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ABSTRACT: Predictive factors in mechanically-ventilated patients with acute exac-
erbations of chronic obstructive pulmonary disease (COPD) have been extensively
studied but not in spontaneously breathing patients. The aim of this retrospective
study was to evaluate the contribution of parameters of respiratory mechanics, clin-
ical and nutritional status in predicting the need for mechanical ventilation (MV)
in COPD patients treated with medical therapy for an acute exacerbation.

Anthropometric data, Acute Physiology and Chronic Health Evaluation (APACHE)
II score, bedside spirometry, breathing pattern, respiratory mechanics and blood
gases were measured in 39 COPD patients upon hospital admission for exacerba-
tion of their disease. Fourteen patients in whom MV was necessary were compared
with 25 patients in whom medical therapy was enough for a good outcome.

The discriminant analysis showed, with decreasing order of power, that nutri-
tional prognostic index (NPI), APACHE II score, forced expiratory volume in one
second/forced vital capacity (FEV1/FVC) ratio, vital capacity (VC) (% predicted)
and FVC (% pred) provided a significant distinction between the two groups. The
discriminant equation considering NPI, and FVC (% pred) could correctly predict
the success in 76% of the patients. A multiparametric stepwise regression analysis
showed that APACHE II score was significantly correlated with NPI, VC (% pred),
pressure time index (PTI) and duty cycle, i.e. fraction of inspiration to duration of
total breathing cycle (tI/ttot).

In conclusion, underlying general conditions as assessed by malnutrition and
APACHE II score were shown to be unfavourable indices of outcome for chronic
obstructive pulmonary disease patients who experienced an exacerbation of their
disease and were treated with medical therapy. Flow limitation data as assessed by
the forced expiratory manoeuvre may provide additional information.
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Assessment of therapeutic response and prediction of
prognosis are two of the major goals of bedside respira-
tory monitoring [1]. Some studies have investigated the
outcome of chronic obstructive pulmonary disease (COPD)
patients requiring mechanical ventilation (MV).  In these
patients, several indices have been proposed as predic-
tive of the outcome and weaning possibility [2, 3]. Acute
Physiology and Chronic Health Evaluation (APACHE)
II severity score upon admission has been shown to have
a significant correlation with outcome and mortality in
patients with different pathologies, including COPD [2,
4]. Nutritional status was found: 1) to be an independent
factor influencing the prognosis of stable COPD [5]; 2)
to influence the need for Intensive Care Unit (ICU) admis-
sion for COPD patients with respiratory insufficiency [6]
and 3) to be a predictive parameter for the outcome of
noninvasive MV in exacerbations of COPD [2].  

Whilst predictive factors in mechanically-ventilated
patients have been extensively studied [7], to our know-
ledge, only one study has been performed on predictive
parameters for outcome in COPD patients suffering from
an acute exacerbation treated with medical therapy alone

[8]. In that study patients who died tended to be older
and were significantly more acidotic, hypotensive and
uraemic compared with those who survived [8]. The
recent availability of a new device for bedside monitor-
ing of respiratory mechanics and ventilatory pattern may
allow additional risk factors for respiratory diseases to
be assessed [9]. The purpose of this paper was to eva-
luate whether respiratory physiological measurements
detectable at the bedside may improve the power of clini-
cal and nutritional indices in predicting the need for MV
in spontaneously breathing COPD patients with an acute
exacerbation of their disease.

Methods

Patients

Thirty nine patients consecutively admitted to our res-
piratory department (RD) due to an acute exacerbation
of their disease were studied. The diagnosis of COPD



was made according to the American Thoracic Society
(ATS) criteria [10]. The patients had been admitted be-
cause of increased coughing, production of purulent spu-
tum, fever, severe bronchospasm with lack of response to
inhalation therapy, or increased dyspnoea without radio-
logical signs of parenchymal infiltrates. Criteria for exclu-
sion from the study were pneumonia (demonstrated by
chest radiography and positive sputum culture), presence
of concomitant severe chronic diseases, cancer, cerebro-
vascular accident, dilated myocardiopathy, comatose
status, and inability to perform bedside measurements
due to need for immediate MV.

Thirty out of the 39 patients were habitually followed
by our institution, 21 out of 39 had been on long-term
oxygen therapy for 28±13 months (no previous clinical
history was available for three patients). All patients
underwent standard medical and oxygen therapy by means
of a 24–28% Venturi mask. Standard medical treatment
consisted of theophylline, antibiotics, steroids and beta-
agonists or both, i.v., either orally or via aerosol [11].
No patients received respiratory stimulants.

Patients gave informed consent to the study which was
approved by the Ethics Committee of Salvatore Maugeri
Foundation.

Measurements

All data were recorded in the same session at the bed-
side, with the patients in a semirecumbent position, shortly
after admission. Blood gas analysis (BGA) was performed
first, while the other measurements were assessed in a
random order.

Nutritional data.  Percentage of ideal body weight (%
IBW) was computed referring to the Metropolitan Life
Insurance Company table [12]; Nutritional prognostic
index (NPI) was calculated as proposed by MULLEN et al.
[13]. NPI is an index describing the nutritional status as
good (<30%), bad (30–59%) or very bad (>60%), tak-
ing into account anthropometric, serological and immuno-
logical data (see Appendix). In patients with peripheral
oedema, nutritional status was assessed after disappea-
rance of oedema following diuretic therapy.

Blood gases.  BGA was performed by means of an anal-
yser (EGA system; Ciba Corning Rome, Italy) on blood
samples drawn from the radial artery while patients were
breathing: room air (31 out of 54); or with a 24% O2
Venturi mask (12 out of 54); or with a 28% O2 Venturi
mask (11 out of 54).

Lung function tests.  Dynamic lung volumes were mea-
sured by means of a portable spirometer (Pony class 1
Type B, Cosmed, Rome, Italy); both digital read-out and
paper tracings were obtained.  The highest value of three
different tests was considered and expressed as percent-
age of the predicted value (% pred) [14].

Breathing pattern and respiratory mechanics.  A spe-
cific device (Bicore, CP-100; Bicore, Irvine, CA, USA)
has been used for bedside monitoring of mechanics and
breathing pattern. Volumes and flows were assessed by

means of a flow transducer (Var Flex Flow transducer,
CP-100; Bicore Irvine, CA, USA). Values of inspirato-
ry tidal volume (VT,I), expiratory tidal volume (VT,E),
respiratory frequency (fR), expiratory minute ventilation
(V 'E), the fR/ VT ratio, and the duty cycle, i.e. inspiratory
time/total time ratio (tI/ttot) were measured. A noseclip
avoided leaks. Oesophageal pressure (Poes) was measured
by means of an oesophageal catheter with a 10 cm bal-
loon at the distal end (part No. 700-3-100 Bicore, Irvine,
CA, USA) passed transnasally and positioned in the lower
third of the oesophagus. The position of the catheter was
checked by means of the occlusion technique [15].  Airway
pressure, airway flow and Poes were transmitted to a
monitor (CP-100 Bicore) and recorded on a paper recorder
(ThinK Jet Hewlett Packard, Waltham, MA, USA). Work
of breathing (WOB), Poes swings, intrinsic positive end-
expiratory pressure (PEEPi), dynamic compliance (Cdyn),
maximal static inspiratory pressure (MIP), pressure-time
product and index (PTP and PTI, respectively) were cal-
culated from Poes, flow and volume data.  All data were
recorded for at least 2 min after the patients had deve-
loped a "steady-state" in their breathing pattern and had
reached good confidence with the oesophageal cathether
for at least 15 min. The final data were collected as aver-
age data of at least 30 breathing acts, eliminating those
affected by artifactual Poes variations. The Appendix shows
further details of measurements and calculated parameters
(for parameter abbreviations see the Appendix).

MIP was assessed on the paper recording during a
maximal inspiratory effort generated after manual occlu-
sion of the flow transducer starting from functional resid-
ual capacity (FRC). The subjects were verbally encouraged
to achieve maximal strength. The highest value of three
tests was considered in data analysis. Reliability and acc-
uracy of the Bicore CP-100 pulmonary device has been
described previously [9, 16].

APACHE II score.  This prognostic score was assessed
at admission. It includes 12 physiological variables: body
temperature, mean systemic arterial blood pressure, heart
rate, respiratory rate, oxygenation status, pH, blood serum
sodium and potassium, creatininaemia, haematocrit, white
cell count, the neurological status expressed by the Glasgow
coma score, age and underlying conditions [4].

Outcome.  Patients who needed MV in spite of adequate
medical therapy, i.e. with a rapid deterioration in neu-
rological status, or an acute onset of respiratory distress,
(severe hypercapnia with an arterial carbon dioxide ten-
sion (Pa,CO2)>8.7 kPa (65 mmHg), acute decrease in pH
<7.35) or a worsening in tachypnoea and the presence
of paradoxic abdominal breathing pattern, were defined
as the "Failure Group". Patients with a good outcome
after medical therapy alone were defined as the "Success
Group". Choice of modality of MV (invasive versus non-
invasive) was made according to the severity of acute
respiratory failure (ARF), acceptance vs noninvasive MV
and physician's familiarity with the procedure [2].

Causes of death were obtained from hospital registers
and from our own knowledge. Pulmonary embolism was
confirmed by lung perfusion scan. Gastric bleeding was
diagnosed by clinical evidence. Multiple organ failure
(MOF) was defined on clinical and functional basis.
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Statistical analysis

All variables used were analysed by means of Skewness,
Kurtosis and Shapiro, and Wilk's W Statistic for testing
normality. Either a Mann-Whitney or a parametric t-test
was used to show: 1) baseline differences between Fail-
ure and Success Groups; and 2) baseline differences
between dead and surviving patients of Failure Group.
The predictive models were developed using stepwise
discriminant analysis. Multiple stepwise correlations
were performed between the single APACHE II score
index and nutritional, lung function, respiratory mechan-
ics and breathing pattern data. To use the parametric
discriminant analysis and correlation tests, the variables
found to be nonparametric were logarithmically trans-
formed [17]. Arterial oxygen tension (Pa,O2) and pH were
not taken into account for outcome prediction because
they were included in the APACHE II score. Pa,CO2 was
not included in the statistical analysis because it was influ-
enced by Pa,O2 values obtained with different levels of
inspiratory oxygen fraction (FI,O2). A p-value of less than
0.05 was considered to be significant.  All the results of
multiple comparison were corrected using the Bonferroni
test.

Results

From 30 out of 39 patients regularly followed by our
institution, 21 subjects had been on long-term oxygen
therapy for 28±13 months. Seventy percent of patients
were admitted with cough, sputum retention and fever,
66% with severe bronchospasm and lack of response to
inhalation bronchodilators, 44% with peripheral oedema,
and 98% with severe dyspnoea.

Demographic, anthropometric characteristics and suc-
cess rate of patients in the study are shown in table 1.
In comparison with patients in the Success Group, the
Failure Group had significantly reduced body weight as
a % IBW, a higher NPI, and a lower transferrin and tri-
ceps skinfold thickness, indicating a poorer nutritional sta-
tus. APACHE II score was more severe in the Failure
Group patients (table 1).

Table 2 shows lung function tests upon admission:
Pa,O2/FI,O2, arterial oxygen saturation (Sa,O2%), forced
expiratory volume (FEV1) (% pred) and FVC (% pred)
were significantly lower, and Pa,CO2 significantly higher,
in patients from the Failure Group, in comparison to
patients from the Success Group.

All patients tolerated respiratory mechanics evaluation.
Table 3 shows respiratory mechanics upon admission:
WOB, Poes, PTP, PTI and PEEPi were significantly greater
in patients from the Failure group in comparison to Suc-
cess Group.

Discriminant analysis showed that, in decreasing order
of power, NPI (F=20.15), APACHE II (F=18.92), FEV1/FVC
ratio (F=14.09), VC% pred (F=9.17) and FVC % pred
(F=9.07) were the significant parameters which provid-
ed distinction between the two groups.

As shown in table 4, the final discriminant equation
including NPI and FVC % pred could correctly predict
the outcome in 76% of patients. In particular, it could
correctly predict the need for MV in 64% of the patients
and success of medical therapy in 83% of the patients.  

Multi-parametric stepwise regression analysis showed
that APACHE II score was significantly correlated with
NPI (r=0.73; p<0.0001), with VC (r=0.42; p<0.0001) and
with PTI and tI/ttot (r=0.45; p<0.01).
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Table 1.  –  Demographic, nutritional data and APACHE
score at admission

Failure Success p-value
Group Group
(n=14) (n=25)

Sex  M/F 12/2 20/5
Age  yrs 61±9 64±6 NS

(38–73) (38–82)
Weight  kg 53±12 67±16 <0.01

(33–83) (39–123)
NPI* 46±22 24±8 <0.001

(20–74) (13–38)
Albumin  g·dL-1 3.8±0.35 4.1±0.4

(2.6–4.1) (3.5–4.6)
TSF mm 9±5 22±11

(4–20) (13–31)
Transferrin  mg·dL-1 168±31 194±29

(126–206) (153–280)
Anergy  % 95 69

IBW*  % 86±21 109±31
(47–110) (77–170) <0.01

APACHE II* 20±7 12±3 <0.001
(15–29) (10–22)

*: data tested by means of Mann-Whitney analysis.  Values
are presented as mean±SD, and range in parenthesis.  Failure:
unsuccessful medical therapy; Success: successful medical ther-
apy; M: male; F: female; TSF: triceps skinfold; Anergy: no
cutaneous response to tine test; IBW: ideal body weight; NPI:
nutritional prognostic index; APACHE: Acute Physiology and
Chronic Health Evaluation; NS: nonsignificant.

Table 2.  –  Lung function at admission

Failure Success p-value
Group Group
(n=14) (n=25)

Pa,O2/FI,O2 2.26±0.10 2.60±0.13 <0.01
(2.1–2.4) (2.21–2.70)

Pa,CO2  kPa 7.8±1.3 6.2±1.0 <0.001
(4.5–9.1) (4.2–8.2)

pH 7.34±0.03 7.36±0.03 <0.05
(7.30–7.40) (7.33–7.42)

HCO3
- mmol·L-1 35±5 30±6 <0.05

(22–43) (21–39)
Sa,O2*  % 82±9 89±7 <0.01

(62–93) (69–94)
FEV1*  % pred 26±11 41±18 <0.001

(15–44) (17–60)
FVC*  % pred 37±9 53±19 <0.001

(18–49) (30–68)
VC*  % pred 44±10 60±18 <0.005

(29–60) (24–70)
FEV1/FVC*  % 37±11 51±11 <0.05

(22–59) (30–64)

Values are presented as mean±SD, and range in parenthesis.  BGA
values are on different FI,O2.  *: data tested by means of Mann-
Whitney analysis.  Pa,O2: arterial oxygen tension; FI,O2: inspira-
tory oxygen fraction; Pa,CO2: arterial carbon dioxide tension;
HCO3

-: serum bicarbonate level; Sa,O2: arterial oxygen satura-
tion; FEV1: forced expiratory volume in one second; FVC: forced
vital capacity; VC: vital capacity; BGA: blood gas analysis.



In the Failure Group (14 subjects), medical therapy
failed after a mean duration of treatment of 26±31 h (range
1–120 h) necessitating MV: invasive in five patients (35%),
noninvasive in nine patients (65%). At the time of start-
ing MV, the patients in the Failure Group had pH=7.25±
0.07; Pa,CO2=13±1.6 kPa (98±12 mmHg); Pa,O2/FI,O2=
1.80±0.25; APACHE II score=26±4.  Six patients (43%)
died in spite of MV. The final causes of death were: one
pulmonary embolisms as confirmed by lung scan; one
severe gastric bleeding; two severe pneumonia; and two
MOF.  Four out of these six patients died in an Inter-
mediate Intensive Care Unit affiliated to our department;
all of them were being ventilated invasively. Two patients
died in our RD during noninvasive MV.

The total success rate of noninvasive MV was 77%
(total duration of the two ventilation modalities was

4.2±2.2 vs 12±5 days for noninvasive and invasive MV,
respectively), whilst one out of five (20%) patients inva-
sively ventilated survived.

Patients of the Failure Group who died differed sig-
nificantly from patients surviving only with respect to
the following parameters, assessed at admission: NPI
(61±13 vs 30±20; p<0.01); % IBW (76±14 vs 97±20%;
p<0.05); serum albumin (3.2±0.37 vs 4.2±0.34 g·dL-1);
serum transferrin (140±12 vs 196±25 mg·dL-1); APACHE
II score (26±3 vs 14±6; p<0.005 ), MIP (30±13 vs 48±21
cmH2O; p<0.05) and PTI (0.23±0.13 vs 0.13±0.04; p<0.05).
In comparison to eight survivors, when submitted to MV,
patients who died showed significantly (p<0.05) worse
values for pH (7.23±0.05 vs 7.29±0.03), and Pa,O2/FI,O2
(1.69±0.45 vs 2.1±0.41).

Discussion

This study has shown that in a group of COPD patients
admitted to a Respiratory Department due to an acute
exacerbation of their diseases: 1) NPI and FVC (% pred)
could correctly predict the outcome in 76% of the patients;
2) NPI, APACHE II, FEV1/FVC ratio, VC % pred and
FVC % pred were significant in predicting the need for
MV; 3) NPI has to be considered a main prognostic
index; 4) NPI, VC (% pred), PTI and t I/t tot were the
variables best correlated with APACHE II score; and 5)
APACHE II score, NPI, % IBW, MIP and PTI were sig-
nificantly more compromised in patients who died in
comparison to survivors of the Failure Group.

Nutritional parameters. Our data confirm that severe
undernutrition, as assessed by an increase in NPI and a
reduction in % IBW, appears to be a risk factor for prog-
nosis confirming the findings of previous reports [2, 5,
18–20].  The association between malnutrition and COPD
has been recognized for many years. Factors related to
the nutritional status are considered as an independent
influence on the course of stable COPD [5]. Poor nutri-
tional status can adversely affect pulmonary function, not
only by impairment of respiratory muscle strength and
exercise tolerance [21, 22], but also by decreased venti-
latory drive and altered lung defence mechanisms [23].
Percentage of IBW was previously found to be an impor-
tant predictive factor for admission into the ICU [6].
LAABAN et al. [20] found that malnutrition was more fre-
quent and more severe in COPD patients requiring MV,
suggesting that assessment of nutritional status should
be systematically performed in COPD patients with ARF.
In our study, patients with worse outcome showed nor-
mal levels of serum albumin in spite of their low body
weight. This may be surprising.  In a study by MENZIES

et al. [24] on patients in weaning from MV, the mean
serum albumin was 2.8 g·dL-1, but in a study by RIEVES

et al. [25] serum albumin levels were similar to ours.
Visceral proteins are considered to reflect the severity of
injury and prognosis in critically ill hospitalized patients,
but they often do not accurately reflect nutritional status
or adequacy of nutritional support [26, 27].

Breathing pattern and respiratory mechanics. The fR/VT
ratio was not different in the patients in the two groups.
A high fR/VT ratio has been considered as a predictive
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Table 3.  –  Respiratory mechanics at admission

Failure Success p-value
Group Group
(n=14) (n=25)

VT mL 401±225 345±146 NS

(100–780) (130–700)
fR breath·min-1 25±11 26±7 NS

(11–47) (12–44)
V 'E L·min-1 9±5 8±4 NS

(2–24) (3.1–17)
fR/VT 116±146 105±74 NS

(10–400) (30–285)
WOB  J·L-1 1.74±0.49 1.22±0.6 <0.001

(0.9–2.86) (0.34–2.48)
Poes cmH2O 19±7 14±6 <0.005

(10–44) (5.1–27)
PEEPi cmH2O 3.3±2.4 1.5±1.9 <0.01

(1.1–11) (0–7)
Cdyn mL·cmH2O 63±36 67±53 NS

(33–235) (15–208)
tI/ttot 0.36±0.06 0.41±0.06 <0.05

(0.22–0.49) (0.27–0.5)
MIP  cmH2O·s-1·min-1 40±22 50±19 <0.05

(18–65) (13–72)
PTP  cmH2O·s-1·min-1 326±101 265±135 <0.005

(157–480) (28–510)
PTI 0.17±0.09 0.11±0.06 <0.01

(0.07–0.45) (0.02–0.30)

Values are presented as mean±SD, and range in parenthesis.
Data tested by means of Mann-Whitney analysis except tI/ttot.
VT: tidal volume; fR: respiratory frequency; V 'E: minute ven-
tilation; WOB: work of breathing; Poes: oesophageal pressure;
PEEPi: intrinsic positive end-expiratory pressure; Cdyn: dynamic
compliance; tI/ttot: duty cycle; i.e. fraction of inspiration to
duration of total breathing cycle; MIP: maximal inspiratory
pressure; PTP: pressure-time product; PTI: pressure-time index;
NS: nonsignificant.

Table 4.  –  Accuracy of the equation to predict outcome

Accuracy Sensitivity Specificity PPV NPV

Failure 0.76 0.69 0.79 0.64 0.83
Success 0.76 0.79 0.69 0.83 0.64

Failure=(NPI × 0.21)+(FVC% × 0.14) -8.28. Success=(NPI
×0.11)+(FVC% ×0.20) -7.53.  PPV: positive predictive value;
NPV: negative predictive value; NPI: nutritional prognostic
index; FVC: forced vital capacity.



index of difficult weaning [7]. To our knowledge, this
is the first report of fR/VT ratio in the prediction of the
outcome of acute exacerbation in spontaneously breath-
ing COPD patients. A breathing pattern with high fR and
low VT in stable COPD patients has been considered as
a useful strategy in avoiding inspiratory muscle overload
and failure [28].

WOB was increased in both groups but statistically
more so in patients in the Failure Group. During an exa-
cerbation, the presence of high airway resistance and
reduction in pulmonary compliance makes COPD patients
prone to develop dynamic hyperinflation, with an increase
in WOB and a decrease in inspiratory muscles function
[11]. Poes was found to be high in both groups, the Fail-
ure Group showing a value double that of the Success
Group, indicating a greater load on inspiratory muscles.
In this study of spontaneously breathing patients, PEEPi
was detectable with a mean value that was greater in pat-
ients from the Failure Group (table 3). Our results con-
firm those by other authors, showing that PEEPi is
commonly detectable in patients with moderate to severe
airway obstruction without acute respiratory failure [29].
In more severe COPD patients needing MV, APPENDINI

et al. [30] found a PEEPi value of 5.6 cmH2O. PTP was
significantly higher in the Failure Group. PTP has been
shown to be an index of energy consumption of the res-
piratory muscles indicating the patient's effort to breathe
[31].

PTI, also referred to as the tension time index [32],
can be found to be increased by any combination of
increased resistance, decreased compliance, inspiratory
muscle weakness and undernutrition [33]; our data con-
firmed these observations.  BELLEMARE and GRASSINO [32]
showed that a tension time index (TTI) of 0.15 may be
considered a critical level for development of fatigue.
Respiratory muscle fatigue could be identified in less
than 10% of COPD patients who were hospitalized for
worsening dyspnoea [34]. In agreement with this obser-
vation, we found that patients in the Failure Group in
comparison to the Success Group showed a mean PTI
level of 0.17±0.09 and 0.11±0.06, respectively, and a
mean MIP value of 40±22 and 50±19 cmH2O respec-
tively, indicating a fatiguing pattern. On admission, in
the six patients from the Failure Group who died, PTI
and MIP were significantly different from those in the
eight patients who survived.

Spirometry.  Most studies have shown that the degree
of airflow limitation is a very reliable index of the sever-
ity and of the outcome of pulmonary disease [35]. More-
over, POSTMA and SWITER [36] concluded that a rapid
decrease in FEV1 indicates a rapid progression of the
natural history of disease, leading to inevitable death.
Our study confirms our previous report that the time
course of obstruction indices is useful in predicting ICU
necessity in COPD patients with respiratory insufficiency
[6].

Outcome. In the study by JEFFREY et al. [8], 12% of
COPD patients with an exacerbation died, being more
acidotic, uraemic upon admission and having a lower
systolic blood pressure than those patients who survived.
These findings probably reflect the severity of the sys-
temic disturbance underlying the exacerbation. Indeed,

in the present study, we show that APACHE II score, a
well-known comprehensive index of severity [4], had a
high predictive value for MV necessity. APACHE II
score was also found to be significantly different upon
admission for patients in the Failure Group who died in
comparison to patients who survived. The overall mor-
tality rate (15%) of our patients was higher than that
reported by JEFFREY et al. (12%) [8]. In the literature,
mortality rate ranged 6–34% [8]. Direct comparison of
the mortality between studies is difficult, as the criteria
for inclusion, medical therapy and, moreover, indication
and use of MV between countries are different.

The accuracy of the predictive equation found may be
insufficient to allow the clinician to perform MV early
(26% of those predicted to fail did not) or to treat less
aggressively with medication (17% of those predicted to
be successful actually required MV). Nevertheless, the
usefulness of these values is enhanced by the recent avail-
ability of noninvasive modalities of MV, which may
spare unfavourable side-effects and complications in
comparison to an unnecessary endotracheal intubation
[37].

Limitations of the study.  The use of a multiparametric
index (NPI) to assess nutritional status must be inter-
pretated with caution, in particular because the single para-
meters may express the level of inflammation rather than
the actual nutritional depletion. The use of the APACHE
II score has some limitations. It could offer an advantage
or a disadvantage to individual ICUs, depending on the
kind of patients treated [38]. The major limitation appears
to be the lack of information about specific characteris-
tics of respiratory patients. At admission, in comparison
to the Success Group, the Failure Group had a higher
APACHE II score which further worsened when MV
was needed. Thus, the APACHE II score can prognos-
tically stratify patients and is correlated with nutritional
status, VC and respiratory muscle function. Reliability
of invasive measurements in patients with acute exac-
erbations of COPD may be questioned, due to factors
such as fever, bronchospasm, increased secretions, lack
of collaboration, etc., preventing the correct performance
of manoeuvres. However, patients unable to perform the
manoeuvres correctly due to immediate need of MV were
excluded from the study.

A retrospective study may be criticized. The predic-
tive factors found in this study are not yet validated and
will therefore, require further prospective studies. Vali-
dating these predictive indices might improve decision
making in early institution of MV in these patients.

In conclusion, underlying general conditions, as assessed
by malnutrition and APACHE II score, were shown to be
unfavourable indices of outcome for chronic obstructive
pulmonary disease patients who experienced an exacer-
bation of their disease and were treated with medical
therapy. Flow limitation data as assessed by the forced
expiratory manoeuvre may provide additional informa-
tion.
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Appendix

Nutritional prognostic index (NPI) = (150-16.6 × (ALB)-
0.78 × (TSF)-0.20 × (TF)-5.8 × (DH)): where, ALB =
serum albumin (g·dL-1); TSF = triceps skinfold (mm);
TF = serum transferrin (mg·dL-1); DH (dermal hyper-
sensitivity) = response to tine test (0 = no reaction, 1 =
<5 mm; 2 = >5 mm). 

PEEPi is calculated as the difference in Poes, between
the Poes plateau (as measured at the end of expiration)
and the Poes reading at the start of inspiratory flow [29].

WOB expressed as J·L-1 was calculated from the area
subtended by the Poes developed during inspiration and
the relaxation curve of the chest wall (estimated chest
wall compliance equal to 200 mL·cmH2O-1).

Delta Poes was calculated as the negative swing in Poes
from the measured end-Poes plateau to the minimal value.

Cdyn was calculated as follows: Cdyn = VT/(Ptp,1-Ptp,2):
where VT = tidal volume; Ptp,1 = transpulmonary pres-
sure at maximum volume zero flow; Ptp,2 = transpulmo-
nary pressure at minimum volume zero flow.

PTP was calculated with the following formula: Integ-
ral ((PEE-Poes) + (Vol/Ccw)) td/tmin (PEE=end-Poes;
Poes=current oesophageal pressure; Vol=current tidal vol-
ume; Ccw=chest wall compliance; t d=sample time; t
min=duration of breath in minutes.

PTI was calculated as mean Poes/MIP x tI/ttot.

References

1. Tobin MJ.  Respiratory monitoring in the intensive care
unit.  Am Rev Respir Dis 1988; 138: 1625–1642.

2. Ambrosino N, Foglio K, Rubini F, Clini E, Nava S,
Vitacca M.  Noninvasive mechanical ventilation in acute
respiratory failure due to chronic obstructive pulmonary
disease: correlates for success.  Thorax 1995, 50: 755–
757.

3. Nava S, Rubini F, Zanotti E, et al. Survival and pre-
diction of successful ventilator weaning in COPD patients
requiring mechanical ventilation for more than 21 days.
Eur Respir J 1994; 7: 1645–1652.

4. Knaus WA, Draper EA, Wagner DP, Zimmerman JE.
APACHE II: a severity of disease classification system.
Crit Care Med 1985; 13: 818–829.

5. Wilson DO, Rogers RM, Wright EC, Anthonisen NR.
Body weight in chronic obstructive pulmonary disease.
The National Institute of Health Intermittent Positive-
Pressure Breathing Trial.  Am Rev Respir Dis 1989; 139:
1435–1438.

6. Vitacca M, Foglio K, Scalvini S, Marangoni S, Quadri
A, Ambrosino N.  Time course of pulmonary function
before admission into ICU: a two year retrospective study
of COLD patients with hypercapnia. Chest 1992; 102:
1737–1741.

7. Yang KL, Tobin J.  A prospective study of indices pre-
dicting the outcome of trials of weaning from mechani-
cal ventilation.  N Engl J Med 1991; 324: 1445–1450.

8. Jeffrey AA, Warren PM, Flenley DC.  Acute hypercapnic
respiratory failure in patients with chronic obstructive

lung disease: risk factors and use of guidelines for man-
agement. Thorax 1992; 47: 34–40.

9. Petros AJ, Lamond CT, Bennett D.  The Bicore pul-
monary monitor. Anaesthesia 1993; 48: 985–988.

10. American Thoracic Society.  Standards for the diagnosis
and care of patients with chronic obstructive pulmonary
disease (COPD) and asthma.  Am Rev Respir Dis 1987;
136: 225–243.

11. Derenne JP, Fleury B, Pariente R.  Acute respiratory fail-
ure of chronic obstructive pulmonary disease. Am Rev
Respir Dis 1988; 138: 1006–1033.

12. Metropolitan Life Insurance Company.  Statistical bul-
letin. 1977; 58: 5.

13. Mullen JL, Buzby GP, Woldman MT.  Prediction of
operative morbidity and mortality by preoperative nutri-
tional assessment. Surg Forum 1979; 30: 80–82.

14. Quanjer Ph, Tammeling JE, Cotes JE, Pedersen OF, Peslin
R, Yernault JC.  Report working party standardization
of lung function tests.  European Coal and Steel Commun-
ity.  Lung volumes and forced ventilatory flows. Eur
Respir J 1993; 6 (Suppl. 16): 5–40.

15. Baydur A, Behrakis K, Zin WA, Jaeger M, Milic-Emili
J.  A simple method for assessing the validity of the
esophageal balloon technique.  Am Rev Respir Dis 1982;
126: 788–791.

16. Nathan SD, Ishaaya A, Koerner SK, Belman MJ.  Predic-
tion of minimal pressure support during weaning from
mechanical ventilation.  Chest 1993; 103: 1215–1219.

17. Armitage P, Berry G. Statistical methods in medical
research: data editing. Oxford, Blackwell Scientific, 1988;
pp. 358–370.

18. Vandenbergh E, Van de Woestijne KP, Gyselen A.  Weight
changes in the terminal stages of chronic obstructive pul-
monary disease: relation to respiratory function and prog-
nosis. Am Rev Respir Dis 1967; 96: 556–566.

l9. Driver AG, McAlevy MT, Smith JL.  Nutritional assess-
ment of patients with chronic obstructive pulmonary dis-
ease and acute respiratory failure. Chest 1982; 82:
868–871.

20. Laaban JP, Kouchakji B, Dore MF, Orvoen-Frija E, David
P, Rochemaure J.  Nutritional status of patients with
COPD and acute respiratory failure. Chest 1993; 103:
1362–1368.

21. Nishimura Y, Tsutsumi M, Nakata H, Tsunenari T, Maeda
H, Yokoyama M.  Relationship between respiratory mus-
cle strength and lean body mass in men with COPD.
Chest 1995; 107: 1232–1236.

22. Palange P, Forte S, Felli A, Galassetti P, Serra P, Carlone
S.  Nutritional state and exercise tolerance in patients
with COPD.  Chest 1995, 107: 1206–1212.

23. Rochester DF, Esau SA.  Malnutrition and respiratory
system.  Chest 1984; 85: 411–415.

24. Menzies R, Gibbons W, Goldberg P.  Determinants of
weaning and survival among patients with COPD who
require mechanical ventilation for acute respiratory fail-
ure. Chest 1989; 95: 398–405.

25. Rieves RD, Bass D, Carter RR, Griffith JE, Norman JR.
Severe COPD and acute respiratory failure: correlates for
survival at the time of tracheal intubation. Chest 1993;
104: 854–860.

26. Murray MJ, Marsh HM, Wochos D, Moxness KE, Offord
KP, Callaway CW.  Nutritional assessment of inten-
sive care unit patients.  Mayo Clin Proc 1988; 63: 1106–
1115.

27. Boosalis MG, Ott L, Levine AS, et al.  Relationship of
visceral proteins to nutritional status in chronic and acute
stress.  Crit Care Med 1989; 17: 741–747.

M. VITACCA ET AL.1492



28. Begin P, Grassino A.  Inspiratory muscle dysfunction
and chronic hypercapnia in chronic obstructive pulmonary
disease. Am Rev Respir Dis 1991; 143: 905–912.

29. Rossi A, Polese G, Brandi G, Conti G.  Intrinsic posi-
tive end-expiratory pressure (PEEPi).  Intensive Care
Med 1995; 21: 522–536.

30. Appendini L, Patessio A, Zanaboni S, et al. Physiologic
effects of positive end-expiratory pressure and mask pres-
sure support during exacerbations of COPD.  Am J Respir
Crit Care Med 1994; 149: 1069–1076.

31. Collett PW, Perry C, Engel LA.  Pressure time product,
flow and oxygen cost of resistive breathing in humans.
J Appl Physiol 1985; 58: 1263–1272.

32. Bellemare F, Grassino A.  Effect of pressure and timing
of contraction on human diaphragm fatigue. J Appl
Physiol: Respirat Environ Exercise Physiol 1982; 53:
1190–1195.

33. Rochester DF.  Respiratory muscle weakness, pattern
of breathing, and CO2 retention in chronic obstructive

pulmonary disease. Am Rev Respir Dis 1991; 143: 901–903.
34. Efthimiou J, Fleming J, Spiro SG.  Sternomastoid mus-

cle function and fatigue in breathless patients with severe
respiratory disease.  Am Rev Respir Dis 1987; 136:
1099–1105.

35. Traver GA, Cline MG, Burrows B.  Predictors of mor-
tality in COPD.  Am Rev Respir Dis 1979; 119: 895–
902.

36. Postma DS, Sluiter HJ.  Prognosis of chronic obstructive
pulmonary disease: the Dutch experience.  Am Rev Respir
Dis 1989; 140: 100–105.

37. Ambrosino N.  Noninvasive mechanical ventilation in
acute respiratory failure.  Eur Respir J 1996; 9: 795–807.

38. Rowan KM, Kerr JH, Major E, McPherson K, Short A,
Vessey MP.  Intensive Care Society's APACHE II study
in Britain and Ireland.  II.  Outcome comparisons of
intensive care units after adjustment for case mix by the
American APACHE II method.  BMJ 1993; 307: 977–
981.

PREDICTORS OF NEED FOR MV IN EXACERBATIONS OF COPD 1493


