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JJ1s1 yCTIETITHOTO XMPYPTUIECKOTO JIeUeHUST OOTBHBIX PAKOM JIETKO-
ro BaXXHO 3HaTh, UMEETCS JIU Y OOJBHOIO JOCTaTOYHBIN (DYHKIIMO-
HaJIBHBII pe3epB Jierkux. HanbosbIiyro 1IeHHOCTh Cpev IPYTUX CIIH-
POMETPUUECKMX MCCIIEIOBAaHUI MPEICTaBISIET ONpeaeacHe 00beMa
(opcuposanHoro Beioxa 3a 1 ¢ (O®B,), T. K. 3TOT OKa3aTesb OTpa-
JKaeT PECTPUKTUBHBIE M OOCTPYKTUBHBIE COCTOSIHUS, a TAKXKE CTETIEHb
HECTaOMIBHOCTH BO3IYLITHOTO ITOTOKA U, TAKUM 00pa3oM, ITO3BOJISIET
JIydllie MPOTHO3UPOBATh YCIOBUSI MOCIEONEPAlMOHHON BEHTUIISILIY,
yeM apyrue uccienosanus. 3HadeHue O®B; < 1000 M1 00bIYHO 03-
HavaeT HeOCTaTOYHBIN BEHTW/ISIIIMOHHBIN pe3epB. 3HaYeHUe TTopora
0e30IMaCHOCTH e11Ie TTPEJACTOUT YCTAaHOBUTD.

JJ1st TporHO3a MePeHOCHMOCTH OTlepaliui 1 TOCIeonepauioH-
HOTO COCTOSIHMS 00JIbBHOTO OOJIbIIOE 3HAUEHNE UMEET TaKKe Cepiey-
HO-JIETOYHBII pe3epB. HanboJbiyto IeHHOCTh TIPeACTaBIIsIeT daB-
JieHue B jerouHoit aprepuu (AJIA) u compoTuBIeHUE JETOYHOMK
aprepuu (JIA); mist onpenesieHUsT 9TUX TTOKa3aTesielt B HEKOTOPhIX
KJIMHUMKAaX TMepea XMPYPruueckoi onepaiueil mpoBoasT MPaBOCTO-
pOHHIOIO KaTteTepusaluio cepaua. [panuiia 6e3onacHoctu 1JIA Ha-
XOIUTCSI Ha ypoBHE HUKe 300 MM PT. CT. TIpU cornpoTuBieHuun JIA
700 muH - ¢ - cM—5/M2 ¢ ogHOCcTOpOoHHEH okkmo3ueii JIA (OOJIA)
wi 190 s - ¢ - cM—5/M2 6e3 TaKOBOM. DTU UCCIIEN0BAHMS ABJISIOT-
csl UTHBa3WBHBIMM, OTHAKO OTKA3 OT OIepaliii Ha OCHOBAHUY MX pPe-
3yJBTaTOB HabMoaaeTcs penko. bojee mpocTyio ansTepHaTHUBY TIPe-
CTaBJISIET BHYTpHMOTEpallMOHHBIM MoHUTOpUHT JIJIA, XxoTs
B JIUTEepaType MPaKTUIECKUA OTCYTCTBYIOT COOOIIICHUS 00 M3MEHEHM -
sax IJIA B mpoliecce TOpaKOTOMUM, YTO JIeIaeT HEOOXOAMMBIM 1ajTb-
Helilee u3ydyeHue Borpoca o rpaHuiax 6ezonacHoctu st JJ1A.

BoJbHbIE M METOIBI

Wccnenosanue Nel. 3a nepuon 1979—2004 rr. B Hallieit KIMHU-
K€ TI0 TTIOBOIY pakKa JIEFKOrO OIepUPOBAaHO 815 GONBHBIX, U3 HUX
y 25 1o omnepaluy 1o JaHHBIM ITOBTOPHOM CITMPOMETPHUH 3HAUCHHE
O®B, cocrassuio menee 1000 mi1.

HccnenoBanue Ne2. I[gTumecsatu ceMu 6OJBHBIM, OTIEPUPO-
BaHHBIM I10 ITOBOY ITEPBUYHOTO HEMETKOKIETOYHOIO PaKa JIETKO-

For a successful lung cancer surgery it is important that the
pulmonary function has enough reserve. Among the spirometric
values FEV| has been best appreciated because it reflects the
restrictive as well as obstructive condition with the degree of air-
way instability, and therefore predicts the postoperative ventilato-
ry condition better than other values. FEV,<1,000 ml usually
means poor ventilatory reserve. The safety margin is still to define.

Cardiopulmonary reserve is also to be evaluated to predict tol-
erance and postoperative condition. Pulmonary artery pressure
(PAP) and resistance are among the most important values for
which a right heart catheterization is done in some institutions
beforehand prior to surgery. Safety margin in terms of PAP is
proposed to be below 30 mmHg along with PA resistance
<700 dyne x sec x cm-3/m2 with unilateral PA occlusion
(UPAO) or 190 dyne x sec x cm-5 without UPAO. These tests are
however invasive and rarely exclude patients from surgical candi-
dates. A simpler alternative in this regard may be intraoperative
PAP monitoring, although it is difficult to find reports about
changes in PAP during thoracotomy in literature and further
study is needed to establish safety margin of PAP.

Patients and methods

Study 1. Out of 815 patients operated on for primary lung
cancer at our institution between 1979 and 2004, 25 patients with
preoperative FEV;< 1,000 ml after repeated spirometry were
reviewed.

Study 2. A Swan-Ganz catheter was inserted just after the
induction of anesthesia to 57 consecutive patients operated on for
primary non-small-cell lung. There were 35 males and 22 females
aged from 32 to 82 years. Each patient had cleared the spiromet-
ric study and the one-flight test that we believe to be the simplest
cardiopulmonary work-load test. The mean PAP (mPAP was
monitored perioperatively along with cardiac output. The refer-
ring zero-level for pressure measurement was set as for the midax-
illary line in the supine position and midsternal line in the lateral
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T0, HETIOCPEICTBEHHO TMOCe UHAYKIIMY HApK03a YCTaHABIUBAIU
karerep CBaHa—IaHua. B rpynmy G0JbHBIX BXOAUIU 35 MYXUYUH
M 22 XEeHIIMHBI B Bo3pacTe oT 32 10 82 yieT. BceM 00JbHBIM ITpOBE-
JIEHO CIIUPOMETPUYECKOE UCCIIEIOBAHUE C OMpe/ieJieHueM 00beMa
BO31yXa, MOCTYMAIOLIETo 32 OAUH BIOX, KOTOPOE MbI CUMTAEM Cca-
MO TPOCTOI HArpy304HOI MPOOOI ISl UccaeqoBaHUsl HYHKUIUU
cepaua u Jerkux. MoHutopuHr cpeauux 3Hauenuii JJIA (JAJTAcp)
U CepIeYHOTO BEIOpOCA MPOBOIUIIN TIepUOTIepalilnoHHo. B KauecT-
BE HYJIEBOTO YPOBHS MPU U3MEPEHUU AaBIEHUS UCIOIb30BaTU
3HAUYEHUE TSI CPETHEN TTOAMBIIIETHON TUHUN B TIOJIOXKEHUU JIeKa
Ha CIIMHE U CPeTHe| JMHUY TPYIUHBI B ITOJIOXKEHUN Ha 60Ky. Ore-
pauuio (41 no63kTOMMUS, 3 OUTOOIKTOMUM U 13 MTHEBMOHAKTO-
MUIt) TPOBOAMJIM B MOJIOXEHUU OOJIBHOTO Jiexka Ha MpaBoM OOKY
B 39 ciyyasix 1 Ha IeBoM 60Ky — B 18. ¥ 601bHBIX, KOTOPBIM BbI-
TTOJTHSUTA TTHEBMOHAKTOMMUIO, Tiepexumanu JIA Ha cTopoHe BMe-
matenbcTBa U uaMepsiaiu JJIA nepen pesekiueit. Hama uenb co-
crosuta B momuepxaHuu JIJIAcp mocie pe3ekiuu JIeTKOTO Ha
YPOBHE HIUXE 25 MM PT. CT.

Pe3ynbrarni

Wccnenosanme Nel. JlanHbie 11 25 GONMBHBIX MPEACTABICHBI
B Tab. 1.

BombabiM ¢ ODB; menee 600 mx nmu ODB;/2XKEJInpen meHee
20,0% npenronarajaoch NpoOBeAcHUE OrPaHNYEHHOTO XUPyprudec-
KOro BMeEIIATe/IbCTBA B 00beME CETMEHTIKTOMMU WJIM KJIMHOBUII-
HOU pe3eKIIMM, OJHAKO B CBSI3U C pa3pbiBoM JIA 6orbHOMY No2
MPUIIIOCH MPOBECTHU JIOOIKTOMMIO, KOTOPYIO OH MEPEHEC YIOBICT-
BoputeabHo. Cemu (46,7%) u3 13 6onbHbIX ¢ ODBI1 Menee 1000 Mt
n O®B,/XEJnpen ot 20,0 1o 40,0% BbIMOJHEHA TOOIKTOMMUS,
KOTOPYIO OOJIBIIMHCTBO OOTBHBIX MTEPEHECITN YIOBIETBOPUTENLHO.
Hu B ogHOM ciiyyae He noTpeboBasach KHMCJIOPOAHAs MOMIEpPKKa
MocJIe BBIITMCKU, OMHAKO 1 malneHT yMmep ot cericuca. M3 25 60ib-
HbIX 10 3kuBbI B cpoku 0 10 JieT rocjie onepauuu.

HccnenoBanue Ne2. [Tocye nepekiaabiBaHusT 00JTbHOTO CO CITUHBI
Ha 60k JIJTAcp moBbIIaIoch Ha 1,6 MM PT. CT. ¥ MPOIOJIKAJIO TTOBBI-
maThest Ha 1,2 MM PT. CT. B TIpoliecce TopakoToMuu (puc. 1). TeMHBI-
MM CTOJOUKaMU BHU3Y rpaduka mokasaH yucTblit mpupoct JJTAcp
B KaxknoMm ciydae. [Ipy TopakoToMUM JaBjieHKME MOBBIIIAIOCH BCETO
Ha 1,3 MM PT. CT., YTO HAMHOTI'O HUXKE OXKUJIaeMOT0 TeMIIa.

Ha puc. 2 nokasanbl usmeHenust JIJIAcp y 00JbHBIX, KOTOPbIM
karetep CBaHa—laHua ycTaHaBIMBAJIU B MPaBylo BeTBb JIA U BbI-
MOJIHSUIM TTPAaBOCTOPOHHIOIO TOpakoToMuto. M B aToii rpyrime Topa-
KOTOMMSI He BJIMsIIa JOCTOBEpHO Ha moBkiieHue AJTAcp.

Wamenenus AJ1Acp, 3apeructpupoBaHHbIe TTocie repexarus JIA
B TPYIIIe OOJIBHBIX, KOTOPHIM IPEACTOSIIO TIEPEHECTH TTHEBMOHIK-
TOMMIO, TTOKa3aHbl Ha puc. 3. Y 1 00JIbHOTrO Iepej nepexxaTuem apre-
puM naBjieHue mpeBbiano 30 MM PT. CT., OJHAKO OH XOPOIIIO Mepe-
Hec JIEBOCTOPOHHIOIO ITHEBMOHIKTOMMIO, JaBJieHUE CHU3WIOCH JI0
MPUEMJIEMOTO YPOBHS 22 MM PT. CT.

CocTostHUe B TIOCJIEOTIePalliOHHOM TIePUOE Y BCeX OOIBHBIX
OBLJIO YIOBJIETBOPUTEIbHOE, U Y 00JbHOrO No2 naBjieHUEe BepHY-
JIOCH K YPOBHIO 20 MM PT. CT., HECMOTPST Ha YCTOWYMBO TTOBBIIIIEH-
HBII cepleUHbI BbIOPOC, OTpaXKarmllUii CHUXKEHUE COMPOTUBIIC-
HUS B JIETOYHO apTepuu.

O0cyxnenne

IlepeHocuMocTb J003KTOMUM Yy OonbHbIX ¢ ODB; MeHee
1000 mut cocrasiisiet 0koJ10 50%. TouHO OTpene/uTh HUXKHIOK rpa-
Huuy 6ezonacHocT anst OP B, npencrapisieTcs 3aTPyAHUTENb-
HBIM. DTO [MO3BOJISICT IIPOBOAUTD XUPYPIrUUECKOE JIEYCHUE OHKOJIO-
TMYECKUM OOJIbHBIM C HU3KUM BEHTIISIIIMOHHBIM PE3ePBOM.

BuyTtpuonepannonHsiit MoHuTopuHT JIJIACp ¢ ncmonab3oBa-
HueM katetepa CBaHa—laHIIa TOMOTaeT B IPUHSITUM pelleHU i
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position. Procedures carried out on the right side in 39 patients
and left in 18, including 41 lobectomies, 3 bilobectomies and 13
pneumonectomies. In the patients undergoing pneumonectomy
the PA on the operative side was clamped and mean PA pressure
was measured before the resection. Our goal is to keep mean PA
pressure below 25 mmHg following pulmonary resection.

Results

Study 1. The data regarding the 25 patients are summarized in
table 1.

Patients with FEV;<600 ml or with FEV,/VCpred<20.0%
were supposed to undergo a limited surgery in terms of segmen-
tectomy or wedge resection, but patient No.2 had to have lobec-
tomy because of incidental tear occurring in PA but tolerated the
procedure quite well. Seven of 13 patients (46.7%) with FEV,
less than 1,000 ml and with FEV,;/VCpred between 20.0 and
40.0% underwent lobectomy and torelated the procedure mostly
well. No patients required home oxygen supply, although one
patient died due to sepsis. Ten of 25 patients are mid- to long-
term survivors up to 10 years.

Study 2. Mean PAP increased by 1.6 mmHg with postural
change from supine to lateral, and increased further by 1.2 mmHg
with thoracotomy as shown in fig. 1. Mean net increase in mPAP
in each patient (mAPAP ) is shown in shaded bars on the bottom.
Thoracotomy increased by only 1.3 mmHg which was much less
than expected.

Those patients in whom the tip of the Swan-Ganz catheter
was placed on the right side and the right thoracotomy was done
showed change in mPAP as is shown in fig. 2. Thoracotomy
again did not significantly influence the mPAP.

The patients supposed to undergo pneumonectomy showed
changes in mPAP after clamping the PA as depicted in fig. 3. One
patient had a pressure more than 30 mmHg before clamping but
torelated the left pnemonectomy very well and restored accept-
able pressure of 22 mmHg.

All patients did well postoperatively and patient No.2 showed
mPAP returned to below 20 mmHg in spite of sustained high
cardiac output, meaning decreased pulmonary artery resistance.
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PucyHok 1. U3meHeHue [AJIAcp B nepuonepauuoHHOM
nepuopae.

Figure 1. Changes in mPAP in perioperative period.

1. Mocne nHTybauun / post-intubation, 2. nepen, TopakoToMuen
/ pre-thoracotomy, 3. nocne TopakoTomun / post-thoracotomy,
4. BeHTUNAUMS O4HOro nerkoro / one lung ventilation, 5. nepeg
akcTybaument / pre-extubation, 6. nepsble CyTKM Nocse onepauum
/ p.o.day 1



Tab6nuua 1 / Table 1

XapakTepucTukmn 60J1IbHbIX, TUM U UCXOA, JIeYeHUs
Patient characteristics, treatment types and outcomes

Ne Bospacr,|OPB4, OB, / JNokanuaa- O®B, nocne Mepuon
°on/n Tun onepauun Ucxop/cocTtosiHue
ner/non| mn )KE"npe,q LUA ONyXosin onepauuu, mn HabnwaeHus
KnuHoBungHas pesekums 1ron 2 mec YMep oT onyxonm
1 79M 860 30,3 LU Wedge resection NA 1y2m died of tumor
YMep OT renatombl
2 75/M 540 16,7 LL Jlo6akTomus / Lobectomy 750 1rop/1y died of hepatoma
KnuHoBunaHas pesekums .
3 75/M 610 19,5 RL Wedge resection 680 5 net /5y Kwus / alive
CermeHTakTOoMUSA (S6) .
4 85/M 940 34,2 RL Segmentectomy (S6) 790 5net/5y XKwus / alive
LinpkynsipHas pesekums .
5 68/M 640 20,8 RL (S6) / Sleeve resection (S6) 740 10netr /10y Xue / alive
6 59/F 830 41,4 LU Umpkynspras n106akTomms 830 10net /10y XKwnga / alive
Sleeve lobectomy
CermeHTakToMUSA (S3) 4 ropa 2 mec YMep oT onyxonm
7 68/F 630 19,4 LU Segmentectomy (S3) 670 4y2m died of tumor
8 | 75/ | 300 18,7 LU CermentakTomua 230 9 net 10 mec Xuea / alive
Segmentectomy 9y 10m
9 79/F | 870 46,8 LU CermentakTomus NA 7net 2 mec Xuea / alive
Segmentectomy 7y2m
10 80/F 830 43,0 LL KnuHoBugHas pesekums NA 11mec/11m YMepna OT onyxonun
Wedge resection died of tumor
11 77/M 640 21,3 RU JNob6akTomus / Lobectomy 720 3Hen /3w Xwus / alive
12 78/F 950 44 .4 RU JNo6akTomus / Lobectomy NA 2mMec/2m Kuga / alive
13 | e6/F | 660 29,7 RL CermenTakTomus NA 1ron Tmec Xuea / alive
Segmentectomy 1y1m
14 68/M 870 30,3 RU JNo6akTomus / Lobectomy 740 3ropa/3y Xue / alive
15 68/M 910 32,4 LU JNobakTtomus / Lobectomy NA 10cyr/10d yM?p OT cencmca
died of sepsis
KypunbLumk, ymep ot
16 76/M 970 32,2 LU JNob6akTtomus / Lobectomy NA 1mec/1m acdukenn / smoking,
died of asphyxia
17 | 75/F | 970 47,0 LL To6akromust / Lobectomy NA 10mec/10m | YMEPnaOT onyxonm
died of tumor
KnuHoBunaHas pesekums 1ron 7 mec
18 81/M 700 241 RL Wedge resection 820 1y7m Ymep
19 74/M 900 29,1 LU JNo6akTomus / Lobectomy NA 2mMec/2m Ymep / died
20 | 84/F | 970 51,9 LU NoGaktomus / Lobectomy NA 5mec/5m | YMePnaorcencuca
died of sepsis
KnuHoBungHas pesekuns .
21 64/M 520 16,5 LL Wedge resection 680 3Hen /3w XKwus / alive
22 | 74/M | 760 25,7 RU NoBakTomus / Lobectomy NA 1ron2wmec Ymep or onyxonm
1y2m died of tumor
23 82/M 900 31,7 RU JNobakTomus / Lobectomy NA 3ropa/3y XKus / alive
24 73/F 990 44,8 RU Jlo6akTomus / Lobectomy NA 5net/5y XKwnea / alive
25 | 75/F | 820 30,1 LU KnmrosuAHas pesekuys NA 2mec/2m Xuea / alive
Wedge resection
Age,y/ | FEVq, FEV Tumor loca- . FEV I _ .
Pt No. Gender ml 1/VCpre tion Operation type 1P.0., m Follow-up Outcome / Condition

F — xeHcknin; LL — HuxHasa gons nesoro nerkoro / left lower lobe; LU — BepxHas gons nesoro nerkoro / left upper lobe; M — myxckoin; NA — HE onpegensnach /
not assessed; RL — HuxHsas nona npasoro nerkoro / right lower lobe; RU — BepxHsisi fons npaeoro nerkoro / right upper lobe.
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PucyHok 2. UameHeHue [JIAcp B rpynne 60sibHbIX, Y KOTOPbIX
kateTtep CBaHa—laHua Gbin yCTaHOBNEH B nNpaeoii BeTeu JIA, B
nepuonepaluoHHOM nepuoge.

Figure 2. Changes in mPAP in patients having a Swan-Ganz
catheter placed in the PA right branch in perioperative period.
1. MNocne uHTy6auMK / post-intubation, 2. nepen TopakoTomMue / pre-
thoracotomy, 3. nocne Topakotomum / post-thoracotomy, 4. BeHTUNALMSA
ofgHoro nerkoro / one lung ventilation, 5. nepen akctybauueii / pre-
extubation, 6. nepBble cyTku nocne onepauun / p.o. day 1

MPU BBIIOJHEHUM Pe3eKILUHM Jierkoro. YTo KacaeTcsl IUpPOKO
pacrpocTpaHeHHOro Kpurepus: MeHee 30 MM pT. CT. IIpX 3aKPbI-
TOM TPYIHOM KJIETKE, MOXHO MCIIOIb30BaTh 3HAYCHUE BHYTPH-
onepannoHHoro JJIAcp ¢ momnpaBKoil B HECKOJIbKO MUJIITUMET-
pPOB PTYTHOIO cTOJ0a BO BpeMs TOPAaKOTOMHUM. 3HayeHHeE
JJIAcp, Kak mpaBuyio, 6biBaeT HuxXe 20 MM pT. CT., Jaxe eciu
BO BpeMsI TOPAKOTOMHUHU ITOT MOKa3aTeJb HECKOJIbKO MPEeBbI-
maet 20 MM PT. CT.

3aKkioyeHue

3HaueHue HUXHell rpaHulibl 6ezonacHoctu ODB,| TpyaHo om-
penenutb. ODB| menee 1000 M1 He sIBIISIETCS] TPOTUBOIOKA3aHUEM
K JIoOskTOMUU. BHyTpronepauuoHHblit MOHUTOPUHT JJIAcp mo-
3BOJISIET MTPOBOAUTH MPABOCTOPOHHIOW MHEBMOHAKTOMHUIO MPU
JJIAcp meHee 35 MM PT. CT. TIpu Tiepexkartoii JIA, 1eBoCTOpOH-
Hioo — npu IJIAcp meHee 33 MM PT. CT., TJOOOKTOMUIO — TP
JJIAcp meHee 35 MM PT. CT. 6e3 KiaMrnupoBaHusi JIA.
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PucyHok 3. UameHeHue AJIAcp nocne nepexxatus Iero4yHom
apTepuu Ha CTOPOHEe pe3eKLUM Mpu BbINOJIHEHUU NMHEBMOH-
3KTOMUMN.

Figure 3. Changes in mPAP after pulmonary artery clamping
on the resection side in patients underging pulmonectomy.

Discussion

Patients with FEV,<1,000 ml tolerate lobectomy in close to
50% of occasions. It is difficult to have a clear lower limit of
FEV] as the safety margin. This encourages us to include can-
cer patients with low ventilatory reserve to surgical candidates.

Intraoperative mPAP monitoring with a Swan-Ganz catheter
contributes to decision-making for pulmonary resection.
Referring to the widely accepted criteria of <30 mmHg with the
chest closed, intraoperative mPAP could be used with adjustment
of few mmHg during thoracotomy. Mean PAP usually turns to be
below 20 mmHg, even if sustaining slightly >20 mmHg during
thoracotomy.

Conclusion

It is difficult to have a clear lower limit of FEV, as the safety
margin. FEV| less than 1,000 ml does not exclude lobectomy.
With monitoring intraoperative mPAP a right pnemonectomy
can be done with mPAP<35 mmHg and PA clamped, and left —
below 33 mmHg, where lobectomy — below 35 mmHg without
PA clamping.
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