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Changes in nocturnal oximetry after treatment of
exacerbations in cystic fibrosis

M B Allen, A F Mellon, E J Simmonds, R L Page, JM Iittlewood

Abstract
Sleep related arterial oxygen desaturation
has been described in clinically stable
young adults with cystic fibrosis. The
incidence and severity of nocturnal
oxygen desaturation in children during
infective exacerbations and the changes
that occur with treatment were examined.
Forty five children with proved cystic
fibrosis, median age 8-9 years, admitted to
the Regional Cystic Fibrosis Unit under-
went clinical evaluation, spirometry, and
measurement of peak flow and nocturnal
oxygen saturation on admission and after
10 days' treatment.
There was a significant improvement in

all the above measurements, with the
averaged overnight saturation changing
from a mean (SD) 92'7 (2.7)% to 94-3
(2-0)%, mean (SE) difference 1'58 (0.37).
The time spent with a saturation 40/o or
more below their clinic value showed a
marked improvement from 122 (152)
minutes on the first night to 21 (30-7) on
the second, mean (SE) difference 101
(22.4). Eight young children could not
perform pulmonary function tests, all
desaturated on the admission night.
Nocturnal hypoxaemia is a common

finding in young cystic fibrosis patients
during infective exacerbations but
improves with treatment. Overnight
oximetry is simple to perform, weli
tolerated, and identifies patients with
marked nocturnal desaturation.
(Arch Dis Child 1993; 69: 197-201)
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Pulmonary hypertension and cor pulmonale
are common sequelae of the pulmonary disease
found in cystic fibrosis.' 2 Those patients
with advanced disease may show daytime
hypoxaemia but some with normal awake
arterial oxygen saturations develop hypoxaemia
during sleep.3 The largest falls in saturation
occur during rapid eye movement (REM) sleep
and relate to reductions in functional residual
capacity and episodic hypoventilation.4 5Tose
with the greatest falls in nocturnal arterial
oxygen saturation are the most likely to have
pulmonary hypertension.2 3 5

Several studies examining the relationship
between sleep and nocturnal hypoxaemia in
cystic fibrosis have been published. However,
these patients have been clinically stable when
studied and relatively old, with a mean age
ranging between 15 and 20 years.42 There
have been no studies investigating the extent of
nocturnal desaturation in young children,

the effect of infective exacerbations of their
pulmonary disease on time spent desaturated
during sleep, and the changes in saturation
which occur with treatment.

Aims and methods
In an attempt to document the extent of
sleep related hypoxaemia during infective
exacerbations and changes with treatment we
performed nocturnal oximetry on admission
and after 10 days. In addition the relationship
between nocturnal desaturation on admission
and other clinical measurements were
examined.

Children with confirmed cystic fibrosis
admitted to the Regional Cystic Fibrosis Unit
with infective exacerbations of their pulmonary
disease requiring parenteral antibiotics were
studied. Patients were enrolled over a 14
month period; those admitted in cor
pulmonale or previously studied were
excluded. The Shwachman'3 and Chrispin-
Norman14 scores and the resting oxygen
saturations when well were obtained from
recent clinic attendances.
On admission and at day 10 the forced

expired volume in one second (FEVy) and
forced vital capacity (FVC) were obtained
before bronchodilator treatment from the best
of three forced expiratory manoeuvres
(Vitalograph Compact) along with the peak
expiratory flow rate (Wright's peak flow
meter). All patients had their height measured
to allow the pulmonary function results to be
expressed as a percentage of predicted value. A
clinical score based on the patients' symptoms
and signs that we use routinely was also noted
at these time periods.'5 16

Overnight oximetry using the Biox 3740
pulse oximeter (Ohmeda) was obtained on
admission and after 10 days' treatment. A
finger probe was attached between 2200-2300
hours and removed eight hours later. The
children were observed by trained nursing staff
throughout the study period. The Biox 3740
oximeter has the facility to store eight hours of
data and its use in recording overnight
saturation has been verified.17 Finger clubbing,
present in a few older children, does not affect
oximetry results.'8
Oxygen saturation and heart rate were

displayed on a compressed time base and one
investigator (MBA) inspected the traces for
errors and evidence of upper airway obstruc-
tion.'9 The stored oximeter signal was also
analysed by a purpose written 'in house'
computer program, which rejected spurious
desaturation due to movement artefact and
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calculated the average saturation and the
lowest value; the awake supine saturation was
recorded by nursing staff. The patient's
daytime saturation when well, obtained from
clinic, was entered into the computer to
calculate the time spent desaturated, defined
as the time spent at a saturation of 4% or more
below their normal clinic value.19-22 Clinically
significant desaturation was said to have
occurred if time spent desaturated was greater
than five minutes.
The children were all treated with intra-

venous antibiotics, bronchodilators, and
physiotherapy. None received supplemental
oxygen treatment. Eight were given reducing
doses of prednisolone while an additional three
patients continued with their inhaled steroids.

Depending on the normality of distribution,
results are expressed as median (interquartile
range, IQR) and mean (SD) to show the
spread. Changes between results over the
two study periods are shown as the mean dif-
ferences and SE of this mean. The significance
of any changes were calculated using
parametric and non-parametric tests, with
p=0 05 taken as significant. Correlations
between data were examined using
Spearman's rank correlation test. The study
was approved by the Leeds Eastern Health
Authority ethical committee.

Results
(1) PATIENTS AND CLINICAL CONDITION
Forty five children, 27 girls and 18 boys, with a
median (IQR) age of 8-9 (4-4-11-2) years were
enrolled. There was a wide range of disease
severity with Shwachman scores ranging
between 40 and 100, median 80. The duration
of hospital stay varied from 11 to 21 days, with
a median of 14 days.
Ten children were unable to perform tests of

pulmonary function reliably on both occasions:
two because they were so unwell initially and in
eight because of age; therefore paired data are
available for 35 patients. Results are expressed
as percentages of the predicted values, a valid
method of assessment given that the height to
age ratio for the patients had a mean value of
96%.
There were improvements in pulmonary

function after treatment, as shown by the
significant changes in peak flow, FEVI, and
FVC displayed in table 1. The median (IQR)
clinical score on admission fell significantly
(p<0 001) after treatment from 7 (2-15) to 3
(0-11).

Table I Changes in percentage predicted (% pred) spirometry, peak flow, and averaged
nocturnal saturation (Sao2) for all patients on both study periods

No of First study
patients mnean (SD)

35
35
35
45

FEV, (% pred)
FVC (% pred)
Peak flow (% pred)
Awake supine SaO, (%)
Averaged nocturnal

Sao, (%)
Minimum SaO, (%)
Time spent

desaturated (min)

*Paired t test.

65-0 (20 5)
84-7 (23-6)
85 9 (1901)
91-4 (3-0)

Second study Mean (SE)
mnean (SD) difference

74-0 (18-4)
97-6 (18-5)
101-8 (21-1)
93-0 (3-1)

8-6 (2-2)
13-1 (3-0)
15-3 (2-6)
1-6 (0-5)

p Value*

<0-001
<0-001
<0 001
<0-001

45 92-7 (2-7) 94-3 (2-0) 1-6 (0-4) <0-001
45 84-5 (5-4) 87-0 (4-2) 1-5 (0-9) NS

45 122-0 (152-0) 21-0 (30-7) 101-0 (22-4) <0-001

(2) OXYGEN SATURATION: CHANGES WITH
TREATMENT
Satisfactory results were obtained from all 45
patients, regardless of age; none had sleep
apnoea. The mean clinic saturation of the 45
patients was 95-2% (1 6). After treatment
the supine awake saturation and the averaged
nocturnal saturation showed significant
improvements, although the minimum satura-
tion recorded was not different, as shown in
table 1.

Thirty eight patients showed evidence of
clinically significant sleep related desaturation
(five minutes or longer spent with a saturation
40/o or more below their normal clinic value) on
the first study, decreasing to 34 on the second
night. Seven children showed greater desatura-
tion on day 10 of the study, although in two
this was trivial. Of the remaining five patients
the changes could be partially explained by the
development of resistant organisms, a viral
infection, and/or bronchospasm on the second
study night. The changes in time spent desatu-
rated between the two study nights for all 45
children are shown graphically in the figure.
There was a marked change in the time

spent desaturated for the whole group after
treatment, falling from 122 (152) minutes
initially to 21 (30 7) minutes after treatment;
mean (SE) difference 101 (22-4); p<0-001.
The changes in magnitude of nocturnal
desaturation can be further examined by
arbitrarily dividing the patients into two groups
using a cut off of more or less than 100 minutes
clinically significantly desaturated. During the
first study 17 patients were desaturated for
over 100 minutes falling to two during the
second study (X2= 15, p<0 001).

(3) OXYGEN SATURATION: IDENTIFICATION OF
CHILDREN WHO DESATURATE
To examine the relationship between awake
supine saturation and time spent desaturated
the children were divided into two groups on
the basis of their admission awake saturation.
Two 'cut off' values were used: (a) less than
93% or 930 0 and above and (b) less than 92%
or 92% and above. The mean (SD) results for
awake saturation, time spent significantly

500

400 X

200

100 _

Changes in time spent desaturated for all patients between
the admission night and after 10 days' standard treatment.
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Table 2 Mean (SD) for the initial supine awake saturation, time spent sigmficandy
desaturated, averaged nocturnal saturation (Sao2) and percentage predicted (% pred)
spirometry for all children divided into two groups on the basis of their awake supine
oximetry

SaO2 :93% SaO2 <93% SaO2 v92% SaO2 <92%

No of children
Supine awake SaO2 (O/o)
Initial time desaturated (min)
Averaged nocturnal SaO2 (%)
No of children
FEV, (% pred)

16
94-7 (1-2)
14-6 (21-2)
95-1 (0-9)
13
70-3 (16-5)

29
89-5 (2-0)
181-2 (160-5)
91-4 (2-5)
22
61-9 (22-3)

22
93-9 (1-6)
38-5 (70-3)
94-4 (2-1)
17
70-3 (20-1)

23
88-9 (1-7)

201-8 (166-6)
91-1 (2-3)
18
60-6 (20-2)

desaturated, averaged saturation and the initial
spirometry are shown in table 2. Age, initial
clinical score, Shwachman and Chrispin-
Norman scores, peak flow, clinic saturation,
and minimum saturation recorded were not
significantly different and are not included.
An awake saturation of 92% was a reason-

able cut off with 22 patients whose arterial
oxygen saturation was above this value
spending 38-5 minutes desaturated. The figure
of 93% is a better cut off with 16 children
in this group spending only 14-6 minutes
desaturated. In contrast the 29 children whose
awake saturation was below 93% spent 181-2
minutes significantly desaturated. If the results
of the 16 children are examined more closely,
10 showed no significant desaturation while
the remaining six spent between 15 and 68
minutes desaturated. These six patients could
not be identified by any other measurements.

(4) RELATIONSHIP BETWEEN DESATURATION
AND DISEASE SEVERITY
There was no significant correlation
(Spearman's) between the time spent desatu-
rated on the first night and age, peak flow,
spirometry, Shwachman, Chrispin-Norman,
or initial clinical scores. Furthermore, there
was no correlation between the change in
spirometry and improvement in time spent
desaturated.

If the group of 17 children who spent over
100 minutes desaturated are compared with
the remaining 28 patients several significant
differences emerge. The median (IQR) clinical
score was worse in the hypoxaemic group at 8
(6-10) against 6 (4-8), (p=0025). The initial
supine awake and initial minimum saturations
were 88-8 (2-1)% and 81-4 (6-1)%, both
significantly lower in the hypoxaemic children
than in the other children at 92-9 (2.4)%
and 86-4 (3-8)%; (p<0 001 and p=0-001)
respectively. Spirometry was obtained from 15
of the hypoxaemic children and 20 of the less
hypoxaemic group. Although no differences
were found in the admission spirometry
between the two groups the post treatment
values were significantly worse in the more
hypoxaemic group. The FEV1, as percentage
predicted, was 67 (16-4)% in the hypoxaemic
group and 78-8 (18-4)% in the others
(p=0048), with figures of 90 7 (18-1) and
102-3 (17-7) being found for the FVC
(p=0 035). Age, Shwachman and Chrispin-
Norman scores were similar for the two groups.

Previous work in adolescents with clinically
stable cystic fibrosis suggested that an FEV1
of below 65% predicted may identify

those patients who develop sleep related
desaturation.10 If this figure of 65% predicted
is applied to the admission FEV1 in this study
15 children whose FEV1 was 82-5% (14-0)
spent an average of 55-2 (110) minutes
desaturated. In contrast the 19 patients whose
first FEV1 was 51b4 (13-8)% spent 162-9
(150-4) minutes desaturated (p=0-05).

(5) YOUNG CHILDREN
Eight children whose median (IQR) age was
2-7 (2-4-1) years were unable to perform
spirometry because of their age and poor
technique. All showed nocturnal hypoxaemia
on the first study, with a mean (SD) time
spent desaturated of 139-0 (168&0) minutes,
improving to 28 (38-3) minutes after
treatment; mean (SE) difference 111-9 (62 4);
p=0-1. The median (IQR) age of the remain-
ing 37 children was 10-4 (6-7-11-8) years and
they spent similar periods significantly desatu-
rated on the two study nights at 1184 (150-4)
and 19-5 (29.2) minutes respectively. The
averaged saturation for the eight children was
93 (2-3)% on the first night and 95-7 (1b7)%
on the second, while for the remaining 37
children the values were 92-6 (2-8)% and 94
(1 9)% respectively. Only the results between
the second nights were significantly different
(p=0 02) between the two groups.
The median (IQR) for the Chrispin-

Norman score in the young children was 3
(2-5 3), while a value of 7 (4-3-11-8) was
found in the older group (p=0 006). The
median Shwachman score in the eight young
children was 85 (85-95) and 75 (65-85) in the
37 older children (p= 00 13).

Discussion
Sleep related hypoxaemia has been found on
full polysomnography in some adoloscents and
young adults (age ranges 15-20 years) with
cystic fibrosis when clinically stable.412 There
have been no studies examining the extent of
sleep related desaturation in younger patients
and the effect of an infective exacerbation on
any nocturnal desaturation that occurs. We
have attempted to address these issues by
documenting the desaturation found in 45
children (median age 8&9 years) during an
exacerbation, the changes that occur with
treatment, and the association between
desaturation and other clinical measurements.
The study was ward based on sick children

and therefore full polysomnography was not
performed. An acclimatisation night, normally
used in sleep studies,23 was not done as we
wished to document the extent of any desatu-
ration on the day of admission. REM sleep is
the stage when the most profound desaturation
occurs4 5 and this is reduced on the first night
of any sleep study.23 Therefore by not allowing
patients a night to acclimatise we will have
possibly underestimated the severity of any
sleep related desaturation.

In previous studies the time spent
desaturated in minutes has not been fully
examined. Calculation of this from the
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subject's admission awake saturation would be
inappropriate during infective exacerbations of
pulmonary disease as one would anticipate the
resting saturation to be lower than normal. On
the study after treatment the awake saturation
will probably have improved but may still not
be back to normal for that child.

These assumptions are borne out by the
normal clinic saturation of 95-2 (1 6) being
significantly greater than the supine awake
saturation on admission 91-4 (3 0) and after
treatment 93 0 (3d1); p<0-001 and p<0001
respectively. The best method of determining
the level from which desaturation occurs is to
use a value when the child is well - the clinic
saturation. Using this, the time spent
desaturated on both study nights can be
calculated and compared.

Clinically significant desaturation (defined
as a saturation of 4% or below the normal
(clinic) value for more than five minutes) was
found in 38 children on admission and 34 after
treatment. The large numbers who continue to
desaturate after treatment can probably be
explained by the delay in recovery of gas
exchange, similar results occurring after
infective exacerbations of pulmonary disease
in patients with chronic bronchitis and
emphysema.24 These results would be
disappointing if the time spent desaturated was
not examined as this showed a marked
reduction, falling from 122 initially to 11-7
minutes after treatment (table 1, figure).

Identification of individuals who have sleep
related hypoxaemia during infective exacerba-
tions without recourse to oximetry would be
helpful. In clinically stable young adults the
awake oxygen saturation and the lowest
saturation on exercise failed to identify all
subjects who desaturate during sleep,'0 12
while regression analysis showed an FEV,
below 65% predicted to be useful.'0 In the 45
children we studied age, peak flow, spirometry,
Shwachman, Chrispin-Norman, and clinical
scores on admission failed to identify children
who desaturated. By subdividing the children
into two groups on the basis of their admission
FEV1 being above or below 65% predicted a
barely significant difference in time spent
desaturated was found.
To examine if the initial awake supine

saturation could be used to predict nocturnal
hypoxaemia the children were divided into two
groups on the basis of their admission supine
saturations. A saturation of 93% appears to be
a good cut off with the 16 children whose
awake saturation was 93% or greater spending
only 14-6 minutes significantly desaturated.
However, this result is misleading as 10 of the
16 children showed no desaturation on the first
study and the remaining six spent an average
of 38-9 minutes significantly desaturated.
Furthermore, these children could not be
identified by any other means.
An unexpected finding was the marked

desaturation found in eight children, median
age 2-7 years, who were too young to perform
spirometry. Such severe hypoxaemia in
young children during exacerbations is
not widely recognised. Despite significantly

better Shwachman and Chrispin-Norman
scores, these eight children showed a similar
magnitude or hypoxaemia as the other children
on the first night, but a significantly better
averaged saturation after treatment, possibly
reflecting more rapid recovery.
We have shown for the first time in a large

number of children with cystic fibrosis that
sleep related oxygen desaturation is common
during infective exacerbations, especially in
young children with good Shwachman and
Chrispin-Norman scores. When compared
with the remaining children, those with pro-
longed desaturation appear to have lower
spirometry results after treatment, a clinical
score on admission that is worse, and lower
initial awake saturations.

Unfortunately when examining the group as
a whole, routine clinical measurements failed
to detect children who develop nocturnal
desaturation. It would have been expected that
the awake supine saturation would be a useful
predictor; however, six of the children whose
saturation was 93O/% or above continued to
desaturate during sleep.

This study highlights the usefulness of
nocturnal oximetry in identifying sleep related
desaturation. It was well tolerated, simple to
perform, and provided information that could
not be obtained by other measurements,
especially in those children too young to
perform reliably spirometry.
We wish to thank Mr J F Bannister from the department of
medical physics, for his invaluable help in writing the computer
program used to calculate the oximetry data and the nursing
staff on the Regional Cystic Fibrosis Unit.
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