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= Abstract =
The Usefulness of Dyspnea Rating in Evaluation for Pulmonary
Impairment,/Disability in Patients with Chronic Pulmonary Disease

Jae Min Park, M.D., Jun Gu Lee, M.D., Young Sam Kim, M.D., Yoon Soo Chang, M.D.,
Kang Hyun Ahn, M.D., Hyun Myung Cho, M.D., Se Kyu Kim, M.D,, Joon Chang, M.D,,
Sung Kyu Kim, M.D., Won Young Lee, M.D.

Department of Internal Medicine, Institute of Chest Disease, Yonsei University, Seoul, Korea

Background : Resting pulmonary function tests(PFTs) are routinely used in the evaluation of pulmonary im-
pairment/disability. But the significance of the cardiopulmonary exercise test(CPX) in the evaluation of pulmo-
nary impairment is controvertible. Many experts believe that dyspnea, though a necessary part of the assess-
ment, is not a reliable predictor of impairment. Nevertheless, oxygen requirements of an organism at rest are
different from at activity or exercising, and a clear relationship between resting PFTs and exercise tolerance
has not been established in patients with chronic pulmonary disease. As well, the relationship between resting
PFTs and dyspnea is complex. To investigate the relationship of dyspnea, resting PFTs, and CPX, we evaluat-
ed the patients of stabilized chronic pulmonary disease with clinical dyspnea rating(baseline dyspnea index,
BDI), resting PFTs, and CPX.

Method ; The 50 patients were divided into two groups: non-severe and severe group on basis of results of
resting PFTs(by criteria of ATS), CPX(by criteria of ATS or Ortega), and dyspnea rating(by focal score of
BDI). Groups were compared with respect to pulmonary function, indices of CPX, and dyspnea rating.

Results : 1. According to the criteria of pulmonary impairment with resting PFTs, VO;max, and focal score of
BDI were significantly low in the severe group(p<0.01). According to the criteria of VO;max(ml/kg/min)
and VO,max(%), the parameters of resting PFTs, except FEV,, were not significantly different between non-
severe and severe(p>>0.05). According to focal score( <median), FEVi(%), FVC(%), MVV(%), FEV,/FVC,
and VO;max were significantly lower in the severe group(p<0.01). However, in the more severe dyspneic
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group(focal score<5), only VO;max(ml/kg/min) and VO,max(%) were low(p<<0.01). FEV,(%) was cor-
related with VOumax(% )(r=052;p<0.01), but not predictive of exercise performance. The focal score had
the correlation with max WR(%) (r=0.55;p<0.01). Sensitivity and specificity analysis were utilized to com-
pare the different criteria used to evaluate the severity of pulmonary impairment, revealed that the classifica-
tion would be different according to the criteria used. And focal score for dyspnea showed similar sensitivity
and specificity.

Conclusion : According to these result, resting PFTs were not superior to rating of dysprea in prediction of
exercise performance in patients with chronic pulmonary diseases and less correlative with focal score for dysp-
nea than VO;max and max WR. Therefore, if not contraindicated, CPX would be considered to evaluate the se-
verity of pulmonary impairment in patients with chronic pulmonary diseases, including with severe resting
PFTs. Current criteria used to evaluate the severity of impairment were insufficient in considering the degree
of dyspnea, so new criteria, including the severity of dyspnea, may be necessary. (Tuberculosis and
Respiratory Diseases 1999, 46 : 204-214)

Key words : Chronic pulmonary disease, Dyspnea, Resting pulmonary function tests, Cardiopulmonary exer-
cise test, Pulmonary impairment /disability.
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1) sixjol| o3t ZAL A 71X S ETURT| B
A A Az 2 A%, 3AY, A8, 4SS 3
2 3oz 2839 FE 58 VIS 54
A= Agsl7] A2 Mahler Vo] At ¥Wgel o}
2l sEEdo] UEHE 4o 27, =¥ A7) o
SEE AP 715EN T 3FH k] AR
7} AA dgstel 2 Euin H4E 7] F st
o] 24 A4 (focal score) & 3T

2) OHMA| HZ|ISZAL

FE7A o AERA FEEL T BAgle] H
S AAE AEtE, AT 2709l Sl A
obste)x| e AR oz A E AedA &5AA
30244 Jaeger Master Lab #7155 4dAl7](Jae-
ger, Wiirzburg, Germany)$& o]&8ly FEV,,
FVC, FEV,/FVCx 100, ©3]5%% DL 5& &
Astgrt. MVVE Cardiopulmonary Diagnostic
System(Medigraphics, St. Paul, MN, USA)2
12% 59 A8 2 wasA 35S OEAN F &
Ag 7)1 1802 g3l 73Tt

3) AulesZA

AFHo| 5 lead AMEE FAF ¥ 2 A (Medi-
graphics, St. Paul, MN, USA)2 &%& Al&33
o} oF 1844 287 TR AY/E 7R
& 2R4A 38 B¢ 7R AHgdA &5& 3
slom, TR st Bd F xR HAVFE
gho] Bk 102 30 watt HHoA Moz
(ramping) #3818 Fol £FF=E EAh HEI
& B 3 o 603 ez stgoen Bk 34 5
Wo7IA] 58 3 3 F 28004 383t 3&EY|

2 AR $EAANE Btk ARAHHAT(VO,), ot
slet Auj 2 (VCO,), A& F % (tidal volume,
Vo), Eohgirl2 (minute ventilation, Vi)& 7730
A EE&715A (pneumotachometer) 9} 7247
(Medigraphics, St. Paul, MN, USA) & &84 vl
3En} 318 dA&For A3 FHF ¥ o
5-73.&vict BEgkE H3tH

4) £5 Hv|s&ae 27

kA A] W75 7AX¢ VOmaxe] M2 25 o)
Neda /A e FEeE vREFREVIE T VO
Jmax 9 oS30 that WSS o] 88k= Ortega 5
%¢] 712 9 baseline dyspnea index$] focal score
2 A=) oz A 7|Fd u) viEEEd F
FT¢ BF3AH(Table 1).

5) A 24

Zt J71s e 7% o viFE T FETLE T
B3 § 725 EFIEAS, A H71HAR L
SEAAXE v|wely ZAzs HF + HFUAR
BAEIET EAA f94e E4HEAE indepen-
dent sample ¢-test2 AAR3A} 23 A, ¢F
Al H15AA] 2 F A tisted Pearson’s
Aprde A43tgt. VOmaxet 23 Aol o
Fe nxE 2918 distd HEHARHE APt
ot BE AFEANA p kel 0.057HA AL &
o3 xjo|7} e Aoz dMsidon, &4 7IEEY
A% URE 9 Bolx=g T

2 o
1. AEEe Yus &Y U WY
AFTe ¥F 5040 FAt 4393 o2 79|
olon Haols 2z 61+7.8, 50+14.94], A%

o 7 1.66+0.05 1.57+0.03 m, AF& 7%z
58.7 +10.2, 48.6 £ 7.1 kg¥lth. APEE N3
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Table 1. Criteria of severe pulmonary impairment/disability

(1) Percent value of predicted FVC, FVC{(%)
Percent value of predicted FEV,, FEV,(%)

FEV,/FVC x 100

or

Percent value of predicted DLco, DLco(% )

(2) VO,max(ml/kg/min)

(3) Percent value of predicted VO,max, VO,max( %)

(4) Focal score of baseline dyspnea index
(5) Focal score of baseline dyspnea index

< 50%
<40%
<40%

<40%

<15 ml/kg/min
<60%
<median(6.4)
<5

(1), (2) : by American Thoracic Society?

(3) : by Ortega et al®
(4), (5) : by authors

LvA g A Re] 249, 2Y F a4 w1 AW 14
B, TPEASAY 79, vIRREAnA s8R
9 2%, 9EA7Z 29, 71BASEFE 190]30ct

2. 0| @Yool 7[R0l oiE FF MU ISSN ER

LA AZSHAE HIFFEE 209, 2E7L 30
Bolen, 23T uEEF vstd VO,max
o} &l g WEE, max WRS} o Zx]o] gt
HEE, 4 IFEAAE, 2 A5 S K
w3t (p<0.01).

VO;max7} 15 mi/kg/min m|9He 2202 3¢
€ o ¥lF3F 399, 33 119t AA] Hrs
A F FEV, 3} d&3jd] g HE-g7) v|Z22p
Hoh RoiAl Wekn(<0.05), £E7HAY] max
WRS &Xo] oig Wi-e, 24 7123F2dAF,
23 A7 Sol FFTOM Fdshll Btth(p<o.
01)(Table 2).

3. Ortega 82| 7|0l M2 S5 n7iseMel £
VO.maxe] c|&xjo] gk WE-go] 60%m A

T FITLE TRAYE HE vFF 2ol 184,
FFTol 320l TN AFA W1 RA

AE FEVig} o&xo] ojgd WE8(p<0.01),
FVCe| o & o) o3t w8, FEV,/FVCx100(p
<0.05), max WR3} ¢]Zx]o] gt wjE-&, 7|25
F2UAF, 23 AF ol folst A BAH(p<0.
01)(Table 2).

4. 7|x& BFTRX|S0l o FF oy lseA BE

2 A U6 TNE 208 UL o
HIZSTo] 237, $FE0l 2790l0en FFFd
A FEV.8} &Ko) ti@ &L, MVVS} o 20|
W HER, VOmaxs} d|& 2o thgh Wig Fol
frelatA Wtth(p<0.01).

53 24 AF 53 nig F3Fos BRI
HEFTL 399 FFEL 119e)glen, u] 227
I FF2Alold A HlER] % FEV(p<O.
05)%F frel@ Atol7h giglor}, max WRe} o &x)
ol i WE-E, VOimaxs} oj&x|o) gt Hree
FFTOA frelstA RAcH(p<0.01)(Table 2).

S5 = <, VAl HIHsAA W SEAALL] Aa
A

23 %9} VOmax el 48A4E 0.51(p<0.01),
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Table 2. Comparison of the indices of resting PFTs and exercise and focal score of BDI between non-se-
vere and severe group according to each criterion

Criterion
1 (2) 3) (4) (5)
NS S NS S NS S NS S NS S
20 30 39 11 18 32 23 27 39 11
FEV.(L) 1.70 0.84 1.28 0.86 1.57 0.97 1.51 0.91 1.26 0.92
' +058 +017 | £059 +036" +0.69 +0.36" +0.61 +£0.36” +£0.61 £0.33

59 30 44 31 54 35 51 33 44 34
FEV.(%) "

+186 451 [ +19.2 +132° +225 +123" +£207 +12.07 +199 128

74 53 63 55 69 57 67 57 64 54
FVC(%) .

+11.8 +134 | +17.3 +131 +164 +155"i+168 £155 | £162 =£17.5
FEV,/FVC 83 63 72 67 80 66 81 62 73 64
x 100 +924 +199 | +226 +24.1  +238 +20.8i+235 +187" +£238 +184

91 102 97 98 99 86 97 98 101 84
DLco(%)

+32.8 +404  +32.3 +543  +305 +415 {+333 415 +387 =317

75 39 57 42 72 43 68 41 56 43
MVV(%) -

+985 +10.3 | +267 +22.2 i +300 +180" £275 +174™ £27.1 =210

54 38 51 20 61 34 56 35 49 27
MaxWR(%) " " -

+232 +184" +185 +129™ +£199 +163" +203 +184"i £21.1 157
VOsmax 21.7 17.2 21.0 11.7 229 16.8 21.7 16.7 20.2 149
(ml/kg/min) +5.33 £533" +£4.77 +159 | +544 +467  £567 47 5" +572 +3.55"
) 63 45 57.7 34 72 41 62 44 56 41
VOmax(%) - - o

+168 +159” +16.7 £9.17 i £11.6 £99 +182 +141":i +181 140

7.5 5.4 6.6 4.7 74 55 8.1 4.6 71 3.2
Focal score »

+187 +179" +1.97 +167" +£172 +1.95"i4£075 =127 i£143 £040

(1), (2) : by American Thoracic Society?

(3) : by Ortega et al?,
(4), (5) : by authors
*p<0.05, **p<0.01

NS : non-severe group, S : severe group,

MVV(%) : percent value of predicted maximal voluntary volume

Max WR(%) : percent value of predicted maximal work rate
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Table 3. Correlation analysis of focal score, the indices of resting PFTs and exercise test

VO.,max

FEV,(L) FEV.(%) (ml/kg/min) VOmax(%) Max WR(%)

Focal score 0.466** 0.414*+ 0.510%* 0.521** 0.551**
FEV,(L) 0.704** 0.503** (0.556** 0.508**
FEVi(%) 0.408** 0.544** 0.333*
VO;max(ml/kg/min) 0.758** 0.753%*
VOmax( %) 0.815**
Max WR(%)

*p<0.05, **p<<0.01

Tahle 4. Factors affecting to VO;max*
coefficients partial R? p value
VOmax
Focal score 0.99 0.26 0.0002
FEV,(L) 3.18 0.08 0.0209
VOmax(%)
Focal score 2.61 0.06 0.0001
FEV,(L) 15.33 0.38 0.0189

* Multiple regression analysis

VO:max 9] oj&xo] tjg WEgL 0.52(p<0.01)
olglen, Al HrEHAIA F FEV,.& 0.46(p
<0.01), MVV& 0.41(p<0.01)QT 7|e} AL
2 olEt} Wt} (Table 3).

8. VO.maxol Y& olxkz 20iF0 et CiEs|
HEMU}

GEBARAETY VOmaxet VOmaxe] o2
e HEgol 9L nXE ade 2y H4s
FEV,ol9lon Vozmaxs”] Sl 24 A, voz
max 9] AFX]o] hg WE-go hsiAE= FEV,o) of
T FEEATI O & 3+e HATH(Table 4).

7. oIS YWoiEe| ezt 3 Mo|E B|@

3% Wl%s &3¢ GAA Hr1%5FHAL, VOmax, V

Omaxe] d&Ao) i3 BES o8 258 T 4}
% vns] Borg o M€y wel uizs g So)
=7h 2ot AU, XA Hae] 994 2 548 7
TOE ERUE wo UgE 2 Solxel & oy}
{12} Table 5).

LR

03, F9 F9, 9498 P9 3§29 &,
ARH 3F2W7)5 & 5o AT HrisAshs
BHHOE £FolU AY F ARolE AT 3
@z EaHo 255 Agsysae
HEANS. £ D89 YA Ze o)aty A7)
TN T e APo) sl FTUo| oty
i, EEEYol A2 4 Unk. A $7)4Ro]
Y 3EE g B gEY ¥Foh} £58
B2 ot 5FZ & $FTR0] S sFRTo]
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Table 5. Comparison of sensitivity and specificity of the various criteria*

Resting VO.max VO,max Focal score  Focal score
PFTs (<15 mi/kg/min)  (<60%) (<median 6.4) (<5)
Resting PFT sens : 90.9%  sens:75.0% sens:85.2% sens:8l.8%
estin S
g spec . 48.7%  spec : 66.7% spec : 69.6% spec: 46.2%
VO,max sens ;. 33.3% sens . 34.4% sens: 37.0% sens:455%
(<15ml/kg/min) spec : 95.0% spec : 100% spec : 95.7% spec: 84.6%
Yo (<60%) sens : 80.0% sens . 100% sens . 81.5% sens : 90.9%
max
’ 0 spec : 60.0% spec : 46.2% spec : 56.5% spec : 69.2%
Focal score sens . 76.7% sens . 90.9%  sens . 68.8% sens : 100%
(<median 6.4) spec :80.0% spec : 56.4%  spec : 72.2% spec . 59.0%
Focal score sens . 30.0% sens : 45.5%  sens:31.2% sens:40.7%
(<5) spec : 90.0% spec . 84.6%  spec:944% spec:100%

*Comparison of sensitivity and specificity using each horizontal value as a gold standard for the

vertical comparisons
sens : sensitivity, spec © specificity

otglElo] 550l AEE oGede] WA=
L=

gurd o 2 v AR 7TEYRTE HHE
) QHRA] 7S AL olgshetl AlAIRZYF=
#7153 4E £4 (impairment), 57159 #F4e
Aol (disability) 2 & H. vl=FF3|e o
A 2% AojAEel thted st l #HrleEY
9 $5%d A &4, 71FEAe] #ixte] A
e AAHY TS FA2 A i =
o] Hrh= oatd Wl ohule} vl EHl MFER
agjsjo} Foia st vimERetEe A FF
o A#gle] ¢ H71E A F FEV, 9] &3]
o thg MRS, =4 HEF(FVC) S &
% WEg, FEV,/FVCX100 ¥ @3z e =
A% DLcoZ H7 |5 ARE 2%, 555 535
oz ZR3Y1, VO,max7}t 15 ml/kg/minn)t &
& B4 o] a7 AaAFTE] 40% 0TS
Z2z gy)sao g dWrg PRI, 1 9 o
el Az B AR g MEES st AL

£33 glovt 1 MhEE M FARITHY. Hoiday
#=¥(maximal VO, VO,max)2 ¥xe] fAALE
359, & Y5538 Frisked Ao 7 3
g5 wyoz HAe] #r|e} haadsdd Ade
Sz Aoyl g o Zidked, HESEFFEEE
FEV,3 DLcor} AtxAnz ¥ AR5 a) 33
24 BA7} AR olE £ & FM VOmax o
Zo] 7hs8l M e 2 Aoy HIA AR B2
oA AEe&EHAF Wa A g5, HAA H7IEEAL
5 dubaQl AAp) $xte] AHE #ABIEL Aok
I 9AZ Wy g2}e] ZFTIREY B} S
oot Ajae Ae AT 53] A e
AME 22 0715 HoliE ASe A RE &
52 ¥ F glenz $FHAE H8X 4t 3
o} E3 $FEo| 75l FAF alojAw
WA 2o uja BAleh dusle &4/ B
A Aol gl FEEQ HE2a oA IFI2Y] F
SE uestA 4gkm, 1 9] o B Hrt 7|Ed
A= nlRzpA ot
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FEV,'®, MVV', H%71gt 8 DL%92 VO,
max & A= AT gAY 5 AL AQdniet Mo
7t e A8 55 o= o] g3ty oY
a1, e Y F7)eHALE VO,maxE o
F37] PEUTHe Hax Jobn. $4EH0 2 Ay
I e dY A7l s AN LAY S ERS) BAE ¢
TEA ol Wi ISR EAR Qo] 7
B 3FTR AEE 08 4 R, 0'Donell
T o] ZFT) AP A H AP} A3}
A ¥ g2te] YA HIEAANE vRPe o
FE Aolrt QIUT, TFTVL ©d) mBare]
7t et W8H, Zi=Ag 2 Qe 44, 7
dol 9%e Wwomz FEV,& 3FTAHLY F&
A&7} olghs AT Y= T, s
SHEAl #H71s 2 55 BAE Gadlx) o}
Ao 3ETFe S Q13 BEAFe] A5} e
T Aot ke TFIPo] RS 2edl
fdeg B} ojF o o= Hre] AP
AP} deAd dside #43] g gz o
A= vEF YA}

E A7 ME FEV, 3 2x)o ojdt WEg, VO
maxs} l&o] e WEE 9 2gPsAtole) 4
BAFE] §AH 2 Hejatglod 2 27 4
%o} FEV, 3} o] &3]0 ti§t 9282 VO,maxE o
£317] ojeifled, VO,maxe} max WRe) 2434
T9te] FBAF7 FEV,(% )R} 2jols A= &

kot gtom, ZREGRFI) ReSE QA 7
ZISEE ANEEA AP BAHoE He go3t
A7t Qe RAoE Yeht IAA Hy)s AR
AALTFAVE H28 532 PN sFIIRE
€ 2 WS Zog oA, A AEdA Al
& #7122 X % FEV,0] 3329 Jxs} tfr
FEBAZE A%tk LIV E Qe B d7ans
EEFTBEEIL AE 2o FEV,.& 9 4% 2o v
3 fefstAl Ztasted igleu, FEV,(%), FEV,/
FVCx 100, DLco 9] 4:x)= z}o]7} giglz Vo,
max, VO,max(%), max WR, max WR(%) S&
oIS Hasled A wrlsdA o g @x
o AAA] F5Hol} FTVAEE FHsh
B7187) otk o] A7 Ane}l §AksHTh
FEV,9o Hddigta 24447 VOmaxst VO,
max(%) F&& v|Xe QAEZ M=o 532
@o} Axrt HdeFsed dge e 29de
¥ & Ao, Hrs sz AR
S A WS BARE, B3] FEV,(%) S o8t
& AA B3R Aoz Uehyg). ol AN
el £FFY §-2 855U Udd ohgA W)
TARCRE 2} 27l 2949 3] o8
2 o] Wo] ¥&-& AAHIh. Oren M2 3487
asbestosis9?} AWE H75E4E Hol: =S
oz & AFA %HAle)l FEV,/FVC, DLco
ToEE AWIA VOmaxE 3% & ggw,
Ortega 592 AFA HI75AM 22 Hr)s5e
& HolE 3999 MW ARAE tAtoz §
AToNA 22 BN A AP e AN LA V
Omax2 w2 w7158 ke o toA
ME A G ATE B A H7SHAME
TF MIleEdE Kol AL AneEHANE
ARE 2 AL B AFGME HgA] 5y
THAME $Fo2 BERY 3099 8AEe PF V
Omax+ 17.0ml/kg/minz 22 dj7)%5 &4 7]
<! 15 ml/kg/min®¥t} 1, 15 ml/kg/min vjg}
< 109 #o 2 Y| 208& VO,maxs 7|20
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g dele 2% J7% &4os ERYA gston,
VO,maxo] &0 th3t ME-go HFL 46% 2
2 VOmax9] qZxd tig #2&S 7IFo2 3§
& g= 309 F 249o] FF AU &doE R
Hdth. £3 2% AvisEdy rlenit 4 9z
T 2 Eo|& & v|w & uf xjo|7} 9lof A Y|
AN B AHEFAA GE0R 5 Hredd
& #HrkElE oA Fevl d& Ao AzEoel ¢
A A5 AN 25 dWeEde Hole A
T AHEEAAT E80] E Aog oAZ.

H71% oslgloix HAAAM, 259 <8, 44
A3 S Ze erlell oJg ojxFRl 4R S
Foot S5 5o R3] d3ly T, AAHY &
2592 fxle] 53 YPE oz} AAHA A
ol 223 Zd5AT YA BAEA Y HAH]
2o &4 9 Fofl Hrldles vind HFA AA
Q AHeEAANL Ha® Aoz oA, o F
e/ BAEE Aol 4 U= 2 &
o= E BA Hke u], Hrri@d wet xolr} ol
91, SFTAAEE Qo2 AT drls SRR
71&¢] 71254 v W=y Bo|molA ZA R}o|
7} Q%lal B4 71E0] vk J)F| viE m7dE 2
Eolzo| M g¥atAl $akA] ¥ 2 T ¥
o, ¢AAl H715AAY VOmaxe #7588 B
ol Hrte] B9 71EE ol TEITHTE 1)
Ao A GoHE skt Ado] A& Ao
Azrgct. B3 AAH BAG 2AF BAO g€ A
Lo A GF oz BEF ARE ¥ &
e Aoz Az TETHPY A=k AFHoR
7K 4 okl A #7715 A R} VOmax %
I & drlsad/ A B3 =28 & 4 &
Aoz A=, &F WMIHEE =l Frin
AZAHET} gy B dpae 4 dedE gz F
Bl BAslx] 23 ¥F 7 A@Ez £A4E
B ggio| & Aoz A

olAlzl Z+e #Amz FEV,, VOmax 2 FIT
ATE AZABFAZE Ao, AFA Hr5AA

g=o g VOmaxt}t 3FEH] FA=E A
d=% 4 gglon, TFTT AR o= g
#7158/ 3d Ax 71EE 7189 7IEd vl 7l
A% g Eolxo A & jo|7} A o}, HrprIEd
FEFTHYEE WY  Ug Ao Aq4AIY.
g EdE F71AH] gl & Al Hrls A
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3 &

olds 2& A2 YAl Hr|sAAte 2= VO,
max& FH &3}y Y, SWS Fo)A
o] gl ¥ UFAl A7ISHAME A T AvE &
e Hole FAY ol 224 Kol #x}
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