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Study Objective: Esophageal manometry (Pes) is the gold 
standard to detect repetitive episodes of increased respiratory 
effort followed by arousal (RERAs). Because RERAs are not 
included in the apnea-hypopnea index (AHI), we often refer 
patients with symptoms of sleep disordered breathing (SDB) and 
AHI < 5 for a second polysomnogram (PSG) with Pes. Often, the 
second PSG will demonstrate AHI > 5, confi rming a diagnosis 
of OSA. We speculate that in most cases of suspected SDB, 
Pes does not add further diagnostic data and that night-to-night 
variability in OSA severity results in a fi rst false-negative study.
Methods: We conducted a retrospective review of PSGs 
between 2008 and 2012 in adults with initial PSG negative for 
OSA followed by a second study (with or without Pes) within 
6 mo.
Results: Of 125 studies that met inclusion criteria, a second 
study was completed with Pes in 105 subjects. SDB was 
diagnosed in 73 subjects (68.5%) completing a second PSG 

with Pes: 49 (46.7%) received a diagnosis based on AHI, and 
24 (22.8%) received a diagnosis based on Pes (p = 0.003). 
There were no statistically signifi cant differences in the mean 
AHI change between the two PSGs in subjects who completed 
the second study with or without Pes.
Conclusions: In patients with symptoms of SDB and initial 
PSG with AHI < 5, the majority met criteria for OSA on second 
PSG by AHI without additional information added by Pes. 
Because Pes is not widely available and is somewhat invasive, 
a repeat study without Pes may be suffi cient to diagnose SDB.
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Obstructive sleep apnea (OSA), the most common form of 
sleep disordered breathing (SDB), has a prevalence of 10–

17%.1 It is characterized by frequent breathing pauses related 
to partial (hypopnea) or complete (apnea) airway collapse. Un-
treated OSA not only causes excessive daytime sleepiness, but 
it is also known to be a risk factor for hypertension, stroke, car-
diac disease, depression, cognitive impairment and increased 
mortality.2–5

Upper airway resistance syndrome (UARS) is a proposed 
diagnostic classifi cation for patients who have respiratory 
events that would not meet diagnostic criteria for hypopneas 
or apneas. Individuals with UARS may have an apnea-hypop-
nea index (AHI) less than 5 but may have frequent respiratory 
effort-related arousals (RERAs). Because patients with UARS 
are presumed to have the same pathophysiology as those with 
OSA, the International Classiifi cation of Sleep Disorders, 
Third Edition (ICSD-3) recommends that UARS be considered 
a variant of OSA.6

Esophageal pressure monitoring (Pes) uses a fl uid- or air-
fi lled catheter inserted into the esophagus to measure varia-
tions in transmitted intrathoracic pressure with respiration. It 
is considered the reference standard for measurement of re-
spiratory effort and, as such, can accurately detect increased 
respiratory effort.7 However, in 1999 when the American 
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Academy of Sleep Medicine (AASM) recommended that Pes 
be considered the reference standard, there were no other stud-
ies that compared alternative techniques of measuring airfl ow 
or fl ow limitation with the reference standard. Prior to the 
addition of nasal pressure transducers to polysomnography, 
thermal airfl ow sensors were used. Thermistors and thermo-
couples measure respiratory airfl ow based on measuring rela-
tive temperature during expiration and inspiration and on the 
heat content of the air passing over the device. Thermistors 

BRIEF SUMMARY
Current Knowledge/Study Rationale: In certain patients with symp-
toms suggestive of obstructive sleep apnea (OSA), a single polysom-
nogram (PSG) may not be diagnostic for sleep disordered breathing. 
Esophageal manometry (Pes) is considered the gold standard to mea-
sure upper airway resistance and when added to PSG may increase 
sensitivity to detect OSA; however, since the introduction of the nasal 
pressure transducer, a repeat PSG without Pes may be suffi cient to 
confi rm a diagnosis of OSA in most patients.
Study Impact: In patients with symptoms of sleep disordered breathing 
and an initial PSG with AHI < 5, the majority met diagnostic criteria for 
OSA on second PSG by AHI alone without additional information added 
by Pes. Because Pes is not widely available and is somewhat invasive, 
a repeat study without the use of Pes may be suffi cient to diagnose 
sleep disordered breathing.
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work well for detecting absence of airflow and thus indicating 
apneas. However, temperature may not be related to volume 
when used to assess reduced airflow as occurs during a hypop-
nea. Norman et al. showed that using nasal pressure monitor-
ing helps to identify 21–61% more events that are missed by 
thermistor.8 The use of a nasal pressure transducer, in addition 
to an oronasal thermal airflow device, is now standard of care 
when performing diagnostic polysomnography.9 Although Pes 
is generally well tolerated by patients, it is an invasive proce-
dure that requires a trained technician and interpreting phy-
sician and is not widely available or used. There are limited 
studies evaluating the utility of the addition of esophageal 
pressure monitoring to diagnose SDB, and many did not use 
nasal pressure monitoring.10–13

A second night of polysomnographic recording may dem-
onstrate OSA when the first did not due to a first-night effect 
and night-to-night variability. The first-night effect includes 
shorter total sleep time (TST), decreased sleep efficiency (SE), 
increased sleep onset latency, greater wakefulness after sleep 
onset, increased number of awakenings, and decreased rapid 
eye movement (REM) sleep.14,15 Because SDB is often worse 
during REM sleep, decreased duration of REM sleep seen on 
a first night in the sleep laboratory may contribute to a lower 
AHI on the first night. There is significant variability in the 
AHI between 2 nights of polysomnographic recording, with 
25–45% of patients having a difference in AHI of greater than 
five to 20 events per hour. The second night of recording often 
has a higher AHI and is diagnostic of OSA in 15–25% of pa-
tients who had a negative initial polysomnogram.14–17

In our sleep laboratory, we often see patients who present 
with symptoms suggestive of OSA. If the first PSG, using a 
thermal sensor and a nasal pressure transducer to measure air-
flow, does not show OSA, these patients may be referred for a 
second night of recording with Pes. We have found, anecdot-
ally, that these patients often meet the diagnostic criteria for 
OSA on the second night of recording based solely on AHI. We 
speculate that in most cases of suspected SDB, Pes does not 
add further diagnostic data after an initial negative polysom-
nogram and that first-night effect and night-to-night variability 
result in the second study being diagnostic of OSA.

METHODS

Subjects
We conducted a retrospective review of our computerized 

polysomnogram database and identified all subjects who had 
two baseline polysomnograms performed between June 2008 
and June 2012; polysomnograms were completed for clini-
cal purposes. We chose this time frame to ensure all studies 
were recorded and scored using the AASM Manual for the 
Scoring of Sleep and Associated Events, 1st edition.18 We in-
cluded adult patients 18 y and older with an initial baseline 
PSG without Pes that did not meet diagnostic criteria for OSA 
(AHI < 5) and who underwent a second study with or without 
the use of Pes. We excluded studies completed greater than 
6 mo apart to minimize significant weight or health changes 
that could change the severity of SDB. We also excluded 
pregnant women due to the dynamic changes in weight and 

SDB that can occur during pregnancy. The decision to obtain 
a second polysomnogram was made by the sleep medicine 
physician responsible for the patient. Typically, in our clinic, 
if the physician has a high clinical suspicion that a patient has 
SDB but the first PSG does not show OSA, a second PSG is 
often obtained. Because Pes is available and commonly used 
in our sleep laboratory, the second PSG is often completed 
with Pes with the assumption that this will increase the di-
agnostic yield.

Procedures
Nocturnal polysomnography included six electroencepha-

lographic (EEG) leads (C3-M2, C4-M1, O1-M2, O2-M1, F3-
M2, F4-M1 of the 10-20 international electrode placement 
system), two electrooculographic (EOG) leads (right and left 
outer canthi), chin and bilateral anterior tibialis surface elec-
tromyograms (EMGs), two electrocardiographic (ECG) leads, 
nasal pressure signal, oronasal thermocouple, thoracic and ab-
dominal inductance plethysmography, and pulse oximetry. Pes 
monitoring was completed with an air-filled catheter, which 
was inserted into one nostril with or without use of a topical 
anesthetic.

Sleep-stage scoring and identification of respiratory events 
was performed according to the AASM Manual for the Scor-
ing of Sleep and Associated Events, 1st edition.18 All studies 
were scored by technologists who had undergone an extensive 
training program including reliability scoring, and were certi-
fied by the AASM as a Polysomnographic Technician or Poly-
somnographic Technologist. The raw data were then reviewed 
by the interpreting physician board certified in Sleep Medi-
cine. An apnea was scored when there was a drop in the peak 
thermal sensor excursion by ≥ 90% of the baseline, lasting at 
least 10 sec, with at least 90% of the event’s duration meeting 
the amplitude reduction criteria for apnea. A hypopnea was 
scored if all the following criteria were met: (1) The nasal pres-
sure signal excursions drop by ≥ 50% of baseline and there is 
a ≥ 3% desaturation from pre-event baseline or the event is 
associated with an arousal; (2) The duration of this drop oc-
curs for a period lasting at least 10 sec; (3) At least 90% of this 
event’s duration must meet the amplitude reduction of crite-
ria for hypopnea. Arousals were scored if there was an abrupt 
shift of EEG frequency that lasted at least 3 sec. Continuous 
Pes monitoring was reviewed by the interpreting sleep physi-
cian. Peak-to-trough differences in Pes values larger than 10 
cm of water and nadirs less than −10 cm water (absolute value 
of nadir greater than 10 cm of water, │Pes nadir│ > 10 cm of 
water) are considered abnormal.19 Episodes of increased respi-
ratory effort may terminate in an arousal (RERA) or reverse 
spontaneously. In our laboratory we do not use Pes values to 
score RERAs for generation of a respiratory disturbance index 
(RDI), but rather use them to detect the presence or absence of 
increased respiratory effort.

The following data was extracted from the study reports: 
age, sex, body mass index (BMI), AHI, REM AHI, RDI, TST, 
time (min) and percent of N1, N2, N3, and REM sleep, SE, 
time (min) in supine sleep, arousal index, minimum oxygen 
saturation, and study interpretation. By criteria for inclusion, 
all of the first-night studies were negative for OSA with OSA 
defined as AHI less than 5. A second-night AHI positive study 
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was defined as PSG positive for OSA if AHI was greater than 5. 
A second-night Pes-positive, AHI-negative study was defined 
as AHI less than 5 but physician’s interpretation stating that 
Pes values were abnormal indicating increased upper airway 
resistance. A second-night negative study was defined as AHI 
was less than 5 and the interpretation stated that the Pes values 
were normal.

Analysis
All data were analyzed with the SPSS Statistics Software 

(Version 21, IBM, Armonk, NY, 2012). Descriptive statistics 
were calculated for the demographics and statistical differences 
between groups were calculated with analysis of variance.

The primary aim of the study was to determine if the addi-
tion of Pes monitoring on second-night PSG aids in the diagno-
sis of OSA in patients with symptoms suspicious for OSA but 
with first-night negative PSG. Among the subjects who com-
pleted a second night with Pes, we compared the proportion of 
second-night AHI positive studies to the proportion of second-
night Pes-positive, AHI-negative studies. Proportion data were 
compared with chi-square testing.

The secondary aim was to determine if the esophageal 
catheter used for Pes monitoring is associated with changes in 
AHI and sleep architecture. We calculated the differences in 
the AHI and other sleep architecture parameters between the 
first and second night recording for each subject, calculated the 
means for each group (second night with Pes and second night 
without Pes), and compared for statistical differences with t 
test. Because of the known first-night effect on sleep archi-
tecture and AHI, we chose to compare the changes in these 
parameters between the 2 nights in the groups who completed 
a second night with Pes to the group who completed a second 
night without Pes.

RESULTS

One hundred twenty-five subjects met inclusion criteria; 
105 PSGs were completed with use of Pes on the second night, 
and 20 PSGs were completed without use of Pes on the second 
night. Results of PSG are shown in Figure 1 and subject char-
acteristics are presented in Table 1. The subjects in whom OSA 
was diagnosed based on a second-night AHI-positive study 
tended to be older (45.5 y) compared to the subjects who had 
negative studies (38.8 y) or who had second-night Pes-positive, 

AHI-negative studies (38.2 y), p = 0.013. Otherwise, there were 
no statistically significant differences in sex, BMI, and base-
line AHI between the groups.

Of the 105 subjects who completed the second night with 
Pes, PSG was positive (either by AHI or Pes) in 73 (69.5%). 
Of those 73 subjects, a significantly greater proportion (67.1%) 
were diagnosed by AHI > 5 than by abnormal Pes values 
(32.9%) (p = 0.003) (Figure 1).

Twenty subjects completed the second night without the 
use of Pes. The second-night polysomnogram was ordered 
with Pes in four of these 20 subjects: one subject did not toler-
ate the catheter and requested to have it removed, the catheter 
could not be placed in two of the subjects, and one subject 
declined the placement of the catheter. OSA was diagnosed 
in three of these four subjects based on the AHI. Five of the 
20 subjects who completed a second-night polysomnogram 
without Pes completed a multiple sleep latency test the fol-
lowing day; the PSG was negative for OSA in all of the five 
subjects.

To determine if use of the Pes catheter changes AHI and 
sleep architecture, we compared the following parameters in 
subjects who completed the second PSG with Pes to those who 
completed the second PSG without Pes: AHI, arousal index 
(ArI), SE, TST, %REM sleep, and %supine sleep. Both groups 
demonstrated a similar increase in AHI from the first to sec-
ond PSG, ∆AHI 4.9 (standard deviation [SD] 11.4) in the group 
where Pes was used and ∆AHI 3.1 (SD 6.5) in the group with-
out use of Pes (p = 0.489).

Figure 1—Polysomnogram results.

AHI, apnea-hypopnea index; Pes, esophageal manometry.

Table 1—Subject characteristics. 

2nd PSG results
Number of 
Subjects

Age
Sex (N)

BMI Baseline AHI
Mean (SD) Range Mean (SD) Range Mean (SD) Range

Pes used, negative 32 38.8 (11.7) 18.2–64.5 24 F, 8 M 29.2 (5.6) 20.6–49.8 2.5 (1.3) 0.2–4.7

Pes used, AHI positive 49 45.5 (11.1) 19.7–70.1 36 F, 13 M 31.9 (5.9) 18.7–46.3 3.2 (1.0) 0.4–4.8

Pes used, Pes-positive, AHI negative 24 38.2 (13.4) 18.2–74.3 18 F, 6 M 32.6 (6.3) 22.1–47.4 2.6 (1.2) 0.7–4.7

No Pes 20 46.0 (18.1) 18.6–80.3 11 F, 9 M 30.6 (9.0) 16.6–57.6 3.0 (1.1) 0.6–4.7

Means, standard deviation and ranges are shown. There were no statistically significant difference between the groups, except for the higher age in the 
apnea-hypopnea index-positive group, compared to the negative and esophageal mamometry-positive, apnea-hypopnea index-negative groups (p = 0.013). 
AHI, apnea-hypopnea index; BMI, body mass index; Pes, esophageal manometry; PSG, polysomnogram; SD, standard deviation.
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Use of the Pes catheter on the second night PSG was associ-
ated with a trend toward an increase in ArI (∆ ArI = 4.4, SD 
14.9) and decrease in SE (∆SE = −4.8%, SD 19.8) compared 
to a decrease in ArI (∆ ArI = −0.9, SD 8.7) and increase in 
SE (∆SE = 3.5%, SD 16.8) on the second night of recording in 
the group without Pes (p = 0.121, 0.079). TST also decreased 
on the second night in the group with Pes (∆TST = −30.5 min, 
SD 79.2) compared to a mean increase of 45 min (SD 83.3) in 
the group without Pes (p = 0.000). The percent REM sleep de-
creased by 2.5% (SD 9.2) in the group with Pes and increased 
by 8.4% (SD 8.4) in the group without Pes (p = 0.032). On the 
second night of recording, the subjects without Pes tended to 
sleep supine more (18.1% more, SD 37.5) than the group with 
Pes (3.5%, SD 32) (p = 0.072) (Table 2).

DISCUSSION

Pes in the Detection of the UARS
The clinical suspicion for OSA often remains high despite 

initial PSG that demonstrates an AHI less than 5. A single PSG 
recording may not be sufficient to diagnose obstructive SDB 
and a repeat study with Pes can be beneficial to evaluate for ob-
structive SDB. The ICSD 2 and ICSD 3 include UARS as part 
of OSA. UARS is subsumed under the diagnosis of OSA by the 
inclusion of RERAs in the definition of OSA. However, this 
definition does not take into account long durations of continu-
ously increased inspiratory effort that ultimately terminate in 
arousal or episodes of increased inspiratory effort that resolve 
without scorable cortical arousal (Pes reversal).20 Therefore, 
apart from the ability to accurately score RERAs, Pes moni-
toring may be beneficial to detect these breathing patterns.

There are limited data evaluating the utility of the addition 
of Pes monitoring to diagnose SDB. Hutter et al. re-tested 28 
patients who were clinically suspected to have OSA and had 
a single PSG negative for OSA. Repeat PSG used Pes and di-
agnosed OSA in 18 patients.12 Nearly 70% of those 18 indi-
viduals received a diagnosis of OSA by meeting AHI criteria 
on the second study without additional information added by 
Pes monitoring. Notably, this study preceded the 2007 AASM 
rules for the scoring of respiratory events and used a thermistor 
for the detection of apneas and hypopneas. We studied a larger 
sample of 105 subjects and used nasal pressure in addition to 

a nasal thermistor, which may allow for improved detection 
of hypopneas. Our findings were similar as we demonstrated 
that 67% of the 73 individuals found to have obstructive SDB 
on second-night PSG received a diagnosis based on AHI alone.

Subjects found to have OSA based on Pes values alone 
tended to be younger than those in whom a diagnosis was 
made based on the AHI (38.3 versus 45.5 years old, p = 0.013); 
other baseline characteristics such as BMI and baseline AHI 
were not statistically different. More research with a larger 
sample is needed to determine what characteristics (such as 
symptoms of OSA, Epworth Sleepiness Scale, or physical ex-
amination findings) may increase the likelihood of detecting 
SDB based on Pes values alone. This information may assist in 
selecting patients with a first-night negative PSG based on AHI 
who should undergo a second PSG with esophageal manom-
etry. This information would be especially relevant in sleep 
laboratories that do not offer Pes and patients could potentially 
be referred to another sleep laboratory.

It is worth mentioning that scoring RERAs on the first PSG 
may identify subjects whose AHI is less than 5 but in whom 
SDB can be diagnosed on the first study if the RDI is greater 
than 5. The current version of the scoring manual states that 
scoring RERAs is optional.9 A RERA is scored if “there is 
a sequence of breaths lasting ≥ 10 seconds characterized by 
increasing respiratory effort or by flattening of the inspiratory 
portion of the nasal pressure…waveform leading to an arousal 
from sleep“. RDI combines apneas, hypopneas and RERAs. 
Therefore, scoring RERAs may be sufficient to diagnose SDB 
if RDI is greater than 5; this approach may decrease the need 
for a second PSG or use of Pes. More research is needed to 
determine the diagnostic yield of this approach.

Effect of Pes on Sleep and AHI
We were also interested in examining the effects of the Pes 

catheter on various sleep characteristics and whether the cath-
eter itself may affect the AHI. We compared the mean differ-
ences in AHI and other sleep characteristics between second 
and first recordings for each patient, then calculated the means 
for each group. Skatvedt et al. tested 28 subjects and did not 
find any significant differences for respiratory parameters be-
tween PSGs completed with Pes and those without Pes, but only 
thermistors were used to measure respiratory flow.13 Our data 
add to this limited literature, as we did not find a statistically 

Table 2—Mean difference and standard deviation for total sleep time, sleep efficiency, arousal index, %rapid eye movement, 
%supine sleep, and apnea-hypopnea index between the second and first night recording.

2nd night with Pes (N = 105), Mean (SD) 2nd night without Pes (N = 20), Mean (SD) p value
∆TST (min) −30.5 (79.2) 45.0 (83.3) 0.000
∆SE (%) −4.8 (19.8) 3.5 (16.8) 0.079
∆ ArI 4.4 (14.9) −0.9 (8.7) 0.121
∆REM sleep (%) −2.5 (9.2) 2.2 (8.4) 0.032
∆supine sleep (%) 3.5 (32.0) 18.1 (37.5) 0.072
∆AHI 4.9 (11.4) 3.1 (6.5) 0.489

∆AHI = AHIsecond PSG − AHIfirst PSG. ∆ArI = ArIsecond PSG − ArIfirst PSG. ∆SE = SEsecond PSG − SEfirst PSG. ∆TST = TSTsecond PSG − TSTfirst PSG. AHI, apnea-hypopnea 
index; Arl, arousal index; Pes, esophageal manometer; SD, standard deviation; SE, sleep efficiency; TST, total sleep time.
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significant difference in the AHI change between the studies 
with and without Pes. This suggests that the use of the catheter 
does not change the upper airway characteristics sufficiently 
to predispose to increased upper airway resistance. Use of Pes 
was also associated with a trend toward lower SE and higher 
arousal index, and a statistically significant decrease in TST. 
Perhaps somewhat surprisingly, use of Pes was associated with 
a smaller increase in the percent of supine sleep compared to 
the subjects who did not have Pes monitoring. If a second PSG 
is requested, patients are often encouraged to sleep supine in 
order to improve the likelihood of observing subtle forms of 
SDB. Subjects who completed a second night without Pes slept 
37.5% longer in the supine position, compared to only 3.5% 
more time in the supine position among subjects with Pes.

Night-to-Night Variability
In our sample of 125 subjects with PSGs negative for OSA, 

the second recording was positive for obstructive SDB in 
63% of the subjects. When OSA is defined as an AHI greater 
than 5, 44% of patients were negative for OSA based on a 
single-night PSG and in whom OSA was diagnosed on repeat 
testing consistent with other findings on night-to-night vari-
ability in SDB.14–17,21 Night-to-night variability may be espe-
cially significant on patients with overall mild OSA, when 
even small changes in the number of respiratory events may 
increase AHI above the diagnostic threshold of 5. However, 
our sample was not a random sample, but rather a sample 
of subjects whose treating provider had a high suspicion for 
OSA, therefore increasing the pretest probability of a positive 
study. Further research is needed to determine if the various 
subgroups of patients have different responses to treatment of 
SDB, and if suboptimal response is the result of misdiagnosis 
of SDB.

CONCLUSIONS

A weakness of our study is the small sample size of sub-
jects who completed a second recording without Pes. Only 20 
subjects who met our inclusion criteria completed the second 
night without Pes, limiting our power to detect differences in 
the ∆AHI between groups. Furthermore, most of the studies 
conducted without Pes were ordered without Pes; therefore, 
these two populations (second-night study with Pes and sec-
ond-night study without Pes) may have differed regarding in-
dication for repeat PSG (the ordering clinician may have had a 
lower suspicion for moderate or severe OSA).

Our study contributes to the limited literature on the utility 
of esophageal pressure monitoring during PSGs and is relevant 
because PSGs were conducted with use of the current techni-
cal specifications outlined by AASM. Although the majority 
of our subjects received a diagnosis based on the AHI from 
the second study, the diagnosis of obstructive SDB would be 
missed in almost a quarter patients (22.8%) if Pes were not 
used. We propose that if obstructive SDB is highly suspected 
based on clinical evaluation, a repeat PSG has a high yield of 
diagnosing OSA. However, a small subgroup of patients (po-
tentially those of younger age) may remain undiagnosed with-
out the additional information gained for esophageal pressure 
monitoring. Esophageal pressure monitoring remains a safe 

and generally well-tolerated procedure, although expertise 
in patient selection, placement, and interpretation are needed. 
Furthermore, this investigation underlines the importance of 
repeat evaluation for OSA in individuals with clinical symp-
toms of the disorder.

ABBREVIATIONS 

AHI, apnea-hypopnea index 
BMI, body mass index
ECG, electrocardiograph
EEG, electroencephalograph
EMGs, electromyograms
EOG, electrooculograph
OSA , obstructive sleep apnea 
Pes, esophageal manometry 
PSG, polysomnogram
REM, rapid eye movement
RERAs, respiratory effort followed by arousal 
SBD, sleep disordered breathing 
SD, standard deviation
UARS, upper airway resistance syndrome 
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