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Vital sign: Eik L ~NJL (E:3 V:5 M:6)
BP 180/95 PR 130 reg. RR 30~35[8]/min BT 38.2°C Sp02: 89% (RM10L/min)
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A chart of failure risk for noninvasive ventilation in patients with COPD exacerbation.
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positive pressure ventilation (NPPWV) study group.
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Knowing the likelihood of failure of noninvasive positive pressure ventilation (NPPV) in patients with exacerbation of chronic obstructive

pulmonary disease (COPD) could indicate the best choice between NPPV and endotracheal intubation instituted earlier. For this purpose,
two risk charts were designed (at admission and after 2 h of NPPV) that included all relevant measurable clinical prognostic indicators
derived from a population representing the patients seen routinely in clinical practice. Risk stratification of NPPV failure was assessed in
1,033 consecutive patients admitted to experienced hospital units, including two intensive care units, six respiratory intermediate care units,
and five general wards. NPPV was successful in 797 patients. Patients with a Glasgow Coma Score <11, acute physiology and chronic
health evaluation (APACHE) Il > or =29, respiratory rate > or =30 breaths x min{-1) and pH at admission <7.25 have a predicted risk of
failure >70%. A pH <7.25 after 2 h greatly increases the risk (>90%). The risk charts were validated on an independent group of 145
consecutive COPD patients treated with NPPV due to an acute ventilatory failure episode. To identify patients with a probability of failure
>50%, the sensitivity and specificity were 33% and 96.7% on admission and 52.9% and 94.1% after 2 h of NPPV, respectively. The
prediction chart, based on data from the current study, can function as a simple tool to predict the risk of failure of noninvasive positive
pressure ventilation and thus improve clinical management of patients tailoring medical intervention.
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Knowing the likelihood of failure of noninvasive positive pressure ventilation (NPPV) in patients with exacerbation of chronic obstructive
pulmonary disease (COPD) could indicate the best choice between NPPY and endotracheal intubation instituted earlier. For this purpose,
two risk charts were designed (at admission and after 2 h of NPPV) that included all relevant measurable clinical prognostic indicators
derived from a population representing the patients seen routinely in clinical practice. Risk stratification of NPPV failure was assessed in
1,033 consecutive patients admitted to experienced hospital units, including two intensive care units, six respiratory intermediate care units,
and five general wards. NPPV was successful in 797 patients. Patients with a Glasgow Coma Score <11, acute physiology and chronic
health evaluation (APACHE) Il > or =29, respiratory rate > or =30 breaths x min{-1) and pH at admission <7.25 have a predicted risk of
failure =70%. A pH <7.25 after 2 h greatly increases the risk (>80%). The risk charis were validated on an independent group of 145
consecutive COPD patients treated with NPPV due to an acute ventilatory failure episode. To identify patients with a probability of failure
=50%, the sensitivity and specificity were 33% and 96.7% on admission and 52.9% and 94.1% after 2 h of NPPV, respectively. The
prediction chart, based on data from the current study, can function as a simple tool to predict the risk of failure of noninvasive positive
pressure ventilation and thus improve clinical management of patients tailoring medical intervention.
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The purpose of the current study was to assess
the risk of NPPV failure in a large unselected
population admitted to different hospital units
with expertise in the application of NPPV and to
build a risk chart of failure of NPPV to be used in
hospitals.

From December 1998 to March 2000 prospective data was
collected from 1,033 consecutive patients affected by COPD
exacerbation and respiratory acidosis that were treated by
NPPV in addition to standard medical therapy (oxygen
supplementation, systemic corticosteroids, inhaled broncho-
dilators, antibiotics, and diuretics if needed). These patients
were admitted to two ICU, five general wards and six
respiratory intermediate intensive care units (RIICU) where
NPPV is the first-line intervention for such patients [17]. The
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Patient : inclusion criteria

From December 1998 to March 2000 prospective data was
collected from 1,033 consecutive patients affected by COPD
exacerbation and respiratory acidosis that were treated by
NPPV in addition to standard medical therapy (oxygen
supplementation, systemic corticosteroids, inhaled broncho-
dilators, antibiotics, and diuretics if needed). These patients
were admitted to two ICU, five general wards and six
respiratory intermediate intensive care units (RIICU) where
NPPV is the first-line intervention for such patients [17]. The

mask. Every patient who received NPPV because of hyper-
capnic respiratory failure and respiratory acidosis due to
exacerbation of COPD was included in the current observa-
tional study. Post-operative patients and patients receiving
NPPV for weaning were excluded. The definition of COPD
exacerbation was in accordance with that of the American
Thoracic Society [18]. NPPV failure was defined as the need for

Consecutive Patients
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Patient : exclusion criteria

tional study. Post-operative patients and patients receiving
NPPV for weaning were excluded. The definition of COPD
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Outcomes
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The outcome variable was defined as féjlure of NPPV due to
invasive ventilation or death.

endotracheal intubation. Pre-determined criteria for endotra-
cheal intubation included: 1) worsening of pH and carbon
dioxide tension in arterial blood (PaCO.) in spite of correct
NPPV administration (e.g. pH <0.04 and Pa,C0,>=0.8 kPa
(=6 mmHg)); 2) the need to protect the airways (coma or
seizure disorders) or to manage copious secretions; 3)
haemodynamic instability (heart rate <50 beats-min™ with
loss of alertness, and /or systolic blood pressure <70 mmHg);
and 4) agitation and inability to tolerate the mask.
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Prognosis and prognostic research: Prognostic studylZDWZWTHZERL7=-BMIDiwX Tl
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Karel G M Moons, Patrick Royston, Yvonne Vergouwe,' Diederick E Grobbee,! Douglas G Atman®

BMJ. 2009 Feb 23;338:b375. l

Required number of patients

The multivariable character of prognostic research %55\'] %ﬁ(: 100)7'-7 I‘jj A’(’*“/ Fhiﬂ‘g

makes it difficult to estimate the required sample ETAERMETIIA AR AEN?

size. There are no straightforward methods for this. ( E . = OV
DRAFZFRRFDIEEIZZEIF =D

When the number of predi-::tors is much larger than

the number of outcome events, there is a risk of over- (&> % ") L7- EE%!Z 75‘\73: LY 75‘\5,&“ }:FE IE E ELT
estimating the predictive performance of the model. é ( f 6 ;I/L"C LY %) :B D é 20 % &j’ ;I/L | jf )

Ideally, prognostic studies require at least several hun-
dred outcome events. Various studies have suggested that
for each candidate predictor studied at least 10 events are l
required,”® * * although a recent study showed that this

number could be lower in certain circumstances.* 20%x10=2004 ARk LZ‘%
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Substantial effective sample sizes were required for external validation
studies of predictive logistic regression models
Yvonne Vergouwe®, Ewout W. Steyerberg, Marinus J.C. Eijkemans, J. Dik F. Habbema
Jourmnal of Clinical Epidemiology 58 (2005) 475-483
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1 - IB=R B Main characteristics of patients at the start of noninvasive positive pressure ventilation

General ward RIICU icu All units
Patients 176 (17.0) 779 (75.4) 78 (7.6) 1033 (100)
Males 127 (72.2) 515 (66.4) 40 (72.7) 682 (66.0)
Age yrs 68.1+98 B97+89 715479 695+90
APACHE Il score 182+45 203461 357+62 203+59
Glasgow Coma Scale 143+15 13.0+24 123+30 132+23
Previous LTOT 98 (56.2) 329 (42.2) 18 (23.0) 445 (43.1)
Previous home MV 30 (17.0) 90 (11.5) 18 (23.0) 138 (13.4)
Hospitalisations-yr™' 18423 16+18 27+1.1 16+19
Chronic comorbidity 113 (64.2) 344 (44.2) 64 (82.1) 521 (50.4)
Pa,0. mmHg 57.8+19.4 5434157 5004212 545+ 16.9
Pa,co, mmHg 75.9+16.3 BO7+169 BBO+183 80.4+16.9
pH 7.31+0.08 7.28+0.06 7224006 728+ 007
Pa,0:/Fi,0: 20194436 1B6.9+ 468 127.1+58.1 180.3+48.2
RR breaths-min™* 289+56 290463 339457 294461
Pneumonia 32 (18.3) 93 (12.0) 5 (6.4) 130 (12.6)

Data are presented as mean4+so or n (%). RICLE: respiratory intermediate intensive care units; ICU: intensive care unit; APACHE: acute physiology and chronic health
envaluation; LTOT: long-tern cxygen therapy; MV: mechanical ventilation; Pa,0y: arterial oxygen tension; Pa,Coy: carbon dioxide arterial tension; A,0,: inspiratory ceygen
fraction; RR: respiratory rate. 1 mmHg=0.133 kPa.
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unpaired t-test Z{#£ A

10188 Univariate comparison befween patients that
succeeded or failed after treatment with
noninvasive positive pressure ventilation

EEE(L
APACHE II SCORE

—Cs EE'Z mﬁ Success Failure p-value
Subjects n 797 236
Age 69.1+91 710485 0.0041
Glasgow Coma Scale 137418 116130 <0.0001
APACHE Il score 189151 252167 <0.0001
ABG at admission
Pz, mmHg 5471163 5381190 0.5331
Paco, mmHg TBE1+16.2 8601190 <0.0001
pH 7291006 7251008 =0.0001
RR 287458 320473 =<0.0001
PaoufR.0, 1897 +47.2 1551 £57 8 =0.0001
— — ABG after 2 h
NPPV'»E&?%T_';(& P20, mmHg 634+119 6284215 05972
N S— 3 = PaCo, mmHg 69.0+141 7681187 <0.0001
.--.Eﬂ '&jj é Fﬁ- E’ —C/ ~ pH 7341005 7.27 +0.1 <0.0001
AREEE - ABT 2RI
JAN = Data are presented as meantso. APACHE: acute physiology and chronic
7] H——Cﬁqzﬁﬁ health evalustion; ABG: arterial blood gases; Pa,0, arterial oxygen tension;
Paco.: carbon dioxide arterial tension; RR: respiratory rate; F.0. inspiratory
oxygen fraction.
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I8 | ogistic regression model used to build the risk
chart

Variables Admission After 2 h
OR pwalue 95%Cl OR p-value 95% Cl
APACHE 1l 3.30 0.0001 1.81-6.01 479 0.0001 220-10.44
score =29

GCS 12-14 2.29 0.0008 1.41-3.72 153 00493 1.00-3.72
GCS =11 440 =0.0001 259-749 5216 <0001 254-10.30
pH =7.25 197 00046 1.23-315 2102 =<00001 1007-43 87
pH 725-7.29 1.08 07511 0.68-1.72 292 0.0004 1.62-5.28
RR 30-34 183 0.00B6 1.17=288 267 0.0021 143499
RR =35 266 =0.0001 166425 495 <0001 264929

OR: odds rmatio; Cl: confidence intervals; APACHE: acute physiology and
chronic health evaluation; GCS: Glasgow Coma Scale; RR: respiratory rate.
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APACHE Il score = 29
GCS 12-14

GCS=11

pH <7.25

RR 30-34/min
RR>35/min
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APACHE Il score = 29
GCS 12-14

GCS=11

pH < 7.25
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RR 30-34/min
RR>35/min
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Discrimination

Sensitivity

0 20 40 60 80 100
100-Specificity
FIGURE 1. Receiver operating characteristic curves at admission (—) and
gfter 2 h (- - =) of noninvasive positive pressure vertilation. ------: ling comesponds to

a test which is useless as a discriminator between successes and failures.
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ABelE 1 0.81 (95%CI 0.78- 0.84)
ABe2Bf & : 0.88(95%CI 0.85-0.90)
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Prognostic study CIZAL ATV RABIRETILHOLELNT)RVREFLE,
ZTORAFDIRAIENS)RAVRAAT RO TRRODEAIHEREZEL TS

Predicted probability = 1/(1+e-(riskscore) )

Box 1| Example of a prognostic model
Risk score from a logistic regression modelto predict the
risk of postoperative nausea orvomiting (PONV) within the
first 24 hours after surgery’:

Risk score=-2.28+(1.27xfemale sex)+(0.65xhistory
of PONV or motion sickness)+(0.72xnon-
smoking)+(0.78xpostoperative opioid use)

where all variables are coded 0 for no or 1 for yes.

The value -2.28 is called the intercept and the other
numbers are the estimated regression coefficients for
the predictors, which indicate their mutually adjusted
relative contribution to the outcome risk. The regression
coefficients are log(odds ratios) for a change of 1 unitinthe
corresponding predictor.

The predicted risk (or probability) of PONV=1 /(1 +g"iskscor),

BMJ. 2009 Mar 31,;338:b604.
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ABeis

pH admission <7.25 pH admission 7.25-7.29 pH admission >7.30
APACHE =29 APACHE <29 APACHE =29 APACHE <29 APACHE =29 APACHE <29

GCS
15

GCS
12-14

GCS
=N

A B;TE 2 H# Fﬁﬂ ?& pH after 2 h <7.25 pH after 2 h 7.25-7.29 pH after 2 h >7.30

FIGURE 3. Failure risk chart of noninvasive positive pressure ventilation after 2 h (the values in the table corespond to the percentage of patients who fail in each
category). I 0-24%; : 25-49%; m 50-74%; B 75-100%. RR: respiratory rate; APACHE: acute physiology and chronic health evaluation || score; GCS: Glasgow Coma
Scale.

BRTEN=EILNOBUER KK A I(%)ERLTNS
KROETITTKEEREEASCRBIRAINE NI EATSIN TS



NPPVE B F Bl D & A T4EET

NPPVEER D' XY F BIDCut-off£25%. 50%. 75%IZ57 17
FROBE-FFRE - FRIOEFME (RDI/RE) ZEFMEL1-

& EMFE:Cut-off LLEDKFIZKRERT S EREME: Cut-off LT DEFICHINT S

m Sensitivity (%), specificity (%) and patients comectly classified (%) at admission and after 2 h

Risk of failure % Measurement Admission After 2 h
25 Sensitivity 68.4 (59.9-76.1) 75.0 (66.9-82.0)
Specificity 784 (74.3-82.1) B1.7 (77.9-85.1)
Patients correctly classified 76.1 802
50 Sensitivity 33.1 (25.3-41.7) 52.9 (44.2-61.5)
Specificity 96.7 (94.7-982) 94.1 (21.6-96.1)
Patients correctly classified 821 847
75 Sensitivity 132 (8.0-20.1) 28.7 (21.3-37.1)
Specificity 99.3 (96.1-99.9) 99.1 (97.8-99.8)

Patients correctly classified

7396

83.0

Data are presented as a percentage (95% confidence intervals).

BREXCut-off & FITAZETHET D > BEET75.0% (Cut-off25%: AlR2FfHE#)
SEEXCut-off s LITAHZLETHET S > HFEE99.3% (Cut-off75% : ARBTHF)
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FIGURE 4. Recsiver operating characteristic curves at admission (—) and

after 2 h (- - -) of noninvasive positive pressure ventilation using the predicted failure

percentages of the risk charts, applied to the 145 patients that were prospectively

collected (independent sampile). ------: line corresponds to a test which is useless
isciminator between successes and failures.
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