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=Abstract=

The Effects of Pulmonary Resectional Surgery for Cavitary
Tuberculosis on Ventilation and Arterial Respiratory Gases

Hyun Woo Lee, ¥ M.D.

Ventilatory functions and arterial respiratory gases were studied in 24 patients who underwent rese—
ctional surgery for pulmonary tuberculosis. Postoperative measurements were made 24 hours, 72 hours
and 7 days after surgery and the results were compared to preoperative values.

Twenty-four hours postoperatively, there occurred striking increase in respiratory rate, minute
ventilation, dead space ventilation and dead space tidal volume ratio, and the increase in minute
ventilation was caused primarily by the increase in respiratory rate. However, alveolar ventilation,
oxygen consumption, carbon dioxide elimination and respiratory quotient showed no significant posto-
perative changes although two of the last values showed slight decreases 24 hours after surgery.

The lowest arterial oxygen saturation level was obtained 24 hours postopratively followed by gradual
rises but not to the preoperative levels until 7 days after surgery. A decreased arterial carbon dioxide
tension with elevated pH was noted 24 hours after surgery, which returned to the preoperative level on

the following measurement.
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Table 1. Physical characteristics of the subjects

F Mean ' S.D ] Range
Age 26 3. 62 22~40
Height (cm) 168 5.81F 156~184
Weight (kg) 58 6. 50 51~76
B.S. A. (M%) 1.68 0.08/1.56~1. 86

Table 2. Preoperative ventilatory functions

I Mean’ S.D. 1 Range

17. 07,
2.73

101.2
96. 4

78.0~153.0
89.6~100.0

Vital capacity(%)

Timed vital capacity
(8sec. %)

Maximal breathing
capacity (%)
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Table 3.

|
|
98.8 13 131 72.3~135.0

Alterations in ventilation following resectional surgery
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Preoperative |Post-op.24 hrs. |Post-op. 72 hrs [Post-op. 1 week

Mean | S.D. Mean | S.D. Mean | S.D. Mean | S.D.
Respiration rate per minute 20 3. 84 29%* 5.70 21 4. 47, 19 2.94
Tidal volume (ml) 525 140.43 389% 64.53 507 117.39 532| 102.20
Minute ventilation (1/min/M?) 5.62 0.73] 6.72% 1.07, 6.50° 1.17 6.25 1.05
Ventilation equivalent(l) 3.19 0.53 3.63% 0.45 3.66* 0.54 3.46 0.39

Remarks: In this and in the following tables, symbols shown below were used to denote statistical
significance of each mean value compared to that of the preoperative values.

1 P<0.05 *:P<0.02

*:1P<0.01

8

**: P <0.001
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Table 4.
ratio following resectional surgery

Alterations in alveolar ventilation, dead space ventilation and dead space tidal volume

Preoperative

{Post—op. 24hrs {Post~op. 72 hrs [Post-op. 1 week

Meanl S.D. ( Meant S.D. ‘ Mean [”S D. l Meanl

Alveolar ventilation(l/min/M?) i 3.68]
Dead space ventilation(l/min/M*%) 1.93
Dead space tidal volume ratio(%) 4.4

0.64
0.45 3 o7+
6. 25{

3.64 0.41
0.93

7.51

4.00
2.50
39.1

0.93
0.68
8.77

3.97
2.28
35.7

0.89
0.84

44. 6*‘,‘ 10.44

Table 5. Alterations in respiratory gas exchange following resectional surgery
Preoperative lPost—op. 24 hrs .Post—op. 72 hrs 'Post—op 1 week
mean } S.D. ‘ mean ; S.D. | mean [ S.D. I mean [ S.D.
Oz consumption (ml/min/M2) 176, 20.72 185 16.75  179] 34.56 179 21.10
CO: elimination (ml/min/M?) 158‘ 23.25 147 15.49 164!  30.82 177 34.59
Respiratory quotient 0. SQI 0.13 0. 80‘ 0.02 0.92 0.08 0.98 0.10

Table 6. Alterations in arterial respiratory gases following resectional surgery
Preoperative (Post~op. 24 hrs *Post—op. 72 hrs lPost—op. 1 week
“mean ' S.D. l mean ‘ S.D. ‘ mean [ S.D. ‘ mean ‘ S.D.
Arterial O. saturation (%) 95.6 2.17| 91.2%* 2.92 93 6*! 2.41 94.0% 1.76
Arterial CO: tension (mmHg) 39. 5 2.88 35.7%* 2.33 38.3 3.52 39.7 2.79
Arterial pH 7.42 0. 02\ 7. 44*]‘ 0. 03] 7. 43’ 0. 09, 7.43 0.02
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Fig. 1. Ventilatory alterations following pulmonary

resection (In this and in the following figu-
res, unblocked circles denote significant
changes from the preoperative values).
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Fig. 2. Alterations of alveolar ventilation, dead
space ventilation and dead space tidal volume
ratio following pulmonary resection.
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Fig. 3. Alterations of arterial respiratory gases
following pulmonary resection.

1) Bk} O: fRANE

Wk RS KB wE BHiRme] o. aREE M
9 2R A HESA wetes (P<0.001, P<0.
01, P<0.01) = BT BEx #iE UREET 713
el

2) Bfme] CO: 4B 2 pH

kM CO. HFEEL itk 24mHo HEsIA $gk
2 (P<0. 001 kol = RIS kEE ek =El
2 pH = #ith 24rsMIEZT BESA B %P0 0D.

LT

Blmi-E HifT3E ol = Mok 2 wRie] B
o2 wololel KRB fiRRel wHE Ahe  gaRel
FrEslel mERES BT 2 BEHBY B BK
Heb 0 BEUIERE-S AR 7ol Mol mEmg
BB 9 FHREEd o7 s Bim, B, kg
Mol Bib, e BrEiie]l BB SEXAN o
Wi 2 EiER ORhE e d=ERA o84 i
o Baggel AMEH (compliancedl Aok FUHEH
Whnsb dfskslo] BEEREES] ET¥ okle} RE
J1% o % BEE #ol el WEER] W
Y Mo mEkE Fmwels fiRezs MBRES]
ol wFRATS) AERS] Wi B9 REFET B
AA S (respiratory  pattern)-g  #{LA) 7)o}
Frank'® 90 b = Mk A MWK 2
I8 tholl ZefFhfiol siso] @il woll = MiRRERL B
Helekn shgled o] #isol MRl MlRmERte
Wk WE7T L% Aolel shalet. Lewis? & Bl
We BT Bkl el REe B 9 —RE
2 R BiEERS] Bl kZRAdx sdz  Shi-
mizu' & kel MiAERe] ®Ase RE MAEX
of FEMH KW F MEN S B WECT Y2 &
HEHS Hs FAX D FERE KBRY Bl &
W g9z &5t

A Stead” Vv mIMHMiHES] SARMYEKoRA
MERER-S Mt Bt B LIRS BERY S
+ FEgel] REfTEE ol A itk 1R REBERES
EiEstd #iR1e 225 =& Wikd WY BREEE
o] 2RE MHEMA K& El, mRdAE fkel
o o] MR, SMBEAE U SWEERARS] #ih
S~ WAt Aot o B BiEE #Ed
A v& Fesigen AL MEDR =& AR
q Aol WAy WEolad s adn MRKEERE
+ ARlA o o] FHiFIHkd AEL BEo gddD
I stgleon oA —#Ee] Hod dE —EMEE
B WA 2A BRES Bhngsie] Boe 2=
BB Bz RKAGD Sged ke o]
Bt ol SR ehvhd 4RM CO: Biie) &
FHH o BARMOE IPREMBMES BRI st
Martin® % fif5#%e] SAElOE o 24 K QUi g0 B,
MEWERG R BERVRHESS 283 d271A #R
< H& BT A4 MK 1k BARES] BHE
BEsta, itk PRI, SBRER 2 SRERHE



Kk RIS H6R IR 1973

FEO BFT Bmst —~BE] FHT WMPRA o] F
He RG] BRE: BEHFEMHtd ¥ 4 s &
3 MBEERT Rl St T Mk —#BEY Bohe B
4 HE-E HWsl= Bess 2 paradoxical respiration
o, 28] 3 fF#s ERRREY Bt ¢ »E FR
8RR - Mk T &% BEEG sigion
i A o] FAraTH FREIL #Hol YA ALk
HEH BEZA K= 7] AEelet 3Isich. Diben-
edetto'” i= Mi#ighREAs EROBRET WEDRKES
AT flol A = fitkel = BIRMS] O: Sl ETH
o] 9ldw A 1EFl SRHEEE T EHBEIKY
BEd #mt A9 MERRES olslid HTF 8
mek= el A+t 4t

AFEA A Wk 24sMEE LEMA 294 e
R o8 MmseES MBS A% UMM SH T
gelg ot Mtk 720 R 7HS BmABES BN
A7 KA Bolev el YAt M 24rs Rl
= —EY Wos Y SHRREE SRIEBER
Y mHBERY #ivt AR s SRERAES
FHATEe] FET Wghe] il 2 Lewis®, Ste-
ad® ®, Martin® 2 Dibonedetto'” 5¢] ®#fa —HI
oh. Bk WilRgsEe) MRS ARENERE 2 -8
B 3 984 £AE7 dAE —RE B o
AMBHEERES Bm7 = BETE2REAN: T
WiEfpimAie] HEHA & BE MR ] Mk
e dh%o] RS Binct welof vl A& W
A X fitgel —Ee Moo ARBHIERES B
b gl el E fe) MiRgie] Furd A5 %
®o e mREe R whnay MRREEY

BA7t REER7) o Folet

B B3RS #fEo] #ARM ] BARM Lel”] = -Foll bl
IR WATaE 2 Soll = THmEE 2 Al 94
A MhAEe] BEEElw BIRMmMS MR gas o] BE) HD
0: ¥ CO: HES REel ks AL HA R
stAleh. a2z BiRme O srEES KT I mFHMR
Bl KT MEBNEKS Rkste HHEE R
MifuRE RS B BELES BE =5 2R - 0
e THmeEy HkEH, MRBEREY %= CO:
SEEY WRe 2 A KpRt W

Smith? & fifHKe BEEZA BERYRKES BTD
FICT R, WEVREE mE AT IS Ko s
#5, BWERENE, WG R TEE & gfds
BRi WREGS KT ACTENA F£HE Eie
BE#YE] 100 AX A ear oximeter 24 fH 1M

F B @

BRmS O MAEE mEsle] FHiE R 4% HE
Mol Mtke] O TS MEE HErsidwlal #dl
ERRSIA o] B £ BEHAAE Wk v o] 0. A
e ETE e ®2Rd 713 Feléagen = #Y
B ®ix frEsded (8 2 I#d4+ 0. mAESL
FlF LA Mtk z HEsgdot IHAAL:
Mtk 10H] EAAE MiAPoz GHE=A i
st on Wik B BiBd w2 0. FEY KT
BES IHAA 7P #ln = dfe] R, zex
I #2 mErrgcta sk, o itk ol 5 £MAR
a4 QA EEEFMmE] 3~4[1S) FEIER o A T
Hy Ao ol fithe] O HMET ETHE AL &K
fti(diffuse subclinical atelectasis) W #iiprdzel: &
Wl n BAME, BEHBS ML, == BEF - mEHES
g% #EY Aol=t 3lgle}.  Siebecker'® % Jiiks
BB A BERTIRA, IR, N MBI, B
PRS2 LBE & R FHEFE 108/ A
AA 18 10 BRMS O: MFEE ME HR O
MEE K% £20 =t $30 Jb3 Ystm #Hk 7H
3 10A A ol ol fggikHio 2 MEFTIA ot Ml X-f
Loz mEie FiRel Y slsk MRt Ao
ETFH A BE L D Bl ol gEmE &
Ere M AL HHY O MRS KT H%

el slg o shgl el Bjork'™ &= B9ER HMHTE &1
3 BRI P DRSS BT BEAdAR W
ol Bk O: SME-S ZMlA ETFH] Utz
slolov] o] A& Kaf, MyAEY] paradoxical movement
9 AN ez MxkEe MERY BRIGz
ol 3, MRS BRABEHEC] EWHEAC AN A
A A& O FEE] Mtk 2ELIRC fRik¥oen #®
el eyt #MERTS mAmMaEel ETFEY A fst
mel FuXEsl At flAdE T 2EE A
5 O:/EL WRTkHes MEAN gtz 549
o} gt MRELIRES BRREN-S Bsd BT
Pl WEREHS £78 il MRS w-e fld
HHAA figsd 0.7 KT7 o o8 ##sle M
Fro] =R & giF A= MMl »1 A+ ARAR
o] v} 7 wigolet stlvd. Maier? & YIRS M
T8 Flol A M Bl e BRm O mFE:
Mtk A LEAR BT Qe wgel S
Bl A AESE = @R mke TH%e 24 WMk
2 skl om kel AfHiEc]l $l& Feel O: BRI
85% LIT= ETFs+ A%t slslot Hikoll Rk
A iRl A BEcH BEEY 6, HH BEM



— ki E A A BRG] M Bl e B WL WRE—

o BiRel TRE A, #ERY Rt & sk di
of MIRE 2 MMl dUR fll A ERRHRE
o% Bl mEENE HREddn sgch o
S fatkel ¥ EBFmEY] FEE BEIAL BE
BALZA fFHEE A ¥ AETERE 29 ERE &
3 eFslg ot EEEEA o9 rREE 2 cyano-
sis §0] Vet A =i shged figkd T
R, BssEl, R 2 HRRARE 59 KERS o
FHEel EmEEA BRE = A5 £847) ol ol
ol O fIFIES] WML ERRES Fid M\t
e BED REHS RS BHENS.
@9 Bryant™ &= WRBFEHES B BEANA Fmk
o BmEe BWES) Ak FlEKS Y 2~30 M
fRo = 1384l 4R 4 macroaggregated radioalbumin
+ RN WEEE Bt Mgl 279 kEd
BR FHEHEYE MM BES ok %
7t #E AT i 18l ERoE Eolgivtn 3
fom kol Mmbsfmd REe Bl =R e T
Hiigfedl A% Mmike ®W4 f mEEEe) MHhEE
7o Bl EHA L stelch. Swenson®™ & il
BEEC] EW¥ ExS BEEE JoBEY W
ol A FFEELIRM-S BITH BE&YE AN AAA B
BRin®) rEtkikgas o BEE HERMC H#g HHEAN4
B, BRMY O fIMEE fMkdE RRA o 3o
R - S Tia%dl 94 ETEe glfdevt o
BT BEE #EAA & Fasigddz sigled
BRmY CO: 2B % pHE FiEdAE FHE
HEL BEo) Qe Katd BN A= FHERY
B 1877 fRgEs] Bod o7 Co, 5B L7
o] glglom oA MEiY MEWERES £Ed It
Pt EEme]l YAtz P x pHE fifitk 1H7ZA
B Atz 2 g3e e B alkali o] s@ine] &9
A fERifEel H%sA #FEAvta gl ch. Dibenede-
tto 1P & Fikiige] HBEEA WYnRM-E KiTes Ay
ol = EIRYIRRe] S MY & Yk M wiE
S BfRsle]l BAEMMmMKE 7S RS Mk 3B
713 Felstgd ot itk 2@kEA v Wi el
Aot stgled, BRED WESRS DKk ke &6f
fizo] BgAzslAl k& MVIERMTOl A BaEE = A - ikl
8] %L fEgo] ol MEES Mol kE=Z B
e BER 2 M o AR ARG ezA BRE
ot dgla, MR BRAe HgERES £
ol7] S84 e FMHmmEEd o BIEYL WESS &
#-¢ AA T kel L FiEY K ¥ BEMKY

RS HiFl Bhd ok gk stg et Bjork W=
wiell el KTH dgd mEAAE WMIRG
& wke el EARMme CO. #MEol Fele] LAH
MR R M iE ] BRE YT fler JERENA K
BUHE KTl MHBNEERES MR o2A
HHke) CO: 4EL HpikHiez HEATa 1.
1} Stead® ® @ Martin® 5-& MERTHME, KOG
9 AN RGE 28w VA kg ¢
BEEBEANA L Mfithel] ¢z o E FEHRPL PR
P edlE FHEEA Y9 PREBDES mE
160 o] &= 2A 4 RE=HRA 2 SR

& Bl A Y Bk O ffE = Mk 24r
Rlol B%S TS B gl wet R E
AEd oy itk 1B 7IAE fagiecd wSRERE
Smith?, Maier®” & Dibenedetto!” %-¢ ®#&F —x%
stglem figtkel] O:faFErT BTN A& MERA
ol FWRIHel MEpe] gl =rlE MY EPHBAR
o] LHHY YA o® ulFoldol BE - MMLE T
o zA HxkANGy 44dd. adla BHRMA
CO: EEL itk 24mRell F-alo] EETFH ddet =
Holl = MRT=t AET 2RV Q&AL ik PR
e gEo] ks %ot Bjork'™ 1 Swenson® &4
Haote HRE D =T Mk 168500 BT FAde
CO: FEEL FHiFiH AR BH ] ddrlE Stead™
O9l Martin® 59 KA HRT. & BEERAA
iR RS MK BET #E ddeds W
% 24m:RI9) CO. 7 EEe]l BRI BT+ HED
e o & glovt Mt 24BsHel RE CO HrHE
9 orEmpEel MR oAl HEA HAdEe EHiol
A3 = Mtk 24 BIRmS pH7F LRSS
T REER vl Fo] mot oWt Bl &84 CO 4
Y ET7 A Aoz HAR T M KR B
BRif®] CO. rBEe] LGl MRHGMIES dorl B
& 1615 glglor ol A& fiFRie] FKRL IHEAEM K
o] THFMMAA A7) #Eoletx AAH v}

s &R

SRR EREEA A WRAE T 2uf) B
A fHT 2~3E 5}, W5 24BH, T2 R THO #
SIS BIIRIS) R gas B BIESI] itk wERD
o @Bl BB ol B BHE WA KECH R
Baae He3 2 f@Re st

D RN M R RS M i 24rsRTol
A4 wRsedt afkelE WIS 2AF Az 8l



RBWESRIBERE E6E S 1973

At SRRFEL Wtk 2485H R 728 Endg
on] Mtk ARMY EEY SHREEY Bhe 2
e EmEA BxE A

2) SRIREEES TR HET Bho) U
ou SHEBRBEE ¥ MHBREEL o Fol Mtk 24
Refel HESHA Bmatglen MKk T2RHE R L=
faRie ool g %4 e EHAl AU ==
BEABDES FHIHS FET BEHl e CO.

PR E W P W 24RRIYl £ e e
A=
3) BIRMS] MERERFEE = itk 24peflol BUES K

THLAG7T Y &iB wet #ixk LRIt K
# 184 M= WRed $9d. gz BiRme
CO: 77BES] ET % pHS EH-& Mtk 24rfo] 53
gl o atkel v M7 Hasiglt

REFERENCES

1. Smith, T.C., and Siebecker, K.L.: Postopera—
tive ear oximeter studies in thoracotomy patients.
II. Variations with operative procedures and

J. Thoracic & Cardi-

ovas. Surg., 39° 479, 1660.

F.J., and Welch, J. A.:
mechanics in postoperative patients, Surg.Gynec.
& Obst., 120:305, 1964.

3. Gorlin, R., Knowles, J.H., and Storey,

with the stir-up regime,

2. Lewis, Respiratory

C.F.:
Effects of thoracotomy on pulmonary function, J.
Thoracic Surg., 34:242, 1957.

4. Maier, H.C., and Cournand, A.:Studies of the
arterial oxygen saturation in the postoperative

period after pulmonary resection,
199, 1943.

5. Stead, W.W., and Soucheray, P.H.: Physiol-
ogic studies following thoracic surgery, J. Thor-
actc Surg., 23453, 1952.

6. Stead, W.W.:

thoracic surgery: 1I. DImmediate effects of upper

Surgery, 13:

Phystologic studies following

lobectomy combined with a 5-rib thoracoplasty, J.
Thoracic Surg., 25:194, 1953.

7. Martin, F.E., and Stead, W.W.:
studies following thoracic surgery:IIl. Ventilatory

Physiologic

studies in the immediate postoperative period, J.
Thoracic Surg., 25:417, 1953.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

* B W

Beecher, H.K., A.J.: Acidosis
during thoracic surgery, J. Thoracic Surg., 19
50, 1950.

Scholander, P.F.: Analyzer for accurate estim-

and Murphy,

ation of respiratory gases tn one half cubic cen—
timeter samples, J. Biol. Chem., 167:235, 1947.
Anthony, A.].:Uniersuchungen iiber Lungenvol-
umina und Lungenventilation, Deutsche Arch,
F. Kilin. Med., 167:129, 1930.

Van Slyke, D.D., and Neill, J. M. : Determina-
tion of gases in blood and other solution by
vacuum extraction and manomelric measurement,
J. Biol. Chem., 61:523, 1924.

Van Slyke, D.D., and Sendroy, J., Jr.:Studies
blood: X V.

Line chart for graphic calculations by the Hen-

of gas and electrolyte equilibria in
derson—-Haselbalch equation, and for calculating
plasma carbon dioxide content from whole blood
content, J. Biol. Chem., 79:781, 1928.

R.E., Dubois, A.B.,
and Briscoe, W. A.:The lung:Clinical Physiology
2nd Ed.,

Comroe, ]J.H., Foster,

and pulmonary function tests, Year
Book Publishers, Chicago, 1962.

Shimizu, T., and Lewis, F.]J.:An experimental
study of respiratory mechanics following chest
surgery, J. Thoracic & Cardiovas. Surg., 52:68
1966.

Frank, N.R., A A., and Newman,
M. M. : The effect of pulmonary resection on the
compliance of human lungs, J. Thoracic Surg,,
38:218, 1959.

A BE MBEE 2O EEIR, W, 20OUE, 1960
Dibenedetto, A., Glass, P., Siebens, A.A., -~
and Klopstock, R.:The effects of limitted pul-

Siebens,

monary resection on ventilation-perfusion relatio-
nships tn the postoperative period, J. Thoracic
& Cardiovas. Surg., 45:312, 1963.

Siebecker, K.L., Sadler, P.E., and Menden-
ball. J.T.: Postoperative ear oximeter studies on
patients who have undergone pulmonary resection
J. Thoracic Surg., 36:88, 1958.

Bjork, V.0O., and Hilty, H.]J.: The arterial
oxygen and carbon dioxide tension during the

postoperative period in cases of pulmonary reseci-



20.

—— B EA A MBIl Bzl ol A Bl WY FE~—

ions and thoracoplasties, J. Thoracic Surg., 27: Theracic & Cardiovas. Surg., 53:64, 1967.

455, 1954. 21. Swenson, E.W., Stidllberg-Stenbargen, S., and
Bryant, L.R., Spencer, F.C., Greenlaw, R.H., Beck, M. : Arterial oxygen, carbon dioxide, and pH
Prathnadi, P., and Bowlin, J. W., : Postoperative levels in patients undergoing pulmonary resection,

changes in regional pulmonary blood flow, J. J. Thoracic & Cardiovas. Surg., 42:179, 191.




