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Acute hypercapnic respiratory failure in patients
with chronic obstructive lung disease: risk factors
and use of guidelines for management

Andrew A Jeffrey, Patricia M Warren, David C Flenley*

Abstract
Background On the basis of a retro-
spective survey by this unit it was
suggested that patients with acute ven-
tilatory failure should be given sufficient
controlled oxygen treatment to raise the
arterial oxygen tension (PaO2) to above
6-6 kPa, with the addition ofa respiratory
stimulant if the hydrogen ion concentra-
tion ([H+J) rose above 55 nmol/l and as-
sisted ventilation if the patient remained
acidotic despite these measures. This
study was designed to verify the prognos-
tic factors that determine survival in
acute ventilatory failure and determine
the outcome when our guidelines were
implemented.
Methods One hundred and thirty nine
episodes of acute hypercapnic (type II)
resiratory failure were studied prospec-
tively in 95 patients admitted with acute
exacerbations ofchronic obstructive lung
disease. Patients had to have a Pao2 below
6-6 kPa and an arterial carbon dioxide
tension (Paco2) above 6-6 kPa while
breathing air.
Results The mortality associated with
episodes of acute ventilatory failure was
12%. Patients who died tended to be older
and were significantly more acidotic,
hypotensive, and uraemic on admission
than those who survived, but they had
similar degrees of hypoxaemia and
hypercapnia. Death occurred in 10 of the
39 episodes in which arterial [H+] rose to
55 nmol/l or above, compared with seven
of the 100 episodes in which it remained
below 55 nmol/l. The respiratory stimu-
lant doxapram was used in 37 episodes
and was associated with a reduction in
[H'I below 55 nmol/l within 24 hours in 23
episodes. Assisted ventilation was used in
only four episodes.
Conclusion Arterial [H+j is an import-
ant prognostic factor for survival. Most
patients treated according to the guide-
lines outlined above can be managed
successfully without assisted ventilation.

Although patients with chronic obstructive
lung disease are frequently admitted to hospital
with acute exacerbations of hypercapnic res-
piratory failure, there is disagreement about
management ofthis condition and a lack of well
documented criteria that are easily applied at
the bedside to guide intervention. The fre-

quency of use of assisted ventilation in patients
with acute hypercapnic respiratory failure due
to chronic obstructive lung disease`' has varied
from 16% to 35% and the overall mortality
from 19% to 29%. In studies combining
patients with and without hypercapnia 3-65%
have been ventilated, with an overall mortality
of 6-34%."

In a retrospective study of 157 episodes of
hypercapnic respiratory failure in 135 patients
mortality increased with age and was highest in
those with a hydrogen ion concentration [H+]
of 55 nmol/l or more.3 We suggested that
supplemental oxygen treatment in these
patients should be guided by the arterial
oxygen tension (Pao2) and [H+] and that the
aim should be to increase Pao2 above 6-6 kPa
without causing the [H+] to rise to 55 nmol/l
(fall in pH below 7 26). If [H+] rose higher and
could not be lowered by adjustment of the
inspired oxygen concentration a respiratory
stimulant should be used, with assisted ventila-
tion being reserved for patients remaining
acidotic despite these measures.
To verify the previously identified prognos-

tic factors for survival and to test the usefulness
in practice of these guidelines, which were
derived from data collected retrospectively, we
prospectively studied 139 consecutive admis-
sions in 95 patients suffering from acute res-
piratory failure due to chronic obstructive lung
disease whose management was based on the
guidelines.

Methods
PATIENT SELECTION
Patients were recruited from those admitted as
emergency cases to the Department of Res-
piratory Medicine Unit at the City Hospital,
Edinburgh. This was a unit with 41 beds for
respiratory and general medicine cases. The
nursing staff had considerable experience and
skill in the care of respiratory emergencies,
particularly those affecting patients with
chronic obstructive lung disease, although
there were no special provisions for high
dependency care. All patients admitted in an
acute exacerbation of chronic obstructive lung
disease were included in the study if their Pao2
was less than 6-6 kPa and their arterial carbon
dioxide tension (Paco2) greater than 6-6 kPa on
admission when breathing room air. Patients
receiving long term domiciliary oxygen treat-
ment were included if Paco2 exceeded 8-0 kPa
on admission when they were breathing low
flow supplemental oxygen. Patients were con-
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sidered to be suffering from an exacerbation of
their disease if they had been admitted because
of increased cough, increased and purulent
sputum production, or increased dyspnoea.
They were subsequently excluded from
analysis if they were later found to have an
unconvincing evidence of a history of chronic
obstructive lung disease or if they had radio-
graphic evidence of a pneumothorax, bron-
chogenic carcinoma, pulmonary oedema, or
segmental or lobar pneumonia. Patients admit-
ted electively to the unit for assessment or
respite care were not included.

CLINICAL SIGNS AND INVESTIGATIONS
Patients' history, smoking status, drug treat-
ment, and findings on clinical examination at
the time of admission were recorded on a
standard proforma. If the patient was unable to
give an adequate history on admission because
of dyspnoea or confusion, the information was
obtained from a close relative or from the
patient after recovery. A standard electrocar-
diograph and anteroposterior chest radiograph
were obtained in all patients at the time of
admission. Details of treatment and clinical
state were recorded at the same time as arterial
blood gas tensions.

MANAGEMENT
All patients were treated initially with con-
trolled oxygen treatment (1-2 1/min by nasal
cannulae or 24-28% by Venturi mask). The
dose ofoxygen was adjusted to raise Pao2 above
6-6 kPa. If at any time during controlled oxygen
treatment [H+] rose to 55 nmol/l (pH below
7-26), a continuous infusion of doxapram (2
mg/min intravenously) was started. Progress
during doxapram infusion was monitored by
measuring blood gas tensions two hours after
the start of doxapram and thereafter every 6-8
hours. The infusion was continued for 24
hours. If by this time [H+] had fallen below 55
nmol/l the doxapram infusion was gradually
reduced and arterial blood gas tensions and
[H+] continually monitored. Doxapram treat-
ment was discontinued only when these values
were within the defined guidelines. If [H+] did

not fall below 55 nmol/l within 24 hours of
starting doxapram treatment, or if there was a
sudden deterioration in the clinical state of the
patient, the decision was made whether to use
assisted ventilation, taking into account the
expressed wishes of the patient and his or her
next of kin. Other management (antibiotic and
bronchodilator treatment, physiotherapy) was
left to the discretion of the responsible
physician.
ARTERIAL BLOOD GAS TENSIONS AND [He]
Arterial blood samples for gas tensions and
[H+] were obtained by direct puncture of the
brachial artery. Samples were stored on ice and
analysed in triplicate within 10 minutes of
sampling with a Radiometer ABL II automatic
gas analyser. The electrodes were calibrated
automatically every two hours with high and
low pH buffer solutions and oxygen and carbon
dioxide mixtures prepared by the analyser from
primary gases. In addition, the analyser was
calibrated manually twice weekly against blood
tonometered with gas mixtures of known
oxygen and carbon dioxide tension.

Arterial blood gas tensions and [H+] were
measured on admission, at 1-2 and 8-12 hours
after starting supplemental oxygen treatment,
and on days 2 and 3 after admission. Additional
measurements were made when clinically
indicated, particularly to monitor the response
to respiratory stimulant treatment, as des-
cribed above. Arterial blood gas tensions and
[H'] were also measured before discharge with
the patient breathing room air or the same level
of supplemental oxygen as at admission. In
some episodes predischarge values were not
obtained and measurements were made when
the patient attended the outpatient clinic after
discharge.

HAEMATOLOGY AND BLOOD BIOCHEMISTRY
Venous blood was sampled on admission, on
days 2 and 3 after admission, and before
discharge. Samples were analysed for haemo-
globin concentration, white cell count, and
urea, electrolyte, and liver enzyme concentra-
tions.

Figure 1 Distribution of
arterial Po2, Pco,, and
[H+ / on admission in 123
episodes with the patient
breathing air.

Co
0

0)

E
z

36

32

28

24

20

16

12

8

4

0

= Survived
L-Died

26 36 46 56 66
Pao2 (kPa)

L
I

- P

96 106 116 12.6 30 40 50 60 70 90100
-02 (kPa) [H'+ (nmol/l)

86
Pac

*mm-F -T y-

35

0

6-6 7-6

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.47.1.34 on 1 January 1992. D

ow
nloaded from

 

http://thorax.bmj.com/


Jeffrey, Warren, Flenley

jugular venous pressure or right ventricular
hypertrophy, and death rate).
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Figure 2 Values on discharge orfollow up minus values on admission
gas tensions and [H+ ] in 113 episodes. The positive valuesfor Pao2 at
for Paco, and [HW ] suggest that a deterioration in bloodgas tensions I
occurred before admission in most episodes.

STATISTICAL ANALYSIS
The results are given as means ('
and ranges. Variables shown t
distributed (age; sodium, p
haemoglobin concentrations; w
blood pressure; arterial blood ga
[H+] other than on admission)
by Student's t test for unpair
that were not normally distribu
pared with Wilcoxon's rank
continuous variables (Pao2, Pas
function test results, and urea cc
admission) or the x2 test with Y:
for discontinuous variables'2 (uS
respiratory stimulants, presei

4I 1 Resiults
PATIENTS AND DATA ON ADMISSION

3 4 5 6 Ninety five patients (55 men, 40 women) with
chronic obstructive lung disease aged 63-9 (7 9)
years were admitted for 139 episodes oftype II
respiratory failure. The patients reported
chronic cough and sputum production for a
median time of 12-5 years (range 2-40 years)
before the study; 53 were current smokers, 34
were ex-smokers, and eight denied ever having
smoked cigarettes. Before admission hypnotic
drugs had been taken in 11% ofthe episodes; in
all of these benzodiazepine had been taken as a
sedative at night in standard dosage.
On admission, in the 123 episodes in which

measurements were made while the patient
breathed room air, median Pao2 was 5 0 kPa
(range 28 - 65 kPa), Paco2 8-1 kPa (range 64-
12-2 kPa), and [H+] 45 nmol/l (range 31-95
nmol 1'), with the distributions shown in figure
1. In 16 episodes in which the patients were
receiving supplemental oxygen on admission

for arterial blood the median Pao2 was 6-2 kPa (range 3-9-12-9
andnegative values kPa), PaCO2 11-1 kPa (range 7-2-13-1 kPa), and
and [HWI had [He] 52 mnmol/I (range 39-65 numol/1).

Measurements were obtained before dis-
charge or at follow up with the patients breath-
ing room air in 102 episodes. The mean Pao2

SD) or medians was 7- 1 (1-3) kPa, Paco2 6-6 (1-1) kPa, and [H+]
to be normally 40 (4) nmol/l. In a further 11 episodes in which
otassium, and measurements were made with the patients
hite cell count; receiving the same degree of supplemental
is tensions; and oxygen as on admission the mean Po2 was 8-0
were compared (2-1) kPa, Paco2 7-6 (1-5) kPa, and [H+] 41 (5)
ed data.12 Data nmol/l. For all measurements combined Pao2
ited were com- was on average 2 kPa higher, Paco2 1-6 kPa
sum test12 for lower, and [H+] 7 nmol/l lower before dis-
0o2, [HI], liver charge or at follow up compared with admis-
)ncentration on sion (figure 2). Although there was no

ates correction improvement in Paco2 at discharge or follow up
se of hypnotics, in 10 episodes (figure 2), eight of these showed
nce of raised an improvement in Pao2.

Table I Arterial bloodgas tensions during the breathing of air, haematological results, and clinical details on
admission in patients with chronic obstructive lung disease

Survived

No of Mean (SD)
patients or median range

Died

No of Mean (SD)
patients or median range

Age (years)
When breathing air:

Pao, (kPa)
Paco2 (kPa)
[HI] (nmol/l)

Haemoglobin (g/dl)
White blood count ( x 109/1)
Urea (mmol/l)
Sodium (mmol/l)
Potassium (mmol/l)
Alkaline phosphatase (units/i)
AST (units/i)
ALT (units/i)
Blood pressure (mg Hg):

Systolic
Diastolic

Pulse (beats/min)
RVH
JVP (> 3 cm above sternal angle)

122 63-5 (8-1)

110
110
110
107
108
104
104
96
92
81
90

120
120
102
74
120

5-1 (2-8- 6-5)
8-0 (6-6-12-3)

45 (31-96)
15-2 (1-8)
10-3 (3-8)
6-9 (2-3-35-9)

137 (4)
4-3 (0-7)

101 (41-297)
28 (11-4575)
25 (5-4400)

129 (80-205)
77- (30-120)
99 (17)
23
46

17

13
13
13
14
14
12
12
12
10
7
10

12
12
12
9
16

67-0 (6-4)

4-3 (3-1- 6-4)
8-7 (6-9-11-5)

50 (41-72)*
15-1 (1-6)
12-2 (6-5)
14-6 (4-0-35-5)t

138 (4)
4-5 (1-2)

128 (73-289)
23 (15-289)
16 (10-2190)

119 (90-160)*
75 (60-105)
98 (13)
2
8

AST = aspartate aminotransferase; ALT = alanine aminotransferase; RVH =

venous pressure.
*p < 0-05. tp < 0-02.

right ventricular hypertrophy; JVP = jugular

Pao2
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A raised jugular venous pressure (>3 cm
above the sternal angle) was recorded in 54
episodes (39%) and peripheral "flap" in 35
episodes on admission, but papilloedema
was not observed in any episodes. Electro-
cardiographs were taken on admission in 83
cases, and 25 (30%) showed right ventricular
hypertrophy (right axis deviation and R wave
in Vl plus S wave in V6 > 10 mm).

PROGNOSTIC FACTORS FOR SURVIVAL
In 17 of the 139 episodes (12%) the patient
died. The death rate in patients receiving
supplemental oxygen before admission (four
deaths in 16 episodes) was not significantly
different from that in patients who were not (13
deaths in 123 episodes). The results for all 139
episodes were therefore combined for analysis
except for arterial blood gas tensions and [H+]
on admission.

Patients who died during the admission
tended to be older than those who survived
(table 1), but the difference was not significant.
There was no relation between survival and
Pao2 or PaCO2 on admission when breathing
room air or haematological variables, plasma
electrolyte values, and liver enzyme concentra-
tions measured on admission (table 1). The
incidence of right ventricular hypertrophy and
a raised jugular venous pressure were also
similar in those who survived and those who
died (table 1). Patients who died were, how-
ever, significantly more acidotic (figure 3) and
uraemic and had a lower systolic blood pressure
on admission than those who survived (table 1).

Controlled oxygen treatment raised Pao2
above 6-6 kPa in 126 of the 139 episodes within
12 hours of admission. In the 126 episodes
inspired oxygen was adjusted so that Pao2 was
maintained between 6-6 kPa and a mean highest
value of 8-8 (1-3) kPa (range 6-6-12-3 kPa).
There was no significant relation between Pao2
or Paco2 at any time during the admission and
survival.

Outcome was related to the severity of
acidosis during the admission. Mortality was
greater for episodes in which [H+] rose above
55 nmol/l (pH below 7-26; figure 3). Death
occurred in 10 of the 39 episodes in which the
highest recorded [H+] was equal or greater
than 55 nmol/l (26%) compared with seven of
the 100 episodes in which [H+] remained below
55 nmol/l (p < 0-05). The best discriminator
of the likelihood of death on retrospective
analysis was a highest recorded [H+] of greater
than 53 nmol/l (pH < 7 28) (p < 0-001).
Death occurred in 13 out of 46 such episodes
(28%) compared with only four out of 93
episodes (4%) in which [H+] remained below
53 nmol/l. Although the mortality was related
to the highest degree of acidosis recorded, the
highest [H+] was recorded immediately before
death in only four of the fatal episodes. In 101
episodes (73%) the highest [H+] was recorded
within eight hours of admission.

USE OF A RESPIRATORY STIMULANT
Doxapram (2 mg/min intravenously) was given
in 37 episodes (27%) for between one and five
days. The criterion for the use of respiratory
stimulants (see methods) was not always
adhered to (table 2). A maximum [H+] of 55
nmol/l or above was recorded in 39 episodes. In
four of these episodes a reduction of inspired
oxygen from 2 to 1 1/min (n = 3) or from 28%
to 24% (n = 1) was accompanied by a fall in
Paco2 and [H+] while adequate arterial oxygen-
ation was maintained (Pao2 > 6-6 kPa); in two
further episodes the high [H+] and PaCO2
recorded on admission fell within two hours of
starting oxygen treatment. One patient died
suddenly before treatment could be started and
one patient was ventilated without a trial of
doxapram because of a sudden and dramatic
deterioration in clinical state. Four patients did
not receive doxapram although eligible, the
maximum recorded [H+] in this group being
56 nmol/l. Thus doxapram was given in 27 of

Figure 3 Relation
between outcome of the
episode and acid-base state
on admission when patients
were breathing room air
and at the highest recorded
[H+ 1 during the episode.
Acid-base state is plotted
on an [H+ //Pco2
diagram,'3 with the dashed
lines indicating the 95%
confidence limits for the
normal [H+ 1/Pco2
relation (denoted by the
square) and thefour basic
disturbances of acid-base
state (respiratory acidosis
and alkalosis, metabolic
acidosis and alkalosis) for
arterial blood in vivo.
Each point represents the
acid-base state in a single
episode. The dotted
horizontal line in the right
hand panel indicates an
[H+ 1 concentration of
55 nmol/l.
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Table 2 Summary of treatment and outcome in relation to maximum / H'/ recorded in
an episode

No of
patients Survived Died

Maximum recorded [H+>I 55 nmol/l (n = 39)
[HI] fall
Withdecrease inO0, 4 4 0
With rise inO2 2 2 0

Doxapram:
No trial:
Died suddenly 1 0 1
Ventilated 1 1 0

Given (number ventilated) 27 (3) 20 (3) 7 (0)
None, no reason recorded 4 4 0

Maximum recorded [H'] <55 nmol/l (n = 100)
Doxapram:
None 90 85 5
Given 10 6 4

the 39 episodes and in addition, in 10 episodes
in which arterial [H + ] never rose above
55 nmol/l (median [H+] on starting doxapram
52 (range 46-54) nmol/l).

In 11 episodes (30%) in which doxapram was
used the patient died. Seven of the deaths
occurred during doxapram treatment, but four
occurred suddenly some time after arterial
blood gas tensions and [H+] had improved and
treatment had been stopped. In three episodes
assisted ventilation was added as [H+] had not
fallen below 55 nmol/l 24 hours after starting
doxapram treatment. There was no significant
difference between arterial blood gas tensions
and [H+] before doxapram treatment in the 23
episodes in which the patient survived com-
pared with the 14 episodes in which assisted
ventilation was required or which ended in
death (table 3). Doxapram infusion was
associated with a fall in Paco2 and [H+] within
24 hours of starting treatment in the patients
who survived. Both variables deteriorated over
this period in the ventilated and fatal episodes
with mean [H+] significantly higher after 12-18
hours of doxapram treatment compared with
the episodes in which the patients survived
(p < 0-05) (table 3). Doxapram infusion
frequently caused agitation but adverse side
effects never necessitated stopping treatment.

USE OF ASSISTED VENTILATION
Assisted ventilation was used in three of the

eight episodes in which doxapram did not
lower [H+] below 55 nmol/l within 24 hours. In
the five other episodes the decision not to
ventilate the patient was taken on clinical
grounds; four patients died. The fourth patient
was intubated without receiving doxapram
owing to sudden deterioration in clinical state.
All four patients who were ventilated survived
the episode.

BRONCHODILATOR AND ANTIBIOTIC TREATMENT
Information on bronchodilator treatment was
recorded in 130 episodes. In 123 of these f2

agonists were given within 36-48 hours of
admission and one episode was treated with
aminophylline. No reasons were recorded for
witholding bronchodilators in the other
episodes. An antibiotic was prescribed in 120
cases (oral ampicillin in 99 episodes). No
intravenous steroid treatment was used. Pre-
admission oral steroid treatment was continued
in 30% of episodes but only to a maximum of
20 mg/day of prednisone. Mortality did not
differ between those who received broncho-
dilators and those who did not, or between
those who did and did not receive steroids (3/42
episodes treated with steroids v 14/97 episodes
that were not).

Discussion
This study had two aims. The first was to verify
the prognostic factors for survival in patients
with acute hypercapnic respiratory failure due
to chronic obstructive lung disease previously
identified in a retrospective study. The second
was to test whether the bedside guidelines for
treatment in these patients derived from retro-
spective data3 were useful in clinical practice.

Inclusion of patients in the study was based
on arterial blood gas tensions. Acute exacerba-
tions of the disease were identified when there
were reported increases in cough, purulent
sputum production, and dyspnoea. The lower
Pao2 and higher Paco2 values on admission
compared with those before discharge or at
follow up support the clinical evidence that the
patients had an acute exacerbation of their
chronic condition.
The results confirm the relation between a

high arterial [H +] (low arterial pH) and
increased mortality.2"9 As in our earlier study,3

Table 3 Arterial blood gas tensions and [H+ / immediately before and during the first 48 hours of treatment with
doxapram

No of
Doxapram (h) Outcome episodes Pao. (kPa) Paco2 (kPa) [H' ,1 (nmol/l)

Before f Survived 23 6-5 (2-0) 10-6 (1-7) 56 (5)' Died 14 5-7 (1-8) 10-1 (1-2) 55 (8)

0- 6 f Survived 17 7-1 (18) 9-8 (15) 53 (6)Died 11 6-6 (1-8) 10-0 (2-2) 53 (10)
612 f Survived 15 7-8 (40) 10-2 (1-8) 49 (10)6 Died 11 7-3 (2-4) 100 (2 3) 56 (9)

12-18 f Survived 9 7.4 (0°9) 9.3 (1-9) 43 (7)*1 Died 5 6-0 (2-6) 12 5 (3-2) 63 (10)

1824 f Survived 8 7-6 (1-4) 9-4 (1-3) 47 (8)1 Died 6 7-1 (1-8) 12 3 (41) 54 (13)
2448 f Survived 16 7-5 (0-9) 9-2 (1-5) 44 (5)2 Died 6 6-8 (1-3) 101 (3-7) 54 (24)

*p < 0 05 between groups. Significant difference (p < 0-05) in [H+] between the two groups.
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there was a significantly increased risk of death
in patients in whom [H+] rose to 55 nmol/l or
more (pH < 7 26) during their stay in hospital.
Retrospective analysis in this new study
showed that death was more likely if [H+ I rose
above 53 nmol/l. As we3 and others49 have
shown, neither Pao2 nor Paco2 on admission or
after oxygen treatment predicted the outcome
of the episode. Thus the severity of an exacer-
bation is indicated not by the absolute level of
hypercapnia in these patients but rather by the
increase above the chronic stable value of the
Paco2 as reflected in the increased acidosis.
The patients who died had significantly

higher blood urea concentrations and lower
systolic blood pressures on admission than
those who survived, a finding also noted in
patients with community acquired pneu-
monia.'4 These findings probably reflect the
severity of systemic disturbance associated
with an exacerbation as there was no evidence
of a significant metabolic acidosis associated
with either the raised urea concentration or
poor tissue perfusion (figure 3). Although
previous studies by us' and others4 have shown
an increase in death rate with age, the patients
who died in the present study tended to be
older than those who survived, but the differ-
ence was not significant.
The guidelines derived from the retrospec-

tive study proposed that a respiratory stimulant
such as doxapram should be used if [H+ ] rose to
55 nmol/l or more while the patient was being
given oxygen treatment, with assisted ventila-
tion being considered only when this regimen
failed to reduce the acidosis. These guidelines
were not followed rigorously as the degree of
acidosis occurred only transiently in some
patients and in others respiratory stimulant
treatment was believed by the attending
physician to be indicated clinically before
severe acidosis had developed. We combined
the data from all patients who had received
doxapram to allow us to study the effect of the
treatment as it was used. It is not possible to
prove whether systematic use of a respiratory
stimulant contributed directly to the lower
mortality of 12% recorded in this study com-
pared with the rate of 20% in the retrospective
series.' An overall mortality of 30% in the 37
episodes treated with doxapram (table 2) seems
high, but these patients were selected for
doxapram treatment because they had severe
respiratory acidosis and their risk of death was
therefore high. As respiratory acidosis
improved during doxapram therapy in 23
episodes and the patient survived without
needing assisted ventilation, the use of a res-
piratory stimulant may have contributed to the
lower death rate. The fall in [H+] in these 23
episodes may have been unrelated to the doxa-
pram treatment, but the response is consistent
with the effect of doxapram seen in a placebo
controlled trial in similar patients.' Although
respiratory stimulants were used in a similar
proportion of episodes in this study (27%) and
our retrospective series (29%),3 many of the
patients in the earlier study were given inter-
mittent nikethamide rather than a continuous
infusion of doxapram and respiratory stimu-

lants tended to be used as a last resort in
patients considered to be unsuitable for assis-
ted ventilation. In the present study use of
doxapram in a fairly systematic manner based
on objective starting criteria may have con-
tributed to the low mortality rate, but this is
difficult to prove.
Other treatments were similar in the two

studies except for the use of nebulised f2
agonists in this but not the earlier series.
Whether this may also have contributed to the
improved survival rate, is impossible to say.
Patients taking oral steroids had a slightly
lower mortality, probably reflecting the fact
that they had been selected, when their condi-
tion was stable, as having a slightly larger
reversible component to their airways obstruc-
tion. The response of such patients in an
exacerbation may differ from the response of
those not taking steroids, but we cannot say
whether the routine use of corticosteroids is
helpful in episodes of acute ventilatory failure.

In this study, episode death rate was 12%,
and assisted ventilation was used in only four
episodes (3%). Mortality in previous studies
has ranged from 6% to 34% and use of assisted
ventilation from 3% to 65%.'-" Direct com-
parison of rates between studies is difficult as
the criteria for inclusion of patients has varied,
objective criteria have not always been
quoted,9 " and not all patients have had type II
respiratory failure due to chronic obstructive
lung disease.4'0 Other studies, including our
retrospective study, were restricted to patients
with type II respiratory failure due to chronic
obstructive lung disease and report rates of
between 19% and 29%.'`' The death rate in the
present study is therefore lower than that
previously reported in similar patients despite
minimal use of assisted ventilation. Our
emphasis on raising Pao2 above 6-6 kPa with
controlled low flow oxygen treatment was gen-
erally achieved and may have contributed to the
successful outcome compared with our earlier
study.' However, data are insufficient on the
degree of oxygenation achieved in our previous
study to determine this.

In previous series the decision to ventilate
has usually been taken on a clinical basis,279
resulting in the use of assisted ventilation in 4-
65% of episodes. Only two groups have used
criteria based on Pao28 or a combination ofpH
and Sao2." Our rationale for using assisted
ventilation differed from that of others in that
in all but one episode its use was actively
considered only on the strictly objective criteria
that doxapram treatment had failed to reduce
acidaemia. This small group of patients were
then further assessed on clinical grounds in the
light of their own and their relatives' expressed
wishes before the decision to ventilate was
taken. Using these criteria we found that assis-
ted ventilation was indicated in only 6% of
episodes and deemed appropriate in only 3%.
The fact that most of these patients can be
treated successfully with minimal recourse to
assisted ventilation needs to be taken into
account when assessing new techniques of
respiratory support, such as nasal intermittent
positive pressure ventilation, in the treatment
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of acute respiratory failure in chronic obstruc-
tive lung disease.
This study confirms that the degree of

acidosis developed is a major factor in deter-
mining survival of patients with an acute
exacerbation of type II respiratory failure due
to chronic obstructive lung disease. The results
provide support for the therapeutic guidelines
which were derived empirically from our

retrospective study.3 The results also show that
these guidelines were applicable in practice and
associated with a comparatively low episode
mortality without recourse to assisted ventila-
tion. Maintaining Pao2 above 6-6 kPa with
controlled oxygen treatment and using a res-

piratory stimulant if necessary to maintain
[H+] below 55 nmol/I means that most patients
can be treated successfully without recourse to
assisted ventilation.
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