx, and, 
mental animal models 34,35. Inhaled steroids are more likely larynx can( be sequelae of acute inhalational exposures upper; 
to have a better risk - benefit ratio in the therapy of acute airway complaints including, chronic rhinitis reactive) upper 

airway dysfunction inhalation injury e.g.) in, the context of bronchospasm and syndrome anosmia, and, vocal cord dys- 
concomitant use of bronchodilators taking, acute smoke function ,( have been reported 46-50. Follow - up studies of more 

homogeneous populations evaluated inhalation injury as a paradigm .( 36 Despite the lack of con- after inhalation injury 
trolled evidence of efficacy anecdotal, reports of benefits of with) only a minority experiencing severe injury suggest( that 
systemic corticosteroid use continue to appear 30. For exam- airflow obstruction and nonspecific airway hyperresponsive- 
ple systemic, corticosteroids may have a beneficial effect in ness are the most common persistent abnormalities of the con- 
the treatment of lung injury following zinc chloride inhala- ducting airways after irritant injury Even. so epidemiologic, 

to data suggest that only a minority of those exposed will experi- not have proved drugs antibiotic tion 31,37. Prophylactic 
ence these outcomes 51-53. The term reactive airway dysfunction be efficacious in toxicant - induced lung injury antibiotics; 

reac- of airway to the persistence should be reserved for those patients with clinical evidence been applied has syndrome 
pneumo- tivity after - associated acute ventilator exposure to respiratory including, irritants of infection 54-57. The 

use of more the general term irritant not support - induced do asthma data has also been convincing, used To date nia 38,39. 
to describe this condition 58,59. Insofar as this can represent a other pharmacologic agents such, as antioxidants in, the 
form of work - related asthma it, is addressed in Chapter .100 generic treatment of toxic chemical lung injury although, 

this is lung paren- the subject and of airways experimental to the lower research injuries. 34,40,41 Chronic 
chyma are unusual sequelae of acute inhalational expo- Certain exposure - specific management issues do occa- 

sionally arise In. paraquat - induced lung injury for, exam- sure Long. - term follow - up evaluation after recovery from 
ple ), oxygen causes predomi- toxicity is from heterogeneous a particular ARDS resulting concern because of the 

nantly associated with sepsis suggests( that residual defi- specific mechanism of action of paraquat i.e.) high, concen- 
trations of oxygen may lead to more severe lung injury .²²( cits in lung volumes airflow, and, gas exchange may persist 

recovery. after In addition in, paraquat - induced lung injury immuno-, long 60 Bronchiolitis obliterans BO) ,( 61-69 
suppressive therapy has yielded some promising data but 74,75 pneumonia organizing and 9,68,70-73, bronchiectasis 
remains to be confirmed in randomized controlled stud- may all develop but, are rare complications ,Irritants. 
ies.23 Biologic therapy utilizing an anti - C5a antibody also in particular nitrogen oxide and related exposures have, 

long been known to cause BO.76 Yet even with nitrogen has demonstrated promise for the treatment of paraquat- 
induced lung injury and the associated systemic inflamma- dioxide BO, is an infrequent event for; example only, 

one case was found in a series of 20 moderate to severe tory response 42. In the case of certain metal toxins chelation, 
exposures.62 The histologic manifestations of exposure- may have a therapeutic role as, is addressed later in rela- 
related bronchiolitis can include various subtypes 63. tion to the specific exposures involved Inhalation. fever is 
Pathologically acute, or subacute irritant - induced bron- self - limited so, the principal clinical management issue is to 
chiolitis is usually characterized histologically as either exclude other exposures with more serious outcomes 24. 

pneumonia organizing with Nonspecific treatments for toxic lung injury include bronchiolitis proliferative 
that) is a, histologic pattern of organizing pneumonia interventions( to clear the airways of mucus denuded, 

mucosal tissue and, cellular debris Such. interventions or constrictive bronchiolitis The. latter appears to be the 
percus- pathologic correlate of diacetyl - caused popcorn worker's intrapulmonary, chest physiotherapy may include 

sive ventilation inhalation, of isotonic saline aerosolized, lung² and has been reported in one case of BO following 
exposure in the World Trade Center disaster 77, in a case mucolytic agents such as N - acetyl cysteine and, in, some 
series of Iraq and Afghanistan military veterans although) settings therapeutic, bronchoscopy 43. Although a detailed 

discussion of mass casualty events is beyond the scope no single toxic exposure has been implicated ,( 78 and in 
of this chapter association, with styrene - fiberglass boat construction large, - scale release of toxicant chemicals 
may result in widespread presumably with more indolent exposure rather, than chaos and confusion that has 

acute exposure 79. In addition to residual obstructive the potential to overwhelm the public emergency ,system 
ventilatory deficits restrictive, deficits may also result including first responders and emergency departments see) 
from severe irritant inhalation injury 70,80. There is also also Chapter 59 .( A surge of highly exposed acutely, ill vic- 
some indication that an isolated reduction in residual tims along with lower - exposure risk but anxious patients 

may present significant volume may be noted in the follow - up of such cases challenges. to 81,82 prehospital care and 
Finally nonspecific, respiratory signs and symptoms after 44,45. care emergency - based hospital 
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Table 103.2 Selected Toxic Agents Causing Pulmonary Responses After Acute Exposure 

Agent Common Exposure Scenarios References 

Acid aerosols 123 149-153, Plating microelectronics; other; manufacturing 

Acrolein Structural or wildland fires other; combustion 292 293, 

9 322, 326, Ammonia Industrial refrigeration leaks fertilizers; 

Brevetoxin Aerosolization of red" tide toxin" 311,313 

Bromine 69 328-331, Water treatment chemical; manufacturing 

Cadmium fume 186-190 Flame cutting of soldered or sheet metal materials 

101-103 Chloramines and nitrogen trichloride Bleach + ammonia mix chlorination; + ammonia 

gas 16,87-96 Gas leak water; treatment bleach; + acid mix Chlorine 

130 Pulp paper Chlorine, dioxide bleaching 131 

174-177 gas agents( tear) Crowd - control Military and police training and operations 

137 138, Dimethyl sulfate Industrial chemical yielding sulfuric acid 

145 217, 223, polymers polymers Overheating Fluorocarbon 

sprays 256-260 Fluorocarbon Waterproofing and related aerosol sprays 

21,267 269, Hydrocarbons, 275 278, Aspiration of low - viscosity materials ", fire "eating 

Hydrogen 336,340-342 sulfide Sewers and manure pits fossil; fuel and geothermal production 

vapor 192-199 Mercury Gold extraction heating, cinnabar 

fumigant Methyl 334,335 bromide Pesticide 

343,345 manufacturing Pesticide Methyl isocyanate 

346 347, Methyl isothiocyanate Breakdown product of metam sodium fumigant 

gas 70,155-157 agent warfare Chemical Mustard 

200-204 Nickel processing metal, reclamation carbonyl Nickel 

Nitrogen dioxide 11,62 117, 118, Silage, combustion; 121 explosives; welding; nitric; acid mixes 

24 237, 242, 243, Organic dusts or aerosols Contaminated dust or bioaerosol generation 

170 Pesticide, 307 application chemical; warfare Organophosphates 

Ozone 12 Bleaching water; treatment plasma; welding 

22 282, or ingestion skin contamination Herbicide Paraquat 

13 18, by - product Phosgene breakdown solvent Chlorinated 

Phosphine 364-366 Fumigation with aluminum or zinc phosphide microelectronics, 

Sulfur dioxide 10 132-134, Refrigeration cement; manufacture mining; pulp; paper mills 

215 Tributyltin Paint additive for mold inhibition bis) ] tributyltin [ (oxide 

Vanadium 211,212 Ore processing fossil; fuel by - product catalyst, use 

179 183, )( white" smoke Zinc" chloride Smoke bombs 

Zinc oxide fume 218 219, Welding, galvanized steel brass; casting 236 

acute inhalation events can be somatic manifestations of primar- releases leaks 89,90, environmental industrial include 
psychological processes and can be further complicated ily during transport 91,92, water purification 93, swimming 
by posttraumatic stress disorder comorbidity pool - related events 94,95, household cleaning product misad- 83-86. 

ventures 96, and even homemade chemical bombs 97 or inten- 
tional terrorist use 98. 

SPECIFIC EXPOSURES In the form of a yellow - green acrid gas industrial, and 
environmental releases typically have clear - cut exposure 

causing con- toxic agents air higher, of selected than for a list is heavier the gas See Table 103.2 Because. histories 
tamination can be expected in low - lying areas hence) its, pulmonary responses after acute .exposure 
use in trench warfare in World War I .99( Other environ- 
mental conditions however, may, supervene Examples. CHLORINE CHLORAMINES, HYDROCHLORIC, 
include one well - documented case of the gas rising along 

ACID AND, RELATED CHEMICALS 
the heated outside wall of a factory where rooftop workers 

Among toxicants causing pulmonary responses chlorine, is were exposed.89 In another case chlorine, initially collected 
in a basement but then was sucked up into the central heat- a common and potent irritant inhalant accounting for sub- 
ing system of of a forms exposure 17,87,88. Common dormitory human morbidity stantial 100. 
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The history of exposure to chlorine may be less straight- absence of acute irritant effects is not clinically consistent 
exposures. novo or related after de gas is generated the chlorine chlorine when forward with 

full spec- of the generation from chlorine - containing products Chlorine. any manifest may inhalation Chlorine 
trum of respiratory tract irritant effects from, minor gas can be generated from liquid bleach containing hypo- mucosal 
responses to upper airway responses chlorite or from dry powdered bleach containing chlori- to DAD 89–99,110,110a. 

nated phosphate In. either liquid or powdered bleaches Persistent, airway hyperresponsiveness after irritant expo- 
the chlorine gas is liberated on contact with acids which, sure has been associated particularly with chlorine gas 
can be common in other household products such) as those and chlorine - containing products although, this associa- 

tion may have more to do with the frequency of chlorine containing muriatic ] i.e. hydrochloric, [ phosphoric, or, 
exposures than with any particular effect of chlorine hydrofluoric acid96 or( in industrial settings 53. In contrast on, 

mixing chlorine - containing products with ammonia leads the airways 16,43,58,59. Human experimental studies have 
provided inconsistent results about whether persons with to release of chloramines monochloramine) ] NH2Cl [ and 

dichloramine ] NHC12 [ and( related chemicals especially, underlying airway hyperreactivity may be more responsive 
to chlorine 111,112. nitrogen trichloride NCl3) ,( chemicals whose irritant effects 

Use of inhaled bronchodilators and inhaled steroids may are attributed to in situ pulmonary reactions releasing chlo- 
be indicated for both acute and residual bronchospasm fol- rine hypochlorous, acid and, ammonia 96,101,102. In aquatic 

venues including, swimming pools inadvertent, mixing of lowing chlorine inhalation consistent, with the general 
the chlorinated water with nitrogen donors can also hap- principles of management addressed previously Although. 
pen with, potential irritant effects attributed to nitrogen several case reports and series have touted the potential 

benefits of nebulized sodium bicarbonate inhalation in of a public aquatic A 101,103. report in particular trichloride 
the acute treatment of chlorine or chloramine ,inhalation venue mishap found that inadvertent mixing of sodium 

hypochlorite and hydrochloric acid led to toxic chlorine gas the efficacy of this intervention has never been assessed 
in a controlled trial 102,112,113. One small controlled trial release resulting in a constellation of adverse health ,effects 

among, and eye irritation ,, coughing administered inhaled bicarbonate 3 months or more after vomiting including 
several dozen affected bathers 104. Chloramines evolved from exposure in irritant - induced asthma and described some 

mixing chlorine and ammonia should not be confused with benefit 114. Other potential therapeutics have been reported 
on the basis of published animal and human data including, Chloramine - T sodium) - N - chlorine - p - toluene sulfonamide ,( 

a disinfectant that can act as a chemical sensitizer leading intramuscular sodium nitrite intramuscular, ascorbic /acid 
deferoxamine and, sevoflurane an) inhalational anesthetic responses.105 anamnestic and other asthma to allergic 

Irritant effects after inhalation of hypochlorite aerosols in agent ,( although the efficacy of such interventions remains 
to be established.115 confined spaces without a history of combining products 

not) an uncommon scenario when cleaning (bathrooms 
can also be associated with irritant effects Similarly. in, cer- OXIDES OF NITROGEN OZONE, SULFUR, 
tain industrial operations hydrochloric, hydrogen) chloride DIOXIDE AND, ACID AEROSOLS 
in water or( hypochlorous acid aerosols are also respiratory 
irritants. These inhalants are major air pollutants the; effects of low- 

Chlorine level exposure exposure can also are discussed take place in in specific detail in indus- Chapter 102. When 
trial processes that use inorganic chlorine .derivatives inhaled in high concentrations these, irritants can cause 
Worthy of particular mention acute lung injury Because. of their lower solubility and thus are chlorine dioxide used) 

their lower incidence of upper airway symptoms ozone12, in pulp paper processing ,( 106 chlorinated silanes gases) 
used in microelectronics ,( 107 reactive metal halides ,e.g.) and even, more commonly nitrogen, dioxide may be asso- 

ciated with a longer exposure with a greater predilection titanium or antimony chlorides ,( 20 and thionyl chloride 
which) breaks down to yield hydrogen chloride and sulfur for lung injury 116. With sulfur dioxide and acid ,aerosols 

dioxide .65,108( despite their high solubility a, sufficient intensity of expo- 
sure can For chlorine and related chemicals there, is a dose- also lead to .DAD 

High - intensity exposure to oxides of nitrogen can take dependent exposure - response relationship that; is lung, 
place through injury is largely a function of the dose of irritant gas entrained decomposition of organic matter and other 
sources Examples. of exposure scenarios into the respiratory system For. chlorine as, for irritant include the follow- 

gases generally the, dose response ing nitrogen: dioxide - induced lung injury among farmers has been presumed to be 
also) known as silo filler's disease 52,117,118( use; of inter- equivalent for any given cross - product of concentration and 

exposure with) large time Haber's) law ,( spaces although in enclosed experimental engines data nal combustion 
indicate that this relationship may be more variable.109 outbreaks associated with ice resurfacing equipment used 

All of these compounds appear to share a final com- in indoor skating rinks 11,119-121( thermal; degradation 
of polymers e.g.) in, structural fires 38( toxicant; gas pro- mon toxic pathway As. noted in the general discussion 

an impor- is solubility water, duced by the detonation of explosives 67,122 the; release of inhalation of toxicant acute 
gas through reactions of nitric acid breakdown in air or in tant determinant of the dose reaching the lower .airways 

reaction with metals or organic materials 123-125 welding; For chlorine chlorine, dioxide chloramines, and, nitrogen 
penetra- deeper by - products particularly, when gas" - shielded techniques" favors solubility their, lower trichloride 

tion with a more effective delivered dose compared with are used manual) inert gas welding or tungsten inert weld- 
an equivalent inhalation of agents with a higher solubility ing 124( and; the release of compressed nitrogen dioxide 

gas of. these to any exposure, Nonetheless. aerosols such as acid 126 Historically the, detonation of explosives has been 
compounds is associated with some degree of immediate one of the most important sources of exposure to nitrogen 

oxides 122. Work - related exposure to a mixture of nitric acid mucous membrane and upper airway irritation In. fact the, 
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Sulfur Mustard and hydrofluoric acid known, as pickling" paste ", used to 
clean welding joints in welded stainless steel ,construction 

Of the major World War I chemical weapons only, sulfur 
has been reported as a cause of ARDS 127. Nitric oxide an, mustard so) called mustard" gas ", although not a true gas 
inhalant used therapeutically breaks, down to nitrogen in physical state has( subsequently been used in .warfare 
dioxide in the presence of oxygen and thus must be moni- Classified as a vesicant because of blistering induced by 
tored with appropriate delivery devices to avoid exposure to skin contact mustard, gas inhalation causes severe respira- 
the potentially toxic nitrogen dioxide 128. 

tory injury Largely. on the basis of the Iranian experience 
High - intensity occupational ozone exposure is ,unusual of their Iraqi war veterans sulfur, mustard survivors can 

but it can happen with welding conditions similar to those exhibit residual tracheobronchitis asthma, bronchiec-, 
associated with oxides of nitrogen 129. More recently ozone, tasis bronchotracheomalacia, BO, and, fibrosis 70,154-157. 
in water treatment and in pulp paper bleaching has also Nitrogen mustards were sulfur mustard derivatives origi- 
emerged as a health issue in; the latter industry there, is 

nally developed for military purposes but later applied medi- 
often concomitant exposure to chlorine dioxide 130,131. 

cally nonetheless; occupationally, related acute lung injury 
Important sources of exposure to high - level sulfur diox- 

has been reported through industrial release.158 
ide include mining and ore refining 10, portland cement 
manufacturing 132, sulfur treatment of fruit 133, and indus- Phosgene 
trial releases 134. Sulfur dioxide has been and continues to 

Another World War I toxicant gas phosgene, currently, is 
be important in sulfite process pulp paper processing where, 

encountered as a chemical industry process chemical and 
acute gas releases are superimposed on long - term lower- as a thermal breakdown product or ultraviolet photoreac- 
level exposure 130,131,135. In the past sulfur, dioxide was also tant of chlorinated solvents e.g.) methylene, chloride .( 13,159 
a common refrigerant 136. 

An occult cause of exposure can be inadvertent phosgene 
In ambient air pollution sulfuric, acid is an acid aerosol of 

production from welding metals degreased" with" sol- 
primary concern in; various occupations sulfuric, acid can vents 129. Phosgene is the prototypical deeply penetrating 
also be encountered at high levels Workers. can be exposed inhalant exhibiting a delayed onset of symptoms 12) to 24 
to sulfuric acid through both direct use and the break- hours after exposure .( 19,32,160–162 Even victims of phosgene 
down of a highly toxic industrial chemical dimethyl, sul- exposure who eventually develop fulminant respiratory fate 137,138. Certain other inorganic and organic acid vapors 

failure may exhibit only mild initial symptoms and have 
and aerosols are also important potential causes of acute a normal chest radiograph in the first 2 hours after expo- lung injury including, chromic 139, acetic 140, formic 141, 

sure 163. Methyl chloroformate C2H3ClO2) has( chemical 
and hydrofluoric acids 125,142,143. Hydrofluoric acid hydro-) 

and structural similarities to phosgene COCl2) ,( is used in 
gen fluoride inhalation( in, addition to nonspecific irritant industrial chemical synthesis and, is also a potent inhala- 
effects can, induce clinically significant ,hypocalcemia tion irritant associated with severe lung injury.164 
which is thought to result from the formation of insoluble 
calcium fluoride 144. Persons can be exposed to hydrofluoric Chloropicrin 
acid in manufacturing of both microelectronics and phos- 

Chloropicrin another, World War I gas is, a low - threshold 
phate fertilizers in, household use of hydrofluoric acid rust 

irritant currently encountered in chemical manufacturing 
removal agents the) mixture of which with hypochlorite and as a component of fumigants it; is added to fumigants 
bleach can evolve both chlorine and hydrogen fluoride ,( 

for its irritant warning properties to deter persons from 
and in the incomplete combustion pyrolysis) of( fluorinated entering and remaining in structures during or soon after 
polymers 145. Exposure to hydrogen fluoride is a long - term fumigation.165-167 

problem in the aluminum smelting industry 146. Hydrogen 
Neurotoxicants fluoride is also released as a breakdown product of sulfur 

hexafluoride an, electrical insulating liquid chemical used The modern chemical warfare armamentarium is domi- 
in circuit breakers cables, capacitors, and, transistors 147. nated by systemic toxicants developed from organophos- 

phate pesticides which) are discussed later in the section 
MILITARY AND CROWD - CONTROL AGENTS Pharmacologic" Syndromes (" the; nerve agent VX is proto- 

typical 168,169. These highly lethal neurotoxins have impor- 
Unfortunately chemical, warfare agent exposures are 

tant respiratory effects including, manifestations of both 
not of mere historical interest 99,148,149. Not only can spo- muscarinic receptor stimulation bronchorrhea) and bron- 
radic exposures result from contact with a discarded 

chospasm and( nicotinic receptor depolarization blockade ordnance 150, but also and, more importantly exposure, can 
respiratory) muscle paralysis ;( treatment is based on revers- 

be widespread through the use of chemical warfare agents 
ing enzyme inhibition and countering the effects of acetyl 

in acts of terrorism or in conventional military .conflicts cholinesterase .excess 
Such risks have raised the specter that the diagnosis and 

Chloroacetophenone Mace) ,( Other management of such toxicants will again become clinically Tear Gas 
relevant Several. reviews have addressed general aspects Agents and, Zinc Chloride 

of this question 151–153. The goal of this section is to address 
Crowd - control agents ") tear gases (" as, opposed to the war 

individual chemical agents including, other military and 
gases are, intended to incapacitate persons through imme- 

crowd - control agents that are not warfare chemicals per ,se 
diate mucous membrane irritation 171. The agents in great- 

with a focus on their respiratory toxicity Biologic. warfare 
est use worldwide are chloroacetophenone ") mace (" and 

agents of relevance to the respiratory tract are covered else- orthochlorobenzamalonitrile 172,173. In addition to their 
where see) Chapter 59 .( 
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were that operations mucous membrane effects these, agents have also been spraying from metal inhalation fume 
nickel carbonyl free suggests that under, certain ,conditions implicated in lower respiratory injury and even in persistent 

effects following high - intensity exposures e.g.) in, enclosed inorganic nickel also can cause acute lung injury 205,206. 
to smoke The agent dithiocarb diethyldithiocarbamate) has( been gas exposure, tear Unlike .( 174-177 buildings 

pneumo- bomb releases sometimes) referred to as white" smoke (" carbonyl for nickel antidote used as a chelating 
can cause severe lower respiratory injury by exposure to nitis on, the basis of supportive animal data although, its 
the potent respiratory benefits are most clear - cut when it is administered soon irritant zinc, chloride fume created, 

after exposure e.g.) before, through a pyrotechnic reaction between hexachloroethane the time clinical illness would 

be manifested ;( disulfiram has been suggested as a potential who are and, others police, 178,179. Military and zinc oxide 
sup- data to experimental, although exposed often, during ill - conceived training exercises are, treatment alternative 

port overexposure this of practice 15 cases of are also analysis an weak.207 In 29,178–183. at risk 
to a hexachloroethane - zinc chloride smoke bomb during a 

Other Metals 
military exercise the, serum zinc level correlated with later 

lung function impairment a, finding suggesting that serum and, beryl- manganese, antimony, Other metals including 
lium are, sometimes cited as causes of acute lung injury con- zinc may serve as a biomarker of high exposure that may 

predict outcomes 184. sistent with metal pneumonitis but, there are few reports in 
the past 50 years providing documentation of such disor- 
ders A. case report implicated copper dust inhalation as a TOXIC METALS 
cause of acute lung injury 208. Osmium tetroxide is a potent 

can vapors or metal respiratory irritant with terrorist weapon potential fortu-; fumes metal of certain Inhalation 
nately experience, with human inhalation exposure has cause acute pneumonitis 20. Dangerous exposures to toxic 
been limited 209. Cerium oxide is another metallic exposure metal fumes arise in part because these agents are not 

immediately irritating analogous, to the delayed symptoms use as a fuel its of potential because of concern theoretical 
after phosgene or nitrogen oxide gas inhalation Patients. additive and its capacity to cause acute inhalation injury 
typically present experimentally in. respiratory distress 12 to 48 hours after 
exposure Indeed. Two other metal compounds are well - documented bron- the, exposure history often remains occult 
unless aggressively pursued Metal. pneumonitis from these chial irritants in humans Vanadium. typically) as a metal 
materials also can include fever as a clinical manifestation oxide ,( which is encountered in metal processing and in, 
of this toxic syndrome However. the, term metal fume fever lower concentrations as, a fossil fuel by - product causes, 
should not be used in this context 185. The toxic mechanism acute bronchitis 211. Among boilermakers vanadium-, 

related a key exposure generalizable in heavy metal pneumonitis is presumed to be ash is suspected rich fuel oil 
to be inhibition of enzymatic and other critical cellular to acute respiratory symptoms 212. In a single case ,report 

high. - intensity functions exposure to ash from an oil - burning furnace 
was associated with DAD although; vanadium was detect- 

Cadmium Mercury, and, Nickel able in the residue the, toxic mechanism in this case was 

are lung injury in clinical as) vanadyl most important vanadium, The three metals case report In another 213. unclear 
cadmium mercury, and, nickel nickel) in the form of nickel pyrophosphate was( linked to pneumonitis 214. Tributyltin 

bis) ] tributyltin [ oxide is( an organotin compound which, is carbonyl .( Cadmium exposure typically takes place through 
an organic compound welding brazing, high) - temperature soldering ,( or flame- with one or more molecules of .tin 

cutting metal or, in Tributyltin which, is used as a mildew and mold retardant working, with molten metal under 

is also an acute airway irritant conditions. of inadequate ventilation 186-189. In welding 215, 
brazing and, flame - cutting the, usual source of cadmium is 
the welding rod brazing, solder or, a metal coating rather, METAL FUME FEVER POLYMER, FUME ,FEVER 
than the base metal itself 129. In areas of the world where 

ORGANIC DUST TOXIC SYNDROME AND, OTHER 
jewelry is made at a cottage industry level cadmium, use in INHALATION FEVERS 
silver working can present a particular exposure risk 190,191. 

Mercury is relatively volatile and, high levels can be gen- Certain febrile flulike pulmonary syndromes reflect similar 
erated effectively from many nonenclosed operations most, clinical responses to a diverse group of acute inhalational 

exposures 24,216. Their hallmarks are chills fever, ,malaise, notably through heated metal reclamation processes ,e.g.) 
and myalgia with, onset 4 to 8 hours after intense inhala- home refining of mercury - gold amalgams or reclaiming of 

mercury from electronic equipment .( tion of fumes or organic dusts 24,185,217. Common respira- 192-199 Exposure has 
also been reported after burning mercury sulfide Chinese) tory signs and symptoms include cough or mild ,dyspnea 
red cinnabar and( mercuric oxide for medicinal pur- but chest radiographic opacities or hypoxemia are not seen 
poses mer-. systemic for elevated Peripheral. with this disorder treatment be and would inconsistent 197 Chelation 

leukocytosis cury typically is begun after the onset of pneumonitis but, usually accompanies the syndrome bron-; 
its efficacy in ameliorating mercury pneumonitis has not choalveolar lavage shows a marked influx of neutro- 
been studied 196. phils 218-220. These syndromes are self - limited resolving, 

clinically within 12 to 48 hours Inhalation. fevers share a Nickel carbonyl is an organic metal derivative and potent 
pulmonary common feature of tachyphylaxis with, a blunted response toxicant with, exposure described during nickel 
refining during, manufacturing processes in which it is to daily repeated inhalation and) hence the name Monday" 

recy- used as a catalyst or intermediate and, during metal morning fever among" both brass founders and cotton mill 
workers cling or reclaiming operations .( 200-204 Cases. 24,221,222 of severe nickel 
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Signs or symptoms resolving of spontaneously pneumonitis For. should another suggest, ODTS has a alter- rela- 
native more, serious diagnoses such, as cadmium pneu- tively high attack rate over a fairly short time period that; 

is in, contrast to HP in which host susceptibility including, monitis 187,188, HP see) Chapter 91 ,( active infection in) the 
case of water - source aerosols ,( or inhalation of more toxic sensitization plays, a role in disease pathogenesis ODTS, 

in a high temperature - dependent and may develop fluoropolymer does not require sensitization combustion by- 
proportion of products which) include hydrogen fluoride and perfluoriso- all exposed individuals As. with metal fume 

butylene fever and polymer fume fever cytokines, are presumed to be which, is more toxic than phosgene .( 223-225 Toxic 
key mediators of the ODTS and water - borne aerosol - related pneumonitis caused by fluorocarbon - containing aerosol 

sprays is an exposure scenario inhalation fevers with, endotoxin and related factors being distinct from polymer fume 
key fever resulting from exposure to fluoropolymer combustion exposure variables 24,255. 

by - products or from acute lung injury and is dealt with sep- 
arately see) the following section .( FLUOROCARBON AEROSOL SPRAY 

Metal fume fever is associated with zinc oxide inhala- PNEUMONITIS 
tion from welding galvanized metal or brass working 226. 

to com- exposure There is only limited clinical evidence that other metals inhalation injury following Acute lung 
magnesium) and copper are( capable of causing a similar mercial fluorocarbon - containing aerosol products is an 

response, discount important emerging syndrome first reported in the early further data and experimental 185,227 
magnesium as a potential cause of 1990s 256. This syndrome is distinct both from fluoropoly- fume fever 228. Zinc oxide 

and from exposure fume, rarely has also been purported to cause an acute lung discussed as previously, mer fume fever 
to irritant by - products from higher - temperature thermal injury pattern in case reports of welding - related ,illness 

coexpo- dioxide breakdown of such polymers A. key feature of fluorocar- or nitrogen of cadmium but the likelihood 
bon aerosol pneumonitis is the onset of symptoms within sures makes this uncommon association questionable.229 

fluo- containing Further controlled, experimental human exposure data do spray product using a after hours several 
not support this disorder as a zinc oxide inhalation effect 219. rocarbon polymers Exposure. can take place in an occupa- 

Polymer fume tional setting e.g.) construction, or( commonly, from, home fever is associated with thermal break- 

can be down products of fluoropolymers e.g.) polytetrafluoro-, exposures These. products - the - counter use of over 
relatively brief with, varying degrees of ventilation impor-; ethylene ] Teflon [ and related materials .( 217,230-232 The 

pathophysiologic mechanisms underlying the metal and tantly exposure, need not be in an enclosed space Victims. 
polymer fume fever syndromes have not been ,established usually do not recall previous exposure there; is nothing 

play may in the condition to suggest a hypersensitivity mechanism cytokines. that pulmonary suggests but research 
a key Application of multiple types of fluorocarbon - containing role 233-236. 

products has been linked to outbreaks although; water- Organic dust toxic syndrome ODTS) is( associated with 
inhalation of materials contaminated with thermophilic proofing leather and fabric sprays have dominated the 

reports other, products include floor stain protector rust-, bacteria and fungal spores including, wood chips 237, 
proofing spray grout, sealer and, straw 238, silage 239, seeds 240, grains and flour 241, and textile ski wax 256-263. The clinical 

raw materials 222. The increasing industrialization of agri- presentations manifest a range of severity consistent with 
cultural processes varying, degrees of nonspecific acute lung injury includ-, especially the use of animal confinement 

ing ARDS.264 Management is based on standard supportive techniques or so - called concentrated animal feeding opera- 
tions is, an additional source of exposure leading to ODTS care, The. various descriptive labels for this condition such, 
although these same settings also can produce irritant gases as horse" rug lung and" hill" walkers lung' ", can obscure 
such as hydrogen sulfide and ammonia 242,243. ODTS has the consistent pattern of the syndrome 259,265. 
gone by various names including, pulmonary mycotoxico- 
sis 244, silo unloader's syndrome 239, and mill fever.2 245 One 

HYDROCARBON PNEUMONITIS AND FIRE- 
of the best documented historical outbreaks of ODTS was 

EATER'S LUNG 
among individuals who worked with contaminated cotton 
mattresses.222 Inhalation of aerosols from contaminated Hydrocarbon pneumonitis can follow oral ingestion of 

hydrocarbons and associated hydrocarbon aspiration In. water sources produces a self - limited febrile syndrome simi- 
lar to ODTS Some. of these outbreaks are attributable to the pediatric high - risk age group aspiration, can take place 

during ingestion from non - tamper - proof containers typi- inhalation of Legionella species without actual infection ,i.e.) 
to and( are referred cally involving mineral spirits mineral, seal oil common) in of pneumonia clinical evidence without 

as Pontiac" fever ". 246-248 Contaminated aerosols causing furniture polish ,( lamp oil kerosene, paraffin) ,( turpentine 
or from saunas can) originate pine syndromes oil ,( fever gasoline inhalation and, lighter fluid 21,266-268. In ,adults 

sys- hydrocarbon aspiration associated with fuel syphoning humidifying( industrial) commercial 249,250, hot tubs 
tems 251,252, and metal machining cooling fluids 253. Along represents an occupational hazard among diesel - powered 

heavy equipment and tractor operators 269-271. Even though with these heterogeneous exposure scenarios various, dif- 
ferent names have been used for these syndromes includ-, these substances have systemic toxic effects such as central 

nervous system depression life, - threatening complications ing humidifier fever 252, sump bay fever 254, and bath water 
fever.249 of ingestion Many of the same occupational and environmen- are predominantly the result of concomitant 
tal exposures that cause hydrocarbon aspiration and subsequent pulmonary com- ODTS can cause HP and respi- 
ratory tract infections thus, complicating diagnosis and promise making, the lung the target organ of concern 

in hydrocarbon ingestion Pneumatocele. is a recognized treatment Certain. features help to distinguish ODTS from 
HP or infection For. one ODTS, is self - limited typically, complication of hydrocarbon pneumonitis 272. In contrast 
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respiratory distress to aspiration hydrocarbon pneumonitis the, toxicity of hypoxemia, and, a restrictive ventila- 
hydrocarbon solvent) vapor( inhalation manifests primar- tory defect with, decreased lung compliance and diffusing 

capacity ending, in death from ventilatory failure within ily in either the central nervous system or the heart Major. 
pulmonary damage associated with acute hydrocarbon days to weeks 22,282. Survivors may demonstrate modest 

and slow improvement 273 in lung function 286. exposure by inhalation is unusual but has been reported.² 
The mechanism of paraquat toxicity is attributed to the Importantly the, lung also appears to be the target organ for 

the toxicity of intravenously administered ,hydrocarbons generation of superoxide radicals that may be partly iron 
an unusual but well - documented suicidal scenario 274. dependent Consistent. with an oxidant mechanism sup-, 

Fire - eater's lung is an important variant of hydrocar- plemental oxygen and radiation therapy may worsen the 
outcome there; are no known antidotes for paraquat poi- bon pneumonitis 275-277. This syndrome typically involves 

adolescents or young adults who become exposed through soning and, enhanced elimination such as by hemoperfu- 
sion has not demonstrated a clear benefit 22,282. Plasma mishap during flame - blowing performances using a vari- 

ety of different flammable materials In. addition to kero- paraquat levels can be determined and may have a use in 
sene and gasoline the, toxicants include jet fuel and in, predicting outcome 287. Data suggest a possible therapeutic 

benefit from immunosuppression but, this awaits confirma- France an, aromatic hydrocarbon - enriched petroleum- 
tion through controlled clinical distillate called kerdan" ". 278,279 There has also been a trials 23,282. Death results 
from multiorgan failure which, usually happens within 1 to case of citronella oil aspiration in a fire - eater 275. As with 
2 weeks but may be observed up to 6 weeks after ingestion hydrocarbon. pneumonitis in children fire, - eater's lung 

can also be complicated by pneumatocele 280. Although 
the term acute lipoid pneumonia has been used to refer to SMOKE INHALATION 
the fire - eater's lung syndrome as, well as in other acute 
aspirations expo- potential, this includes is a misnomer inhalation smoke term. 281 The generic 

sure to a wide array of substances because of the com- hydrocarbons, pneumonitis and adult In both childhood 
are aspirated at the time of the initial ingestion or subse- plex chemistry of heat decomposition and pyrolysis 38,288. 
quently with vomiting The. low viscosity of an ingested Pyrolysis refers to the thermal decomposition of organic 

material without the involvement of oxygen and is a com- hydrocarbon is considered a major factor promoting aspira- 
tion presumably, for mechanical reasons 21,267. Although it mon component of burning buildings where oxygen is 

may involve limited Pyrolysis. produces a variety of gases and a physi- toxicity that hydrocarbon has been theorized 
disruption of surfactant the, chemical pneumonitis of the cal product such as charcoal Although. anoxia from car- 

a major syndrome appears to be nonspecific represents. and, oxidants cyanide, bon monoxide 
manifestation of toxic insult from acute smoke ,inhalation 

this nonpulmonary target organ effect is not covered .here 
PARAQUAT 

Nonetheless some, chemical irritants produced as pyrolysis 
Paraquat is a widely used herbicide and a potent .toxin by - products do have significant potential pulmonary toxic- 
Ingestion rather, than inhalation is, the typical route of ity In. contrast to thermal injury to the respiratory ,tract 
exposure associated with human which typically is limited to upper airways with, laryngeal toxicity There. have been 

prob- management medical systemic reactions following skin exposure after direct expo- potential the major edema 
lem 289,290, inhalation of the smoke from fires can affect the sure to the skin e.g.) soaking, of the skin with paraquat or( 

e.g. preexisting, entire respiratory tract through irritant injury ). has been breached when the skin integrity 
In certain cases irritant, con- chemicals risk of smoking are released in fires .( The theoretical as or burn skin lesions 

taminated materials has never been established preformed. substances but, most, commonly the, toxins are 
Most paraquat formed de novo These. irritants are produced by the ther- deaths result from suicidal intent 22,282,283. 

Paraquat ingestion is a relatively uncommon mal degradation of both natural and synthetic polymers method. of 
suicide in the United States but, its incidence is greater in The predominant by - products of heat breakdown are deter- 

of to patterns mined by the nature of the polymers consumed the, tem- related perhaps, of other countries a number 
291 crop utilization and ease of access 282,284. Although para- perature of the fire and, the availability of oxygen.2 

quat ingestion leads to acute gastrointestinal tract necrosis Generally polymers, do not break down to their monomer 
precursors although, and multiorgan failure the, lung is the target organ for tox- residual monomers can evolve under 

certain circumstances For. example when, polyvinyl chlo- icity among those surviving the immediate postingestion 
period Diquat. a, related dipyridyl herbicide does, not cause ride is burned hydrogen, chloride is released rather than 

poison- although, the monomer vinyl, chloride Many. of the specific chemical with paraquat the lung injury associated 
irritants that can be released as common thermal break- ing can lead to renal failure and cerebral hemorrhage 285. 
down by - products are addressed elsewhere in this .chapter The pulmonary toxicity of paraquat in, contrast to its 

gastrointestinal effects does, not reflect caustic irritant These include the following hydrochloric: acid hydrogen) 
injury The. major lung effect of paraquat toxicity is the chloride ,( hydrofluoric acid hydrogen) fluoride ,( and other 

acids ammonia; phosgene; and; oxides of nitrogen The. zinc development of pulmonary edema usually, observed 24 
may edema chloride smoke" of" smoke bombs in) contrast to the het- The. pulmonary after ingestion to 48 hours 

erogeneous character of evolve" to a condition resembling ARDS associated, with his- natural smoke (" was discussed 

previously topathologic. findings similar to those of DAD which, may 
Aldehydes merit specific attention They. are a com- progress to an accelerated chemically, induced pulmonary 

fibrosis After. stabilization following acute multiorgan toxic mon cause of high - intensity irritant lung injury from the 
smoke from fires These. chemicals include ,formaldehyde effects disease, progression is marked by rapidly worsening 
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For example in, acetaldehyde and, acrolein The. most severe irritant one, case series a, considerable number 

acrolein CH2) = CHCHO ,( is least familiar to health care of poisonings from these pesticides led to respiratory fail- 
providers Acrolein. a, ure accompanied, by a high case - fatality rate in; contrast highly, reactive chemical and 

key toxicant in smoke inhalation injury is, formed as all the patients without concomitant respiratory failure 
survived 307. an important pyrolysis product of both synthetic ,e.g.) 

Inhaled capsaicin of, interest as a research tool to study acrylic and( natural polymers 292,293. In addition to de 
novo formation as a combustion by - product acrolein, is substance P - mediated effects is, associated with cough in 
also intentionally manufactured and used as a pesticide occupational; settings e.g.) in, chili pepper processing .( 308 
its use as an aquatic herbicide to facilitate water flow in When used as a personal defense spray respiratory, irrita- 

exposure lead to human inhalation tion has been reported although, ocular problems are more can canals irrigation 
common.309,310 with irritant effects 294. 

expo- irritant concerning Brevetoxin is a toxin produced by dinoflagellates associ- considerations The general 
exposure sure discussed previously including, air concentration inhalation ". Environmental red" tides with ated 

from airborne aerosols of red tide resulting from wind and and water solubility come, into play in smoke .inhalation 
surf action causes by the potential cough sneeze, are, further complicated and These factors wheeze 311-313. For 

as, of a source exposures health effects represent simultaneous brevetoxin, of multiple lifeguards effects interactive 
occupational well as the modifying impact of physical cofactors such respiratory morbidity including, work loss 314. 
The toxin that( may appears to act e.g.) soot, by stimulating sodium particulates channels in as respirable airborne 
the .lung serve as adsorbent carriers facilitating deep lung penetra- 

tion of toxicants In. practice detailed, exposure data delin- Palytoxin is another natural toxin produced by certain 
exposure a smoke of specific contents dinoflagellates as, well as by sea anemones and zoanthid the irritant eating 

are rarely available Information. that may help to eluci- corals Human. exposure may result from ingestion der-, 
date exposure conditions include identity of the products mal contact or, inhalation Respiratory. illness attribut- 

among involved e.g.) specific, synthetic polymers if, known ,( his- described has been inhalation able to palytoxin 
space or, confined aquarium hobbyists and among individuals in proximity an enclosed within tory of inhalation 

evidence of thermal injury and, carboxyhemoglobin and to algal blooms in ocean water 315. The palytoxin inhala- 
methemoglobin levels as markers of inhalation severity tional toxic syndrome includes dyspnea cough, fever, and, 

tachycardia 316. based on other concomitant exposures carbon) monoxide 
.( Respiratory irritation may also be a respectively, manifestation oxidants and 

Firefighters both) urban and wildland and( non- of Pfiesteria dinoflagellate toxin inhalation although) 
occupationally exposed victims potential neurotoxicologic effects have been of greater of irritant smoke inhalation 

concern .( 317,318 have proved to be important groups in which to study acute 
inhalational syndromes Large. - scale conflagrations ,e.g.) 

OTHER INHALANT EXPOSURES num- can( expose substantial fires" 295,296 urban wildland" 
bers of persons to irritant combustion by - products as, can 

Ammonia 
smoke drift from intentional burning of agricultural resi- 

as to increase can be expected health hazards Anhydrous ammonia is a gas at room temperature and due Wildfire. 
climate change creates longer warmer, and, drier .seasons ambient pressure although, ammonia is more commonly 
Studies of such populations after smoke inhalation have encountered in aqueous form as, in cleaning .solutions 
demonstrated acute and persistent airflow obstruction and Potential sources of ammonia gas exposure include inci- 

dents in the chemical industry and in hazardous trans- increased nonspecific airway hyperresponsiveness 297–305. 
Bronchiectasis and BO have both been associated with portation commercial, refrigeration systems and, farming 
combustion by - product exposure 66,68. The acute respira- e.g.) fertilizer, .( 9,318-323 Anhydrous ammonia has also been 

opera- tory effects and potential sequelae of exposure to the plume laboratory methamphetamine from illicit released 
generated by the destruction of the World Trade Center may tions although, such exposures are often in the context of 

conflagrations with concomitant thermal burns and other relate to other factors such as alkaline high) - pH dust( from 
coexposures concrete gypsum, and, glass fibers rather, than. 324,325 to standard 

smoke particulate 306. Ammonia has prominent irritant properties such, as 
burning eyes that, warn the exposed individual to escape It. 
is linked with lung injury chiefly in settings of overwhelming PHARMACOLOGIC SYNDROMES 
exposure or where immediate escape has not been .possible 
Both asthma and bronchiectasis have been documented Certain natural and synthetic chemical exposures affect the 

lung by specific mechanisms consistent with known phar- after ammonia exposure 9,322. Acute ammonia exposure 
airway macologic actions These. chemicals are site specific for key upper residual to have been reported has also 

effects including, decreased olfactory acuity 46. Death may cellular functions leading to adverse respiratory effects As. 
noted previously the, most potent chemical warfare agents result from laryngeal edema and airway obstruction acute, 
act through acetyl cholinesterase inhibition with, profound pulmonary edema or, complications of the pneumonic pro- 
impacts cess e.g.) bacterial, superinfection .( Lung transplantation on respiratory function 168,169. Similar albeit, less 

potent agents, have following ammonia inhalation has been reported including, widespread uses as agricultural chemi- 
cals Both. organophosphate and carbamate pesticides in a patient who had severe lung injury following an explo- 

sion in lead to respiratory compromise as a principal toxic effect a. poultry plant 326,327. 

Downloaded for Sufian Abuawad sufian.m.a.abuawad@gmail.c-) 65 -h Wolfson Medical Center from ClinicalKey.com by Elsevier 
on June 17 2021., For personal use only No. other uses without permission Copyright. © 2021 Elsevier. Inc. All rights .reserved 



• 103 ⚫ Acute Responses to Toxic Exposures 1445 

MISCELLANEOUS EXPOSURES Bromine and Methyl Bromide 

Bromine is an irritant halogen It. is usually handled as a Numerous other occupational and environmental agents 
liquid rather than as a gas but, it vaporizes readily Sources. result in acute pulmonary syndromes Examples. of such 
of bromine exposure other than environmental releases exposures include the following diethylaminoethanol: 
include chemical synthesis and water purification 69,328-331. and cyclohexylamine both) anticorrosive boiler addi- 
Bromine is a more potent irritant than chlorine and is tives 348,349( amitrole; and glyphosphate both) common 
approximately 100 times more irritating than ammonia 332. herbicides 350,351( thiram; used) as a fungicide in agri- 
In a murine model of bromine - induced lung injury high, culture and as a vulcanization accelerator in the rubber 
heme levels possibly, released from dead inflammatory cells industry 351a( sodium; azide used) in a variety of chemical 
or sloughed epithelial cells correlated, with a spectrum of applications but important as a potential inhalant through 
adverse sequelae including, lung edema increased, airway automobile airbag deployment 352( diazomethane; which, is 
resistance and, lung inflammation Therapeutic. reduction explosive but also highly toxic to the lung with, a delayed 
of heme levels improved lung function and survival thus, onset similar to that of nitrogen dioxide 353,354 diborane; 
suggesting a potential role for heme attenuation as a treat- an) irritant gas used in manufacturing microelectronic 
ment for victims of bromine inhalation although, this has equipment 355,356( barium; inhalation) can cause broncho- 
not been studied in humans 333. spasm and respiratory muscle weakness in addition to life- 

Methyl bromide is a major industrial fumigant with far- threatening hypokalemia 357( and; hydrogen selenide an) 
greater potential for public exposure Methyl. bromide is also irritant gas used in several industrial processes as, well as 
a potent respiratory irritant but, the central nervous system being a potential metal processing by - product .( 358,359 
may represent the more important target organ in typical An outbreak of severe lung injury in Korea particularly, 

334,335 
among young peripartum, women exposures was, linked to. treatment 

of room humidifier water with two biocides polyhexameth-: Hydrogen Sulfide 
ylene guanidine and oligo 2-) 2) - ethoxy ethoxyethyl( guani-( 

Hydrogen sulfide is a common by - product of petroleum dinium chloride 360,361. The overall mortality rate in what 
extraction and refining as, well as a potential hazard from has been labeled “ humidifier disinfectant - associated lung 
the breakdown of organic materials hence) its, common injury is" reported to be more than one - third of cases with, 
name ", sewer gas (" overexposure; can result from work in three - fourths of those patients requiring mechanical venti- 
confined spaces submersion, in manure pits 336, or proxim- lation dying of their injuries 362. After the original offending 
ity to geothermal or volcanic sources 337. Asphyxial death of product was removed from the market humidifier, disinfec- 
several tourists exploring a volcanic crater was attributed tant - associated lung injury was described in twin sisters 
to inhalation of mixed gases containing both hydrogen sul- exposed to chloromethylisothiazolinone and methyliso- 
fide and carbon dioxide 338. Hydrogen sulfide is a respiratory thiazolinone thus, broadening the spectrum of disinfectants 
irritant but, it is an even more potent cytotoxic ,asphyxiant associated with toxic lung injury 363. 
impairing cytochrome oxidase and cellular .respiration Phosphine is an important agricultural fumigant with 
Therefore in, cases of severe hydrogen sulfide ,exposure pulmonary and systemic toxicity which, is generated on site 
rapid cardiovascular collapse and death often overshadow as a gas given off by moisture coming in contact with solid- 
any pulmonary organ effects although, an acute lung injury form aluminum or zinc phosphide e.g.) in, grain storage 
pattern can be present in persons surviving long enough to facilities or railway grain transport cars where, bystanders 
receive intensive supportive care irritant; symptoms as a can be exposed .( 364,365 Ingestion of the parent material by 
predominant feature may be of greater relevance in lower- animals can also lead to exposure among treating veteri- 
intensity exposures 337,339–342. nary personnel 366. Phosphine also has industrial applica- 

tions particularly, in the production of .microelectronics 
Methyl Isocyanate and Methyl Isothiocyanate 

Acetic anhydride used) in making epoxy and other res- 
Methyl isocyanate MIC) use( is restricted to a narrow ins has( also been associated with acute lung injury fol- 
industrial application in the synthesis of pesticides The. lowing acute inhalation 367. A distinctly different pattern 
mass fatalities at Bhopal India, make, MIC an important of injury is associated with a related epoxy chemical tri-, 
toxin for historical reasons The. toxicity of MIC was the mellitic anhydride which, causes severe pulmonary hemor- 

15 to pulmo- leading properties severe irritant result of its rhage after subacute .exposure 
nary edema 343-345. No cyanide - mediated mechanism was Carbon dioxide although, a bulk asphyxiant and not 
involved Methyl. isothiocyanate a, breakdown product a respiratory irritant causes, shortness of breath and 

of the soil fumigant metam sodium is, an irritant chemi- induces tachypnea persons; can be exposed through natu- 
cally related to MIC that was also involved in a mass expo- ral geologic sources and dry ice sublimation in an enclosed 

368-370 sure episode although, less severe than the MIC release .space 

at Bhopal and, has also been associated with respiratory Baby talcum) powder( inhalation can cause pediat- 
symptoms following agricultural application 346,347. The ric acute pneumonitis within hours of heavy ;exposure 
isocyanates associated with urethane such, as toluene infant inhalation of nontalcum powders has also led to 
diisocyanate diphenylmethane, diisocyanate and, hexa- pneumonitis 371-373. 

methylene diisocyanate are, pulmonary irritants but are Paraphenylenediamine is a dye used to color hair and 
primarily of concern because of their induced sensitization can also be admixed with henna as a temporary tattooing 

see) Chapter 100 .( agent its; ingestion as an agent of self - harm is common in 
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TABLE 103.3 Useful Resources for Information About Key Points 
Specific Toxins 

Short - term inhalation exposures to toxicants have 
The Household Products Database https://healthdata.gov/dataset) important effects on the lung as the target organ for 

household/ - products - database is( a consumer guide that provides 
.damage 

information on the potential health effects of chemicals contained 
■ Acute lung toxicity results from a variety of exposures but in more than 7000 common household products used inside and 

around the home .. injury of repertoire a by narrow is manifest nonetheless 
Although modified by the solubility and other physi- WISER Wireless) Information System for Emergency (Responders 
cal properties of the toxicant injury, largely depends http://wiser.nlm.nih.gov) is( a system designed to assist first 

responders in hazardous material .incidents on the intensity and duration of .exposure 
■ Extensive injury can lead to acute pulmonary edema ■ The EPA CompTox Chemicals Dashboard https://comptox.epa.gov/) 

dashboard (/ provides access to multiple types of data including, damage. alveolar diffuse and 

■ Specific exposures of physicochemical properties environmental, fate and transport importance, include ,chlorine 
exposure usage, in, vivo toxicity and, in vitro .bioassay oxides of nitrogen sulfur, dioxide acid, aerosols toxic, 
The ECOTOXicology knowledgebase ECOTOX) https) //cfpub.epa: .. by - products and pyrolysis fumes, metal 
gov ecotox/ (/ is a comprehensive knowledgebase providing single- ■ Aside from acute irritant or toxic lung insult leading 
chemical environmental toxicity data on aquatic life terrestrial, 

to airway injury and diffuse alveolar damage other, plants and, .wildlife 
patterns of acute responses include the inhalation 

The ATSDR Toxic Substances Portal (https://www.atsdr.cdc.gov/) fevers which) are self - limited and appear to be cyto- 
provides information on toxic substances and their health .effects 

kine mediated and( certain target - specific ,effects 
such as those elicited by cholinesterase .inhibition 

■ Exposure by ingestion of some substances e.g.) hydro-, 
Asia and Africa In. addition to rhabdomyolysis and renal carbons and paraquat can( cause important acute 
damage this, chemical has a particular propensity to cause pulmonary target organ .toxicity 
angioedema leading to airway obstruction.25 

Naturally occurring sources of exposure can also be 
associated with acute and subacute lung ,responses 

Key Readings although these syndromes are poorly .characterized 
Blanc P Boushey, HA The. lung in metal fume fever Semin. Respir Med Epidemiologically. Stachybotrys, chartarum atra) mold( 

1993 14; .212–225: growth in water - damaged residential structures was ini- 
Chalela JA Burnett, T. Chemical terrorism for the intensivist Mil. .Med tially linked to a cluster of cases of pulmonary hemorrhage 

2012 177; .495-500: 
in infants although, the association was later retracted Cowl CT Assessment. and treatment of acute toxic inhalations Curr. Opin 

;. 25 211–216: Pulm Med 2019. in a follow - up review by the U.S. Centers for Disease 
Das R Blanc, PD Chlorine. gas exposure and the lung Toxicol. Ind Health Control. and Prevention 374,375. Other case reports have 

1993 9: .439-455: 
occasionally linked other molds or mold by - products with 

Emad A Rezaian, GR The. diversity of the effects of sulfur mustard gas inha- lung injury as) opposed to self - limited ODTS discussed, 
lation on respiratory system 10 years after a single heavy, :exposure 

previously .( 376 analysis of 197 cases Chest. 1997. 112; .734–738: 

inges- of paraquat NA management. IB Buckley, Medical Gawarammana Lycoperdonosis is a potentially severe acute, pulmonary 
tion Br. J Clin Pharmacol 2011. 72; .745-757: syndrome following intentional inhalation sometimes) 

Henretig FM Kirk, MA McKay, CA Jr. Hazardous chemical emergencies 
as a natural medicinal treatment of( puffball mushroom 

and poisonings N. Engl J Med 2019. 381; 4) :( .393 
Lycoperdon) spores( in; addition to human illness fatal, Hoy R. Work - related laryngeal syndromes Curr. Opin Allergy Clin .Immunol 

2012 12; 95-101: veterinary. is a well - characterized pet dogs in inhalation 
Huh JW Hong, SB Do, KH et, al Inhalation. lung injury associated with is of the syndrome The pathophysiology 377-379. syndrome 

humidifier disinfectants in adults J. Korean Med Sci 2016. 31; .1857-1862: not understood but, its high attack rate with heavy expo- 
Huynh Tuong A Despréaux, T Loeb, T et, al Emergency. management 

sure suggests a toxic rather than an allergic or infective 
of chlorine gas exposure a systematic review Clin. Toxicol Phila) .( 

.mechanism 2019 57: .77-98: 

May S Romberger, DJ Poole, JA Respiratory. health effects of large Beginning in 2019 acute, lung injury associated with 
animal farming environments J. Toxicol Environ Health B Crit Rev. vaping" )" use of electronic cigarettes or e - cigarettes began( 
2012 15; .524-541: 

to be widely observed 380,381. These devices work by heat- 
Nemery B. Metal toxicity and the respiratory tract Eur. Respir J. 

ing liquids to produce an inhalable aerosol Such. aerosols 1990 3; .202-219: 

can contain multiple intended and unintended component Rose CS Early. detection clinical, diagnosis and, management of lung dis- 

ease from exposure to toxicants diacetyl, Toxicology. including 2017. potential; 388 9-14: thermal. breakdown materi- 
Russel D Blaine, PG Rice, P. Clinical management of casualties exposed to als The. topic of vaping as, well as classic cigarette smoking 

lung damaging agents a: critical review Emerg. Med J. 2006 23; .421-424: 
lung effects is, covered in Chapter .65 

Zhao YA Shusterman, D. Occupational rhinitis and other work - related 
Additional information about toxicants and their effects upper respiratory tract conditions Clin. Chest Med 2012. 33; .637–647: 

can be accessed online from a variety of resources Table) 

103.3 .( Complete reference list available at .ExpertConsult.com 

Downloaded for Sufian Abuawad sufian.m.a.abuawad@gmail.c-) 67 -h Wolfson Medical Center from ClinicalKey.com by Elsevier 
on June 17 2021., For personal use only No. other uses without permission Copyright. © 2021 Elsevier. Inc. All rights .reserved 



28. Lossos I Abolnik, I Breuer, R. Pneumomediastinum a: complication References 
of exposure to bromine Br. J Ind Med 1990. 47; .784: 

1. Kreiss K Gomma, A Kullman, G et, al Clinical. bronchiolitis oblit- 29. Holmes PS Pneumomediastinum. associated with inhalation of 
erans in workers at a microwave - popcorn plant N. Engl J .Med white smoke Mil. Med 1999. 164; .751-752: 
2002 347; .330-338: 

30. Serinken M Karcioglu, O Evyapan, F Sungurtekin, H. Bilateral 
2. Kreiss K. Occupational causes of constrictive bronchiolitis Curr. Opin pneumothorax following acute lung injury Clin. .Toxicol 

Allergy Clin Immunol 2013. 13; .167–172: 2009 47; .595-597: 
3. Rose CS Early. detection clinical, diagnosis and, management of lung 31. Chian CF Wu, CP Chen, CW et, al Acute. respiratory distress syn- 

disease from exposure to diacetyl Toxicology. 2017. 388; .9–14: drome after zinc chloride inhalation survival: after extracorpo- 
4. Kern DG Crausman, RS Durand, KTH Flock. worker's lung chronic: real life support and corticosteroid treatment Am. J Crit .Care 

interstitial lung disease in the nylon flocking industry Ann. Intern 2010 19; .86-90: 
Med 1998. 129; .261–272: 

32. Parkhouse DA Brown, RF Jugg, BJ et, al Protective. ventilation strat- 
5. Kuschner W. What exactly is flock worker's lung ? .Chest egies in the management of phosgene - induced acute lung .injury 

2000 117; .10-13: Milit Med 2007. 172; .295–300: 
6. Turcotte SE Chee, A Walsh, R et, al Flock. worker's lung :disease 33. Saeed O Boyer, N Pamplin, JC Inhalation. injury and toxic industrial 

natural history of cases and exposed workers in Kingston .Ontario, chemical exposure Mil. Med 2018. 183; suppl) 2 :( .130–132 
Chest 2013. 143; .1642-1648: 34. Russel D Blaine, PG Rice, P. Clinical management of casualties 

7. Moya C Anto, JM Newman, Taylor AJ Outbreak. of organizing pneu- exposed to lung damaging agents a: critical review Emerg. Med J. 
monia in textile printing sprayers Lancet. 1994. 344; .498–502: 2006 23; .421-424: 

8. Camus P Nemery, B. A novel cause for bronchiolitis obliterans orga- 35. de Lange DW Meulenbelt, J. Do corticosteroids have a role in pre- 
nizing pneumonia exposure: to paint aerosols in textile .workshops venting or reducing acute toxic lung injury caused by inhalation of 
Eur Respir J. 1998 11; .259–262: chemical agents ? Clin Toxicol Phila) .( 2011 49; .61-71: 

9. Leduc D Gris, G Lheureux, P et, al Acute. and long - term respi- 36. Greenhalgh DG Steroids. in the treatment of smoke inhalation 
ratory damage following inhalation of ammonia .Thorax. 

injury J. Burn Care Res 2009. 30; .165–169: 
1992 47; .755-757: 37. Mahboob H Richeson, IR McCain, R. Zinc chloride smoke inhalation 

10. Rabonowitz S Greyson, ND Weiser, W et, al Case. report clinical: and induced severe acute respiratory distress syndrome first: survival in 
laboratory features of acute sulfur dioxide inhalation poisoning two: the United States with extended duration five) weeks therapy( with 
year follow - up Am. Rev Respir Dis 1989. 139; .556–558: high dose corticosteroids in combination with lung protective venti- 

11. Karlson - Stiber C Hojer, J Sjoholm, A et, al Nitrogen. dioxide pneumo- lation Case. Rep Crit Care 2017. .7952782: 
nitis in ice hockey players J. Intern Med 1996. 239; .451–456: 38. Lee AS Mellins, RB Lung. injury from smoke inhalation Paediatr. 

12. Menzel DB Ozone. an: overview of its toxicity in man and animals J. Respir Rev. 2006 7; .123–128: 
Toxicol Environ Health 1984. 13; .183–204: 

39. Huzar TF Cross, JM Ventilator. - associated pneumonia in burn 
13. Snyder RW Mishel, HS Christensen, GC Pulmonary. toxicity follow- patients a: cause or consequence of critical illness ? Expert Rev Respir 

ing exposure to methylene chloride and its combustion ,product Med 2011. 5; .663–673: 
phosgene Chest. 1992. 101; .860–861: 40. Büch T Schäfer, E Steinritz, D et, al Chemosensory. TRP channels 

14. Rabinowitz PM Diegel, MD Acute. inhalation injury Clin. Chest .Med in the respiratory tract role: in toxic lung injury and potential as 
2002 23; .707–715: 

sweet" spots for" targeted therapies Rev. Physiol Biochem .Pharmacol 
15. Blanc PD Golden, JA Unusual. occupationally related disor- 2013 165; .31-65: 

ders of the lung case: reports and a literature review Occup. .Med 41. El - Aarag B Magdy, M AlAjmi, MF et, al Melittin. exerts beneficial 
1992 7; .403422: 

effects on paraquat - induced lung injuries in mice by modifying oxi- 
16. Das R Blanc, PD Chlorine. gas exposure and the lung Toxicol. Ind dative stress and apoptosis Molecules. 2019. 24; 8) :( .E1498 

Health 1993. 9; .439-455: 
42. Sun S Jiang, Y Wang, R et, al Treatment. of paraquat - induced lung 

17. Squadrito GL Postlethwait, EM Matalon, S. Elucidating mecha- injury with an anti - C5a antibody potential: clinical application Crit. 
nisms of chlorine toxicity reaction: kinetics ,thermodynamics, Care Med 2018. 46; e419: - .e425 
and physiological implications Am. J Physiol Lung Cell Mol .Physiol 43. Cowl CT Assessment. and treatment of acute toxic inhalations Curr. 
2010 299; L289: - .L300 

Opin Pulm Med 2019. 25; .211-216: 
18. Pauluhn J Carson, A Costa, DL et, al Workshop. summary phosgene-: 44. Kirk MA Deaton, ML Bringing. order out of chaos effective: strate- 

induced pulmonary toxicity revisited appraisal: of early and late gies for medical response to mass chemical exposure Emerg. Med Clin 
markers of pulmonary injury from animal models with emphasis on North Am 2007. 25; .527–548: 
human significance Inhal. Toxicol 2007. 19; .789–810: 45. Henretig FM Kirk, MA McKay, Jr CA. Hazardous chemical emergen- 

19. Grainge C Rice, P. Management of phosgene - induced acute lung cies and poisonings N. Engl J Med 2019. 380; .1638–1655: 
injury Clin. Toxicol Phila) .( 2010 48; .497–508: 45a Beck. AC Lash, EM Hack, JB Environmental. toxic exposures using 

20. Nemery B. Metal toxicity and the respiratory tract Eur. Respir J. companion animals as an indicator of human toxicity a: case report 
1990 3; .202-219: and discussion J. Emerg Med 2020. 59; 1) :( el - .e7 

21. Truemper E Reyes, De La Rocha S Atkinson, SD Clinical. charac- 46. Prudhomme JC Shusterman, DJ Blanc, PD Acute. - onset persistent 
teristics pathophysiology, and management of hydrocarbon inges- olfactory deficit resulting from multiple overexposures to ammonia 
tion case: report and review of the literature Pediatr. Emerg .Care vapor at work J. Am Board Fam Pract 1998. 11; .66-69: 
1987 3; .187-193: 

47. Perker JJ Fennelly, KP Balkissoon, R et, al Irritant. - associated vocal 
22. Dinis - Oliveira RJ Duarte, JA Sánchez, - Navarro A et, al Paraquat. cord dysfunction J. Occup Environ Med 1998. 40; .136–143: 

poisonings mechanisms: of lung toxicity clinical, features and, treat- 48. Zhao YA Shusterman, D. Occupational rhinitis and other work- 
ment Crit. Rev Toxicol 2008. 38; .13–71: related upper respiratory tract conditions Clin. Chest .Med 

23. Agarwal R Srinivas, R Aggarwal, AN Gupta, D. Immunosuppressive 2012 33; .637-647: 
therapy in lung injury due to paraquat poisoning a: meta - .analysis 49. Hoy R. Work - related laryngeal syndromes Curr. Opin Allergy Clin 
Singapore Med J. 2007 48; .1000–1005: Immunol 2012. 12; .95–101: 

24. Blanc PD Inhalation. fever In. Rom: WN Markowitz, SB .eds, 
50. Marcinow AM Thompson, J Forrest, LA et, al Irritant. - induced para- 

Environmental and Occupational Medicine 4th. ed :Philadelphia. doxical vocal fold motion disorder diagnosis: and .management 
Wolters Kluwer Lippincott; Williams &amp; Wilkins 2007; .402–417: Otolaryngol Head Neck Surg 2015. 153; .996-1000: 

25. Kumar A Talari, K Dutta, TK Super. Vasomol hair dye .poisoning 51. Blanc PD Galbo, M Hiatt, P et, al Morbidity. following acute irritant 
Toxicol Int 2012. 19; .77–78: inhalation in a population - based study JAMA. 1991. 266; .664-669: 

26. Gapany - Gapanavicius M Yellin, A Almog, S Tirosh, ,M 52. Blanc PD Galbo, M Hiatt, P et, al Symptoms. lung, function 
Pneumomediastinum A. complication of chlorine exposure from and airway responsiveness following irritant inhalation .Chest. 
mixing household cleaning agents JAMA. 1982. 248; .349–350: 1993 103; .1699–1705: 

27. Akdur O Durukan, P Ikizceli, I et, al A. rare complication of 53. Centers for Disease Control and Prevention Chlorine. gas release 
chlorine gas inhalation pneumomediastinum: Emerg. Med J. associated with employee language barrier - Arkansas MMWR. 
2006 23; .e59: 

Morb Mortal Wkly Rep 2012. 61; 48) :( .981–985 

1446.e1 

Downloaded for Sufian Abuawad sufian.m.a.abuawad@gmail.c‐) 68 -h Wolfson Medical Center from ClinicalKey.com by Elsevier 
on June 17 2021., For personal use only No. other uses without permission Copyright. © 2021 Elsevier. Inc. All rights .reserved 



1446.e2 References 

54. Brooks SM Weiss, MA Bernstein, IL Reactive. airways dysfunction 83. Bowler RM Mergler, D Huel, G et, al Psychological. ,psychosocial, 
syndrome RADS) and psychophysiological sequelae in a community affected by a rail- .( Chest 1985. 88; .376–384: 

syndrome. road chemical disaster J. Trauma Stress 1994. 7; 601-624: dysfunction. GA airways. Do, Pico Reactive 55. Alberts WM 
Chest 1996. 109; 1618–1626: 84.. Kovalchick DF Burgess, JL Kyes, KB et, al Psychological. 

Med. Psychosom. 56. Blanc PD RADS. - a special entity ? The role of irritant exposure in exposures materials effects of hazardous 
2002 64; 841-846: asthma. Proceedings. of the first Jack Pepys Occupational Asthma 

Symposium Am. J Respir 85. Duncan MA Drociuk, D Belflower, - Thomas A et, al Follow. - up Crit Care Med 2003. 167; .450-471: 

airways cause reactive JG Which. agents Dick, FD Ayres, assessment of health consequences after a chlorine release from a 57. Shakeri MS 
dysfunction syndrome RADS) ?( A systematic review Occup. Med train derailment Graniteville SC, J. Med Toxicol 2011. 7; .85-91: 
Lond) .( 2008 58; .205-211: 86. Ginsberg JP Holbrook, JR Chanda, D et, al Posttraumatic. stress 

and tendency to panic in the aftermath of the chlorine gas disaster 58. Tarlo S Broder, I. Irritant - induced occupational asthma .Chest. 
1989. 96; Epidemiol 297–300: Soc Psychiatr .. Psychiatry South, Carolina in Graniteville 

2012 47; 1441–1448: 59.. Mayer A Pacheco, K. RADS and its variants asthma: by another 

name Immunol. Allergy Clin North Am 2013. 33; 79–93: 87.. White CW Martin, JG Chlorine. gas inhalation human: clinical evi- 
60. Suchyta MR Elliot, CG Jensen, RL et, al Predicting. the presence of dence of toxicity and experience in animal models Proc. Am Thorac 

Soc 2010. 7; 257–263: pulmonary. impairment in adult respiratory distress syndrome survi- 
vors Respiration. 1993. 88.; Horton DK Berkowitz, Z Kaye, WE The. public health conse- 60 .103-106: 

quences from acute chlorine releases 61. Yockey CC Eden, BM Byrd, RB The. McConnell missile acci- - 2000 J. Occup Environ .Health 
.. JAMA 2002 44: 906–913: exposure. dioxide of nitrogen spectrum dent clinical: 

1980 244; 1221-1223: 89.. Schwartz DA Smith, DD Lakshminarayan, S. The pulmonary 
62. Zwemer FL Pratt, DS May, JJ Silo. filler's disease in New York State sequelae. associated with accidental inhalation of chlorine gas .Chest. 

Am Rev Respir Dis 1992. 146; 650–653: 1990. 97; .820-825: 
90. Centers for Disease Control and Prevention Chlorine. gas exposure 63. Krefft SD Cool, CD Rose, CS The. emerging spectrum of 

at a metal recycling facility - California MMWR. Morb Mortal Wkly exposure - related bronchiolitis Curr. Opin Allergy Clin .Immunol 
2018 18: .87-95: Rep 2011. 60; .951-954: 

64. Lenci G Wacker, G Schulz, V et, al ]. Bronchiolitis obliterans after 91. Jones RN Hughes, JM Glindmeyer, H et, al Lung. function after acute 
chlorine exposure Am. Rev Respir Dis 1986. 134; .1190-1195: inhalation of nitrogen dioxide NO2) :( clinical radiological, histologi-, 

expo- 92. Van Sickle D Wenck, MA Belflower, A et, al Acute. effects after cal observations [ German) .( Pneumonologie 1990. 44; .32–36: 
65. Konichezsky S Schatter, A Ezri, T et, al Thionyl. - chloride - induced sure to chlorine gas released after a train derailment Am. J Emerg 

Med 2009. 27; 1-7: lung. injury and bronchiolitis obliterans Chest. 1993. 104; .971–973: 

66. Janigan DT Kiolp, T Michael, R et, al Bronchiolitis. obliterans in a 93. Fleta J Calvo, C Zuniga, J et, al Intoxication. of 76 children by chlo- 
rine gas Hum. Toxicol man. who used his wood - burning stove to burn synthetic construc- 1986 5; .99–100: 

tion materials CMAJ. 1997. 156; .1171–1173: 94. Vohra R Clark, RF Chlorine. - related inhalation injury from a swim- 
ming pool disinfectant in a 9 - year - old girl Pediatr. Emerg Care 67.. Segev JS Mason, UG Worthen, S et, al Bronchiolitis. :obliterans 
2006 22; .254-257: report of three cases with detailed physiologic studies .Chest. 

syn- distress Acute respiratory 1983 83; V G., 169–174: Sharma, 95.. Babu RV Cardenas 
68. Tasaka S Kanazawa, M Mori, M et, al Long. - term course of bronchi- drome from chlorine inhalation during a swimming pool :accident 

ectasis and bronchiolitis obliterans as late complication of smoke a case report and review of the literature J. Intensive Care .Med 
2008 23; .275–280: inhalation Respiration. 1995. 62; .40–42: 

96. Centers for Disease Control Chlorine. gas toxicity from mixture of 69. Kraut A Lilis, R. Chemical pneumonitis due to exposure to bromine 
compounds Chest. 1988. 94; .208–210: bleach with other cleaning products California MMWR. Morb 

70. Emad A Rezaian, GR The. diversity of the effects of sulfur mustard Mortal Wkly Rep 1991. 40; 619–621) :( .627–629 
gas inhalation on respiratory system 10 years after a single heavy, 97. Centers for Disease Control and Prevention Homemade. 
exposure analysis: of chemical bomb events and resulting injuries - selected states 197, cases Chest. 1997. 112; .734–738: 

71. Kass I Zamel, N Dobry, CA et, al Bronchiectasis. following ammonia January 1996 - March 2003. MMWR Morb Mortal Wkly .Rep 
2003 52; .662-664: burns of the respiratory tract Chest. 1972. 62; .282–285: 

72. Breton D Jouvet, P de, Blic J et, al ]. Smoke inhalation injury two: 98. Barrett AM Adams, PJ Chlorine. truck attack consequences and miti- 
gation Risk. Anal 2011. 31; 1243-1259: pediatric. cases [ French) .( Arch Fr Pediatr 1993. 50; .43-45: 

73. Mahut B Delacourt, C de, Blic J et, al Bronchiectasis. in a child after 99. Eckert WG Mass. deaths by gas or chemical poisoning Am. J Forensic 
acrolein inhalation Chest. 1993. 104; 1286–1287: Med. Pathol 1991. 12; .119-125: 

74. Cantera Maortua JM Martín, Moreno S Subhi, Afmad I Torres, 100. Hasan FM Geshan, A Fuleihan, FJD Resolution. of pulmonary dys- 
pneumonia. function following acute chlorine exposure Arch. Environ Health with. organizing obliterans Nieto MA ]. Bronchiolitis 

1983 38; .76-80: Secondary to chlorine gas inhalation ? [ Spanish) .( Rev Clin .Esp 
1991 188; 217–218: Lung hyperpermeability O. et, al S. Michel, A Carbonelle, 101. Bernard 

75. Sheu BF Lee, CC Young, YR et, al Delayed. - onset bronchiolitis oblit- and asthma prevalence in school children unexpected: associations 
with the attendance at indoor chlorinated swimming pools Occup. erans with organizing pneumonia associated with massive acetic 
Environ Med 2003. 60; 385–394: acid. steam inhalation Thorax. 2008. 63; .570: 

76. Wagner JH Bronchiolitis. obliterans following the inhalation of acrid 102. Pascuzzi TA Mass. casualties from acute inhalation of chloramine 
gas Mil. Med 1998. 163; fumes Am. J Med Sci 1917. 154; 511-522: :. .102-104 

77. Mann JM Sha, KK Kline, G et, al World. Trade Center Dyspnea bron-: 103. Jacobs JH Spaan, S van, Rooy GB et, al Exposure. to trichloramine 
J Am. and respiratory symptoms in indoor swimming pool workers Eur. a case report improvement: with functional obliterans chiolitis 

Respir Ind Med 2005. 48; 225–229: J.. 2007 29; .690–698: 

78. King MS Eisenberg, R 104., Wilken JA DiMaggio, M Kaufmann, M. Inhalational chlorine inju- Newman JH et, al Constrictive. bronchiol- 
ries at public aquatic venues - California - 2015 MMWR. Morb Mortal itis in soldiers returning from Iraq and Afghanistan N. Engl J .Med 
Wkly 2011 365; 222-230: Rep. 2017. 66; .498–501: 

79. Cullinan P McGavin, CR Kreiss, K et, al Obliterative. bronchiolitis in 105. D'Alò S De, Pasquale T Incorvaia, C et, al Chloramine. - induced ana- 

fibreglass workers a: new occupational disease ? Occup Environ .Med phylaxis while showering a: case report J. Med Case Rep 2012. 6; .324: 
2013 70; .357-359: 106. Salisbury DA Enarson, DA Chan, - Yeung M et, al First. - aid reports of 

80. Piirla PL Nordman, H Korhonen, OS et, al A. thirteen - year follow - up acute chlorine gassing among pulpmill workers as predictors of lung 
of respiratory effect of acute exposure to sulfur dioxide Scand. J Work health consequences Am. J Ind Med 1991. 20; .71–81: 
Environ Health 1996. 22; 191–196: 107.. Promisloff RA Phan, A Lenchner, GS et, al Reactive. airway dysfunc- 

tion syndrome 81. Owens MW Clinical. significance of an isolated reduction in residual in three police officers following a roadside chemical 
volume Am. Rev Respir Dis 1987. 136; 1377-1380: spill. Chest. 1990. 98; .928–929: 

82. Buick JB Lowry, RC Magee, TRA Is. a reduction in residual volume a 108. Dunkel R Wermke, R Felgenhauer, N et, al Short. term thionyl- 
sub - clinical manifestation of hydrogen sulfide intoxication ? Am J Ind chloride exposure causing delayed airway obstruction abstract) .( J 
Med 2000. 37; .296–299: Toxicol Clin Toxicol 1999. 37; .417: 

Downloaded for Sufian Abuawad sufian.m.a.abuawad@gmail.c-) 69 -h Wolfson Medical Center from ClinicalKey.com by Elsevier 
on June 17 2021., For personal use only No. other uses without permission Copyright. © 2021 Elsevier. Inc. All rights .reserved 



1446.e3 References 

133. Koksal N Hasanoglu, HC Gokirmak, M et, al Apricot. sulfurization 109.: Hoyle GW Chang, W Chen, J et, al Deviations. from Haber's law for 
an occupation that induces an asthma - like syndrome in agricultural multiple measures of acute lung injury in chlorine - exposed .mice 

Toxicol Sci 2010. 118; .696–703: environments Am. J Ind Med 2003. 43; .447–453: 
110. Shusterman D Balmes, J Avila, PC et, al Chlorine. inhalation pro- 134. Centers for Disease Control Acute. occupational exposure to sulfur diox- 

ide - Missouri MMWR. Morb Mortal Wkly Rep 1983. 32; 541–542: duces. nasal congestion in allergic rhinitis without mast cell degran- 
ulation Eur. Respir J. 2003 21; 652–657: 135.. Andersson E Knutsson, A Hagberg, S et, al Incidence. of asthma 

110a Zellner. T Eyer, F. Choking agents and chlorine gas history: among, workers exposure to sulphur dioxide and other irritant .gases 
Eur Respir J. 2006 27; 720-725: pathophysiology clinical, effects and treatment Toxicol. Lett .. 

2020 320; 73–79: 136.. Galea M. Fatal sulfur dioxide inhalation Can. Med Assoc J. 
111. D'Alessandro A Kuschner, W Wong, H et, al Exaggerated. 1964 91; .345-347: 

responses to chlorine inhalation among persons with non - specific 137. Ip M Wong, K - L Wong, K - F et, al Lung. injury in dimethyl sulfate 
airway hyperreactivity Chest. 1996. 109; .331–337: poisoning J. Occup Med 1989. 31; .141–143: 

to al response. - Nieto M et, Airway 138. Rippey JCR Stallwood, MI Nine. cases of accidental exposure to J, MF, Fernández 112. Sastre Madero 
chlorine inhalation bleach) among( cleaning workers with and with- dimethyl sulphate a potential chemical weapon Emerg. Med J. 

2005 22; .878-879: out bronchial hyperresponsiveness Am. J Ind Med 2011. 54; .293–299: 
113. Cevik Y Onay, M Akmaz, I Sezigen, S. Mass casualties from acute 139. National Institute for Occupational Safety and Health Criteria. for 

a Recommended Standard Chromic: Acid Publication. No. 73-11021 inhalation. of chlorine gas South. Med J. 2009 102; .1209-1213: 
Cincinnati OH, US: Department of Health Education, and, ;Welfare 114. Aslan S Kandiş, H Akgun, M et, al The. effect of nebulized NaHCO3 
1973 treatment. on RADS" due" to chlorine gas inhalation Inhal. .Toxicol 

2006 18; .895-900: 140. Kern DG Outbreak. of the reactive airways dysfunction syndrome after 
115. Huynh Tuong A Despréaux, T Loeb, T et, al Emergency. manage- a spill of glacial acetic acid Am. Rev Respir Dis 1991. 144; .1058–1064: 

ment of chlorine gas exposure - a systematic review Clin. Toxicol 141. Yelon JA Simpson, RL Gudjonsson, O. Formic acid inhalation :injury 
Phila) .( 2019 57; .77–98: a case report J. Burn Care Rehabil 1996. 17; .241–242: 

116. Ainslie G. Inhalational injuries produced by smoke and nitrogen 142. Wing J Sanderson, LM Bender, JD et, al Acute. health effects in a 
dioxide Respir. Med 1993. 87; 169–174: community. after a release of hydrofluoric acid Arch. Environ .Health 

117. Douglas WW Hepper, NG Colby, TV Silo. - filler's disease Mayo. Clin 1991 46; .155-160: 
Proc 1989. 64; 291–304: to. exposure household following N. Asthma A Sahakian, 143. Franzblau 

hydrofluoric acid Am. J Ind Med 2003. 44; 321-324: 118.. Leavey JF Dubin, RL Singh, N Kaminsky, DA Silo. - filler's ,disease 
the acute respiratory distress syndrome and, oxides of nitrogen 144.. Upfal M Doyle, C. Medical management of hydrofluoric acid expo- 

sure J. Ann Intern Med 2004. 141; 410-411: Occup. Med 1990. 32; .726–731: 
119. Hedberg K Hedberg, CW Iber, C et, al An. outbreak of nitrogen diox- 145. Zanen AL Rietveld, AP Inhalation. trauma due to overheating in a 

microwave oven Thorax. 1993. 48; 300–302: ide. induced respiratory illness among ice hockey players .JAMA. 
1989 262; 3014-3017: 146.. Taiwo OA Sircar, KD Slade, MD et, al Incidence. of asthma among 

120. Centers for Disease Control Nitrogen. dioxide and carbon monox- aluminum workers J. Occup Environ Med 2006. 48; .275-282: 
ide intoxication in an indoor ice arena - Wisconsin MMWR. Morb to degradation of acute exposure effects A Lillis, R. Pulmonary 147. Kraut 

products of sulphur hexafluoride during electrical cable repair .work Mortal Wkly Rep 1992. 41; .383–385: 
Br J Ind Med 1990. 47; 829–832: 121.. Kahan ES Martin, UJ Spungen, S et, al Chronic. cough and dyspnea 

in ice hockey players after an acute exposure to combustion prod- 148. Institute of Medicine In. Pechura: CM Rall, DP eds, Veterans. at :Risk 
The Health Effects of Mustard Gas and Lewisite Washington. :DC, ucts of a faulty ice resurfacer Lung. 2007. 185; .47–54: 

agents of National Academy Press 1993; excluding. gases in warships hazards of toxic 122. Ellis FP The. 
149. Blanc PD The. legacy of war gas editorial) .( Am J Med chemical. warfare In. Cope: VZ ed, History. of the Second World :War 

1999 106; 689-690: Medicine. and Pathology London. Her: Majesty's Stationary ;Office 
1952 304-318: 150.. Centers for Disease Control and Prevention Notes. from the :field 

exposures to discarded sulfur mustard munitions - Mid - Atlantic and 123. Hajela R. Janigan, D.T. Landrigan, P.L. et, al Fatal. pulmonary 
edema due to nitric acid inhalation in three pulp - mill .workers New England states 2004-2012 MMWR. Morb Mortal Wkly .Rep 
Chest 1990. 97; 487–489: 2013. 62; .315–316: 

124. Shin JS Lee, S - W Kim, N - H et, al Successful. extracorporeal life 151. Chalela JA Burnett, T. Chemical terrorism for the intensivist Mil. 
support after .: potentially fatal Med 2012. 177: 495-500 pulmonary oedema cause by inha- 

inju- of chemical weapons lation of nitric acid and hydrofluoric acid fumes Resuscitation. PD. Emergency. management 152. Anderson 
ries J. Pharm Pract 2012. 25; 61-68: 2007. 75; .184–188: 

125. Murphy CM Akbarnia, H Rose, SR Fatal. pulmonary edema 153. Rodgers Jr GC Condurache, CT Antidotes. and treatments for 
after acute occupational exposure to nitric acid J. Emerg Med chemical. warfare terrorism/ agents an: evidence - based review Clin. 
2010 39; 39-43: Pharmacol. Ther 2010. 88: .318–327: 

126. Tanaka N Emoto, T Matsumoto, T et, al Inhalational. lung injury 154. Tang FR Loke, WK Sulfur. mustard and respiratory diseases Crit. Rev 
Toxicol 2012. 42; 688–702: due. to nitrogen dioxide high: - resolution computed tomography 

findings in 3 155. Bagheri MH Hosseini, SK Mostafavi, SH Alalvi, SA High. - resolution patients J. Comput Assist Tomogr 2007. 31; .808-811: 

Acta. gas exposure after mustard 127. Purva SB More, KD Acute. lung injury after exposure to fumes of changes CT in chronic pulmonary 
Radiol 2003. 44; 241–245: pickling. paste in a fabrication worker Indian. J Occup Environ .Med 

to from exposure 2018 22; 54-56: term. consequences Long. - AA M Harandi, 156. Ghanei 
sulfur mustard a: review Inhal. Toxicol 2007. 19; .451-456: 128. Quereshi MA Shah, NJ Hemmen, CW et, al Exposure. of intensive 

157. Razavi SM Salamati, P Harandi, AA Ghanei, M. Prevention and care nurses to nitric oxide and nitrogen dioxide during therapeutic 
treatment of respiratory consequences use of inhaled nitric oxide in adults with acute respiratory distress induced by sulfur mustard in 

syndrome Am. J Crit Care 2002. 11; .147–153: Iranian casualties Int. J Prev Med 2013. 4; .383–389: 
129. National Institute for Occupational Safety and Health Criteria. for 158. Wang GQ Xia, ZF Tissue. injury by hot fluid containing nitrogen 

mustard Burns. 2007. 33; 923-926: a. Recommended Standard Welding: Brazing, and Thermal .Cutting 
Publication No. 88-110 Cincinnati. OH, US: Department of Health 159. English JM A. case of probable phosgene poisoning Br. Med J. 
and Human Services 1988; 1964. 1; .38: 

160. Borak J Diller, WF Phosgene. exposure mechanisms: of injury and and paper bleaching of pulp PD The. history K Blanc, 130. Toren 

treatment strategies J. Occup Environ Med 2000. 43; 110–119: with. special emphasis on its respiratory health effects .Lancet. 
1997 349; 1316-1318: 161.. Sciuto AM Hurt, HH Therapeutic. treatments of phosgene - induced 

131. Henneberger PK Olin, AC Andersson, E et, al The. incidence lung injury Inhal. Toxicol 2004. 16; .565–580: 

expo- gas phosgene of respiratory symptoms and diseases among pulp mill work- A et, al Accidental. S Agrawal, AK Consul, 162. Vaish 
sure a: review with background study of 10 cases J. Emerg Trauma ers with peak exposures to ozone and other irritant gases .Chest. 
Shock 2013. 6; 271–275: 2005. 128; .3028-3037: 

of a: case 132. Centers for Disease Control Sulfur. dioxide exposure in Portland exposure AF Phosgene. E Pizon, Jr LS Wright, 163. Hardison 
cement plants MMWR. Morb Mortal Wkly Rep 1984. 33; 195–196: accidental. industrial exposure J. Med Toxicol 2014. 10; .51–56: 

Downloaded for Sufian Abuawad sufian.m.a.abuawad@gmail.c-) 70 -h Wolfson Medical Center from ClinicalKey.com by Elsevier 
on June 17 2021., For personal use only No. other uses without permission Copyright. © 2021 Elsevier. Inc. All rights .reserved 



1446.e4 References 

164. Zhao J Chai, R Han, Y et, al Case. report of the successful treat- 194. Moromisato DY Anas, N Goodman, G. Mercury inhalation poisoning 
ment of lung injury caused by occupational exposure to methyl and acute lung injury in a child use: of high - frequency oscillatory 

ventilation Chest. 1994. 105; 613-615: chloroformate. and literature review Medicine. Baltimore) .( 

:( e0288 by. mercury 2018 97; 17) poisoned PJ Family. PS Goebel, E Cortez, MT Yuen, 195. Solis 
165. TeSlaa G Kaiser, M Biederman, L et, al Chloropicrin. toxicity involving vapor inhalation Am. J Emerg Med 2000. 118; .599–602: 

animal and human exposure Vet. Hum Toxicol 1986. 28; .323–324: 196. Glezos JD Albrecht, JE Gair, RD Pneumonitis. after inhalation of mer- 
cury vapors Can. Respir J. 2006 166. Gonmori K Muto, H Yamamoto, T et, al A. case of homicidal intoxi- 13; .150–152: 

cation by chloropicrin Am. J Forensic Med Pathol 1987. 8; 135-138: 197.. Ho BSJ Lin, J - L Huang, C - C et, al Mercury. vapor inhalation from 
167. Centers for Disease Control and Prevention Illness. associated with drift Chinese red cinnabar) .( J Toxicol Clin Toxicol 2003. 41; .75-78: 

of chloropicrin soil fumigant into a residential area - Kern County 198., Oz SG Tozlu, M Yalcin, SS et, al Mercury. vapor inhalation and poi- 
California MMWR. Morb Mortal Wkly Rep 2004. 53; 740–742: soning. of a family Inhal. Toxicol 2012. 24; .652–658: 

poison- nerve mercury defense against A. Inhalational in medical A Buhl, Sidell, FR Progress. S 168., Dunn MA 199. Mohan Tamilarasan 
agents JAMA. 1989. 262; ing: masquerading as toxic shock syndrome Anaesth. Intensive Care .649–652. 

169. Danon YL Shemer, J eds, Chemical. Warfare Medicine Aspects: and 1994 22; .305-306: 
Perspectives of the Persian Gulf War Jerusalem. Israel, Gefen: 1994; 200.. Valeeva ET Galimova, RR Karimova, LK Muldashova, NA ]. Cases of 

170. Nambiar MP Gordon, RK Rezk, PE et, al Medical. countermeasure nickel carbonyl acute poisoning at major petrochemical enterprises [ 
Russian) .( Med Tr Prom Ekol 2009. 11; 17-19: against. respiratory toxicity and acute lung injury following inha- 

lation exposure to chemical warfare nerve agent VX Toxicol. Appl 201. Kurta DL Dean, BS Krenzelok, EP Acute. nickel carbonyl .poisoning 
Am J Emerg Pharmacol 2007. 219; 142-150: Med. 1993. 11; .64-66: 

171. Reider MJ Lacrimators. Clin. Toxicol Rev. 1987 9; .1-4: 202. Zicheng S. Acute nickel carbonyl poisoning a: report of 179 cases Br. 
J Ind Med 1986. 43; 422-424: 172.. Jones GRN CS. and its chemical relatives Nature. 1972. 235; .257–261: 

173. Beswick FW Chemical. agents used in riot control and warfare Hum. 203. Scott LK Grier, LR Arnold, TC Conrad, SA Respiratory. failure 
.: Toxicol 1983. 2; 247–256 from inhalational nickel carbonyl exposure treated with con- 

tinuous high - volume hemofiltration and disulfiram Inhal. .Toxicol 174. Spark S Giammona, ST Toxic. effect of tear gas on an infant following 
2002 14; 1103–1109: prolonged. exposure Am. J Dis Child 1972. 123; .245-246: 

204. Seet RC Johan, A Teo, CE et, al Inhalational. nickel carbonyl poison- 175. Hu H Fine, JM Epstein, P et, al Tear. gas - harassing agent or toxic 
ing in waste processing chemical weapon ? JAMA 1989. 262; 660–663: workers. Chest. 2005. 128; 424: .429 

176. Roth VS Franzblau, A. RADS after exposure to a riot - control agent a: 205. Phillips JI Green, FY Davies, JC Murray, J. Pulmonary and systemic 
case report letter) .( J Occup Environ Med toxicity. following exposure to nickel nanoparticles Am. J Ind Med 1996. 38; .863–865: 

177. Hill AR Silverberg, NB Mayorga, D et, al Medical. hazards of the tear 2010 53; .763-767: 
gas CS Medicine. Baltimore) .( 2000 79; 234–240: 206.. Kunimasa K Arita, M Tachibana, H. Chemical pneumonitis and 

acute lung injury caused by 178. Brown RFR Marrs, TC Rice, P et, al The. histopathology of rat lung inhalation of nickel fumes Intern. .Med 
2011 50; following: 2035-2038 exposure. to zinc oxide hexachlorethane/ smoke or instilla- 

70. % oxygen Environ with by treatment followed 207. Bradberry SM Vale, JA Therapeutic. review do: diethyldithiocarba- tion of zinc chloride 
? poisoning Health Perspect 1990. 85; 81–87: in. acute nickel carbonyl have a role mate and disulfiram 

Clin Toxicol 1999. 37; 259–264: 179.. Loh C - H Chang, Y - W Lious, S - H et, al Case. report hexachloro-: 
208.. Donoso A Cruces, P Camacho, J et, al Acute. respiratory distress injuries of severe hepatic a: rare cause smoke inhalation ethane 

Environ Health Perspect 2006. 114; 763–765: syndrome. resulting from inhalation of powdered copper Clin. Toxicol 
Phila) .( 180. Evans EH Casualties. following exposure to zinc chloride smoke 2007. 45; .714–716: 

Lancet 1945. 2; 368–369: 209.. Makarovsky I Markel, G Hoffman, A et, al Osmium. tetroxide a: new 
symp- upper respiratory JO Acute. kind of weapon Isr. Med Assoc J. 2007 9; 750-752: FE. Taylor, MR, Speizer 181. Schenker 

toms resulting from 210. Srinivas A Rao, PJ Selvam, G et, al Acute. inhalation toxicity exposure to zinc chloride aerosol Environ. .Res 

1981 125; .317-324: of cerium oxide nanoparticles in rats Toxicol. Lett 2011. :205; 
105-115 182.. Pettila V Takkunen, O Tukiainen, P. Zinc chloride smoke :inhalation 

211. Irsigler GB Visser, PJ Spangenberg, PAL Asthma. and chemical bron- a rare case of severe acute respiratory distress syndrome Intensive. 
Care Med 2000. 26; 215–217: chitis. in vanadium plant workers Am. J Ind Med 1999. 35; .366–374: 

in Acute. respiratory symptoms D et, al 183. Huang KL Chen, CW Chu, SJ et, al Systemic. inflammation MA Liu, Y Neuberg, 212. Woodin 
caused by white smoke inhalation in a combat exercise .Chest. workers exposed to vanadium - rich fuel - oil ash Am. J Respir Crit Care 

Med 2000. 37; 353–363: 2008. 133; .722-728: 

184. Xie F Zhang, X Xie, L. Prognostic value of serum zinc levels in patients 213. Ghio AJ Gilbey, JG Roggli, VL et, al Diffuse. alveolar damage after expo- 
with acute HC zinc/ chloride smoke inhalation Medicine. Baltimore) .( sure to an oil fly ash Am. J Respir Crit Care Med 2001. 164; .1514–1518: 

214. Vandenplas O Binard, - van Cangh F Gregoire, J et, al Fever. and .( 39) 96; 2017 
185. Blanc P Boushey, HA The. lung in metal fume fever Semin. Respir neutrophilic alveolitis caused by a vanadium - based catalyst Occup. 

Med 1993. 14; 212–225: Environ. Health 2002. 59; .785–787: 

186. Anthony JS Zamel, N Aberman, A. Abnormalities in pulmonary 215. Wax PM Dockstader, L. Tributyltin use in interior paints a: continu- 
function after brief exposure to toxic metal fumes J. Can Med Assoc ing. health hazard Clin. Toxicol 1995. 33; .239–241: 
1978 119; 586-588: unifying. fever a: proposed DS Inhalation. A Pratt, 216. Rask - Andersen 

187. Barnhart S Rosenstock, L. Cadmium chemical pneumonitis Chest. term. for febrile reactions to inhalation of noxious substances Br. J 
Ind Med 1992. 49; .40: 1984 86: .789-791: 

associ- fatality 217. Centers for Disease Control Polymer. - fume fever associated with PG et, al Acute. respiratory Leo A Ellerbeck, 188. Fuortes ,L 
ated with exposure to sheet metal and cadmium fumes Clin. .Toxicol cigarette smoking and the use of tetrafluoroethylene - .Mississippi 
1991 29; 279-283: MMWR. Morb Mortal Wkly Rep 1987. 36; 515–516: .521–522, 

189. Panchal L Vaideeswar, P. Acute lung injury due to cadmium inhala- 218. Volgelmeier C Konig, G Bencze, K et, al Pulmonary. involvement in 
tion - a case zinc fume fever Chest. 1987. 92; 946–948: report. Indian. J Microbiol 2006. 49; .265–266: 

190. Sethi PK Khandelwal, D Sethi, N. Cadmium exposure health: haz- 219. Blanc P Wong, H Bernstein, MS et, al An. experimental model of 
ards of silver cottage industry in developing countries J. Med Toxicol metal. fume fever Ann. Intern Med 1991. 114; .930–936: 
2006 2; 14-15: 220.. Lecours R Laviolette, M Cormier, Y. Bronchoalveolar lavage in 

191. Moitra S Blanc, PD Sahu, S. Adverse respiratory effects associated pulmonary mycotoxicosis organic) dust toxic syndrome .( .Thorax 
1986 41; with: cadmium exposure in small - scale jewellery workshops in India .924–926. 

Thorax 2013. 68; 565–570: 221.. Drinker P Thomson, RM Finn, JL Metal. fume fever II: Resistance. 

acquired by inhalation of zinc oxide on two successive days J. Ind 192. Levin M Jacobs, J Polos, PG Acute. mercury poisoning and mercurial 
Hyg 1927. 9; 98-105: pneumonitis from gold ore purification Chest. 1988. 94; 551–556: .. 

among acute illness 193. Rowens B Guerrero, - Bentacourt D Gottlieb, CA et, al Respiratory. BH Report. on R ,, Camanita 222. Neal PA Schneiter 
vapor. of mercury rural mattress makers using low grade stained, cotton JAMA. inhalation. acute following and death failure 

Chest 1991. 99; .185-190: 1942 119; .1074–1082: 

Downloaded for Sufian Abuawad sufian.m.a.abuawad@gmail.c-) 71 -h Wolfson Medical Center from ClinicalKey.com by Elsevier 
on June 17 2021., For personal use only No. other uses without permission Copyright. © 2021 Elsevier. Inc. All rights .reserved 



References 1446.e5 

223. Robbins JJ Ware, RL Pulmonary. edema from Teflon fumes N. Engl J 251. Anderson K Watt, AD Sinclair, D et, al Climate. intermittent, humidi- 
Med 1964. 271; 360–361: fication. and, humidifier fever Br. J Ind Med 1989. 46; .671-674: 

252. Mamolen M Lewis, DM Blanchet, MA et, al Investigation. of an 224. Evans EA Pulmonary. edema after inhalation of fumes from poly- 
outbreak of humidifier" fever in" a print shop Am. J Ind .Med tetra - fluoroethylene PTFE) .( J Occup Med 1973. 15; .599–601: 
1993 23: 483–490: 225.. US Environmental Protection Agency Acute. exposure guidelines levels 

to exposure AEGLS) for( perfluorisobutylene PFIB) ,( http://www.epa.gov/oppt/ae et, al Occupational. JA Stear M Groves, AT 253., Simpson 
metalworking fluid mist and sump fluid contaminants Ann. Occup gl pubs/ .perfluoroisobutylene_interim_sept_2010.pdf/ 
Hyg 2003. 47; 226.: National Institute for Occupational Safety and Health Occupational. .17-30 

254. Anderson K McSharry, CP Clark, C et, al Sump. bay fever inhala-: Exposure to Zinc Publication No. 76-104 Washington. DC, US: 
Department of Health Education, and, Welfare 1976; tional. fever associated with a biologically contaminated water aero- 

sol Occup. Environ Med 1996. 53; .106-111: 227. Borak J Cohen, H Hethman, TA Copper. exposure and metal fume 
255. Wintermeyer SF Kuschner, WG Wong, H et, al Pulmonary. fever lack: of evidence for a causal relationship Am. Ind Hyg Assoc J. 

2000 61; 832-836: responses. following wood chip mulch exposure J. Occup Environ .Med 
1997 39; .308–314: 228. Kuschner WG Wong, H D'Alessandro, A et, al Human. pulmonary 

responses to experimental inhalation 256. Centers for Disease Control and Prevention Severe. acute respira- of high concentration fine 
and ultrafine magnesium oxide particles Environ. Health Perspect tory. illness linked to use of shoe sprays - Colorado November, .1993 
1997 105; 1234-1237: MMWR. Morb Mortal Wkly Rep 1993. 42; .885–887: 

257. Laliberte M Sanfacon, G Blais, R. Acute pulmonary toxicity linked to 229. Bydash J Kasmani, R Naraharisetty, K. Metal fume - induced diffuse 
use of a leather protector Ann. Emerg Med 1995. 25; .841–844: alveolar damage J. Thorac Imaging 2010. 25; W27: - .W29 

258. Carson MF White, CM Pneumonitis. following inhalation of a com- 230. Cavagna G Finulli, M Vigliani, EC ]. Experimental study on 
mercially available water repellant Clin. Toxicol 2001. 39; .179–180: the pathogenesis of Teflon fume fever [ Italian) .( Med .Lav 

1961 52; 251-261: 259.. Wallace GM Brown, PH Horse. rug lung toxic: pneumonitis due to 
fluorocarbon inhalation Occup. Environ Med 2005. 62; .414–416: 231. Lewis CE Kerby, GR An. epidemic of polymer fume fever .JAMA. 

260. Lazro - Blanchet C Rusca, S Vernez, D et, al Acute. pulmonary tox- 1965 191; .375-378: 

icity following occupational exposure to a floor stain protector in 232. Wegman D Peters, JM Polymer. fume fever and cigarette .smoking 
Ann Intern Med 1974. 81; 55-57: the. building industry in Switzerland Int. Arch Occup Environ .Health 

2004 77; .244-248: 233. Blanc PD Boushey, HA Wong, H et, al Cytokines. in metal fume .fever 
Am Rev Respir Dis 1993. 147; 134–138: 261. Masaki Y Suguyama, K Tanaka, H et, al Effectiveness. of CT .for 

234. Kuschner WG D'Alessandro, A Wintermeyer, SF et, al clinical. stratification of occupational lung edema Ind. .Health 
Pulmonary 2007 45; 78-84: responses. to purified zinc oxide fume J. Investig .Med 
1995 43; 371–378: 262.. Daubert GP Spiller, HA Crouch, BI et, al Pulmonary. toxicity follow- 

ing exposure to grout sealer J. Med Toxicol 2009. 5; .125–129: 235. Kuschner WG D'Allesandro, A Wong, H et, al Early. pulmonary 
cytokine responses 263. Bracco D Favre, J - P Pulmonary. injury after ski wax inhalation expo- to zinc oxide fume inhalation Environ. .Res 
1997 75; 7–11: sure. Ann. Emerg Med 1998. 32; .616–619: 

236. Fine JM Gordon, T Chen, LC et, al Characterization. of tolerance to al A. case of acute respiratory Y et, T Morita, S Watanabe, 264. Sawamoto 

distress syndrome caused by waterproofing spray inhalation Tokai. J inhaled zinc oxide in naive subjects and sheet metal workers J. Occup 
Environ Med 2000. 42; 1085–1091: Exp. Clin Med 2018. 43; .106–110: 

LJ. ., Respiration Cormican 237. Centers for Disease Control Acute. respiratory illness following occu- LJ Rees, PJ Hill. lung' 265. walkers 
2006 73; .836-839: pational exposure to wood chips Ohio MMWR. Morb Mortal Wkly 

Rep 1986. 35; 483-484) :( 489–490 266.. Klein BL Simon, JE Hydrocarbon. poisonings Pediatr. Clin North .Am 
1986 33; .411–419: 238. Brinton WT Vastbinder, EE Greene, JW et, al An. outbreak of 

organic dust toxic syndrome in a college fraternity JAMA. gastro-. toxicity following J et, al Pulmonary. Ward, G Kelly, 267. Dice WH 
1987 258; 1210-1212: intestinal. ingestion of kerosene Ann. Emerg Med 1982. 11; .138–142: 

268. Brook MP McCarron, MM Mueller, JA Pine. oil cleaner .ingestion 239. May JJ Stallones, L Darrow, D et, al Organic. dust toxicity pul-) 
monary mycotoxicosis associated( Ann Emerg Med 1989. 18; 391–395: with. silo unloading .Thorax. 
1986 41; pneumo-: 919–923 ND. Hydrocarbon. ,, AV Karnik MS Palkar 269. Shrivastava 

240. Madsen AM Tendal, K Schlünssen, V Heltberg, I. Organic dust toxic nitis masquerading as acute lung injury BMJ. Case Rep ;2011. 
.bcr0320114017 syndrome at a grass seed plant caused by exposure to high concen- 

trations of bioaerosols Ann. Occup Hyg 2012. 56; 776–788: pneumo-. aspiration D et, al Hydrocarbon. Ngo CQ Pham, 270. Chu ,HJ 
nitis following diesel siphonage a: retrospective study of 32 cases in 241. doPico GA Flaherty, D Bhansali, P Chavaje, N. Grain fever syndrome 

induced by inhalation of airborne grain dust J. Allergy Clin Immunol Vietnam. Abstract) .( Am J Respir Crit Care Med 2013. 187; .A6047: 
1982 69; 435–443: 271.. Chen YJ Hsu, CC Chen, KT Hydrocarbon. pneumonitis following fuel 

siphonage a: case report and literature review World. J Emerg .Med 242. Schenker MB Christiani, D Cormier, Y et, al Respiratory. health haz- 
2019 10; .69-74: ards in agriculture Am. J Respir Crit Care Med 1998. 158; S1: - .S76 

272. Mallavarapu RK Katner, HP Pneumatocele. complication acute 243. May S Romberger, DJ Poole, JA Respiratory. health effects of large 
hydrocarbon pneumonitis Clin. Toxicol Phila) .( 2008 46; .911: animal farming environments J. Toxicol Environ Health B Crit Rev. 

2012 15; 524-541: 273.. Nirenberg DW Horowitz, MB Harris, KM et, al Mineral. spirits inha- 
.. mycotoxicosis FJ Lawton, BR Pulmonary DA Wenzel, 244. lation associated with hemolysis pulmonary, edema and, ventricular Emanuel 

.: Chest 1975. 67: 293–297 fibrillation Arch. Intern Med 1991. 151; .1437-1440: 

274. Fink K Kuehnemund, A Schwab, T et, al Suicide. attempt by 245. Taylor G. Acute systemic effects of inhaled occupational agents :In. 
Merchant JA ed, Occupational. Respiratory Diseases Washington. DC, intravenous: injection of gasoline a: case report J. Emerg .Med 

2010 39; .618-622: US Department of Health and Human Services 1986; .607-625: 

246. Glick TH Gregg, MB Berman, B et, al Pontiac. fever an: epidemic of 275. Boots RJ Weedon, ZJ Fire. - eater's lung Anaesth. Intensive .Care 
2008 36; 449–453: unknown. etiology in a health department I.: Clinical and epidemio- 

276. Kitchen JM O'Brien, DE McLaughlin, AM Perils. of fire eating Thorax. logic. aspects Am. J Epidemiol 1978. 107; .149-160: 
2008 63; .401–439: 247. Goldberg DJ Wrench, JG Collier, PW et, al Lochgoilhead. fever out-: 

277. Franzen D Kohler, M Degrandi, C et, al Fire. eater's lung retrospec-: break of non - pneumonic legionellosis due to Legionella .micdadei 
Lancet 1989. 1; 316–318: tive. analysis of 123 cases reported to a National Poison .Center 

Respiration 2014. 87; .98–104: 248. Jones TF Benson, RF Brown, EW et, al Epidemiological. investigation 
of a restaurant - associated outbreak of Pontiac fever Clin. Infect Dis 278.. Aboudara M Yun, J. A case of fire - eater's pneumonia in an active 
2003 37; .1292-1296: duty soldier Medgenmed. 2006. 8; .67: 

279. Gentina T Tillie, - Leblond I Birolleau, S et, al Fire. - eaters lung Medicine. 249. Muittari A Kuusisto, P Sovijarvi, A. An epidemic of bath water :fever 
Baltimore) .( 2001 80; .291–297: endotoxin alveolitis Eur. J Respir Dis 1982. 123; suppl) :( .108-116 

O. K Ringertz, Unexplained Ganrot, - Norlin I Halberg, T 280. Guandalini M Steinke, K. Fire - eating hazards: of hydrocarbon aspi- 250. Atterholm 
ration Australas. Radiol 2007. 51; .567–569: acute fever after a hot bath Lancet. 1997. 1; .684-686: 

Downloaded for Sufian Abuawad sufian.m.a.abuawad@gmail.c-) 72 - h Wolfson Medical Center from ClinicalKey.com by Elsevier 
on June 17 2021., For personal use only No. other uses without permission Copyright. © 2021 Elsevier. Inc. All rights .reserved 



1446.e6 References 

to al responses. 281. Trullás Vila JC Pizarro, Serra S Noqué, Xarau S Soler, Simón S. JR et, Airway AJ Sabater, WM Bourdelais, 311. Abraham 
] Acute aerosolized brevetoxins in an animal model of asthma Am. J Respir exogenous lipoid pneumonia in fire" - eaters ." Description of 

Crit Care Med 2005. 171; 26-34: two. cases [ Spanish) .( Rev Clin Esp 2007. 207; .240–242: 
of paraquat 312. Fleming LE Kirkpatrick, B Backer, LC et, al Aerosolized. red - tide tox- management NA Medical. IB Buckley, 282. Gawarammana 

ingestion Br. J Clin Pharmacol 2011. 72; .745-757: ins brevetoxins) and( asthma Chest. 2007. 131; .187–194: 
313. Centers for Disease Control and Prevention CDC) .( Illness associated 283. Smith JC Paraquat. poisoning by skin absorption a: review Hum. 

Toxicol 1988. 7; .15–19: with red tide Nassau County Florida, MMWR. Morb Mortal Wkly 
Rep 2008. 57; 284.: Im JQ Lee, KS Han, MC et, al Paraquat. poisoning findings: on .717-720 

314. Nierenberg K Kirner, K Hoagland, P et, al Changes. in work hab- chest radiography and CT in 42 patients AJR. Am J .Roentgenol 
1991 157; .697-701: its of lifeguards in relation to Florida red tide Harmful. .Algae 

2010 9: 285.: Saeed SA Wilks, MF Coupe, M. Acute diquat poisoning with intrace- .419-425 

rebral bleeding Postgrad. Med J. 2001 77; 329–332: 315.. Tartaglione L Dell'Aversano, C Mazzeo, A et, al Determination. 
286. Lin JL Liu, L Leu, ML Recovery. of respiratory function in survivors of of palytoxins in soft coral and seawater from a home .aquarium 

paraquat intoxication Arch. Environ Health 1995. 50; 432–439: Comparison. between palythoa- and ostreopsis - related inhalatory 
poisonings Environ. Sci Technol 2016. 50; .1023–1030: 287. Gil HW Kang, MS Yang, JO et, al Association. between plasma para- 

quat level and outcome of paraquat poisoning in 375 paraquat poi- 316. Murphy LT Charlton, NP Prevalence. and characteristics of 
soning to the patients Clin. reported Toxicol Phila) .( exposures 2008 46; palytoxin: 515-518 and. dermal inhalational 

288. Toon MH Maybauer, MO Greenwood, JE et, al Management. of acute National Poison Data System in the US Environ. Toxicol .Pharmacol 
2017 55: 107-109: smoke. inhalation injury Crit. Care Resusc 2010. 12; .53-61: 

289. Haponik EF Meyers, DA Munster, AM et, al Acute. upper airway 317. Haselow DT Brown, E Tracy, JK et, al Gastrointestinal. and respira- 
injury in burn patients serial: changes of flow volume curves and tory tract symptoms following brief environmental exposure to aero- 
nasopharyngoscopy Am. Rev Respir Dis 1987. 135; .360–366: sols during a Pfiesteria - related fish kill J. Toxicol Environ Health A. 

2001 63; .553-564: 290. Kuo DC Jerrard, DA Environmental. insults smoke: ,inhalation 
a exposure: and Pfiesteria submersion diving, and, high altitude Emerg. Med Clin North Am health. effects Jr. JG Human 318. Morris 

2003 21; .475-497: synthesis of available clinical data Environ. Health .Perspect 
291. Alarie Y. Toxicity of fire smoke Crit. Rev Toxicol 2002. 32; .259–289: 2001 109; suppl) :( .787–790 
292. Hale CA Barkin, PW Jung, W et, al Synthetic. smoke with acro- 319. Montague TJ Macneil, AR Mass. ammonia inhalation .Chest. 

1980 77; .496–498: lein but not HCl produces pulmonary edema J. Appl .Physiol 
1988 64; 1121-1133: 320.. Flury KE Dines, DE Rodarte, JR et, al Airway. obstruction due to 

293. Bein K Leikauf, GD Acrolein. - a pulmonary hazard Mol. Nutr Food inhalation of ammonia Mayo. Clin Proc 1989. 64; .291–304: 
Res 2011. 55; 1342–1360: 321.. De La Hoz RE Schlueter, DP Rom, WN Chronic. lung disease second- 

294. Centers for Disease Control and Prevention Notes. from the field ary: to ammonia inhalation injury a: report on three cases Am. J Ind 
Med 1996. 29; 209–214: expo-. from occupational - related illness resulting acute pesticide 

322. Weisskopf MG Drew, JM Hanrahan, LP et, al Hazardous. ammo- sure to acrolein - Washington and California - 2009 MMWR. Morb 
nia releases public: health consequences and risk factors for Mortal Wkly Rep 2013. 62; .313–314: 

295. Adetona O Simpson, CD Onstad, G et, al Exposure. of wildland fire- evacuation and injury United, States - 1998 J. Occup Environ .Med 
2003 45; .197-204: fighters to carbon monoxide fine, particles and, levoglucosan Ann. 

Occup Hyg 2013. 323. White CE Park, MS Renz, EM et, al Burn. center treatment of patients 57; 979–991: .296. 

296. Gaughan DM Piacitelli, CA Chen, BT et, al Exposures. and cross - shift with severe anhydrous ammonia injury case: reports and literature 
review J. Burn Care Res 2007. 28; 922-928: lung. function declines in wildland firefighters J. Occup Environ .Hyg 

2014 11; 591–603: 324.. Centers for Disease Control and Prevention Public. health conse- 

quences among first responders 297. Sheppard D Distefano, S Morse, L et, al Acute. effects of routine fire- to emergency events associated 
with illicit methamphetamine laboratories - selected states - 1999 fighting. on lung function Am. J Ind Med 1986. 9; .333–340: 

298. Stenton SC Kelly, CA Waiters, EH et, al Induction. of bronchial MMWR Morb Mortal Wkly Rep 2000. 49; .1021-1023: 
325. Wells SM Noonan, C Wells, KM et, al Effects. of toxic gases metham-: hyperresponsiveness following smoke inhalation injury Br. J Dis 

Chest 1988. 82; 436–438: phetamine. inhalation J. Burn Care Res 2009. 30; .152–154: 
299. Chia KS Jeyaratnam, J Chan, TB et, al Airway. responsiveness of fire- 326. Pirjavec A Kovic, I Lulic, I Zupan, Z. Massive anhydrous ammonia 

injury leading to lung transplantation J. fighters after smoke exposure Br. J Ind Med 1990. 47; 524–527: Trauma. 2009. 67; E93: - .E97 
300. Kinsella J Carter, R Reid, WH et, al Increased. airways reactivity after 327. Ortiz - Pujols S Jones, SW Short, KA et, al Management. and sequelae 

smoke inhalation Lancet. 1991. 337; 595-597: of. a 41 - year - old Jehovah's Witness with severe anhydrous ammonia 
301. Liu D Tager, IB Balmes, JR et, al The. effect of smoke inhalation on inhalation injury J. Burn Care Res 2014. 35; e180: - .e183 

328. Morabia A Selleger, C Landry, JC et, al Accidental. bromine exposure lung function and airway responsiveness in wildland fire .fighters 
Am Rev Respir Dis 1992. 146; .1469-1473: in an urban population an: acute epidemiological assessment Int. J 

Epidemiol 1988. 17; .148–152: 302. Shusterman D Kaplan, JZ Canabarro, C. Immediate health effects of 
of expo- a: complication an urban wildfire West. J Med 1993. 158; 133–138: ,. Abolnik I. Pneumomediastinum 329. Lossos IS 

a sus- in symptoms. sure to bromine Br. J Ind Med 1990. 47; 784: M. et, al Respiratory Tate RB Neuman, 303. Long ,A 
ceptible population due to burning of agricultural residue .Chest. 330. Burns MJ Linden, CH Another. hot tub hazard toxicity: sec- 
1998 113; .351-357: ondary to bromine and hydrobromic acid exposure .Chest. 

1997 111; 816–819: and. sys- airway DH et, al Prolonged. Park, JW Jeong, 304. Park GY 
331. Inagaki N Ishikawa, M Takeda, M et, al Case. with bromine temic inflammatory reactions after smoke inhalation .Chest. 

2003 123; 475-480: exposure. leading to respiratory insufficiency Chudoku. .Kenkyu 
2005 18; .141-147: 305. Centers for Disease Control and Prevention Monitoring. health effects 

of wildfires using the BioSense system - San Diego County California, 332., Markovsky I Markel, G Hoffman, A. Bromine -the red cloud 
October 2007. MMWR Morb Mortal Wkly Rep 2008. 57; .741-744: approaching Isr. Med Assoc J. 2007 9; .677–679: 

333. Lam A Vetal, N Matalon, S et, al Role. of heme in bromine - induced 306. McGee JK Chen, LC Cohen, MD et, al Chemical. analysis of World 
lung injury Ann. NY Trade Center fine particulate matter for use in toxicologic assess- Acad Sci 2016. 1374; .105-110: 

ment Environ. Health Perspect 2003. 111; 972-980: 334.. Hertzman J Cullen, MR Methyl. bromide intoxication in four field 
307. Tsao TC - Y Juang, Y - C Lan, R - S et, al Respiratory. failure of acute organo- workers during removal of soil fumigation sheets Am. J Ind .Med 

1990 17; 321-326: phosphate. and carbamate poisoning Chest. 1990. 98; .631–636: 
335. Centers for Disease Control Unintentional. methyl bromide gas 308. Blanc P Liu, D Juarez, C Boushey, HA Cough. in hot pepper .workers 

Chest 1991. 99; 27–32: release. MMWR. Morb Mortal Wkly Rep 1990. 38; .880–882: 
336. Centers for Disease Control Occupational. fatality following expo- 309. Miller JJ Skolnick, J. Inhalation injury after capsaicin exposure J. Ky 

Med Assoc 2006. 104; 103-105: sure. to hydrogen sulfide - Nebraska MMWR. Morb Mortal Wkly .Rep 

1986 35; 533-535: 310.. Kearney T Hiatt, P Birdsall, E et, al Pepper. spray injury severity ten-: 
337. Hansell AL Horwell, CJ Oppenheimer, C. The health hazards of volca- year case experience of a poison control system Prehosp. Emerg .Care 

2014 18: 381-386: noes. and geothermal areas Occup. Environ Med 2006. 63; .149–156: 

Downloaded for Sufian Abuawad sufian.m.a.abuawad@gmail.c-) 73 -h Wolfson Medical Center from ClinicalKey.com by Elsevier 
on June 17 2021., For personal use only No. other uses without permission Copyright. © 2021 Elsevier. Inc. All rights .reserved 



References 1446.e7 

338. Carfora A Campobasso, CP Cassandro, P et, al Fatal. inhalation of 361. Hong SB Kim, HJ Huh, JW et, al A. cluster of lung injury associated 
volcanic gases in three tourists of a geothermal area Forensic. Sci and pathological use, clinical: radiological with home humidifier 
Int 2019. 297; e1: - e7 description. of a new syndrome Thorax. 2014. 69; .694–702: 

339. Jappinen P Vilkka, V Marttila, O et, al Exposure. to hydrogen sul- 362. Huh JW Hong, SB Do, KH et, al Inhalation. lung injury associ- 
phide and respiratory function Br. J Ind Med 1990. 47; .824–828: ated with humidifier disinfectants in adults J. Korean Med .Sci 

2016 31; .1857–1862: 340. Doujaiji B Al, - Tawfiq JA Hydrogen. sulfide exposure in an adult 
male Ann. Saudi Med 2010. 30; .76–80: 363. Lee E Son, SK Yoon, J et, al Two. cases of chloromethylisothiazoli- 

341. Sastre C Baillif, - Couniou V Kintz, P et, al Fatal. accidental none and methylisothiazolinone - associated toxic lung injury J. 
Korean Med Sci 2018. 33; 16) :( .e119 hydrogen sulfide poisoning a: domestic case J. Forensic .Sci 

2013 58; S280: - S284 364.. Shadnia S Mehrpour, O Abdollahi, M. Unintentional poisoning by 

342. Nogué S Pou, R Fernández, J Sanz, - Gallén P. Fatal hydrogen sulphide phosphine released from aluminum phosphide Hum. Exp .Toxicol 
2008 27; .87-89: poisoning in unconfined spaces Occup. Med Lond) .( 2011 61; .212–214: 

343. Mehta PS Mehta, AS Mehta, SJ et, al Bhopal. tragedy's health effects 365.: Proudfoot AT Aluminum. and zinc phosphide poisoning Clin. .Toxicol 
2009 47; 89–100: a. review of methyl isocyanate JAMA. 1990. 264; .2781–2787: 

phosphine. 344. Dhra VR Kriebel, D. The Bhopal disaster it's: not too late for sound and Occupational Disease Control Prevention 366. Centers for 
gas poisoning at veterinary hospitals from epidemiology editorial) .( Arch Environ Health 1993. 48; 436–438: dogs. that ingested zinc 

345. Dhara VR Dhara, R Acquilla, SD Cullinan, P. Personal exposure phosphide Michigan Iowa, and, Washington - 2011 MMWR. Morb 
and long - term health effects in survivors of the union carbide disas- Mortal Wkly Rep 2012. 61; .286–288: 

367. Sinclair JS McManus, DT Ohara, MD et, al Fatal. inhalation injury ter at Bhopal Environ. Health Perspect 2002. 110; .487–500: 
346. Cone JE Wugofski, L Balmes, JR et, al Persistent. respiratory health following an industrial accident involving acetic anhydride .Burns. 

1994. 20; 469-470: effects after a metam sodium pesticide spill Chest. 1994. 106; .500–508: 
347. Bretaudeau Deguigne M Lagarce, L et, al Metam. sodium intoxica- 368. Centers for Disease Control and Prevention Investigation. of a home 

with extremely elevated carbon dioxide levels West. Virginia December, tion the: specific role of degradation products — methyl isothiocya- 
2003. MMWR Morb Mortal Wkly Rep 2004. 53; 1181-1182: nate. and carbon disulphide — as a function of exposure Clin. Toxicol 

Phila) .( 2011 49; .416-422: 369. Centers for Disease Control and Prevention Acute. illness from dry 
ice exposure during Hurricane Ivan - Alabama MMWR. Morb 348. Centers for Disease Control Workplace. exposures to corrosion- 
Mortal Wkly Rep 2004. 53; 1182-1183: inhibiting. chemicals from a steam humidification system - .Ohio 

MMWR Morb Mortal Wkly Rep 1990. 39; 863-865: 370.. Cantrell L Young, M. Fatal fall into a volcanic fumerole Wilderness. 
Environ Med 2009. 20; 77–79: 349.. Gadon ME Melius, JM McDonald, GJ et, al New. - onset asthma after 

exposure to the steam system 371. Gould SR Bernardo, DE Respiratory. distress after talc inhalation Br. additive 2 - diethylaminoethanol J. 
Occup Med 1994. 36; J: Dis Chest 1972. 66; 230–233: .623–626. 

372. Motomatsu K Adachi, H Uno, T. Two infant deaths after inhaling 350. Balkisson R Murray, D Hoffstein, V. Alveolar damage due to inhala- 
tion of amitrole - containing herbicide Chest. 1992. 101; 1174–1175: baby. powder Chest. 1979. 75; .448-450: 

351. Pushnoy LA Avnon, LS Carel, RS Herbicide. Roundup) pneumoni-( 373. Silver P Sagy, M Rubin, L. Respiratory failure from corn starch 
tis Chest. 1998. 114: .1769-1770: aspiration a: hazard of diaper changing Pediatr. Emerg .Care 

1996 12: 108-110: 351a. Siwiec. J Siek, E Grzywa, - Celińska A et, al Thiram. toxic: inhala- 
374. Centers for Disease Control and Prevention Update. pulmonary: tional lung injury Ann. Agric Environ Med 2019. 26; .672–673: 

response pulmonary et, al Acute. hemorrhage hemosiderosis/ among infants - Cleveland Ohio, - 1996 MA. AH Basha, KB Haidar, 352. Gross 
deploy- MMWR Morb Mortal Wkly Rep 1997. 46; 33–35: by. airbag generated and gases to aerosols of asthmatics 

ment Am. J Respir Crit Care Med 1994. 150; 408–414: 375.. Centers for Disease Control and Prevention Update. pulmonary: 
353. Ely TS Diazomethane. pneumonia J. Occup Med 1968. 10; 326: hemorrhage. hemosiderosis/ among infants - Cleveland Ohio, - .1996 
354. Stain JP Nouvet, G Morere, P. diazomethane ] Poisoning by diazo- MMWR Morb Mortal Wkly Rep 2000. 49; .180-184: 

376. Yoshida K Masayki, A Araki, S. Acute pulmonary edema in a store- methane poisoning [ French) .( Toxicol Eur Res 1983. 5; .217–219: 
355. Lowe HJ Freeman, G. Boron hydride Borane) intoxication( in .man house of moldy oranges a: severe case of the organic dust toxic syn- 

Arch Ind Health 1957. 16; 523–533: drome. Arch. Environ Health 1989. 44; .382–384: 

356. Wald PH Becker, CE Toxic. gases used in the micro - electronics 377. Strand RD Neuhasuer, EBD Sornberger, CF. Lycoperdonosis N. Engl J 
89–91: industry. Med. 1967. 277; Occup Med 1986. 1; .105–117: 

357. Jacobs IA Taddeo, J Kelly, K et, al Poisoning. as a result of barium 378. Centers for Disease Control and Prevention Respiratory. illness asso- 
styphnate explosion Am. J Ind Med ciated. with inhalation of mushroom spores - Wisconsin MMWR. 2002 41; .285-288: 

358. Schecter A Shanske, W Stenzler, A et, al Acute. hydrogen selenide Morb Mortal Wkly Rep 1994. 43; .525–526: 
inhalation Chest. 1980. 77; .554-555: 379. Alenghat T Pillitteri, CA Bemis, DA et, al Lycoperdonosis. in two 

dogs J. Vet Diagn Invest 2010. 22; .1002–1005: 359. Banerjee BD Dwivedi, S Singh, S. Acute hydrogen selenide gas 
poisoning admissions in one of the hospitals in Delhi India, a: case 380. Perrine CG Pickens, CM Boehmer, TK et, al Characteristics. of a 
report Hum. Exp E - cigarette Toxicol with. 1997 16; injury: associated 276–278 of. lung outbreak multistate 

360. Lee JH Kim, YH Kwon, JH Fatal. misuse of humidifier disinfectants use or, vaping - United States MMWR. Morb Mortal Wkly .Rep 
2019 68; 860-864: in. Korea importance: of screening risk assessment and implications 

of vaping- for management of chemicals in consumer products Environ. Sci et, al Pathology. HD Smith, ML Tazelaar, 381. Butt YM 
Technol 2012. 46; .2498-2500: associated lung injury N. Engl J Med 2019. 381; .1780-1781: 

Downloaded for Sufian Abuawad sufian.m.a.abuawad@gmail.c-) 74 -h Wolfson Medical Center from ClinicalKey.com by Elsevier 
on June 17 2021., For personal use only No. other uses without permission Copyright. © 2021 Elsevier. Inc. All rights .reserved 



7:56 2.12.2021, Reactive airways dysfunction syndrome and irritant - induced asthma - UpToDate 

Official reprint from UpToDateⓇ UpToDate www.uptodate.com © 2021 UpToDate Inc., and or/ its affiliates All. Rights .Reserved 

* Wolters. Kluwer 

Reactive airways dysfunction syndrome and irritant- 

induced asthma 

Authors Catherine: Lemière MD, Louis, - Philippe Boulet MD, 

Section Editor Peter: [ Barnes DM, DSC, FRCP, FRS, 

Deputy Editor Helen: Hollingsworth MD, 

All topics are updated as new evidence becomes available and our peer review process is .complete 

Literature review current through Oct: 2021. | This topic last updated Sep: 29 .2021, 

INTRODUCTION 

Reactive airways dysfunction syndrome RADS) and( irritant - induced asthma IIA) are( closely 

related forms of asthma that result from a single exposure to a high concentration of irritant 

agents or repeated exposure to moderate to low doses of irritant agents ] 1-9 .[ 
← 

The diagnosis and management of RADS and IIA will be reviewed here The. diagnosis of 

asthma and the causes evaluation, and, management of occupational asthma are discussed 

separately ). See Asthma" in adolescents and adults Evaluation: and diagnosis and" 

Occupational" asthma Definitions: epidemiology, causes, and, risk factors and" 

Occupational" asthma Clinical: features evaluation, and, diagnosis and" Occupational" 

asthma Management: prognosis, and, prevention (." 

DEFINITIONS 

Irritant - induced asthma IIA) is( a general umbrella) term( to describe an asthma - like 

syndrome that results from a single or multiple high dose exposures to irritant products 

] 3,10 [ The. rapid onset of asthma within a few hours after a single exposure to very high 

levels of irritant substances ie) acute, - onset IIA or reactive airways dysfunction syndrome 

] RADS [ is( the phenotype of IIA that has been the best characterized Other. clinical 

phenotypes such as low" - dose reactive airways dysfunction syndrome ", not" - so - sudden IIA ", 

or IIA" with latency are" mainly described in epidemiologic studies because the causal 

relationship with irritant exposures at the workplace and occurrence of respiratory 

symptoms is difficult to establish at the individual level ] 11-15 [ When. IIA is caused by 

tive airways dysfunction syndrome and irritant - induced asthma &amp; source _ 75 _ _result &amp; selected Title = 1 ~ 15 &amp; usage_type = default &amp; display_rank = 1_1 37/ 
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workplace exposures it, is considered a type of occupational asthma the, non - immunologic 

.type 

• Acute onset IIA - RADS ", acute onset IIA ", is described as the development of 

respiratory symptoms in the minutes or hours after a single accidental inhalation of a 

high concentration of irritant gas aerosol, vapor, or, smoke these; initial symptoms are 

followed by asthma - like symptoms and airway hyperresponsiveness that persist for a 

prolonged period table) 1 ]( 1 [ RADS. can occur after exposure to a variety of 

chemicals generated as gas or aerosol or, exposure to high levels of )particulates 

table 2 .( Clinical and functional criteria for the diagnosis of RADS are listed in the 

table table) 1 ]( 1 [ IIA. can be caused by multiple exposures to high doses of irritants 

which induce acute symptoms requiring acute medical care ] 16 .[ 

• Subacute IIA - The term sub" - acute IIA has" been proposed to describe instances of 

multiple high exposures to irritants where the onset of symptoms may be more 

insidious as, seen following the World Trade Center catastrophe ] 8,9 [ or, less well- 

documented exposures in which the affected individuals are able to identify the ,timing 

nature and, frequency of events ] 10,17 .[ 

• Low - dose IIA - IIA may also include a condition resulting from multiple exposures to 

low concentrations of an irritant that have led to bronchial mucosal injury and 

persistent asthma - like symptoms although, this is less well - established ] 11 [ The. term 

low" - dose IIA )" also called low - dose RADS has( been used to describe individuals in the 

latter group but, the pattern of repeated low - dose as) opposed to a single high - (dose 

exposure means that they do not formally fulfill the original criteria for RADS In. 

addition when, the intensity of the exposure is less but, is of greater duration eg) &gt;, 24 

hours ,( symptoms may start after several hours or days rather, than within minutes of 

inhalation thus, further widening" the spectrum of IIA ]" 12 [ However. ", low - dose "IIA 

cannot currently be reliably diagnosed in an individual worker The. term Low Intensity 

Chronic Exposure Dysfunction Syndrome LICEDS) has( also been suggested to describe 

this form of IIA ] 17 .[ 

A position paper from the European Association of Allergy and Clinical Immunology has 

proposed definitions for different IIA phenotypes ] 3 :[ 

• Definite IIA relates to acute - onset IIA manifested by rapid onset of asthma within 24 

hours of a single very high - intensity exposure to an irritant compound similar) to the 

classic RADS phenotype .( 

• Probable IIA is characterized by the development of asthma following multiple 

symptomatic moderate - high level exposures to .irritants 

... tive airways dysfunction syndrome and irritant - induced asthma &amp; source _ 76 _ _result &amp; selected Title = 1 ~ 15 &amp; usage_type = default &amp; display_rank = 1 2/37 
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• Possible IIA describes a delayed development of asthma following chronic and or/ 

repeated exposure to low - moderate levels of irritant .substances 

EPIDEMIOLOGY 

Reactive airways dysfunction syndrome RADS) may( occur after inhalational accidents at 

home in, the workplace or, in the general environment Irritant. - induced asthma IIA) due( to 

multiple exposures is most commonly associated with inhaled irritants in the workplace It. is 

estimated that 60,000 inhalational accidents occur in the home and lead to medical 

consultation yearly in the United States ] 18 [ Industrial. accidents also have the potential to 

expose nonemployees to noxious inhalants the; release of isocyanates at Bhopal for, 

example led, to more than 2000 deaths due to pulmonary edema and, caused RADS in many 

others ] 19,20 .[ 

Estimating the incidence of RADS is difficult for several reasons Precise. subject, - specific 

information regarding the duration and magnitude of exposure at the time of an accident is 

rarely available This. is further complicated in IIA where, multiple exposures to irritant 

products are involved the; level of exposure to the inhaled irritant can vary between 

exposures and between exposed subjects and; several irritant agents can also be involved 

simultaneously ] 21,22 [ The. size of populations at risk after an incident can only be 
← determined approximately in many .cases 

The following observations in, which large numbers of patients were exposed to a chemical 

irritant illustrate, the variation in reported rates of development of RADS and :IIA 

• After an accidental exposure to high concentrations of glacial acetic acid the, incidence 

of RADS among 51 hospital employees who were present during the 2.5 hours 

immediately following the accident was 16 percent ] 23 .[ 

• Among 289 workers exposed to chlorine gas in a pulp and paper mill 71, 25) (percent 

developed respiratory symptoms shortly after the event ] 24 [ Among. 239 workers with 

repeated exposures to chlorine and other gases over a three - year period significant, 

respiratory symptoms were reported by 38 16) percent ]( 22 [ No. association between 

exposure level and persistence of symptoms was documented Subsequently. a, 

longitudinal follow - up of the same workers over a three - year period showed ): 1 an( 

effect on airway function related to the estimated number of symptomatic exposures 

and incidents mostly, among smokers ); 2 a( detectable increase in airway 

responsiveness associated with gassing incidents ] 25 .[ 

• Professional cleaning is considered a high risk occupation for work - related asthma 

based on studies conducted in Europe and in the United States ] 26-28 [ Among. 123 
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cases of work - related IIA reported in a sentinel notification program in four states in 

the United States cleaning, agents were the most common reported implicated agent 

15) percent ]( 29 [ Some. epidemiologic studies have supported the role of repeated 

and or/ chronic exposure to lower levels of cleaning agents in the development of 

asthma in workers exposed to those agents ] 30 .[ 

Cleaning agents may also cause occupational asthma by a mechanism of sensitization More. 

frequent atopy and higher levels of total IgE are found in these workers ] 31 [ In. a group of 

44 workers with symptoms on exposure to cleaning agents 17, 39) percent were( found to 

have immunological occupational asthma ] 32 [ Asthmatic. symptoms are also associated to 

the domestic use of cleaning agents ] 33,34 .[ 

• Approximately 15 percent of all cases of occupational asthma accepted for 

compensation in Ontario Canada, were, of the RADS type ] 35 [ a; similar proportion 14) 

percent was( found in a sentinel notification program in four states in the United States 

] 29 .[ 

• A number of studies have assessed the effects of exposure to the plume of particulate 

dust and smoke due to the fires and structural collapse of the World Trade Center 

towers on September 11 2001, ] 8,9,36,37 [ The. rate of newly diagnosed asthma among 

workers and volunteers was almost 4 percent and correlated with an earlier time of 

arrival and greater duration of time at the site ] 36,38 .[ 

• Exposure to a low moderate/ level of irritants has been shown to be associated with the 

diagnosis of asthma OR) 1.88 95, % CI 1.48-2.37 ]( 39 .[ 

CAUSES AND RISK FACTORS 

A number of agents have been implicated in the development of RADS and IIA most, 

commonly chlorine isocyanates, oxides, of nitrogen acetic, acid and, sulphur )dioxide 

table 2 ]( 40,41 [ As. an example one, study identified 46 different agents as having caused 

occupational irritant - induced asthma associated, with apparently high concentration 

exposures without a latency period ] 42 [ A. separate study reported that paper metal, and 

chemical industries were responsible for the majority of their cases of IIA Cases. of acute IIA 

were related to accidents whereas subacute IIA occurred mainly among industrial operators 

performing usual work tasks with poor hygiene conditions ] 43 .[ 

Definitive risk factors for the development of RADS and IIA have not been confirmed but, 

probable risk factors likely include the chemical and physical nature and concentration of the 

irritant agent in addition to certain host factors such as atopy and cigarette .smoking 
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• High concentration exposure - Increased concentrations of offending agents are 

associated with higher risk and, vapors and wet aerosols generally appear to be more 

provocative of RADS than dry particulates ] 23,44 [ Workers. exposed to bleaching 

agents in paper mills including) chlorine ]( 45 [ and cleaning products ] 27,44 [ are 

particularly at risk Excess. rates of asthma have been documented in workers exposed 

to cleaning agents and, RADS IIA/ may explain this phenomenon table) 2 ]( 46 [ The. 

main risk factor for developing respiratory diseases identified among the World Trade 

Center WTC) rescue( workers was the presence on the site of the WTC during the first 

48 hours and the duration of exposure during rescue ] 47 .[ 

Atopy - While atopy has been described as a risk factor for the occurrence of the not- 

so - sudden - onset variant of IIA that develops days after an irritant exposure ] 12 [ there, 

is no evidence that atopy is a risk factor for the development of RADS or other forms of 

IIA ] 23,24,48 .[ 

- • Airway hyperresponsiveness - Previously documented airway hyperresponsiveness 

did not predispose to the development of RADS in firefighters at the World Trade 

Center ] 49 [ It. is likely that the pre - existing airway hyperresponsiveness was infrequent 

among these firefighters given that asthma is an exclusion criterion for .recruitment 

However lifetime, prevalence of asthma was increased in WTC responders by 

comparison with a large control population ] 50 .[ 

Smoking - Smoking is more common among workers with RADS than in those with 

other types of occupational asthma and seems to increase the risk of functional decline 

in workers repeatedly exposed to puffs of chlorine ] 25,35 [ However. some, studies have 

suggested that the development of acute and sub - acute IIA was not associated with 

smoking ] 23,24 .[ 

• Genetic factors - Although some observations suggest a possible genetic 

predisposition to be more susceptible to the effects of irritants as, for sensitizing 

agents this, remains to be further examined ] 51 .[ 

PATHOLOGY AND MECHANISMS 

Serial observations from two cases of reactive airways dysfunction syndrome (RADS) 

illustrate the histopathologic features of the disease table) 3 ]( 52,53 [ The. initial change 

was rapid denudation of the mucosa with a fibrinohemorrhagic exudate in the .submucosa 

This was followed by subepithelial edema and signs of regeneration of the epithelial layer 

with proliferation of basal and parabasal cells Desquamation. subepithelial, ,fibrosis 

thickening of the reticular basement membrane and, regeneration of basal cells are all more 

striking in RADS than in occupational asthma with a latency period table) 4 .( In ,addition 
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bronchoalveolar lavage BAL) reveals( neutrophilia in the acute stage of RADS whereas, 

lymphocytes and eosinophils are more numerous in occupational asthma with a latency 

period ). See Occupational" asthma Pathogenesis: ," section on Pathology' (.' 

The acute changes of RADS have been reproduced by exposing rats to high concentrations 

of gaseous chlorine ] 54 [ Histologic. evaluation revealed epithelial flattening necrosis, and, 

evidence of epithelial regeneration Bronchoalveolar. lavage showed an increased number of 

neutrophils Abnormalities. in epithelial pathology and bronchial hyperresponsiveness were 

most prominent one to three days following injury Epithelial. abnormalities persisted in 

some animals for up to three months ] 54 [ Similar. findings have been described in a .mouse 

model of RADS ] 55 [ Chlorine. can induce direct oxidative epithelium injury but, further 

damage may also occur with migration and activation of inflammatory cells such as 

neutrophils within the airway epithelium with, subsequent release of reactive oxygen species 

and proteolytic enzymes In. a mouse model airway, barrier impairment led to the 

development of airway hypersensitivity after low - dose chlorine exposure ] 56 [ suggesting, 

that airway epithelial damage may be a risk factor for developing IIA after exposure to 

irritant .agents 

The release of reactive oxygen species can contribute to airflow limitation and airway 

hyperreactivity ] 57 [ In. a separate study an, antioxidant preparation diminished many 

features of tissue damage following exposure to chlorine gas including, the increase in BAL 

neutrophils and macrophages ] 58 .[ 

The long term approximately) 10 years pathological( abnormalities of RADS have been 

described ] 59 [ Bronchial. biopsies obtained from 10 subjects with IIA at a mean of 10 years 

following an industrial accident showed neutrophilic and eosinophilic inflammation ] 59 [ In. 

addition reticular, basement membranes were thicker among patients with RADS than those 

with mild immunologic occupational asthma or healthy .controls 

In one patient with IIA secondary to multiple exposures an, inflammatory infiltrate 

consisting of lymphocytes and polymorphonuclear cells was found on bronchial biopsy ] 16 .[ 

In the chronic stage of irritant - induced asthma the, infiltrate consisted of lymphocytes and 

eosinophils with, thickening of connective tissue and deposition of collagen fibers ] 16,60 .[ 

In a cross - sectional study of 999 adults occupational, exposure to irritants was associated 

with a specific respiratory endotype suggesting, that oxidative stress and neutrophilic 

inflammation were potentially associated biological mechanisms ] 61 .[ 

CLINICAL MANIFESTATIONS 
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History - The clinical manifestations eg) cough, dyspnea, wheeze, chest, tightness of( 

RADS and IIA differ mainly in the rapidity of onset of .symptoms 

• The onset of symptoms in RADS is usually so abrupt that subjects are able to date 

their occurrence precisely although, a few patients report respiratory symptoms 

developing up to seven days after the exposure ] 17,62 [ Patients. with multiple 

exposures to high concentrations of products such as chlorine may be able to 

identify the timing nature, and, frequency of most events ] 10,17 .[ 

• Patients with the not - so - sudden onset variant of IIA may not be aware of multiple 

low level irritant exposures and may report episodic symptoms that are not 

precisely linked to known .exposures 

After an acute exposure to gas smoke, fumes, or, vapors with irritant properties some, 

subjects with no history of respiratory complaints report a burning sensation in the 

throat and nose referred to as respiratory upper airways distress syndrome (RUDS) 

] 63 [ in, addition to cough dyspnea, wheeze, and, chest pain ] 1,23,64 [ These. symptoms 

typically develop within 24 hours of the exposure and are severe enough that 

approximately 78 percent seek emergency room treatment ] 29 [ In. most series cough, 

is the predominant symptom in RADS and IIA ] 1,65,66 [ ). See Definitions' above' (. 

Patients with IIA due to multiple low level exposures to irritant agents describe 

essentially the same symptoms as patients with RADS eg) cough, dyspnea, chest, 

tightness and, wheezing ,( although the time course of onset differs Symptoms. of nasal 

mucosal irritation such, as nasal congestion sneezing, nasal, pruritus and or/ increased 

nasal secretions may, accompany the asthma - like symptoms and are often exacerbated 

by recurrent exposure in the workplace ] 67 [ Occupational. rhinitis is discussed in 

greater detail separately ). See Occupational" rhinitis (." 

Physical examination - For both RADS and IIA physical, examination findings are not 

well described but, have included conjunctivitis pharyngeal, erythema ,tearing, 

tachypnea and, wheezing ] 24,68 [ After. an accidental chlorine exposure 67, percent 42) 

of 63 had( wheezing on initial presentation and, 84 percent had wheezing at some 

point in their hospitalization ] 64 [ Exposure. to ammonia may be associated with burns 

and blisters on exposed skin and damage to the surface structures of the eye ). See 

Topical" chemical burns Initial: assessment and management (." 

EVALUATION 

RADS and IIA should be suspected in patients with asthma - like symptoms following a well- 

defined exposure An. important component of the evaluation is to review the details of the 
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history particularly, when the patient is seen weeks or months after the initial .exposure 

Some relevant questions to be asked to all subjects when first assessed for possible ,asthma 

and particularly for RADS or IIA are, listed in the table table) 5 .( 

The evaluation of a patient with the acute onset of respiratory symptoms following an 

irritant exposure typically includes assessment of oxygenation by pulse oximetry or arterial 

blood gases and a chest radiograph to look for noncardiogenic pulmonary ,edema 

pneumonia or, other causes of dyspnea As. soon as possible spirometry, should be 

performed to determine whether airflow limitation is present and reversible ). See 

Evaluation" of the adult with dyspnea in the emergency department (." 

For patients with persistent symptoms due to RADS or IIA the, evaluation is the same for the 

two processes In. addition to spirometry testing, includes more complete pulmonary 

function testing with assessment of nonspecific hyperresponsiveness An. approach to the 

patient with dyspnea is provided separately ). See Approach" to the patient with dyspnea (." 

- Laboratory testing - Routine laboratory testing is usually not helpful in the diagnosis of 

irritant exposures However. a, complete blood count and differential are appropriate to help 

exclude other processes in the differential diagnosis of dyspnea such as anemia eosinophilic, 

pneumonia and, .infection 

Skin and immunologic testing — For patients with chronic symptoms due to RADS or ,IIA 

either allergy skin testing or immunoassay to a panel of common aeroallergens is 

appropriate to exclude allergic asthma due to common aeroallergens or a sensitizing 

process evocating immunologic occupational asthma ). See Overview" of skin testing for 

allergic disease and" Overview" of in vitro allergy tests (." 

In vitro immunoassay for IgE antibodies to occupational sensitizers is available for a limited 

number of low molecular weight chemical - protein conjugates eg) diisocyanates, ,( but these 

are not standardized or commercially available An. acute increase in specific IgE antibodies 

to formaldehyde has been described in a case of RADS associated with high level exposure 

to formaldehyde although, the significance of this observation is not known ] 69 .[ 

Pulmonary function testing - One of the first steps in the evaluation of a patient with 

respiratory symptoms after an irritant inhalational exposure is pulmonary function testing to 

assess the presence severity, and, reversibility of airflow limitation For. patients without 

significant airflow obstruction bronchoprovocation, challenge can be used to document non- 

specific airways hyperresponsiveness The. roles of spirometry and bronchoprovocation 

challenge in the diagnosis of asthma are discussed separately ). See Pulmonary" function 

testing in asthma ," section on Tests' for the diagnosis of asthma and' Bronchoprovocation" 

testing (." 
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- Spirometry — Baseline spirometry is obtained in all patients suspected of having RADS or 

IIA bronchodilator; reversibility is assessed if airflow limitation is present In. a series of 19 

patients seen after chlorine exposure 10, had airflow limitation when assessed soon after 

the exposure many; showed reversal of obstruction with time ] 70 [ In. a separate study of 10 

subjects with RADS due to high level exposures to a variety of agents four, had airflow 

obstruction with a forced expiratory volume in one second forced/ vital capacity FEV1) (FVC/ 

ratio &lt; 70 percent ] 1 [ ). See Office" spirometry and" Pulmonary" function testing in asthma ," 

section on Tests' for the diagnosis of asthma (.' 

Following baseline spirometry bronchodilator, reversibility is assessed by inhalation of a 

short - acting beta agonist In. general reversibility, is defined as an increase in FEV1 of 12 

percent or more accompanied, by an absolute increase in FEV1 of at least 200 mL in .adults 

] 71 [ Airway. obstruction is generally less responsive to a bronchodilator in RADS than in 

asthma although, some degree of reversibility may be present A. comparison of 30 subjects 

with immunologic occupational asthma and 15 subjects with RADS found a mean 

improvement in FEV₁ after bronchodilator of close to 20 percent in the subjects with 

immunologic occupational asthma nearly, double the response seen among those with 

RADS However. significant, heterogeneity was seen among the RADS group 6: of the 15 

subjects had a postbronchodilator improvement in FEV₁ of more than 15 percent ] 22 [ ). See 

Pulmonary" function testing in asthma ," section on Bronchodilator' responses (.' 

In a minority of patients a, restrictive defect is noted on pulmonary function ,testing 

although an obstructive pattern is much more common ] 72 [ ). See Overview" of .pulmonary 

function testing in adults ," section on Lung' volumes (.' 

Nonspecific bronchoprovocation challenge - If baseline spirometry shows absent or 

minimal airflow limitation and no significant bronchodilator reversibility nonspecific, or) 

nonallergic bronchial( challenge eg) methacholine, is( performed to assess for non - specific 

bronchial hyperresponsiveness ). table 6 and table 7 .( The performance of 

bronchoprovocation challenge contraindications, to testing and, adjustments of medication 

prior to testing are, described separately ). See Bronchoprovocation" testing and" 

Bronchoprovocation" testing ," section on Pharmacologic' challenge (.' 

Among various case reports a, positive bronchoprovocation challenge was present at initial 

evaluation in virtually all patients who were able to perform the testing ). See .Pulmonary" 

function testing in asthma ," section on Bronchodilator' responses (.' 

Specific bronchoprovocation challenge - Specific inhalation challenges are not 

performed to diagnose IIA with agents that are known to cause IIA ] 2 [ The. majority of these 

agents are not sensitizers and would not induce an acute asthmatic reaction when inhaled at 

low levels for a short period of time ). See Occupational" asthma Clinical: features ,evaluation, 

and diagnosis ," section on Specific' inhalation challenge (.' 
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However rare, individuals can experience a RADS after exposure to agents that have both 

irritant and sensitizing properties eg) isocyanates, and( subsequently develop occupational 

asthma For. example a, subject developed occupational asthma while exposed to lower 

levels of diisocyanates after an initial high exposure to this agent that induced RADS ] 73 [ In. 

this instance performing, specific inhalation was useful to confirm the diagnosis of 

occupational asthma ). See Occupational" asthma Definitions: epidemiology, causes, and, risk 

factors ," section on Low' - molecular - weight and" Occupational" asthma Clinical: ,features 

evaluation and, diagnosis ," section on Specific' inhalation challenge (.' 

- Imaging — A chest radiograph is typically obtained to exclude noncardiogenic pulmonary 

edema alveolitis, or, pneumonia in patients presenting after an acute irritant exposure or 

other causes of dyspnea in those presenting later in the course of RADS or after multiple 

lower dose irritant exposures The. chest radiograph in patients with RADS and IIA is typically 

normal or may show hyperinflation ). See Evaluation" of the adult with dyspnea in the 

emergency department ," section on Plain' chest radiograph CXR) '( and Approach" to the 

patient with dyspnea ," section on Chest' computed tomography (.' 

High resolution computed tomography HRCT) is( not required in the evaluation of RADS or 

IIA but, may be performed in atypical cases to exclude alternative diagnoses HRCT. ,scans 

obtained in 29 symptomatic rescue and recovery workers at the World Trade Center ,site 

showed evidence of air - trapping based on a mosaic pattern on the end - expiratory images in + 
25 of these workers ] 74 .[ 

DIAGNOSIS 

The diagnosis of RADS and IIA is based upon a combination of exposure history table) 5 ,( 

time course of symptom onset and, evidence of reversible airflow limitation and or/ non- 

specific bronchial .hyperresponsiveness 

The diagnosis of RADS is likely in individuals :with 

• A history of acute exposure to an irritant agent or material preceding the onset of 

respiratory symptoms see) Clinical' manifestations (above' 

• Acute onset of respiratory symptoms within 24 hours of the exposure or, within seven 

days at the latest see) Clinical' manifestations (above' 

• Persistence of airway obstruction and or/ hyperresponsiveness generally, for three 

months or more see) Pulmonary' function testing (above' 

The diagnosis of subacute IIA sometimes, called not" - so - sudden RADS ", is often not as 

straightforward as the diagnosis of RADS due to the lack of a single episode of high level 

exposure However. a, history of single or multiple exposures to an irritating inhalational 
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agent table) 5 ,( the presence of asthma - like symptoms and, the presence of reversible 

airway obstruction and or/ hyperresponsiveness are necessary to the diagnosis ). See 

Pulmonary' function testing above' (. 

The absence of specific testing that can establish a causal role of an irritant agent makes it 

difficult to establish the diagnosis of IIA with certainty However. data, from epidemiologic 

studies that have identified occupations with an increased risk of asthma such, as cleaners 

] 46,75 [ and pulp mill workers ] 45 [ can, be used to support a diagnosis of IIA in a patient with 

similar exposures ] 21 [ see) Epidemiology' above' .( However distinguishing, IIA caused by 

repeated moderate, or low level exposures from coincidental non - work related asthma is 

very difficult and often impossible on a clinical .basis 

DIFFERENTIAL DIAGNOSIS 

Acute presentation — At the time of an acute presentation with possible RADS the, 

differential diagnosis includes the :following 

Underlying asthma that may have been exacerbated by an irritant exposure 

• Acute respiratory infection 

• Cardiogenic or noncardiogenic pulmonary edema 

• Other causes of an acute onset of dyspnea 

A careful history provides guidance regarding the severity of the exposure and thus the 

likelihood of RADS versus an exacerbation of underlying asthma A. conventional chest 

radiograph can help exclude pneumonia pulmonary, edema and, acute eosinophilic 

pneumonia A. complete blood count and differential provides supportive information for or 

against infectious or eosinophilic pneumonia ). See Asthma" in adolescents and :adults 

Evaluation and diagnosis ," section on Diagnosis' and' Acute" bronchitis in adults and" 

Clinical" evaluation and diagnostic testing for community - acquired pneumonia in "adults 

and Evaluation" of the adult with dyspnea in the emergency department (." 

Persistent symptoms - For patients presenting with persistent symptoms the, differential 

diagnosis of RADS and IIA typically includes underlying asthma that may have been 

exacerbated by an irritant exposure occupational, asthma due to an immunologic reaction to 

an agent in the workplace paradoxical, motion of the vocal cord also) known as vocal cord 

dysfunction or irritable larynx syndrome ,( and nonasthmatic eosinophilic bronchitis as well 

as other causes mimicking .asthma 

Pre - existing asthma - A history of prior symptoms of cough or dyspnea possibly, 

exacerbated by respiratory infection or exposure to irritants favors, a diagnosis of pre- 

existing .asthma 
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Occupational asthma - A number of features are common to IIA and immunologic 

occupational asthma Wheezing. and airflow obstruction are common to both 

conditions A. differentiating feature is that immunologic occupational asthma is 

reproduced by inhalation challenge with low levels of the offending workplace ,agent 

while RADS and IIA are not table) 4 .( Differentiation may also be based on the type 

of exposure As. an example exposure, to chlorine and cleaning agents is associated 

with IIA ] 28,76 [ while, exposure to flour and latex is associated with occupational 

asthma A. few of these agents however, have, been associated with both syndromes 

eg) diisocyanates, cleaning, agents .( See) Clinical' manifestations above' and 

Pulmonary' function testing above! and Occupational" asthma Clinical: ,features 

evaluation and, diagnosis and" Occupational" asthma Definitions: epidemiology, .,. 

causes and, risk factors ," section on Causative' agents (.' 

• Paradoxical vocal fold motion - Paradoxical vocal fold motion PVFM) refers( to 

abnormal closure of the vocal cords usually, on inspiration it; may mimic asthma or 

accompany asthma A. temporal association of onset of PVFM and irritant exposure has 

been described adding, to the importance of differentiating these entities ] 77 [ The. 

diagnosis of PVFM is usually suggested by the presence of dysphonia and abnormal 

slowing of the inspiratory flow volume loop obtained during routine spirometry or 

nonspecific bronchoprovocation challenge The. diagnosis is confirmed by direct 

visualization of the vocal cords by laryngoscopy ). See Inducible" laryngeal obstruction 

paradoxical) vocal fold motion "( section, on Evaluation' and diagnosis and' 

Bronchoprovocation" testing ," section on Pharmacologic' challenge (.' 

- • Nonasthmatic eosinophilic bronchitis – Nonasthmatic eosinophilic bronchitis (NAEB) 

is characterized by a cough that is usually nonproductive eosinophilia, in induced 

sputum and, the absence of airflow limitation or bronchial hyperresponsiveness NAEB. 

has been described in workers exposed to a variety of occupational agents that are 

associated with IgE - mediated sensitization ] 2,78,79 [ The. key differentiating feature is 

the negative non - specific bronchoprovocation challenge among patients with .NAEB 

While induced sputum shows eosinophilia in NAEB induced, sputum analysis has not 

been fully evaluated in RADS and IIA and is not widely available ). See Evaluation" of 

subacute and chronic cough in adults ," section on Nonasthmatic' eosinophilic 

bronchitis and' Nonspecific' bronchoprovocation challenge above' (. 

TREATMENT 

- Acute management of RADS — The management of an acute presentation of reactive 

airways dysfunction syndrome RADS) is( essentially the same as the treatment of an acute 

asthma exacerbation ] 60 [ However. the, optimal treatment of this condition has never been 
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assessed prospectively in a clinical trial ). See Acute" exacerbations of asthma in :adults 

Emergency department and inpatient management and" Acute" exacerbations of asthma in 

adults Home: and office management (." 

• Bronchodilators - Bronchodilator therapy is administered based on the severity of 

symptoms and response to treatment even, though the response to inhaled 

bronchodilator may be blunted in RADS compared with asthma If. a short - acting beta 

agonist SABA) does( not provide adequate symptomatic relief we, typically add 

ipratropium although, data in support of this are .limited 

- • Systemic glucocorticoids – Treatment of acute RADS includes prompt administration 

of systemic glucocorticoids eg) prednisone, 40 to 60 mg daily for( patients with 

moderate to severe symptoms and a forced expiratory volume in one second FEV1) less( 

than 70 percent predicted No. formal trials have been performed on glucocorticoid 

therapy in RADS so, the use of systemic glucocorticoids for RADS is based upon clinical 

experience and their well - documented role in asthma ] 52,53 [ Support. for systemic 

glucocorticoid therapy comes from their use in an animal model of RADS Parenteral. 

glucocorticoids given, for one week immediately after exposure significantly, 

attenuated expected increases in lung resistance and bronchial ;hyperresponsiveness 

bronchoalveolar lavage BAL) and( histologic parameters were likewise improved ] 54 .[ 

We typically continue oral prednisone for 10 to 15 days which, is longer than that used 

for typical exacerbations of asthma as, it is our clinical observation that patients 

improve slowly and do not tolerate tapering sooner High. - dose inhaled glucocorticoids 

eg) fluticasone, propionate 1000 mcg day/ or the equivalent ,( with or without 

concomitant inhaled long - acting beta - 2 agonist are, also started to help control asthma 

symptoms developing upon tapering of prednisone Relatively. high doses of inhaled 

glucocorticoids may be required for long - term treatment as pathological evidence 

shows the persistence of eosinophils ] 59 .[ 

• Inhaled glucocorticoids - For patients who have a documented irritant exposure but 

whose initial symptoms and airflow obstruction are less severe eg) FEV₁, ≥70 percent 

predicted ,( we suggest initiation of inhaled glucocorticoids rather than systemic 

glucocorticoids or inhaled beta agonist therapy alone Data. in support of inhaled 

glucocorticoids are limited but, a case report of a subject with RADS reflects our 

experience In. the report treatment, with inhaled glucocorticoids normalized bronchial 

hyperresponsiveness but, hyperresponsiveness worsened when therapy was stopped 

] 53 .[ 

The initial dose of inhaled glucocorticoids is based on the step - wise approach to 

asthma outlined in the Global Initiative for Asthma GINA) ]( 71 [ in; our experience the 

majority of patients require a high dose to control symptoms table) 8 .( See) An" 
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overview of asthma management ," section on Initiating' therapy in .previously 

untreated patients (.' 

Once patients have demonstrated symptomatic improvement inhaled, glucocorticoids 

can be tapered as tolerated Airflow. limitation is assessed serially with spirometry as 

the inhaled glucocorticoids are tapered If. asthma has remained well - controlled for 

several weeks and the FEV₁ is stable then, the inhaled glucocorticoids are decreased by 

25 to 50 percent increments When. the FEV₁ is greater than 70 percent of ,predicted 

bronchial responsiveness to methacholine may be used to guide tapering inhaled 

glucocorticoids although, this approach is not well - validated The. weaning of inhaled 

glucocorticoids may take six weeks to six months and, many patients require more 

long - term therapy ). See Prognosis' below' (. 

Management of chronic RADS or IIA — For patients with RADS or irritant - induced asthma 

IIA) who( require long - term pharmacologic treatment for asthma symptoms the, step - wise 

approach described in the Global Initiative for Asthma GINA) guidelines( is followed even 

though it has not been formally assessed in this setting ] 71 [ Over. time if, the patient's 

asthma remains well - controlled therapy, is tapered according to the same guidelines The. 

long - term treatment of RADS and IIA is the same even, though the specific timing and 

pattern of onset differ ). See An" overview of asthma management ," section on Adjusting' 

controller medication (.' 

Nonpharmacologic treatment of RADS and IIA has not been studied directly however; based, 

on clinical experience patients are advised to avoid exposure to other respiratory ,irritants 

including cigarette smoke ] 80 [ For. those patients who have underlying atopy avoidance, of 

known allergens to which they are sensitive is also appropriate ). See Trigger" control to 

enhance asthma management and" Allergen" avoidance in the treatment of asthma and 

allergic rhinitis and" Overview" of smoking cessation management in adults (." 

EXPOSURE AVOIDANCE AND RETURNING TO WORK 

Unlike workers with immunologic occupational asthma most, workers with RADS and IIA can 

return to their working environment with proper asthma treatment as long as their asthma 

is well - controlled and safety measures are taken to avoid unintentional high - level exposures 

] 2,3 [ Ongoing. monitoring of symptoms and respiratory physiology is however, key, to early 

identification of any .deterioration 

PROGNOSIS 
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The long - term outcome of RADS and IIA is unclear as longitudinal prospective, data are 

limited The. available evidence suggests a range of responses from complete clearance of 

symptoms and signs to persistent respiratory disability ] 59,65,67,81-84 [ As. :examples 

Among 20 patients who had repeated exposures to chlorine gas during a three - month 

period two, - thirds still had an abnormal response to methacholine three years ,later 

and 85 percent reported wheezing shortness, of breath or, cough ] 81 [ In. a separate 

series of 71 workers suspected to have RADS following exposures to chlorine 90, 

percent had persistent respiratory symptoms 18 to 24 months after exposure and 57 

percent had bronchial hyperresponsiveness ] 24 .[ 

• A population - based study of 145 subjects exposed to chlorine gas found no changes in 

pulmonary function testing over the six - year follow - up period however; airway, 

responsiveness was not assessed ] 83 .[ 

• In a 10 - year follow - up of 197 veterans of the Iran - Iraq war with acute poisoning with 

sulfur mustard gas asthma, symptoms reversible, airflow obstruction and, excessive 

diurnal peak expiratory flow variability were present in 11 percent ] 84 [ In. ,addition 

chronic bronchitis or bronchiectasis occurred in 68 percent of patients presumably, due 

to extensive bronchial necrosis following acute .exposure 

Among 35 workers with IIA almost, all continued to have symptoms consistent with 

asthma and one - third were still using inhaled glucocorticoids at follow - up eight or 

more years later ] 65 [ Spirometry. was persistently abnormal in 74 percent Among. 23 

who had repeat measurements of methacholine responsiveness nine, 25) (percent 

were no longer hyperresponsive Bronchial. biopsies were performed in 10 subjects at a 

mean of 10.9 years following the initial exposure and eosinophilic inflammation similar 

to that found in subjects with mild to moderate asthma was noted but, with more 

pronounced basement membrane thickening ] 59 .[ 

• Among 13,954 Fire Department of New York City rescue workers present on the site of 

the World Trade Center in September 2001 91.6, percent participated in a routine 

surveillance program After. a median of 6.1 years of follow - up the, significant decline in 

FEV₁ seen during the first year persisted without recovery ] 72,85 [ Greater. than normal 

lung functions declines were associated with initial bronchodilator response and 

weight gain in a five year follow - up by the World Trade Center Worker and Volunteer 

Monitoring Program ] 86 .[ 

SOCIETY GUIDELINE LINKS 
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Links to society and government - sponsored guidelines from selected countries and .regions 

around the world are provided separately ). See Society_guideline" links Occupational: 

asthma (." 

SUMMARY AND RECOMMENDATIONS 

• Irritant - induced asthma IIA) is( a general term to describe an asthmatic syndrome that 

results from single or multiple exposures to irritant products table) 2 that( induce 

bronchial hyperresponsiveness When. symptoms promptly follow a single high - dose 

exposure the, syndrome is called reactive airways dysfunction syndrome RADS) .( See) 

Definitions' above' and Epidemiology' above' (. 

• Acute symptoms associated with RADS include a rapid onset of a burning sensation in 

the throat and nose chest, pain dyspnea, cough, and wheeze In. IIA the, symptoms are 

similar but, the onset is less acute than with RADS Questions. that are helpful in the 

evaluation of RADS and IIA are listed in the table table) 5 .( See) Clinical' 

manifestations above' (. 

• The diagnosis of RADS requires the combination of exposure to a high - dose of an 

inhalational irritant onset, of symptoms within hours rarely) days ,( and evidence of 

reversible airflow limitation eg) spirometry, with bronchodilator reversibility or positive ← 
non - specific bronchoprovocation challenge ,( although a restrictive defect can also be 

present A. chest radiograph is often obtained to exclude other causes of .dyspnea 

Criteria for the diagnosis of RADS are summarized in the table table) 1 .( See) 

Evaluation' above' and Diagnosis' above' (. 

• The diagnosis of IIA is based upon a history of single or multiple exposures to an 

irritating inhalational agent the, presence of asthma - like symptoms and, the presence 

of reversible airway obstruction and or/ hyperresponsiveness ). See Diagnosis' above' 

and Pulmonary' function testing above! (. 

• For patients who present with the acute onset of RADS we, use the same treatment 

approach that is used for acute asthma exacerbations in other settings including, oral 

glucocorticoids and high dose inhaled glucocorticoids with or without concomitant 

long - acting inhaled beta - 2 agonist In. our experience high dose inhaled glucocorticoids 
are often needed to control symptoms table) 8 .( Inhaled rather than oral 

glucocorticoids are appropriate initial therapy for patients who present with less severe 

symptoms ). See Treatment' above' and Acute" exacerbations of asthma in :adults 

Emergency department and inpatient management (." 

... ve airways dysfunction syndrome and irritant - induced asthma &amp; source = _ 90 _ esult &amp; selected Title = 1 ~ 15 &amp; usage_type = default &amp; display_rank = 1 16/37 



7:56 2.12.2021, Reactive airways dysfunction syndrome and irritant - induced asthma - UpToDate 

• For patients with persistent symptoms due to RADS or IIA we, suggest following the 

step - wise approach used in asthma management Grade) 2C .( In addition patients, are 

advised to avoid respiratory irritants including, cigarette smoke and, allergens to which 

they are sensitive ). See Management' of chronic RADS or IIA above' and An" overview of 

asthma management ," section on Initiating' pharmacologic treatment and" Trigger" 

control to enhance asthma management (." 

• In general workers, with RADS or IIA are able to return to their working environment 

with appropriate asthma treatment and safety measures to prevent further high dose 

exposures The. worker should have ongoing monitoring to detect any deterioration in 

respiratory status ). See Exposure' avoidance and returning to work above' (. 

• The majority of patients with RADS and IIA improve over time although, many continue 

to have some respiratory symptoms for at least a year and have physiologic 

abnormalities such as non - specific bronchial hyperresponsiveness for several .years 

See) Prognosis' above' (. 
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GRAPHICS 

Criteria for diagnosis of reactive airways dysfunction syndrome 

A documented absence of previous respiratory .complaints 

The onset of symptoms should occur after a single specific .exposure 

The exposure should be to a gas smoke, fume, or, vapor with irritant qualities that was present in very 

high .concentrations 

The onset of symptoms should occur within 24 hours of exposure and should persist for at least three 

.months 

The symptoms should simulate asthma with cough wheezing, and, .dyspnea 

Pulmonary function tests may or may not show airflow .obstruction 

Methacholine challenge should be .positive 

Other types of pulmonary diseases should be ruled .out 

Adapted from Brooks SM, Weiss, MA, Bernstein, IL, Chest, 1985 88; .376: 

Graphic 77064 Version 1.0 
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Agents responsible for reactive airways dysfunction syndrome 

Type of 
Reference Evidence Agent 

investigation 

H S, Dis, Acetic BHR Respir acid Epidemiological Am Rev 

1991 144; 1058: 

H S, 1989, report; P Br J Ind Med Case 

46:67 

H S, BHR, 94; 476: report 1988 Chloridic acid Chest Case 

Chest 1990 98; 928: 

H S, Chest, 1988 94; 476: BHR Sulfuric acid report Case 

H S, BHR, P, Chest 1994 105; 1895: report Various acids Case 

H S, report, BHR 96; 297: 1989 Chest Case 

H agent S, Chest, 1988 94; 476: BHR report Bleaching Case 

agents H S, report 69; 372: Cleaning 1976 Chest Case 

report H Chest, 1985 88; 376: agents S Case, BHR Sealing 

H Ammonia S, Mayo report Clin Proc 1983 Case; 

58 389: 

H S, Thorax 1992 47; 755: report, P Case 

H S, BHR, report Rev Pneumol Clin Case anhydride Phtalic 

1993 49; 247: 

H Occup, S report Case, Env BHR Med 2004 Bromochlorodifluoromethane; 

61( 712: 1211) Halon 

H report S, Bromotrifluoromethane J; 1999 Case Respir Eur 

Halon) 1301 13( 1192: 

H Occup, S Env, Chlorine BHR Med ;1994 Epidemiological 

51 225: 

H S, BHR, P, study Clinical J Allergy Clin 

Immunol 1994 93:12; 

Eur Respir J ;1997 

10 241: 

H S, BHR, P, CFC) Scand( J study Work Environ Chlorofluorocarbons Clinical 

Health 2003 29:71; 

Experimental P Toxicol Appl Pharm Chloropicrin 

1984 74; 417: 

H remover S, coat, 88; 376: BHR 1985 report Metal Chest Case 

H J Occup, S Med, BHR report 1993 Diesel; Case 

35 149: 
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J H Occup Med, Diethylaminoethanol S ;1994 Epidemiological 

36 623: 

H S, BHR, P, Chest 1990 98; 928: report Sulfur dioxide Case 

Am Rev Respir Dis 

1979 119; 555: 

H report Chest, 1989 96; 297: S BHR, Case 

P Epichlorohydrin Experimental Toxicol Appl Pharm 

1984 74; 417: 

H S, Fire smoke/ BHR, 476 report 94; 1988: Chest Case 

J H Occup S, report Med 1991 Case; 

33 458: 

H Lancet, 1975 2; 603: S report Formalin Case 

H S, Formaldehyde, BHR Allergy 2004 59; 115: Case report 

H S, BHR, report Chest 1985 88; 376: Case Hydrazin 

H ,; S BHR, 2009, Iodine P report Health Ind Case 

47 681: 

H report Diisocyanates S, Scand J Work Environ BHR, Case 

Health 1981 7; 310: 

H S, Allergy report, BHR P, 1996 51; 262: Case 

S App Experimental Toxicol 

Pharmacol ;1987 

89 332: 

H Chest, 1989 96; 297: report S BHR, Case 

H report, S Chest, 1989 96; 297: BHR oxide Calcium Case 

H S, BHR, P, Ethylene; 1992 Br J Ind Med report oxide Case 
49 523: 

H S, 96 297: BHR, paints 1989; Chest Heated Case report 

H S, BHR, P, paints 96; 297: 1989 Chest Pulverized Case report 

Chest 1985 88; 376: 

H S, BHR, Chest 1988 94; 476: report Perchloroethylene Case 

H Br, Med J 1915 165; report P Vapors chlorine) mustard, Case, 

phosgene (etc, 

H history: S; spirometry: BHR; bronchial: hyperresponsiveness P; .pathology: 
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Time course of histologic lesions of RADS at different intervals after 

exposure 

Interval After Exposure 

Case 1 

60 hours days days 15 60 150 days 

Regeneration Persistence of of epithelial cells Complete Superficial 

regeneration deposition; fibrinohemorrhagic; hemorrhage of, the () collagen basal 

epithelium layer epithelium; bronchial spots of lymphocytes layer replacing few; 

numerous PMNs bronchial; sloughing increase basal in cells thickness of increased; 

basement membrane epithelium that has deposition of indicating 

regeneration sloughed. collagen 

Case 2 

45 days 98 days 

Incomplete regeneration of Severe damage of the epithelial layer with the epithelial layer with few 

in epithelium few remaining basal cells subepithelial; persisting cells inflammatory; cells ciliated 

and connective tissue edema. with inflammatory cells underneath 

the basement .membrane 
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Comparison of occupational asthma with a latency period and reactive 
airways dysfunction syndrome 

Reactive airways dysfunction 
Occupational asthma with a latency 

syndrome and irritant - induced 
period 

asthma 

Absent Present Latency 

period 

Diagnosis History Various; - eg peak, expiratory flow pulmonary function testing 

monitoring specific, inhalation ;challenges 

IgE - mediated allergy if suspected agent is of 

a high - molecular - weight nature 

Similar to asthma Acute epithelial: shedding and Pathology 

hemorrhage 

Chronic regeneration: of epithelial ;cells 

few lymphocytes and ;neutrophils 

increased collagen deposition and 

thickness of basement membrane 

Better Less reversibility to bronchodilator reversibility Pulmonary to bronchodilator 

function 

testing 
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Relevant information to be obtained from subjects with possible reactive 
airways dysfunction syndrome or with asthma 

Was the onset of symptoms related to one memorable" event" in which there was exposure to a ,gas 

fume or, dust ? 

Were there repeated gas fume, or, dust exposures of lesser intensities that still forced the subject to 
leave the premises ? 

Is there any ongoing exposure ? 

What was the nature of the substance ? Has it been previously described as causing RADS eg) acetic, 

acid ammonia, chlorine, isocyanates, mustard, gas fire, smoke/ ?( Absence on a list of agents causing 

RADS does not exclude the .diagnosis 

Was the concentration of the offending agent likely to be above accepted levels ? 

Were other workers or persons in the vicinity also affected ? 

Were there ocular or nasal symptoms ? How long after the exposure s) did( they develop ? 

Describe the timing sequence of onset and diminution of symptoms eg: immediate, cough shortness, 

of breath after 30 min wheezing, after 1 hour etc., 

Was there a visit to an emergency room or a physician's office ? 

Were lung function tests blood, gases or, chest radiography performed soon after the event ? 

Was treatment initiated ? What medications were used ? What were the dose and duration ? 

Were there subsequent assessments including, records of symptoms chest, auscultation wheezing) ,( 

spirometry bronchial, responsiveness and, allergy skin tests ? 
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Contraindications to bronchial challenge testing 

Airflow limitation 

FEV₁ &lt; 60 % predicted adults) or children or( &lt; 1.5 L (adults) 

FEV1 &lt; 75 % predicted adults) or children for( exercise or eucapnic voluntary hyperpnoea challenge 

Spirometry quality 

Inability to perform acceptable and repeatable spirometry maneuvers throughout the test 

procedure 

Cardiovascular and other problems 

Myocardial infarction or stroke in last three months 

Uncontrolled hypertension 

Known aortic aneurysm 

Recent eye surgery or intracranial pressure elevation risk 

General 

Inability to perform any of the testing maneuvers such, as inhaling the challenge agent consistently 

or exercising on treadmill or bicycle during an exercise challenge 

FEV1 forced: expiratory volume in one .second 

Reproduced with permission of the OERS 2018 European: Respiratory Journal May 2017 49, 5) 1601526( :DOI; 

10.1183 .13993003.01526-2016/ 
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Medications that may affect bronchoprovocation challenge test ] 1-3 [ 

Minimum time to omit 

Medication medication before 

challenge tests 

Inhaled bronchodilators 

Albuterol 8 hours 

8 hours Levalbuterol 

8 hours Terbutaline 

36 hours Formoterol salmeterol, 

48 hours Ultra long - acting beta agonists eg) indacaterol, ,olodaterol, 

(vilanterol 

12 hours Short - acting muscarinic antagonist (ipratropium) 

72 hours Long - acting muscarinic antagonists aclidinium) ,glycopyrrolate, 

(tiotropium 

24 hours theophylline Oral 

Oral albuterol 12 to 24 hours 

6 hours Inhaled glucocorticoid budesonide) fluticasone, propionate *( 

24 hours Inhaled glucocorticoid long) acting fluticasone; ,furoate 

(ciclesonide 

2 to 3 weeks Oral glucocorticoid * 

4 hours Cromolyn sodium¶ 

72 hours Antihistamines cetirizine) fexofenadine, (loratadine, 

Leukotriene modifiers 

Montelukast ◇ 4 days 

days Zafirlukast 4 

* The authors do not recommend routinely withholding inhaled or oral glucocorticoids but, their anti- 

inflammatory effect may decrease bronchial responsiveness A. negative test while the patient is using 

glucocorticoids implies that the patient's current symptoms are not due to .asthma 

Cromolyn has minimal effect on methacholine bronchoprovocation challenge but, should be 

withheld prior to allergen .challenge 

A Antihistamines are discontinued because of their anticholinergic .effect 

◇ A single dose of montelukast has minimal effect on methacholine challenge but, a withhold time of 

4 to 8 weeks would be needed for full resolution of the anti - inflammatory .effects 

:References 
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Estimated comparative daily doses for inhaled glucocorticoids in adolescents 
≥12 years and adults 

High Low dose Medium dose dose 

Drug daily daily daily) total) total total) 

dose( dose( dose *( 

mcg mcg mcg 160 640 Beclomethasone HFA 320 to to to 80 &gt; 320 &gt; 160 

Qvar) RediHaler product available in 
United (States 

Administer as 2 divided doses 

40 2 or 4 inhalations ¶ mcg per actuation 

6 80 or 8 2 inhalations 4 inhalations inhalations mcg per actuation 

mcg mcg 800 200 Beclomethasone to to HFA &gt; 400 100 &gt; 200 to 400 mcg 

Qvar) product available in ,Canada 

Europe and, (elsewhere 

Administer as 2 divided doses 

50 2 to 4 mcg inhalations per actuation 

100 4 inhalations 6 or 8 inhalations mcg 2 inhalations per actuation 

mcg 360 Budesonide DPI to 180 mcg mcg 720 1440 to to &gt; 360 &gt; 720 

Pulmicort) Flexhaler product available 

in United (States 

Administer as 2 divided doses 

2 or 90 4 inhalations mcg per actuation 

6 or 8 4 inhalations 180 2 inhalations inhalations mcg per actuation 

mcg mcg mcg 800 400 2400 to to Budesonide to 400 DPIA &gt; 200 &gt; 800 

Pulmicort) Turbuhaler or Turbohaler 

product available in Canada ,Europe, 

and (elsewhere 

Administer low doses ie) ≤400, 

mcg day/ once( daily administer; higher 

doses ie) &gt;, 400 mcg day/ as( 2 to 4 

divided doses 

100 mcg 2 per to 4 inhalations actuation 

200 1 mcg per actuation 1 to 2 inhalations 3 to 4 .inhalations 

400 mcg 3 1 inhalation 2 inhalations per to 6 actuation inhalations 

mcg mcg HFA Ciclesonide 160 640 320 mcg 

Alvesco) product available in United 

States Europe, and, (elsewhere 
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United States Administer: as 2 divided 

doses 

Australia Europe, and, :elsewhere 

Administer lower doses ie) 160, to 320 

mcg day/ once( daily administer; 640 

mcg dose as 2 divided doses 

2 inhalations 4 inhalations 80 mcg per actuation 

2 inhalations 4 inhalations 160 mcg per actuation 

Ciclesonide HFAA mcg mcg mcg 200 800 400 to to to 100 200 &gt; 400 &gt; 

Alvesco) product available in (Canada 

Administer lower doses eg) 100, to 400 

mcg once( daily administer; 800 mcg 

dose as 2 divided doses 

100 1 3 mcg to 2 to 4 ¶ inhalations inhalations per actuation 

200 2 inhalations 3 to 4 inhalations mcg 1 per inhalation acutation 

mcg mcg mcg HFA 440 1760 propionate 220 to to Fluticasone to &gt; 440 &gt; 220 176 

Flovent) HFA product available in 

United (States 

Administer as 2 divided doses 

4 inhalations 44 mcg per actuation 

110 2 inhalations 4 inhalations mcg per actuation 

220 2 inhalations 4 mcg to 8 per inhalations actuation 

Fluticasone propionate HFAª mcg mcg 250 2000 to to 100 &gt; 500 &gt; 250 to 500 mcg 

Flovent) HFA product available in 

Canada Flixotide; Evohaler product 

available in Europe and (elsewhere 

Administer as 2 divided doses 

50 mcg 2 to 4 inhalations per actuation 

2 inhalations 125 4 mcg inhalations ¶ per actuation 

250 mcg 2 4 to 8 inhalations inhalations per actuation 

mcg mcg 500 2000 to to &gt; 500 &gt; 250 100 to 250 mcg Fluticasone propionate DPI 

Flovent) Diskus product available in 

United States and Canada Flixotide; 

Accuhaler product available in Europe 

and (elsewhere 

Administer as 2 divided doses 

50 mcg 2 to 4 inhalations per actuation 

100 mcg 2 inhalations 4 inhalations per actuation 
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4 250 to 8 2 inhalations mcg inhalations per actuation 

2 or 4 inhalations 500 mcg per actuation strength) not 

available in United (States 

464 mcg mcg DPI propionate Fluticasone 110 226 mcg 

Armonair) Digihaler product available 

in United States Aermony; Respiclick 

product available in (Canada 

Administer as 2 divided doses 

55 2 inhalations mcg per actuation 

113 2 inhalations mcg per actuation 

232 mcg per 2 actuation inhalations 

mcg mcg 50 mcg by) use Fluticasone furoate DPI of 100 200 

pediatric Arnuity) DPI Ellipta product, available in 

United States Canada, Australia, and, which is off - label 

in adolescents elsewhere but, not available in Europe 

and (adults or (UK 

Administer once daily 

NOTE Inhaled: fluticasone furoate has 

a greater anti - inflammatory potency 
per microgram than fluticasone 

propionate inhalers Thus. fluticasone, 

furoate is administered at a lower daily 

dose and used only once .daily 

50 1 inhalation mcg per actuation 

100 2 inhalations mcg 1 inhalation per actuation 

200 1 inhalation mcg per actuation 

mcg mcg 880 Mometasone 440 DPI to to &gt; 440 220 &gt; 220 mcg 

Asmanex) Twisthaler product available 

in United (States 

May administer lower doses ie) 220, to 

440 mcg day/ once( daily administer; 

880 mcg dose as 2 divided doses 

110 mcg 2 inhalations per actuation 

1 inhalation 2 inhalations 4 inhalations 220 mcg per actuation 

mcg mcg Mometasone HFA 400 800 to to 200 400 &gt; &gt; 200 mcg 

Asmanex) HFA product available in 

United (States 

Administer as 2 divided doses 

4 inhalations 100 2 mcg per inhalations ד actuation 
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2 inhalations 4 inhalations 200 mcg per actuation 

Mometasone DPIA mcg mcg mcg 400 800 to to 200 &gt; 200 &gt; 400 

Asmanex) Twisthaler product available 

in Canada Europe, and, (elsewhere 

May administer lower doses ie) 200, to 

400 mcg day/ once( daily administer; 

800 mcg dose as 2 divided doses 

200 2 inhalations mcg 1 per inhalation actuation 

400 mcg 1 inhalation 2 inhalations per actuation 

■ The most important determinant of appropriate dosing is the clinician's judgment of the 

patient's response to therapy The. clinician must monitor the patient's response on several 

clinical parameters and adjust the dose accordingly The. stepwise approach to therapy emphasizes 

that once control of asthma is achieved the, dose of medication should be carefully titrated to the 

minimum dose required to maintain control thus, reducing the potential for adverse .effects 

Suggested total daily doses for low medium, and, high dose inhaled glucocorticoid regimens are 

based on daily doses recommended by Global Initiative for Asthma GINA) ,( National Asthma 

Education and Prevention Program NAEPP) ,( and or/ product labeling ] 1-5 [ This. is not a table of 
.equivalence 

Depending on the specific product total, daily doses are administered once or divided and given 

twice daily Refer. to local product information or a clinical drug reference eg) Lexicomp, .( 

■ Some doses are outside the approved product information .recommendations 

DPI dry: powder inhaler HFA; hydrofluoroalkane: propellant metered dose .inhaler 

* Evidence for additional improvement with dose increases &gt; 1000 mcg day/ is .limited 

Select alternate preparation with higher mcg actuation/ to improve .convenience 

A Products shaded in light gray color are not available in the United States but are available widely 
.elsewhere 

◇ Select preparation with fewer mcg .actuation/ 

Data :from 

1. Global Initiative for Asthma GINA) ;( Global Strategy for Asthma Management and Prevention 2021.; Available at 

.www.ginasthma.org 

2. National Heart Blood, and, Lung Institute Expert Panel Report 3 EPR) 3 :( Guidelines for the Diagnosis and Management 

of Asthma 2007.; NIH Publication 08-4051 available at http://www.nhlbi.nih.gov.rproxy.tau.ac.il/health- 

pro guidelines/ current/ asthma/ - guidelines full/ - report and .pro 

3. US Food &amp; Drug Administration FDA) approved( product information US. National Library of Medicine ). Available online 

at www.dailymed.nlm.nih.gov/dailymed/index.cfm (. 

4. Health Canada - approved product monograph Health. Canada ). Available online at https //: health- 

products.canada.ca/dpd-bdpp/index-eng.jsp (. 

5. European Medicines Agency EMA) summary( of product characteristics European. Medicines Agency ). Available online 

at www.ema.europa.eu/en/medicines (. 
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 כוחי באי להיות
 של נגד במשפט

 בכל ובמקומי בשמי ולפעול לעשות רשאי כוחי בא יהיה הנ"ל המינוי בכלליות לפגוע מבלי מיום דרכים תאונת בענין

 כדלקמן: ממנו והנובע הנ"ל לענין בקשר ,הכל ומקצתן ,כולל הבאות הפעולות

 לחתום על 1 ולהגיש כל תביעה או תביעה ,שכנגד /ו או כל ,בקשה ,הגנה ,התנגדות בקשה למתן
 רשות ,לערער ,ערעור ,הודעה ,טענה תובענה או כל הליך אחר הנוגע ללא או יוצא הנובע מן .הכלל מהליך הנייל

 פרוק ,או רגל פשיטת הכרזת ,לדרוש אחרות או נוטריוניות התראות לשלוח /או ו על לחתום 2.
 הנ"ל. מהענין והנובעות הקשורות הפעולות כל את ולעשות משפטי גוף

 .3 לבקש ולקבל חוות דעת רפואית מכל רופא או מוסד שבדק אותי או חוות לענין דעת .הנ"ל אחרת הנוגעת

 להופיע בקשר לכל אחת מהפעולות הנייל בפני כל ,בית משפט בית דין ,הכח או בדרגה מועד בה בו .הוגש הוגש יפוי 4.

 .5 למסור כל ענין הנוגע או הנובע מהענין האמור לעיל לבוררות ולחתום שבא על כוחי שטר ימצא .בוררין לנכון כפי

 הקיימים הדין סדרי תקנות לפי הדרושות הפעולות כל ולעשות מומחים ,למנות עדים להזמין .6

 כוחי בא של דעתו שיקול לפי לעיל האמורים מהענינים הנובע או הנוגע ענין בכל להתפשר 7
 לו. מחוצה או המשפט בבית פשרה הסכם על ולחתום

 בימייש הוצאות ,לרבות הנייל מהענינים ענין בכל אחר סכום כל או התביעה סכום את לגבות 8.

 ושכר טרחת ,עו"ד לקבל בשמי כל מסמך וחפץ ולתת קבלות לנכון .ולמתאים ושחרורים כפי שבא כוחי ימצא

 כל ,לעשות מאסר פקודות או מכירה צווי ,לדרוש צו או החלטה או פסייד כל לפועל להוציא .9
 לפועל. ההוצאה חוק עפ"י המותרות הפעולות

 ימצא כוחי בא ,אשר הכלל מן יוצא בלי כתב או מסמך כל על ולחתום הפעולות בכל לנקוט .10
 הנ"ל. מהענין הנובע ענין בכל לנכון

 בהעדר. /או ו בנוכחותי שלא באישום לכפור או הודות .11

 במקומי או בשמי ,לחתום אחוזה ספרי ,במשרדי הקרקעות רושם בפני וליצגני בשמי להופיע .12
 החוק ע"י המוכרת עיסקה כל בשמי ולבצע למיניהם אחרים ומסמכים ,הצהרה בקשה כל על

 דין. עפ"י לקבלו רשאי שאני מסמך כל ולקבל ואישורים ,קבלות הצהרות וליתן

 האגודות ורשם העמותות ,רשם השותפויות ,רשם החברות רשם בפני בשמי ולהופיע ליצגני .13

 משפטי, גוף לרישום בקשר אחר מסמך או בקשה כל על במקומי או בשמי ,לחתום השיתופיות
 לטפל ברישומו או במחיקתו של כל גוף משפטי ולטפל בכל דבר בקשר הנוגע לו לאותו גוף ולבצע כל .משפטי פעולה
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 .14 לטפל בשמי בכל הקשור לרישום ,פטנט סימני מסחר וכן בכל זכויות אחרות המוכרות ע"י .החוק

 לאחרים, העברה זכות עם אחר לעו"ד מהן חלק או שבן הסמכויות כל על זה כח יפוי להעביר .15
 כל את לעשות ובכלל עיניו ראות לפי הנייל עניני את ולנהל במקומם אחרים ולמנות לפטרם

 או מעשיו את מאשר ,והנני הנייל עניני עם או המשפט עם בקשר ומועיל לנכון שימצא הצעדים
 מראש. זה כח יפוי בתוקף המקום ממלאי מעשי

 ולהיפך. הרבים את תכלולנה ביחיד הבאות המילים

 החתום על באתי ולראיה

10 017 
 לחודש 24

 שנה

 חתימה
X 

 הנייל מורי חתימת את מאשר הנני

 פריברג, אריאל
 .62254 עומר
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