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Proposal of New Criteria for Assessing Respiratory Impairment

Joo Hun Park, MD."*, Jae Seung Lee, M.D.*, Jin-Won Huh, M.D? Yeon-Mok Oh, MD? Sang-Do Lee,
M.D? Sei Won Lee, MD2, Ho Il Yoon, MD?, Deog Kyeom Kim, M.D.*, Chang Hoon Lee, M.D.*, Myung
Jae Park, M,D.°, Eun Kyung Kim, M.D, Yong Bum Park, M.D, Yong Il Hwang, M,D 2, Ki-Suck Jung, M.D®,
Hye Yoon Park, M.D.°, Seong Yong Lim, M.D."°, Ji-Ye Jung, M.D."", Young Sam Kim, M,D."", Hui Jung Kim,
M.D."2, Chin Kook Rhee, M.D."®, Hyoung-Kyu Yoon, M.D."®, Young Kyoon Kim, MD.**, Jin Woo Kim, M.D."*,
Jee-Hong Yoo, MD.°, Kwang Ha Yoo, MD.'

Department of Pulmonary and Critical Care Medicine, Ajou University School of Medicine, Suwon, Department of Pulmonary
and Critical Care Medicine, Asan Medical Center, University of Ulsan College of Medicine, Seoul, *Department of Internal
Medicine, Seoul National University Bundang Hospital, Seongnam, *Department of Internal Medicine, Seoul Metropolitan
Government-Seoul National University Boramae Medical Center, ’-Depamnen[ of Intemal Medicine, Kyung Hee University
Hospital, Seoul, “Department of Internal Medicine, CHA Bundang Medical Center, CHA University, Seongnam, Department of
Internal Medicine, Hallym University Sacred Heart Hospital, Seoul, SDepamnen[ of Internal Medicine, Hallym University Sacred
Heart Hospital, Anyang, *Department of Internal Medicine, Samsung Medical Center, "’Department of Interal Medicine, Kangbuk
Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul, HDepamnen[ of Internal Medicine, Yonsei University
College of Medicine, Seoul, HDepamnen[ of Internal Medicine, Wonkwang University Sanbon Hospital, Gunpo, BDepamnen[
of Internal Medicine, St, Mary's Hospital, Seoul, M])epgmnent of Internal Medicine, Uijeongbu St. Marry's Hospital, Uljjeongbu,
PDepartment of Internal Medicine, Yeouido St. Marry's Hosital, The Catholic University of Korea College of Medicine,
“Department of Internal Medicine, Konkuk University College of Medicine, Seoul, Korea

Social welfare services for respiratory-disabled persons in Korea are offered based on the respiratory impairment
grade, which is determined by 3 clinical parameters; dyspnea, forced expiratory volume in 1 second (FEV;), and
arterial oxygen tension, This grading system has several limitations in the objective assessment of respiratory
impairment. We reviewed several guidelines for the evaluation of respiratory impairment and relevant articles. Then,
we discussed a new grading system with respiratory physicians. Both researchers and respiratory physicians agreed
that pulmonary function tests are essential in assessing the severity of respiratory impairment, forced vital capacity
(FVC), FEV; and single breath diffusing capacity (DL,) are the primarily recommended tests, In addition, we agreed
that arterial blood gas analysis should be reserved for selected patients. In conclusion, we propose a new respiratory
impairment grading system utilizing a combination FVC, FEV; and DL, scores, with more social discussion included,

Key Words: Respiratory System; Disability Evaluation; Respiratory Function Tests; Spirometry; Pulmonary Diffusing
Capacity

Address for correspondence: Kwang Ha Yoo, M.D,
Department of Internal Medicine, Konkuk University Hospital, Konkuk University College of Medicine, Hwayang- ong, Gwanjin-gu,
Seoul 143-729, Korea
Phone: 82-2-2030-7522, Fax: 82-2-2030-7458, E-mail: khyou@kuh ac. kr

*These two authors equally contributed to this work.

All institutions which participated in this study are designated clinical research center for chronic obstructive airway diseases by
Ministry of Health and Welfare,

Received: Feb, 9, 2011

Accepted: Mar, 14, 2011

199



JH Park et al: New criteria for assessing respiratory impairment

Mo E

H2 U FoldleE = ALH R FTlst
AoH, o] F FF7FNQIe 20059 10,8159 ¢llA] 2008
d 14,3938 02 33.3% S7FSHiet. ook §A H
fAATAZL] Al oz S F7FNle] ARl HAA]
H| 2 87} S7bekal Qlvk el o3hs B AL
2 Aol wet vheFetAl g ejEe)], AR
o= Aol (Impairment), 5273l (Disability), A}3]%]
Ba|(Handicap)E 71202 Aofgle] 73S A oJatadc),
TUHHH o B = Aol IEA olx QS AAA,
A o= 0 gt Ao ALS| el T
g AokS W= Ak Yofstar k. S-alueke] el
off thgt 7R R 2= oI EAHAI YT o] 71
d Aollsa 4 7l Sal Al EaL ok AeldlE
oA FAg BAMH|2E AFeH7] SJalirle whEA]
ZgskaL AAAR1 Agellsa AL HAl=ofok &4, o]
ers ddesold AEEEe] Alg A=E 2t
& Sl A of8dtoiol & Zlolrt, AR|e] Fo
JEAHAY Aol = 35718 THs T52d 5%
o] Aw 1%7F =8¥A3 7| (forced expiratory volume
in 1 second, FEV)¥} g 24AEQHPa0,)S 7|Fo 2
sto] BoNEHS e e, T2k, sEEA 24
A5, FEViZ} PaO, 2 Thget Aghol] ofs] sl 5F
PgoNE Aol BRI Rk $4E Hol
SIEF”. olol g2 slste e ealnl Auel &
F71o) WPIEE v wad sk

o
2 of it of

A

ST
1. 2871500 53 BEe 2ulel X 2E

HA
RG] 1 BlEs A2 v o
&3] 357l 7 HARE - HES § v=gE
3)(American Thoracic Society, ATS)?} w|=r2]ts]
(American Medical Association)] AojH7}x= 2 AH
HHES AESHI. nl=efghs]x)3]2 2008' A A6z
(edition)o] Wgkot, &) Wo] AREE|AL QIA] Sfo} 53
< AESIH

H
Ak 4] EF7IN} AR} gohel A

oo >

£ 1o o8t

22 7R F AZE 3371 55 27

A o] FodEAHAIg T olle FHA] sF2et
73] Awet A9 FEViF} PaO#tE ETIRE 557

HAH| &= (forced vital capacity, FVC), #&4Fs(Diffus-
ing capacity for carbon monoxide, DLco), W& o]k}
S PaCO)RS o83t ZF N S= B7
aH4ItH(Table 2)°. ti@HeIgt3| A1l 55714l 1, 2,
38 ¥ FEVI3} PaO, 7| 362 ol EAE A8 114
Fe 1~39 H7IE @ LIt thekefeks] <3
M= S| T oM eI e WIS
A Algfstiod, odolu = F T S5V
71l EFAIFT gk tigkelgts] ARl e = vt
T2 of SR et Ael7leS ekt &9
AE0 A5E ffste] FHA R ARE We 4§

718(a distorted chest), 5%7]%(pleural emphysema),

Table 1. Respiratory impairment grading according to
Welfare of Disabled Persons Act’

Grade Criteria

1 Subjects with severe dyspnea requiring oxygen
therapy and
FEV1<25% predicted or resting PaO,<55 mm

Hg (room air)

2 Subjects with dyspnea when walking at home
FEV;1<30% predicted or resting PaO,<60 mm
Hg (room air)

3 Subjects with dyspnea when walking at their own

pace on the level
FEV1<40% predicted or resting Pa0, <65 mm
Hg (room air)
5 Subjects who had taken lung transplantation

FEV:: forced vital capacity in 1 second; PaO.: arterial oxygen
tension,
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Table 2, Respiratory impairment grading according to guidelines of the Korean Academy of Medical Science®

Not impaired 5th 4th 3rd 2nd 1st
FVC, % >61 - 51~60 41~50 36~40 <35
FEVi, % >61 51~60 41~50 31~40 26~30 <25
DLco, % >61 - - 51~60 41~50 <40
Pa0,, mm Hg >66 — - 61~65 56~60 <55
PaCO,, mm Hg <44 - - 45~50 51~59 =60

FVC: forced vital capacity; FEV;: forced vital capacity in 1 second; DLeo: diffusing capacity for carbon monoxide; PaO.: arterial oxygen
tension; PaCO.: arterial carbon dioxide tension,

Table 3, American Thoracic Society impairment categories, with corresponding description of ability to perform job de-

mands®
Categories Criteria Ability to perform job demands
Normal FVC=80% of predicted, and
FEV1=80% of predicted, and
FEVi/FVC x100=75%, and
DLco=80% of predicted
Mildly impaired FVC 60~79% of predicted, or Usually not correlated with diminished ability to perform most jobs

Moderately impaired

FEV: 60~79% of predicted, or
FEV4/FVC x 100 60~74%,
DLco 60~79% of predicted
FVC 51~59% of predicted, or
FEV: 41~59% of predicted, or

Progressively lower levels of lung function correlated with
diminishing ability to meet the physical demands of many jobs

FEV1/FVC x 100 41~59% or
DLco 41~59% of predicted

Severely impaired

FVC<50% of predicted, or
FEV1<40% of predicted, or

FEV4/FVC x 100<40%, or
DLco<40% of predicted

Unable to meet the physical demands of most jobs, including
travel to work

FVC: forced vital capacity; FEVy: forced vital capacity in 1 second; DL diffusing capacity for carbon monoxide,

Table 4, American Medical Association classification of respiratory impairment9

Class 1, 0%:
No impairment of

Pulmonary
function

Class 2, 10~25%:
Mild impairment of

Class 3, 26~50%:
Moderate impairment of

Class 4, 51~100%:
Severe impairment of

test the whole person the whole person the whole person the whole person
FVC >[N and >60% of predicted and <LLN =>51% and <59% of predicted <50% of predicted
or or or
FEV; =[N and >60% of predicted and <LLN >41% and <59% of predicted <40% of predicted
or or or
FEV4/FVC >LLN and N/A N/A N/A
DlLco >[N and >60% of predicted and <LLN >51% and <59% of predicted <40% of predicted
or or or
VOomax >25 ml/kg/min - =20 and <25 mlL/kg/min >15 and <20 mlL/kg/min <15 ml/kg/min

FVC: forced vital capacity; FEV: forced vital capacity in 1 second; DLg: diffusing capacity for carbon monoxide; VO.max: maximum
oxygen consumption; LLN: lower limit of normal,
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Table 5, Proposal of new criteria for assessing respiratory
impairment

Grade Criteria

1 FVC<35% of predicted or
FEV1<25% of predicted or
DLco<25% of predicted or

2 FVC<40% of predicted or
FEV1<30% of predicted or
DLco<30% of predicted

3 FVC<50% of predicted or
FEV1<40% of predicted or
DLco<40% of predicted or

FVC: forced vital capacity; FEV4: forced vital capacity in 1 sec-
ond; DL diffusing capacity for carbon monoxide,

202

Ajelxd= AlLlskr]= skt
TAHQ] Flew A= A A HA 2]
2 igkelsts] Vet A Aleh] S8l FEViol 4
FelSA1e] 40% olstd 7B 35, 30% ©fsh= 2%, 25%
ofgl= 15 2R aF3irk. Fvee] 7 thekelta] 7]
ukel delEA|e] 50% olskd A9 37, 40% olshE 2
H, 35% ofdh= 1522 313t DLo®] 7% ml=8-73t
ﬂ-‘l} n|=28t3] o 734 el 5] €] 40% olatel 7S
% o= Ak AN, thgkelekale] 74 60% o
shoA] 3302 At Yt FEIe So| Zao] Wt
ek $5 o7} Dl 40% olstellr] vehte= A
aeshd’, tigtelatsle] JlEs ue AS Ae w2
AL el = g 7Fs Aol ok MR AljtelM=
§delEA] 40% ol8FE 37, 30% ©lakE 2, 25% oI}
£ 152= sigith =3, tighelgts]e] xﬂow‘“ﬂ 57

Foll gk a7k dasy] el 78 e grIE
A= ks S8l 15 Folok ?{}E}—T—’ ofHs
Hoke} gk 3k 7 o) Al HHAleS e
b, §E d) olido] dhyjE Ak, A FEPRA
(bronchopleural fistula)g 7}7 82} & FHo] Ao
TS UE &4 52 3N 35S Folok g
I oS ESh

i

Mgk

2 Aofele] it BAAIS Ho) Gast ) 55
ollolel F7I= Qls A@H o1 FAet Follsa WA
o) vk Zasl Sgich. JIE Lehiis $o1z 4ol
(Impdlrment)Q]- Sl (Disability) & Z-8-3|4] A-83}
o, o] BRaHA ok Alelsh, Aels,
o4 T 7]*‘:"] AR FAERMAY = A
SIF AN I, SR AL < 2ol
W) Aont 322 B, ool
A%, WS, A 89, AKEA So] JFS 74l
A 510 Aole] Aok WA Seolsh sk A
oy}, e oz lstHoE AR A WA
ook s}, SRR NE olste Ao A ol
ofe] 48], AAH aelgo] welslolol Tk, EY
£ Wlshe ik Ao sEvdse g Qs o
P21 ot EASEA B, k] BT AF
skate] 7iR1e] g EFolt ALEEE Alghel g
ke Hkstolok dich, olelat WHE sls) 5 W

rir



Tuberculosis and Respiratory Diseases Vol, 70, No. 3, Mar, 2011

A Gl ANEAIA BT el X o] 571N I
<\l 7 Lé}*’ ofg] ojg7]delM 47 o8
i 4 Ulbﬂjr 2e A 7L ot
TollM FEVIHHE V2o st

o] AlgHd HellE 71zl ol

g gz o %}OH‘L WAE v FrefsH =of 9l
ok &4, P8 Al s E bRk 25 e s 2 vk
o, SRR} 578717]
o wet a7} A7l whdel itk olefdt o=
A3Y m|=g7-et3]e} nl=jets| o= el sa Hgol
oy AL EQRe oS Aw Ag|E ke ZARA oA
ol Al3E S Ausia oh:} 0 sk Fuly zjak~Zul
o2 Hoff HFE T 2 glom, F/d4(cor pulmnale)
S FE AT Aol gheiA olksa Bgell o]
B4 Ae Amsge, A HEE 1BEENE A
S5 4, AAES We 3, Tle] AR} s
32}, 71384 22 (bronchopleural fistula) g 7121 &
7h 9 gHel AEow FHAS ve d 5 558
4 LeskA ¥aL Sl ol= <ls) A 5571
ShalEo] g2l 1L°H7} Mgl 571Nl

I I

TEEN TS ﬁ%ﬂ*i Brreb7] SleiA=
29 714 27, & el =(validity), 213 = (Reliabil-
ity), ¥HEX(Repeatability)# A& (Reproducibility)-
2 WIS ARk . 26770 55 4
Jepa o 2 Z2s) 2
U= A 74*}(5p1rometry)9jr D@ 35 Ak A
Alsingle-breath diffusing capacity)7} 33 SR E
Al 93] 5F A AR v ) 1
S, A A % Qo] A7k W F K el
AEEL St TR T2} 2 Ho] Yol
of2) elmeld EUH AP Fd 3ol )
O FEVL] A A SRS Sl o)k 9 A}
WET AUE Y FAT AEAART, g A
S5 Gafe] S B 71E0T ASETL op
FVCe] Aol A% B3 Aol AR 28 o
B8 9 ApEET dael dOHY, AR Aol

Ir

O

DLoo} 37 583 o F d&eixta 4eiA 9tk Dl
w3l Qo) Ala T, AAAES AR BAES
o= g ATl FagH AP dlSIAE B A
g gatek Akl HE3aAs AR Adlel A 9
3l wheA] B2shE 231l wiet HAp} e E ook ah,
Arte] A= et vle- Fesich 53t w7)E Ak
AP <ol BE Ao} glof WA Tl ol
of whe AelEalg olgslofol A, Fhmele] S
S sk B8 55 TS AAle] AaolAol
EEle] glorg o5 Fgalelol s, HEaks
AR H2E ANl vl AfRdo) viot Apzhe) 2
o7} Am, ofe7kA] AulH, 712 agldl s B
6‘]'—- HL‘_:\;]_ 1:1:5} }ﬂg]-/\].% 74/\]_;‘<] B )\]oﬂ‘:« = A
E(altitude)o} EMA 3], daksleh A A (carbox-
yhemoglobin)ol] that BAo] gz},
FEViZ DLt 27676 7 At s 2 vhegs]
wiEel e 3571 SAfere Aele-sTs
ANE oA 5 ol Ao ofF] ey RaEg)
1:}53-37 1311/} ﬁﬂﬁl A} Hgals AAL Ao vls
2A 24 ) Fol| EFS
2 Aol AL B 30
: o2 AFFAY] Aol 875E VOmaxe 5
~7 ml/kg/m, T559] 745 15 mL/kg/molH T
40 20~ 30 mL/kg/mO]T:} VOmaxE 0|8k ol
4@3 Apele] VOomaxe] 40% FE7MAR= BRI 24
S FYE 5 gvke 7ol 278k, Vomaxrt 15
ml/kg/m o131 A5 thte] A FAVT 5 ¢ F
Z Aolz R, oleid AvkesRa) AR AR
o] tha ol AL, APt BxteiH, Aw deldl of
gol itk wak HFE oj2le] e asld] A
VOmax7h FEE Bol wer, ofaiA Alvjesia)
e A 5 S Flgke] B4 gl Al 55774
of A Atell= EFATIA B3kt
AAEo] AR M2 25718 72 digh
ofatle] DL, 9971} 2ol7h Ik 22l DL, 40%
o]ﬁ}oaw F5] EFNH PR, FUR 717E v)
Frats, vjaelstao Asdoe s AL
ﬂz} w) DL, E o83 A2 Aoleir Au} the]
A7A AAFEe] AAGE DLe, #6¢] ARS-S AlRKeI 2
TE7|1F AA7|E Aloke] AFtdo g HEek AA}
o} 3|T¥s A2 ol ool olele ARE, ol
Sof A1 dlal, B4, Feg o), ), vl

-

==

lo

e

fijd

e

203



JH Park et al: New criteria for assessing respiratory impairment

SF, #ot Soll tigk TAIA 715 AAEHA] BE Aol
olol s A= Zhzte] skol ik 2R bEe] Z71A0)
=07} "o Aoz A7t} it Aosg A=
ofshd ARk FHo= ofe] A3, JAH aQES 1
stofof stE 2 g5 e shejiEnt ohuet 3t TAotke]
Holt F8 Aow AzEr,

el 5571e) B SEE S99 A%, FEV,
I PaO,E 7IEo 2 shal Q=] ol2fd Ve vkt
) S S S80S Aol 3
Al F7rskrlells 7= :
Suls] 87190 B Bl 2 e Eolz o))
s AT FVC, FEViSt DLoos o83 2w 7IEE
AT, B ARA TE7 ) BAL gl
71Ee M) i B B BAAE Sk
Ao} A et Bad Aow AzEr

i

At 2

This study was supported by a grant of the Korea
Healthcare Technology R&D Project,
Health, Welfare and Family Affairs, Republic of Korea
(A102065).

Ministry  for

o2t

i

Mo

1. Choi MY. Health and medical care for people with
disability. Health Welf Policy Forum 2009;153:46-63,

2. World Health Organization. International classification
of impairment, activity and participation (ICIDH-2).
Geneva, Switzerland: World Health Organization; 1980,

3. Korea Ministry of Government Legislation, Welfare of
Disabled Persons Act, ¢1997-2011 [cited 2011 Mar 10].
Available from: http://www law. go kr/main html,

4, Ministry of Health and Welfare (Korea). Bulletin 2000~
37. Seoul: Ministry of Health and Welfare; 2003,

5. Kyung SY, Kim YJ, An CH, Lee SP, Park JW, Jeong
SH. Clinical findings of the patients with legal pulmo-
nary disability: short-term follow-up at a tertiary uni-
versity hospital in Korea, Korean J Intern Med 2008;
23:72-7.

6. Kim H, Lee KY, Kim JT, Uh ST; Committee on
Respiratory Impairment., Korean Academy of Medical
Sciences. Guideline of the Korean Academy of Medical
Sciences for assessing respiratory impairment. J Korean

204

10.

11.

12,

13.

14,

16,

17.

18.

19.

20,

Med Sci 2009;24 Suppl 2:5267-70,

. American Thoracic Society, medical section of the

American Lung Association. Evaluation of impairment/
disability secondary to respiratory disease, Am Rev
Respir Dis 1982;126:945-51,

. Evaluation of impairment/disability secondary to respi-

ratory disorders, American Thoracic Society, Am Rev
Respir Dis 1986;133:1205-9.

. Cocchiarella L, Andersson GBJ, Guides to the evalua-

tion of permanent impairment. 5th ed. Chicago: Ameri-
can Medical Association; 2001,

Becklake MR, Rodarte JR, Kalica AR. NHLBI workshop
summary, Scientific issues in the assessment of respira-
tory impairment, Am Rev Respir Dis 1988;137:1505-10.
Epstein P, Evaluation of impairment and disability due
to lung disease. In: Fishman AP, Elias JA, Senior RM,
Fishman JA, Pack Al, Grippi MA, et al, Pulmonary dis-
eases and disorders, 4th ed. New York, NY: McGraw-
Hill; 2008, p. 677-90,

Mayer AS, Maier L. Evaluation of respiratory impair-
ment and disability. In: Adams L, Ayas N, Alberg A,
Blkissoon RC, Albert R, Albertine KH, et al. Murray and
Nadels Textbook of Respiratory Medicine 1. 5th ed.
Philadelphia, PA: Saunders; 2010, p. 591-610,
Malley WJ. Clinical blood gases:
intervention, 2nd ed. St. Louis, Mo: Elsevier Saunders;
2005.

Cerveri I, Zoia MC, Fanfulla F, Spagnolatti L, Berrayah
L, Grassi M, et al. Reference values of arterial oxygen

assessment and

tension in the middle-aged and elderly. Am ] Respir
Crit Care Med 1995;152:934-41,

Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi
R, Coates A, et al. Standardisation of spirometry. Eur
Respir ] 2005;26:319-38.

Macintyre N, Crapo RO, Viegi G, Johnson DC, van der
Grinten CP, Brusasco V, et al. Standardisation of the
single-breath determination of carbon monoxide up-
take in the lung, Eur Respir J 2005;26:720-35.
Kanner RE, Renzetti AD Jr, Stanish WM, Barkman HW
Jr, Klauber MR, Predictors of survival in subjects with
chronic airflow limitation, Am J Med 1983;74:249-55,
Traver GA, Cline MG, Burrows B. Predictors of mortal-
ity in chronic obstructive pulmonary disease, A 15-year
follow-up study. Am Rev Respir Dis 1979;119:895-902,
Anthonisen NR, Wright EC, Hodgkin JE, Prognosis in
chronic obstructive pulmonary disease. Am Rev Respir
Dis 1986;133:14-20.

Tockman MS, Comstock GW. Respiratory risk factors
and mortality: longitudinal studies in Washington



21,

22,

23,

24,

25,

26,

27.

28,

29,

30.

Tuberculosis and Respiratory Diseases Vol, 70, No. 3, Mar, 2011

County, Maryland, Am Rev Respir Dis 1989;140:556-63,
Foxman B, Higgins IT, Oh MS. The effects of occupa-
tion and smoking on respiratory disease mortality. Am
Rev Respir Dis 1986;134:649-52.

Ortmeyer CE, Costello J, Morgan WK, Swecker S,
Peterson M. The mortality of Appalachian coal miners,
1963 to 1971, Arch Environ Health 1974;29:67-72,
Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA,
Calverley P, et al. Global strategy for the diagnosis,
management, and prevention of chronic obstructive
pulmonary disease: GOLD executive summary. Am J
Respir Crit Care Med 2007;176:532-55,

Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos
F, Casaburi R, et al. Interpretative strategies for lung
function tests, Eur Respir J 2005;26:948-68.

Kannel WB, Hubert H, Lew EA. Vital capacity as a pre-
dictor of cardiovascular disease: the Framingham
study, Am Heart J 1983;105:311-5.

Kannel WB, Lew EA, Hubert HB, Castelli WP, The val-
ue of measuring vital capacity for prognostic purposes,
Trans Assoc Life Insur Med Dir Am 1980;64:66-83.
Epler GR, Saber FA, Gaensler EA, Determination of se-
vere impairment (disability) in interstitial lung disease,
Am Rev Respir Dis 1980;121:647-59.

Neas LM, Schwartz J. Pulmonary function levels as pre-
dictors of mortality in a national sample of US adults,
Am J Epidemiol 1998;147:1011-8.

Ferguson MK, Little L, Rizzo L, Popovich KJ, Glonek
GF, Leff A, et al. Diffusing capacity predicts morbidity
and mortality after pulmonary resection. J Thorac
Cardiovasc Surg 1988;96:894-900,

Ferguson MK, Vigneswaran WT. Diffusing capacity pre-

3L

32.

33.

34,

3.

30.

37.

dicts morbidity after lung resection in patients without
obstructive lung disease, Ann Thorac Surg 2008;85:
1158-64.

Choi JK, Paek D, Lee JO. Normal predictive values of
spirometry in Korean population, Tuberc Respir Dis
2005;58:230-42,

Park JO, Choi IS, Park KO, Normal predicted standards
of single breath carbon monoxide diffusing capacity of
lung in healthy nonsmoking adults. Korean ] Med
1985;28:176-83.

Armstrong BW, Workman JN, Hurt HH Jr, Roemich
WR. Clinico-physiologic evaluation of physical working
capacity in persons with pulmonary disease. Rationale
and application of a method based on estimating max-
imal oxygen-consuming capacity from MBC and O-2ve,
I. Am Rev Respir Dis 1966;93:90-9.

Roemmich W, Blumenfeld HL, Moritz H, Evaluating re-
maining capacity to work in miner applicants with sim-
ple pneumoconiosis under 65 years of age under Title
IV of Public Law 91-173. Ann N Y Acad Sci 1972;200:
608-16.

Wehr KL, Johnson RL Jr. Maximal oxygen consumption
in patients with lung disease. J Clin Invest 1976;58:
880-90.

Cotes JE, Posner V, Reed JW. Estimation of maximal
exercise ventilation and oxygen uptake in patients with
chronic lung disease, Bull Eur Physiopathol Respir
1982;18:221-8.

Kass I, Dyksterhuis JE, Rubin H, Patil KD. Correlation
of psychophysiologic variables with vocational re-
habilitation outcome in patients with chronic ob-
structive pulmonary disease, Chest 1975;67:433-40.

205



