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Maximum Inspiratory Pressure: Can it Be
A Helpful Parameter for Predicting

Successful Weaning in Chronic
Obstructive Pulmonary Disease Patients?

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: To eva lu a te the pre dic ti ve va lu e of ma xi mum ins pi ra tory pres su re (MIP)
be si des ra pid and shal low bre at hing in dex (RSBI) in the we a ning of chro nic obs truc ti ve pul mo -
nary di se a se (COPD) pa ti ents. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Fifty-six COPD pa ti ents with acu te exa cer -
ba ti on and type II res pi ra tory fa i lu re re qu i ring in va si ve mec ha ni cal ven ti la ti on for mo re than 24
ho urs we re en rol led in this study. Ex tu ba ti on was plan ned if the pa ti ents to le ra ted pres su re sup-
port mo de for at le ast two ho urs and spon ta ne o us bre at hing du ring a 30 mi nu tes T-pi e ce tri al.
Bre at hing fre qu ency, ex ha led ti dal vo lu me, ra pid and shal low bre at hing in dex (RSBI), mi nu te
ven ti la ti on (Vmin), MIP and vi tal ca pa city me a su re ments we re re cor ded pri or to ex tu ba ti on. Pa-
ti ents we re di vi ded in to two gro ups ac cor ding to we a ning suc cess (WS) and fa i lu re. WS was de-
fi ned as 48 ho urs of in de pen den ce from mec ha ni cal ven ti la ti on af ter ex tu ba ti on. RRee  ssuullttss::  Alt ho ugh
RSBI va lu es bet we en two gro ups we re not sig ni fi cantly dif fe rent, the re we re sta tis ti cally sig ni fi -
cant dif fe ren ces bet we en the two gro ups in terms of MIP (30 vs 18 cmH2O; p= 0.008) and Vmin
(10.40 vs 8.25; p= 0.032). Pa ti ents with a MIP va lu e gre a ter than or equ al to 25 cm H2O had gre -
a ter WS when com pa red to tho se with va lu es lo wer than 25 cm H2O. CCoonncc  lluu  ssii  oonn::  RSBI alo ne se -
ems not re li ab le eno ugh to pre dict we a ning out co me in COPD pa ti ents with type II res pi ra tory
fa i lu re du e to acu te exa cer ba ti on. Sup por ted with MIP, bet ter re sults may be ac hi e ved to pre dict
we a ning out co me.

KKeeyy  WWoorrddss::  We a ning; pul mo nary di se a se, chro nic obs truc ti ve; res pi ra ti on, ar ti fi ci al 

ÖÖZZEETT  AAmmaaçç::  KO AH'lı has ta lar da in va ziv ven ti la tör den ayır ma ba şa rı sı nı tah min de, hız lı yü ze yel
so lu ma in dek si nin (RSBI) ya nın da, mak si mum ins pi ra tu ar ba sın cın  (MIB) de ğe ri ni araş tır mak tır.
GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Yir mi dört sa at ten faz la in va zif ven ti la tör ge rek si ni mi olan, tip II so lu num
yet mez li ği bu lu nan, akut alev len me li 56 KO AH has ta sı ça lış ma ya alın dı. Has ta lar en az iki sa at bo -
yun ca ba sınç des tek mo du nu ve 30 da ki ka bo yun ca T-par ça sı ile spon tan so lu nu mu to le re ede bil -
dik le rin de eks tü bas yon plan lan dı. So lu num sa yı sı, eks ha le ti dal vo lüm, RSBI, da ki ka ven ti las yo nu
(Vmin), MIB ve vi tal ka pa si te öl çüm le ri eks tü bas yon ön ce sin de kay de dil di. Has ta lar in va ziv ven -
ti la tör den ayır ma ba şa rı sı ve ba şa rı sız lı ğı na gö re iki gru ba ay rıl dı. Eks tü bas yon son ra sı en az 48 sa -
at me ka nik ven ti las yon ih ti ya cı ol ma ma sı ba şa rı ola rak ta nım lan dı. BBuull  gguu  llaarr:: Her iki grup ara sın da
RSBI de ğer le ri fark lı de ğil di an cak MIB (30 ve 18 cmH2O; p= 0.008) ve Vmin (10.40 ve 8.25; p=
0.032) de ğer le ri ara sın da an lam lı fark gö rül dü. Yir mi beş cm H2O'ye eşit ve ya da ha faz la MIB de -
ğe ri olan has ta lar da ayır ma ba şa rı sı, bu de ğe ri 25 cm H2O'den dü şük olan has ta la ra gö re da ha faz -
lay dı. SSoo  nnuuçç::  Tip II res pi ra tu ar yet mez li ği olan akut alev len me li KO AH has ta la rın da ba şa rı lı ayır ma
tah mi ni için RSBI tek ba şı na ye ter li de ğil dir. MIB ile des tek le ğin de ayır ma ba şa rı sı nı de ğer len dir -
mek için da ha iyi so nuç lar el de edi le bi lir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ayır ma; ak ci ğer has ta lı ğı, kro nik obs trük tif; so lu num, su ni  
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e a ning from mec ha ni cal ven ti la tor is
an im por tant step in the tre at ment of
acu te res pi ra tory fa i lu re. Each day pas -

sed un der mec ha ni cal ven ti la ti on (MV) we a kens
the res pi ra tory musc les and di mi nis hes the chan ce
for suc cess ful we a ning.1 Mo re o ver, the risk of de ve -
lo ping ven ti la tor as so ci a ted pne u mo ni a (VAP) in-
cre a ses with pro lon ged MV days.2 On the
co un ter part, early or unp lan ned ex tu ba ti on is as so -
ci a ted with sen sibly hig her mor ta lity.3,4 The re fo re
the im por tan ce of the ti ming for we a ning and ex-
tu ba ti on is cru ci al. Even slight dif fe ren ces in terms
of suc cess ra tes of dif fe rent we a ning in di ces may
be of gre at im por tan ce in terms of mor bi dity and
mor ta lity.

Many pro ce du res we re set up in or der to pre-
dict the out co me of we a ning in the last 20 ye ars.
With the con ti nu ing evo lu ti on of tech no logy, mul -
ti-pro ces sor ven ti la tors in teg ra ted new me a su red
or cal cu la ted pa ra me ters con si de red as po ten ti al
pre dic tors of suc cess ful we a ning. Alt ho ugh pro mi -
sing re sults of the se pa ra me ters, me di cal cha rac te -
ris tics of pa ti ents en rol led in most stu di es we re
non-ho mo ge no us. Since parameters were tes ted se -
pa ra tely in non-ho mo ge no us pa ti ent gro ups, di ver-
gent re sults we re ob ta i ned and en gen de red
con tro ver si es on the ir use ful ness. 

Ra pid and shal low bre at hing in dex (RSBI) was
fo und to be the most ac cu ra te pre dic tor of we a ning
out co me.5 Aga in, this in dex was ori gi nally eva lu a -
ted in a non-ho mo ge ne o us pa ti ent po pu la ti on.
Con si de ring that ins pi ra tory musc le strength is
mar kedly di mi nis hed in COPD pa ti ents, it se ems
ra ti o nal to think that in di ces eva lu a ting the musc -
le strength such as vi tal ca pa city (VC), mi nu te ven-
ti la ti on (Vmin), ma xi mum ins pi ra tory pres su re
(MIP) and ins pi ra tory air way occ lu si on pres su re at
0.1 sec (P0.1), sho uld be mo re re li ab le pre dic tors of
we a ning out co me in this gro up of pa ti ents. The re -
fo re, RSBI may not ne ces sa rily le ad to suc cess ful
ex tu ba ti on for COPD pa ti ents. 

In this pros pec ti ve study, we ai med to eva lu a -
te the pre dic ti ve va lu e of MIP and RSBI in we a ning
of COPD pa ti ents. 

MATERIAL AND METHODS
Fifty-six COPD pa ti ents with acu te exa cer ba ti on
and type II res pi ra tory fa i lu re, re qu i ring in va si ve
mec ha ni cal ven ti la ti on for mo re than 24 ho urs we -
re en rol led in this pros pec ti ve study for over a six
months pe ri od, in the In ten si ve Ca re Unit (ICU) of
Dr. Su at Se ren Chest Di se a ses and Tho ra cic Sur gery
Hos pi tal, İzmir, Tur key. All pa ti ents we re pre vi o -
usly hos pi ta li zed and fol lo wed-up for mo re than
two ye ars in our ins ti tu ti on. COPD di ag no sis was
ba sed on cli ni cal his tory, chest ra di og raphy and
pul mo nary func ti on tests ac cor ding to the Glo bal
Ini ti a ti ve for Chro nic Obs truc ti ve Lung Di se a se
(GOLD) cri te ri a. All pa ti ents had se ve re COPD
with a FEV1< 50% and FEV1/FVC<70%.6

The study pro to col was ap pro ved by the Ins ti -
tu ti o nal Re vi ew Bo ard. An in for med con sent was
ob ta i ned from each pa ti ent or next of kin.

All pa ti ents we re first ad mit ted in the Emer-
gency De part ment. The ma in ca u ses of COPD ex-
a cer ba ti on we re pne u mo ni a (n= 8), con ges ti ve
he art fa i lu re (n= 12) and in fec ti o us exa cer ba ti ons
of chro nic obs truc ti ve pul mo nary di se a se (n= 36). 

Most of them we re in tu ba ted (86%) so on af ter
the ir ar ri val and then trans fer red to the ICU in less
than two ho urs. The rest of the pa ti ents we re in tu -
ba ted in the ICU. Upon ar ri val to the ICU, en dot -
rac he al tu bes with in ter nal di a me ters smal ler than
8.0 mm we re rep la ced with tu bes of this ca li ber.
All pa ti ents we re se da ted with in tra ve no us (IV)
pro po fol per fu si on on their first day in the ICU.
The se da ti on was ma in ta i ned un til Pa O2/Fi O2 ra tio
re ac hed 200. COPD pa ti ents with type II res pi ra -
tory fa i lu re on acu te exa cer ba ti on received ag gres -
si ve tre at ment ba sed on an ti bi o tics, cor ti cos te ro ids,
bronc ho di la tors, di u re tics and inot ro pes if ne e ded.
As so on as they met the we a ning cri te ri a, they
were taken into the we a ning tri al wit ho ut de lay.
Tre at ment of acu te exa cer ba ti on of COPD in our
ICU typi cally inc lu des bronc ho di la tor the rapy con-
sis ting of ne bu li zed sal bu ta mol and ip rat ro pi um
bro mi de gi ven at re gu lar in ter vals, usu ally every 4-
6 ho urs, in tra ve no us cor ti cos te ro ids (hydro cor ti so -
ne, 100 mg every 6h), and syste mic an ti bi o tics,
whe n in di ca ted. All pa ti ents re ce i ved en te ral fe e -
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ding so lu ti ons (Je vity Plus, Ab bott La bo ra to ri es,
USA) with an energy con tent of 20 to 30 kcal/kg if
pos sib le. All pa ti ents we re ven ti la ted with a Ga li le -
o ven ti la tor (Ha mil ton-Me di cal, Bo na duz, Swit zer-
land). Pres su re con trol led (PCV) mo de was
pre fer red un til trig ge ring was sa tis fac tory. Pres su -
res and bre aths per mi nu te were set in the con trol -
led mo de ven ti la ti on and chan ged re gu larly in
or der to di mi nish Pa CO2 gra du ally. Pres su re sup-
port (PS) mo de was se lec ted as ra pidly as pos sib le
for pa ti ent com fort. 

Pri or to we a ning, all pa ti ents we re h e mody -
na mi cally stab le and op ti mi za ti on of vo lu me sta tus
and elec troly tes and tre at ment of co mor bi di ti es
such as high blo od pres su re, arrhy thmi a and exa -
cer ba ti on of COPD we re ac hi e ved with ap prop ri a -
te drugs. 

The de ci si on to at tempt a we a ning tri al was
ma de ac cor ding to the cri te ri a si mi lar to tho se of
the ACCP-ACCCM-AARC We a ning Gu i de li nes:7

pa ti ent he mody na mi cally stab le for at le ast six ho -
urs un der PS ven ti la ti on with 10 cm H2O sup port,
5 cm H2O le vel of po si ti ve end ex pi ra tory pres su re
(PE EP), Fi O2 ≤ 0.40, trig ge ring less than 30 bre aths
per mi nu te and a Pa O2 / Fi O2 ra ti o ≥ 250. Two ho -
urs be fo re the we a ning tri al, en te ral fe e ding was
stop ped. Af ter two ho urs, re si du al gas tric con tent
was suc ti o ned. A fi be rop tic bronc hos copy was per-
formed to en su re that the en dot rac he al tu be was
fre e of mu cus plug. 

The we a ning pro ce du re con sis ted of 30 mi nu -
tes spon ta ne o us bre at hing with a T-pi e ce and 6 L
min-1 O2. A fi nal blo od gas analy sis was per for med
and if Pa O2/Fi O2 ra ti o was ma in ta i ned over or equ -
al to 250, Pa CO2 < 60 mmHg and pH > 7.30, the pa-
ti ent was ex tu ba ted. Pa ti ents with de te ri o ra ted
cli ni cal con di ti on or blo od ga ses in this step we re
con si de red as not re ady for we a ning (NR) and we -
re re o ri en ted to in ten si ve physi ot he rapy.  The se
pa ti ents we re not re-eva lu a ted aga in in this study.
If the pa ti ent did not ne ed mechanical ventilation
(MV) mo re than 48 ho urs af ter ex tu ba ti on, the tri -
al was con si de red as a suc cess ful we a ning (WS),
and ot her wi se we a ning fa i lu re (WF).

De mog rap hic cha rac te ris tics (age, gen der, his-
tory) as well as acute physiology and choronic health

evaluatiın (APAC HE II) and simplified acute phys-
iology (SAPS) sco res are re cor ded for each pa ti ent in
our ICU. Cli ni cal da ta (e.g., body tem pe ra tu re, ar te -
ri al blo od pres su re, blo od ga ses, blo od bi oc he mistry
and ven ti la tory pa ra me ters) we re re cor ded on the
da ily ba sis. Eli gib le pa ti ents we re dis con nec ted from
the ven ti la tor and a T-pi e ce with a flow of oxy gen at
6 L min-1 was at tac hed to the en dot rac he al tu be for
30 mi nu tes. Af ter this pe ri od, the flow sen sor of the
ven ti la tor, which is al so a pne u mo tac hog raph, was
con nec ted bet we en the T-pi e ce and the end of the
en dot rac he al tu be. The ven ti la tor’s RS232 se ri al port
was con nec ted to a com pu ter, on which a ho me ma -
de soft wa re re cor ded re al-ti me flow, pres su re and
vo lu me da ta. Af ter ca lib ra ti on of the flow sen sor,
me a su res of RSBI and MIP as well as mi nu te ven ti -
la ti on (Vmin) and vi tal ca pa city (VC) we re per for -
med for all pa ti ents by his/her pri mary physi ci an
who was una wa re of the study. When stab le and qu -
i et ven ti la ti on was as su red, the res pi ra tory ra te and
the ave ra ge of ti dal vo lu mes over one mi nu te we re
no ted. RSBI was cal cu la ted as the ra ti o of res pi ra tory
ra te to the ave ra ge ti dal vo lu me (f/Vt).

The pa ti ents we re in for med on the pro ce du re.
The T-pi e ce was re mo ved and a uni di rec ti o nal val -
ve was mo un ted to the flow sen sor. The ins pi ra tory
pres su res we re re cor ded for 30 se conds by the com-
pu ter. Then the T-pi e ce was re su med. Af ter fi ve mi -
nu tes of rest, the sa me ma ne u ver was re pe a ted to
ve rify the rep ro du ci bi lity. The ma xi mum ins pi ra tory
pres su re re cor ded was ac cep ted as the MIP va lu e. 

Mi nu te vo lu me was me a su red by the ti me
RSBI me a su re ment was made. The vi tal ca pa city
was cal cu la ted as the ave ra ge of vo lu mes af ter fi ve
ma xi mal ins pi ra tory ef forts plus the ma xi mal func-
ti o nal re si du al ca pa city me a su red whi le pa ti ents
we re having MIP ma ne u vers. Vi tal ca pa city to
body we ight ra ti o (VC/BW) was cal cu la ted using
the last known we ight of the pa ti ent. 

Af ter the me a su re ments, the pa ti ent was ex tu -
ba ted and re ce i ved oxy gen thro ugh a fa ci al mask. 

Sta tis tical Analysis

Nu me ric (sca le) da ta are pre sen ted as me di ans (mi -
ni mum-ma xi mum). Me di ans bet we en two gro ups
we re com pa red by Mann-Whit ney U tests. Bi no -



mi nal da ta are pre sen ted in pro por ti ons and com-
pa red using Chi-squ a re or Fis her’s exact test. All da -
ta we re pro ces sed with SPSS 16.0 for Win dows
(LE AD Tech no lo gi es Inc., USA) and NCSS (Hint ze
J., Num ber Crunc her Sta tis ti cal Systems, Kays vil le,
Utah, USA). The stan dard for mu la e we re used to
cal cu la te the pre dic ti ve po wer of the thres hold va l-
u es for each in dex: Sen si ti vity = tru e po si ti ve/(tru e
po si ti ve + fal se ne ga ti ve), Spe ci fi city = tru e ne ga ti -
ve/ (tru e ne ga ti ve + fal se po si ti ve) and Di ag nos tic
ac cu racy = (tru e po si ti ve + tru e ne ga ti ve)/ (tru e po s-
i ti ve + tru e ne ga ti ve + fal se po si ti ve + fal se ne ga ti ve).
The de fi ni ti on of a tru e po si ti ve was a suc cess ful
we a ning when the in dex pre dic ted a WS whi le a
tru e ne ga ti ve was a we a ning fa i lu re when the in dex
pre dic ted a WF. SPSS was used to ge ne ra te receiver
operating characteristic (ROC) cur ves and cal cu la -
te the sen si ti vity and spe ci fi city for a ran ge of cu toff
po ints for the RSBI, MIP and Vmin da ta. 

RESULTS
Of fifty-six pa ti ents, 14 (25 %) were con si de red as
not re ady for we a ning (NR). Of the re ma i ning
forty-two pa ti ents, 33 we re suc cess fully we a ned
(78.6%). Gro up B ac co un ted ni ne un suc cess ful we -
a ning pa ti ents (21.4 %). Pa ti ent de mog rap hics and
ar te ri al blo od gas analy sis re sults of ex tu ba ti on we -
re re por ted on Tab le 1 for each gro up. Pa ti ents in
both gro up we re si mi lar in terms of age, sex ra ti o,
APAC HE II and SAPS sco res me a su red on the first
day of mec ha ni cal ven ti la ti on in the ICU and days
of mec ha ni cal ven ti la ti on until the day of we a ning
tri al (MV days).

The me di an MIP va lu es we re sig ni fi cantly dif-
fe rent bet we en the two gro ups (Tab le 2, Fi gu re 1).
RSBI was un der 105 bre aths min-1 L-1 in all pa ti -
ents, a va lu e that was con si de red as the cut-off va -
lu e for suc cess ful we a ning by To bin et al.5

Mo re o ver, fi ve of the ni ne pa ti ents in gro up B (WF
gro up) had a va lu e un der 50 bre aths min-1 L-1, and
fi nally the me di ans of RSBI of the two gro ups we -
re not sta tis ti cally dif fe rent (Tab le 2, Fi gu re 2).
Con si de ring a cut-off va lu e of 25 cm H2O (Lo wer
con fi den ce li mit of the me di an, 95% of CI), only
one pa ti ent in gro up B pre sen ted a MIP va lu e over
this cut-off va lu e. MIP de mons tra ted bet ter out co -

me pre dic ti on than RSBI, even with va lu es of 50
bre aths min-1 L-1. A sen si ti vity of 81.8 % and a spe -
ci fi city of 88.9% we re cal cu la ted for MIP, whe re as
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WS (n = 33) WF (n = 9) p
Age (years) 65 (46-77) 76 (59-81) 0.121

Sex (M/F) 21/12 5/4 0.710

APACHE II 17.00 (6-29) 17.00 (14-19) 0.816

SAPS 40.00 (30-64) 39.00 (38-56) 0.641

FEV1 (L) 1.2 (0.7-1.8) 1 (0.9-1) 0.352

FEV1/FVC (%) 56 (41-65) 49 (47-50) 0.264

pH 7.40 (7.31-7.59) 7.38 (7.35-7.48) 0.598

PaCO2 (mmHg) 54 (40-76) 54 (45-68) 0.960

PaO2 (mmHg) 83 (60-98) 87 (67-98) 0.281

TABLE 1: Demographic data of patients according to
weaning success and failure. 

WS= weaning success, WF= weaning failure, APACHE II= acute physiology and chronic
health evaluation, SAPS= simplified applied physiology score, FEV1= forced expiratory
volume in one second, FVC= forced vital capacity, PaCO2= partial pressure of carbon
dioxide in arterial blood, PaO2= partial pressure of oxygen in arterial blood. Data are
presented as median (minimum-maximum).

WS (n = 33) WF (n = 9) P
RSBI 43 (19-91) 33 (27-86) 0.908

Vmin 10.40 (7.30-15.20) 8.25 (5.50-9.00) 0.032

MIP 30 (18-50) 18 (12-30) 0.008

VC/BW 10.50 (6.00-18.30) 6.35  (4.00-14.60) 0.154

MV (days) 2 (1-4) 2 (1-10) 0.768

TABLE 2: Comparison of the respiratory parameter
of two groups. Data are presented as medians

(minimum-maximum). 

WS=weaning success, WF=weaning failure, RSBI=rapid and shallow breathing index,
Vmin=minute volume, MIP=maximum inspiratory pressure, VC/BW=vital capacity to
body weight ratio, MV=mechanical ventilation.

FIGURE 1: Boxplots of the MIP values of the two groups. The line in the mid-
dle of the box indicates the median, the upper and lower end of the box indi-
cate the upper and lower quartile, and the upper and lower end of the error
bar indicate the maximum and minimum.
MIP= maximum inspiratory pressure, WF= weaning failure, WS= weaning success.
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for RSBI, the se pa ra me ters we re 75.8% and 44.4%,
res pec ti vely (Tab le 3).  

For anot her in dex, Vmin, the me di an va lu e
was fo und sig ni fi cantly dif fe rent bet we en the two
gro ups, and a thres hold va lu e of 8.6 L min-1 was
used in or der to cal cu la te its pre dic ti ve sig ni fi can -
ce.8 The sen si ti vity and the spe ci fi city of Vmin 
we re 15.1% and 55.6%, res pec ti vely. If ins te ad of
this thres hold va lu e, a me an va lu e for Vmin (10 L
min-1) was con si de red as a thres hold va lu e pre dic -
ting WS, the sen si ti vity and spe ci fi city of Vmin
wo uld be 66.7% and 100% res pec ti vely (Tab le 3). 

DISCUSSION
This study sug gests that MIP me a su re ments may be
a go od pre dic tor of we a ning suc cess in se ve re
COPD pa ti ents be si des RSBI.

Many aut hors re por ted va lu ab le da ta re la ted
to we a ning pre dic tors,9-13 but only few of the pub-
lis hed re se arch were performed on ho mo ge no us
po pu la ti on of pa ti ents with si mi lar eti o lo gi es of res-
pi ra tory fa i lu re. This may in part exp la in the con-
tro ver si es on the sig ni fi can ce of the se pre dic tors.
In this study, only COPD pa ti ents with acu te exa -
cer ba ti on and re qu i ring mec ha ni cal ven ti la ti on
we re en rol led. 

Physi ci ans are most re luc tant to use in va si ve
met hods for the ven ti la tory sup port in COPD pa ti -
ents. Mo re o ver, non-in va si ve mec ha ni cal ven ti la -
ti on is mo re ef fec ti ve in as sis ting the se pa ti ents
du ring acu te exa cer ba ti on epi so des and it re du ces
the ne ed for in tu ba ti on.14,15 Ho we ver, in se ve re ca -
ses, pa ti ents with acu te exa cer ba ti on may not be n-
e fit from non-in va si ve tech ni qu es and re qu i re
se da ti on and in va si ve stra te gi es.15 Physi ci ans know
how dif fi cult is to we an COPD pa ti ents from the
ven ti la tor, es pe ci ally when the du ra ti on of MV is
pro lon ged. On the ot her hand, pre ma tu re ex tu ba -
ti on and re in tu ba ti on ha ve an in de pen dent as so ci -
a ti ons with in cre a sed risk for de ath and pro lon ged
ICU stay.3 Hen ce, the re is a ne ed for a re li ab le pre-
dic tor of suc cess ful we a ning app li cab le to se ve re
COPD pa ti ents.

Sin ce the pub li ca ti on of Yang and To bin,
many aut hors tes ted RSBI in va ri o us po pu la ti ons of
pa ti ents.5,16,18 In many of the se pub li ca ti ons, effi-
ciency of RSBI has been proven. In COPD pa ti ents,
ho we ver, RSBI with its pro po sed thres hold va lu e
of 105 bre aths min-1 L-1 was not fo und to be the
best pre dic tor of out co me.8 Ins te ad, whi le so me au-
t hors pro po sed lo wer thres hold va lu es for bet ter
we a ning out co me pre dic ti on, so me ot hers pro po -
sed to use ot her in di ces li ke the air way occ lu si on
pres su re af ter on set of ins pi ra ti on (P0.1), P0.1/ma -
xi mal ins pi ra tory pres su re (P0.1/MIP), the oxy gen
cost of bre at hing and comp li an ce-ra te-oxy ge na ti -
on-pres su re in dex (CROP).8,19-22

It se ems ra ti o nal to think that the de ter mi nant
for suc cess ful we a ning of each eti o lo gi cal gro up of
pa ti ents may be dif fe rent. Cor res pon dingly, to es-
ti ma te we a ning out co me, it se ems ade qu a te that
the at ten ding physi ci an pre fers using in di ces eva lu-

FIGURE 2: Boxplots of the RSBI values of the two groups. The line in the
middle of the box indicates the median, the upper and lower end of the box
indicate the upper and lower quartile, and the upper and lower end of the
error bar indicate the maximum and minimum.
RSBI= rapid shallow breathing index, WF= weaning failure, WS= weaning success. 

RSBI MIP Vmin
Threshold value for WS ≤ 50 ≥ 25 ≤ 8.6 ≥ 10

Sensitivity 75.8 % 81.8 % 15.1 % 66.7 %

Specificity 44.4 % 88.9 % 55.6 % 100 %

Diagnostic accuracy 69.0 % 83.3 % 23.8 % 73.8 %

TABLE 3: Sensitivity, specificity and diagnostic accu-
racy of weaning predictors for different threshold levels. 

RSBI=rapid and shallow breathing index, Vmin=minute volume, 
MIP=maximum inspiratory pressure.



Turkiye Klinikleri J Med Sci 2010;30(4) 1261

Thoracic Diseases Uçar et al

a ting the li mi ting fac tors in each ca se. Even for a
spe ci fic gro up of pa ti ents such as se ve re COPD pa-
ti ents, physi ci ans may fe el the ne ed to use dif fe rent
in di ces for short term ver sus long term ven ti la ted
pa ti ents, for pa ti ents with trac he o tomy or for type
I ver sus type II res pi ra tory fa i lu re pa ti ents. So me
aut hors re fu te the use of we a ning out co me pre dic -
tors, or recommend using mo re than one pre dic tor
for mo re ac cu ra te re sults.23,24

Alt ho ugh easy to use, old in di ces such as res-
pi ra tory ra te (RR), Vmin and Vt/Body We ight, se -
em to be aban do ned be ca u se of the ir in suf fi ci ent
ac cu racy. New in di ces such as P0.1, P0.1/MIP, ma -
xi mal ins pi ra tory pres su re (PI max), occ lu si on pres-
su re and CROP ha ve the ir re pu ta ti ons, but they
re qu i re new ge ne ra ti on ven ti la tors. RSBI, an easy-
to-use and ven ti la tor in de pen dent pre dic tor of we -
a ning, was very pro mi sing in that way. Ho we ver,
in the pre sent study, even with a se ve re lo we ring of
the thres hold va lu e to 50 bre aths min-1 L-1, its pre-
dic ti ve va lu e was li mi ted. Va ri a ti on of res pi ra tory
mec ha nics in COPD pa ti ents, such as re la ti vely low
RR, to le ran ce of hig her Pa CO2 and lo wer Pa O2,
may par ti ally exp la in the se re sults. 

Ac cor ding to Yang and To bin, the thres hold
va lu e of Vmin for pre dic ting we a ning out co me was
≤ 15 L.min-1.5 Ac cor ding to Sahn et al., a Vmin < 10
L.min-1 was as so ci a ted with the we a ning suc cess,
and the authors conc lu ded that hig her va lu es of
Vmin (> 15 to 20 L min-1) wo uld help iden tifying
pa ti ents who we re un li kely to be li be ra ted, but lo -
wer va lu es we re not help ful in pre dic ting suc cess.25

In the pre sent study, fo ur of 33 pa ti ents (12.1%) in
the WS gro up had a Vmin > 15 L min-1 and me di -
an Vmin was sig ni fi cantly hig her in the WS gro up
when com pa red to WF gro up. This dif fe ren ce in
Vmin may be re la ted to the fact that COPD pa ti -
ents must not only ven ti la te the ir al ve o li, but al so
the in cre a sed de ad-spa ces. Des pi te the dif fe ren ce
bet we en me ans, the sen si ti vity and the di ag nos tic
ac cu racy of Vmin we re low (66.7% and 73.8%, re-
s pec ti vely). Ne vert he less, if re cal cu la ted for a new
thres hold le vel of 10 L.min-1, the spe ci fi city of
Vmin was 100%. On the ot her hand, all WF pa ti -
ents had a Vmin less than 10 L min-1. This va lu e,
ho we ver, sho uld be con si de red cautiously sin ce the

num ber of pa ti ents was to o small to be a rep re sen -
ta ti ve samp le.

In the pre sent study, MIP se ems to be mo re re-
li ab le than RSBI or ot her in di ces alo ne in pre dic -
ting we a ning out co me of COPD pa ti ents. Se ve re
form of COPD usu ally ca u ses a sta te of chro nic res-
pi ra tory musc le com pro mi se be ca u se of the in com-
p le te al ve o lar emp tying at the end of ex pi ra ti on
le a ding to dyna mic hype rinf la ti on, in trin sic po si -
ti ve end-ex pi ra tory pres su re, flat te ned di ap hragm,
rec ru it ment of ac ces sory res pi ra tory musc les, and
chan ges in the sha pe of the rib ca ge.26 The me su re -
ment of MIP is the most wi dely used and is a sim-
p le way to ga u ge res pi ra tory musc le strength and
to qu an tify its se ve rity.27-29 The me a su re ment of
MIP in di ca tes the sta te of res pi ra tory musc les, and
it may al so pro vi de cli ni ci ans with a furt her and
help ful to ol in eva lu a ti on of musc le strength of
COPD pa ti ents be fo re we a ning pro ce du re. Alt ho -
ugh dif fe rent thres hold va lu es for MIP we re sti pu -
la ted by dif fe rent aut hors, the lo wer li mit of the
95% con fi den ce in ter val, for ins tan ce 25 cm H2O
was ta ken as the thres hold va lu e in this study. 

One of the we ak nes ses of the study is that 
no va lu es of au to positive end expiratory pressure
(PE EP) we re pro vi ded be ca u se of tech ni cal li mi ta -
ti ons. Au to PE EP is known to se ve rely ham per we -
a ning in COPD pa ti ents. Dyna mic hype rinf la ti on
and au to-PE EP are com mon prob lems in pa ti ents
re ce i ving full or par ti al ven ti la tory sup port, as well
as in tho se re ady to be we a ned from the ven ti la tor.
5 cm H2O le vel of PE EP was ad jus ted to over co me
au to-PE EP in this study.

The in te res ting po int of this study was the re l-
a ti vely short du ra ti on of MV com pa red to mo re se-
ve rely in fec ted pa ti ents. The re was no dif fe ren ce
in MV days in both gro ups. Even with short du ra -
ti on of MV, MIP se ems to ha ve a bet ter pre dic ti ve
va lu e than RSBI in COPD pa ti ents.

CONCLUSION
This study de mons tra ted that, MIP with a thres hold
va lu e of 25 cm H2O se ems to ha ve a high pre dic ti -
ve va lu e for the suc cess ful we a ning in COPD pa ti -
ents with acu te exa cer ba ti on and type II res pi ra tory
fa i lu re ne ces si ta ting mec ha ni cal ven ti la ti on.



Turkiye Klinikleri J Med Sci 2010;30(4)1262

Uçar ve ark. Göğüs Hastalıkları

1. Scheinhorn DJ, Chao DC, Stearn-Has-
senpflug M. Liberation from prolonged me-
chanical ventilation. Crit Care Clin 2002;18(3):
569-95.

2. Byers JF, Sole ML. Analysis of factors related
to the development of ventilator-associated
pneumonia: use of existing databases. Am J
Crit Care 2000;9(5):344-9.

3. Epstein SK, Ciubotaru RL, Wong JB. Effect of
failed extubation on the outcome of mechani-
cal ventilation. Chest 1997;112(1):186-92.

4. Epstein SK, Nevins ML, Chung J. Effect of un-
planned extubation on outcome of mechani-
cal ventilation. Am J Respir Crit Care Med
2000;161(6):1912-6.

5. Yang KL, Tobin MJ. A prospective study of in-
dexes predicting the outcome of trials of wean-
ing from mechanical ventilation. N Engl J Med
1991;324(21):1445-50.

6. Fabbri LM, Hurd SS. Global Strategy for the
Diagnosis, Management and Prevention of
COPD: 2003 update. Eur Respir J
2003;22(1):1-2.

7. MacIntyre NR, Cook DJ, Ely EW Jr, Epstein
SK, Fink JB, Heffner JE, et al.Evidence-based
guidelines for weaning and discontinuing ven-
tilatory support: a collective task force facili-
tated by the American College of Chest
Physicians; the American Association for Res-
piratory Care; and the American College of
Critical Care Medicine. Chest 2001;120(6
Suppl):375S-95S.

8. Alvisi R, Volta CA, Righini ER, Capuzzo M,
Ragazzi R, Verri M, et al. Predictors of wean-
ing outcome in chronic obstructive pulmonary
disease patients. Eur Respir J 2000;15(4):
656-62.

9. Weavind L, Shaw AD, Feeley TW. Monitoring
ventilator weaning--predictors of success. J
Clin Monit Comput  2000;16(5-6):409-16.

10. Kuhlen R, Max M, Dembinski R, Terbeck S,
Jurgens E, Rossaint R. Breathing pattern and
workload during automatic tube compensa-

tion, pressure support and T-piece trials in
weaning patients. Eur J Anaesthesiol 2003;
20(1):10-6.

11. Hariharan S, Kumar AY, Shenoy A. Bedside
indices to predict weaning from mechanical
ventilation. Can J Anaesth 2002;49(7):761-2.

12. O'Keefe GE, Hawkins K, Boynton J, Burns D.
Indicators of fatigue and of prolonged wean-
ing from mechanical ventilation in surgical pa-
tients. World J Surg 2001;25(1):98-103.

13. Epstein SK. Extubation. Respir Care 2002;
47(4):483-92.

14. Keenan SP. Noninvasive positive pressure
ventilation in acute respiratory failure. JAMA
2000:284(18):2376-8.

15. Plant PK, Owen JL, Elliott MW. Early use of
non-invasive ventilation for acute exacerba-
tions of chronic obstructive pulmonary disease
on general respiratory wards: a multicentre
randomised controlled trial. Lancet 2000;
355(9219):1931-5.

16. Khan N, Brown A, Venkataraman ST. Predic-
tors of extubation success and failure in me-
chanically ventilated infants and children. Crit
Care Med 1996;24(9):1568-79.

17. Johannigman JA, Davis K Jr, Campbell RS,
Branson RD, Luchette FA, Hurst JM. Use of
the rapid/shallow breathing index as an indi-
cator of patient work of breathing during pres-
sure support ventilation. Surgery 1997;
122(4):737-40.

18. Krieger BP, Ershowsky PF, Becker DA, Gaze-
roglu HB. Evaluation of conventional criteria
for predicting successful weaning from me-
chanical ventilatory support in elderly patients.
Crit Care Med 1989;17(9):858-61.

19. Capdevila XJ, Perrigault PF, Perey PJ, Rous-
tan JP, d'Athis F. Occlusion pressure and its
ratio to maximum inspiratory pressure are use-
ful predictors for successful extubation follow-
ing T-piece weaning trial. Chest 1995;
108(2):482-9.

20. Özgültekin A, Turan G, Durmuş Y, Ormancı
F, Yüksel G, Akgün N. [Titration of the optimal
pressure support level according to the occlu-
sion pressure (P O.1) value during the wean-
ing of the choronic obstructive pulmonary
disease patients]. Turkiye Klinikleri J Anest
Reanim 2008;6(3):120-6.

21. Gandia F, Blanco J. Evaluation of indexes pre-
dicting the outcome of ventilator weaning and
value of adding supplemental inspiratory load.
Intensive Care Med 1992;18(6):327-33.

22. Shikora SA, Benotti PN, Johannigman JA. The
oxygen cost of breathing may predict weaning
from mechanical ventilation better than the
respiratory rate to tidal volume ratio. Arch Surg
1994;129(3):269-74.

23. Conti G, Montini L, Pennisi MA, Cavaliere F,
Arcangeli A, Bocci MG, et al.  A prospective,
blinded evaluation of indexes proposed to pre-
dict weaning from mechanical ventilation. In-
tensive Care Med 200;30(5):830-6.

24. Meade M, Guyatt G, Cook D, Griffith L, Sinuff
T, Kergl C, et al. Predicting success in wean-
ing from mechanical ventilation. Chest
2001;120(Suppl 6):400-24.

25. Sahn SA, Lakshminarayan S. Bedside criteria
for discontinuation of mechanical ventilation.
Chest 1973;63(6):1002-5.

26. Hill NS. Noninvasive ventilation in chronic ob-
structive pulmonary disease. Clin Chest Med
2000;21(4):783-97.

27. Black LF, Hyatt RE. Maximal respiratory pres-
sures: normal values and relationship to age
and sex. Am Rev Respir Dis 1969;99(5):696-
702.

28. Karvonen J, Saarelainen S, Nieminen MM.
Measurement of respiratory muscle forces
based on maximal inspiratory and expiratory
pressures. Respiration 1994;61(1):28-31.

29. Syabbalo N. Assessment of respiratory mus-
cle function and strength. Postgrad Med J
1998;74(870):208-15.

REFERENCES


