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Variations in Physician Interpretation of
Overnight Pulse Oximetry Monitoring*
Rory Ramsey, MB, ChB; Reena Mehra, MD, MS, FCCP; and
Kingman P. Strohl, MD, FCCP

Background: Overnight pulse oximetry is commonly used for hypoxemia evaluation in patients
with COPD and sleep-disordered breathing. There is little information regarding its impact on
physician decision making, and therefore an important measure of its clinical utility is untested
and unknown. The aim of this study was to describe physician interpretation, use, and opinions
regarding overnight pulse oximetry.
Methods: Forty-one pulmonary physicians and fellows participated in structured interviews
consisting of three oximetry record interpretations, oral responses to a standard question set, and
a questionnaire. Qualitative data were analyzed using an open coding process. Quantitative data
were assessed for distributions.
Results: Four measures were consistently used by the majority of physicians in record interpretation: background information, arterial oxygen saturation measured by pulse oximetry (SpO2)
waveform and pattern, and time spent with SpO2 < 90%. An additional 10 measures were
consistently used by 5 to 46% of physicians. No interpretation generated a recommendation with
> 60% consensus. There was a wide range of opinions on important matters related to this test,
including test utility, indications, variables considered most important for interpretation, and
criteria for nocturnal oxygen prescription. Forty-one physicians provided 35 different opinions
on when nocturnal supplemental oxygen should be initiated.
Conclusions: The variation in physician interpretation, use, and opinions regarding overnight
pulse oximetry calls into question its clinical utility and underscores a need for standardization of
presentation, training, and interpretation.
(CHEST 2007; 132:852– 859)
Key words: COPD; oximetry; sleep-disordered breathing
Abbreviations: BMI ⫽ body mass index; ODI ⫽ oxygen desaturation index; REM ⫽ rapid eye movement;
Spo2 ⫽ arterial oxygen saturation measured by pulse oximetry

vernight pulse oximetry is commonly used for
O the
evaluation of potential hypoxemia in
COPD1,2 and sleep-disordered breathing.3–5 It is also
employed in a variety of other medical conditions
and hospital settings.4 Despite this broad range of
use, there is no standardized approach to data
presentation or interpretation and discussion of its

relevant indications. Additionally, little is known
about how physicians view the information from
overnight oximetry or how it affects physician decision making. As a result, the clinical utility of overnight oximetry is difficult to ascertain.
Test utility is measured by the ability to diagnose or grade disease, direct physician decision
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making, and participate in management pathways
that lead to improved outcomes. Each of these
successive measures of test utility offers a more
robust measure of the efficacy of a test.6 Diagnostic accuracy is the most basic measure. Pulse
oximetry provides an accurate assessment of arterial oxygen saturation in general, and many of the
newer oximeters are capable of accurately capturing the periodic hypoxia characteristic of sleepdisordered breathing.7 Overnight oximetry has
been proposed as a potential diagnostic and
screening device for sleep-disordered breathing, a
use that has mixed reviews.3,5,8 –11
Physician decision making in overnight pulse
oximetry has only been investigated in a very preliminary manner.12 In general, physicians order diagnostic tests to challenge perceived disease probability,
and results direct management decisions by confirming or altering disease probability. Decisions are
changed when perceived probability crosses critical
testing and treatment thresholds.13 The lack of test
standardization or descriptions of how physicians use
this test raises concern that it is not being consistently interpreted or used. Substantial variability in
its interpretation or use would imply that physicians
are deriving different impressions of disease probability and are not being consistently directed in
management decisions.
Overnight oximetry-directed pathways for sleepdisordered breathing have not been examined for
cost or patient outcome. The value of identifying
nocturnal hypoxia that is not sleep apnea is also
unclear. Several trials2,14,15 have evaluated the use of
nocturnal oxygen therapy in patients with COPD and
isolated nocturnal hypoxia, but results are conflicting
and no clear consensus on its utility exists.
We chose to assess the clinical utility of overnight
pulse oximetry by investigating its impact on physician decision making. Specifically, we evaluated the
information physicians use to interpret overnight
oximetry records and described the diagnoses and
recommendations physicians generated from reading the same records. We also surveyed physician
opinions with regards to important preselected components of overnight oximetry. Substantial variability
in these assessments would imply that overnight
oximetry is not consistently directing physician assessment of disease state, probability, and severity,
and is therefore not helpfully directing clinical management decisions. We hypothesize that there is
substantial variability in these parameters and that
this finding would adversely impact its clinical utility
by creating inconsistent clinical decision-making paradigms.
www.chestjournal.org

Materials and Methods
Participants
A total of 24 board-certified pulmonary physicians and 17
pulmonary fellows in three academic medical centers in Cleveland participated in the study. The division chief from each
participating institution granted permission to approach their
physicians for enrollment into this study. Requests were made to
keep the subject matter of the interview confidential to avoid
priming subsequent subjects. Interviews were conducted in
physician offices or at a conveniently located conference room.
The University Hospitals of Cleveland Institutional Review
Board Committee approved the study protocol, and all participants provided full written informed consent.
Procedures
The first author attempted to approach in person and/or
telephone all members of the three divisions. The first author
conducted all interviews. All interviews were recorded.
Measures
Oximetry Record Interpretation: From a sample of 30 overnight oximetry records, the authors selected 3 records by consensus. These records were selected for their representation of
findings commonly encountered in evaluation for “rule out
sleep-disordered breathing” and assessments for home oxygen or
dyspnea. Two different oximetry record formats were used. Both
formats contained numeric summaries of the data and graphs of
arterial oxygen saturation measured by pulse oximetry (Spo2) and
heart rate waveforms in a compressed and expanded format.
Background information that accompanied these reports was also
included: record 1, age 57 years, male gender, body mass index
[BMI] of 24 kg/m2, and room air; record 2, female gender, room
air; and record 3, age 81 years, male gender, BMI of 31 kg/m2,
and room air. Summary data in these studies included the
following: recording time, mean Spo2, low Spo2, percentage of
time with Spo2 ⬍ 90%, number and duration of desaturation
events, and pulse rate information. Copies of the compressed
Spo2 waveforms for records 1, 2, and 3 are presented in Figures
1–3, respectively. The records were presented to study subjects
separately and in random order. The subjects were instructed to
interpret the overnight oximetry record by identifying all the
information used in the order and manner they were accustomed.
Subjects were also asked to leave an impression and recommendation. The interviewer did not interact with or assist the subject
during the study interpretation but was available only for clarification of instructions.
Semistructured Discussion: The interviewer led a discussion
directed around six predetermined questions designed to elicit
opinions and attitudes in the following categories: test interpretation, utility, indications, and treatment thresholds.
Quantitative Questionnaire: At the conclusion of the structured discussion, participants completed a written 21-item questionnaire. These questions were designed to assess physician
opinions on matters related to the utility of clinical and test
information and measures of physician experience. Questions 1 to
11 used a 5-point Likert scale to assess opinions on the importance of specific patient history data and test information on test
interpretation and outcome generation. Questions 12 to 14
focused on physician opinions of the relevance of technical
aspects of pulse oximeters. Questions 15 and 16 collected
information related to physician use of the oxygen desaturation
index (ODI). Questions 17 to 20 measured experience with
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Figure 1. Compressed Spo2 waveforms from record 1.

pulmonary medicine and specifically with personal exposure to
using overnight oximetry. Question 21 dealt with a global impression of the usefulness of overnight oximetry.
Data Analysis
Qualitative analyses were performed to assess the oximetry
record interpretation and semistructured discussion transcripts
by using an open coding process. Investigators (R.R., R.M.,
K.P.S.) separately analyzed eight transcripts and developed codes
and classification by consensus. As codes evolved additional
transcripts were reviewed to challenge, expand, and refine the
categories. The final coding structure was applied to all transcripts (by R.R.) using a spreadsheet (Excel; Microsoft; Redmond, WA).

Results
A total of 24 board-certified pulmonary physicians
and 17 pulmonary and critical care fellows participated in the study. This represented 65% of all
potential subjects in the three academic centers.
Reasons for not participating included the following:
co-author, busy schedule, failure to return contact,
and absence (eg, vacation). All participants completed the interview process.

Record Interpretation
There was substantial variation in the information
physicians used to interpret the records (Table 1).
Only four variables were consistently used (defined
as used in two of three record interpretations) by
⬎ 50% of physicians. These were background information, Spo2 waveform and pattern, and percentage
of time with Spo2 ⬍ 90%. An additional 10 measures
were consistently used by 5 to 46% of physicians.
Spo2 waveform pattern interpretations were given
by 51%, 54%, and 56% of respondents for studies 1,
2, and 3, respectively. In records 1 and 3, there was
almost unanimous agreement that the waveform
constituted a cyclic pattern (95% and 100%, respectively). In record 2, 91% identified the pattern as
noncyclic and 9% as cyclic. Eighteen percent of
respondents reported a mixed pattern.
Heart rate waveform pattern interpretations were
given by 51%, 37%, and 44% for studies 1, 2, and 3,
respectively. Heart rate waveform patterns were
interpreted as consistent with sleep-disordered
breathing by 71%, 85%, and 78% of these respondents in the three respective studies.

Figure 2. Compressed Spo2 waveforms from record 2.
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Figure 3. Compressed Spo2 waveforms from record 3.

Potential diagnoses were offered by 41%, 46%,
and 54% of participants for studies 1, 2, and 3,
respectively. In study 1, sleep-disordered breathing
was suggested by 94%, lung disease by 24%, heart
disease by 24%, rapid eye movement (REM) related
by 35%, and neuromuscular disease by 6%. In study
2, sleep-disordered breathing was suggested by 58%,
lung disease by 74%, heart disease by 26%, REM
related by 21%, and neuromuscular disease by 4%.
In study 3, sleep-disordered breathing was suggested
by 82%, lung disease by 9%, heart disease by 18%,
REM related by 18%, and neuromuscular disease by
5%.
Recommendations generated from study interpretations are represented in Figure 4. Polysomnography, nocturnal oxygen prescription, and the need for
more medical information were the most commonly
selected recommendations. In no study did a single
recommendation achieve a consensus ⬎ 60%.
Structured Discussion
Study participants expressed a range of opinions
on the following themes: test interpretation, test
indications, test utility, and criteria for ordering
supplemental oxygen. There was substantial variation in what physicians believed to be the “most
important” information for interpretation (Fig 5).
Many expressed uncertainty with regards to the best
way to interpret this test. One reported, “I don’t have
any strong basis for interpreting them other than
trying to fumble through it with a little common
www.chestjournal.org

sense.” Another noted, “Often, I see someone else’s
interpretation but wonder if I would read it the same
way”.
Physicians expressed a range of opinions on the
proper indications for this test (Fig 6). Screening
for nocturnal hypoxia was the most agreed-on
indication, but even within this category there was
substantial variation in opinion. Many used the

Table 1—Information Considered by Physician
Participant for Interpretation in Two of Three
Oximetry Records
Information Used,
% of Physicians

Variables
Introduction
Background information
Indications
Waveforms
Spo2 waveform
Spo2 waveform pattern
Heart rate waveform
Timing of heart rate pattern
Heart rate waveform pattern
Numeric summary
Percentage of recording time with
Spo2 ⬍ 90%
Lowest Spo2
Recording time
Number of desaturation events
Duration of desaturation events
Pulse rate
Mean Spo2

76
7
80
66
44
27
5
80
46
44
37
27
17
15
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Figure 4. Physician participant recommendations.

test for anyone suspected of nocturnal hypoxia,
while others confined their use of this test to
narrow indications (eg, pulmonary hypertension,
neuromuscular disease).
Participants expressed negative opinions on the
utility of overnight oximetry on a number of levels.
First, there was concern that test interpretation was
unduly subjective and not properly validated or
standardized. “The problem with this test is that it’s
available but I don’t think we know what to do with
it. Each one of us has their own thing about it (the
test). So its utility is very poor.” Second, many
participants expressed doubt that the test added any
value to a history and physical examination or affected decision making. “It almost never obviates the
need to do a polysomnography”. “If I was really
worried that a patient had obstructive sleep apnea I
wouldn’t go fishing with this test. I would go fishing
with my history and physical examination.”
Many participants had positive comments about
the utility of overnight oximetry. Much of this was
in reference to its use as a screening device for
nocturnal hypoxia. Other favorable comments
were mostly general in nature and did not refer to
test performance characteristics. “I think it’s one
of the most important tests we have available to us
since we can’t enter the patient’s room environment other than through the use of this test. It’s an
important part of any pulmonologist’s practice,
particularly in patients that have periods of sleep
that require oxygen therapy”.
Lastly, there was tremendous variation in what

physicians constituted criteria for nocturnal supplemental oxygen prescription. Forty-one physicians
provided 35 different opinions on when nocturnal
supplemental oxygen should be initiated.
Questionnaire
There was general agreement on the importance
of several demographic, clinical, and test-related
information by a majority of participants (Table 2).
On questions related to the technical aspects of pulse
oximetry: 30% expected a physical calibration of the
oximeter to be recorded, 46% believed the oximeter
averaging time was important, and 7% believed that
other matters related to the device had a meaningful
impact on test results.
Two participants calculated their own ODI. There
was a range in what participants considered an
abnormal ODI: ⬎ 5 by 46%, ⬎ 10 by 37%, and ⬎ 15
by 10%. Seventeen percent of subjects had “formal”
exposure to overnight oximetry interpretation. There
was a wide range in the number of studies interpreted per year (0 to 160). Fifty-four percent of
subjects interpreted ⬍ 10/yr, while 46% interpreted
ⱖ10/yr. Only 7% participants agreed with the statement that “overnight oximetry is worthless.”
Discussion
We found a wide variation in physician interpretation and use of overnight pulse oximetry. When
presented with three separate oximetry records,
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Figure 5. Physician participant opinion regarding “most important” information for overnight oximetry
interpretation.

physicians weighed different information and generated substantially different recommendations.
They also had varying opinions regarding test
indications, test utility, the “most important” information, and criteria for nocturnal supplemental
oxygen prescription.
These findings have important implications for the
clinical utility of overnight oximetry. The utility of a
test can be measured by its ability to modify physicians’ perception of disease probability and guide
physician decision making. The substantial variability
in physician recommendations described in this
study suggests the test is not consistently informing
physician perception of disease state, probability, or
severity. This implies overnight oximetry is not being
used as an objective marker of disease and therefore
cannot be consistently informing physician decision
making and contributing to improving patient outcomes.
The results of this study provide at least three
reasons for this variable effect on decisions. First,
physicians have different opinions on what information is important. They considered different variables and weighed them differently. This probably
www.chestjournal.org

reflects a lack of applicable clinical outcome data and
also an uncertainty on what is currently known.
Second, physicians had varying opinions of what
constituted normal and what constituted treatment
thresholds. For example, there was a substantial
spread on what constituted a normal ODI, and there
were 35 different opinions on the criteria for nocturnal supplemental oxygen. Third, physicians use
this test for different reasons. Some of the indications offered included sleep-disordered breathing
screening, risk stratification, and screening for nocturnal hypoxia.
It is not unusual to have variation in physician use
of a test. Physicians weigh several factors when
determining a management strategy: the pretest
probability of disease, test performance characteristics, the cost/harm of testing and treating, and
estimation of patient preference for cost and clinical
improvement. A management decision is a composite of these factors, and variation in estimation of any
of them can lead to different decisions. The major
problem with the variability seen in the current study
was not only the degree of interpretation inconsistency, but also that physicians used different inforCHEST / 132 / 3 / SEPTEMBER, 2007

Downloaded from chestjournal.chestpubs.org by guest on May 9, 2012
© 2007 American College of Chest Physicians

857

70%

Screen for nocturnal
desaturation

60%

Screen for sleep apnea

50%
Risk stratification for
sleep apnea

40%
30%

Titrate oxygen
requirement

20%

Other

10%

Empiric treatment for
sleep apnea

0%
Indications
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mation to generate their recommendations. There
was no consistent approach to interpretation and no
apparent links between test output and recommendations. Spirometry is a good counterexample. It
provides an objective measure of lung function for
which variable management approaches may be
taken based on interpretation of test results or other
patient factors. The main difference though, is that
there is a well-standardized approach to performing,
presenting, and interpreting spirometry. These standards provide important safeguards that limit unwarranted use. Spirometry has been extensively studied,
and its value and limitations are well known and
publicized.16 –20 Whether physicians use these recommendations is a matter of choice rather than lack
of evidence.
This study has limitations. Physicians were presented with records of unknown patients and with
minimal clinical information. In practice, physicians
usually have the opportunity to interact with patients
and acquire some additional information that informs test indication, interpretation, and decision
making. We chose not to provide additional clinical
information because we were primarily interested in
the physician’s approach to the oximetry information, especially to identify that information that
physicians believed to be important and relevant to
any subsequent diagnoses or recommendations.
Adding additional clinical information might have
narrowed physician consideration of test information, diagnoses and/or decisions, and decreased our
ability to discern differences in physician approaches
to the information. Our approach of not providing

additional clinical information could have increased
the variability observed in this study compared to
what one might expect in practice. Nonetheless, we
believe the degree of variability in approach and
interpretation described in this study is impressive.
Also, physicians may have been asked to interpret
records with an unfamiliar format. All records, however, were from the most commonly used outpatient
portable devices used in 2006, and as such represent
the variability a physician would be expected to
encounter in a Cleveland practice at the time of
study. Finally, it is also conceivable that physician
behavior in front of an interviewer and microphone
might differ from what would happen in practice.
The variability in physician interpretation and use
of overnight oximetry described in this study suggests this test is not effective in general practice.

Table 2—Variables Perceived To Affect Overnight
Oximetry Interpretation or Recommendations
Variables

Agree, %

Witnessed apneas
Heart disease
Lung disease
Study length
Sleepiness
Heart rate variability
BMI
Hypertension
Smoking
Gender
Race

93
90
90
90
88
80
80
63
61
20
2
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Outcome studies are needed to better determine the
meaning of overnight oximetry data before their role
can be better defined. Until then, two simple interventions may help promote more effective use of
overnight oximetry. In the first, standardizing test
presentation would provide a more uniform format
for data and waveform presentation. For instance,
every printout should have the make, model, and
averaging characteristics used for the test, along with
a selected group of other relevant information. In the
second, an expert-based review of overnight oximetry could summarize the evidence, grade its strength,
and provide recommendations for test use and improvement. These measures would not make the test
more efficacious at diagnosing or measuring disease
but can reduce variability and focus on the issue of
effectiveness. These are simple quality control initiatives that could have a significant and positive
impact on practice.
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