
Abstract 

Esophageal pressure (Pes) monitoring is performed during
polysomnography (PSG) with a thin, water-filled catheter con-
nected to a transducer. The resulting quantitative assessment of
respiratory effort can aid in the accurate diagnosis of sleep-related
breathing disorders. This was a prospective observational study
using Pes in PSG for thirty patients with chronic respiratory fail-
ure (CRF) conducted in the Department of Pulmonary, Critical
Care and Sleep Medicine at a tertiary care centre of North India.
Sleep scoring was done by conventional method and using
esophageal manometry and compared polysomnography normal
without esophageal manometry recording (PSGN) and

polysomnography with esophageal manometry scoring (PSGE).
Apnea hypopnea index (AHI) index was similar in both groups.
However, respiratory effort related arousals (RERAs) were diag-
nosed easily using Pes resulting in significant increase in respira-
tory disturbance index (RDI) and even reclassification in terms of
severity of sleep apnea. Besides, Pes was also useful to distinguish
obstructive from central hypopnea which cannot be distinguished
by routine PSG which can help guide therapy particularly in
chronic respiratory failure patients with hypoventilation. Such
patients with hypoventilation often require bilevel positive airway
pressure as ventilatory support. Central hypopneas and apneas
with hypercapnia may require a higher-pressure support, a backup
rate or even advanced volume assured modes of ventilation. Thus,
it can be concluded that Pes in PSG remains a safe and generally
well-tolerated procedure. Use of Pes aids to detect RERA and
thereby RDI; a better marker of sleep related breathing disorder
rather than AHI. It also helps in differentiating between obstruc-
tive and central hypopnea.

Introduction

Sleep-disordered breathing (SDB) describes a group of disor-
ders of respiratory pattern or ventilation during sleep with obstruc-
tive sleep apnea (OSA) being the most common subtype. In the
general population, prevalence of SDB ranges from 5% to 22%.
However, increased prevalence of SDB has been reported in
patients with chronic respiratory failure. Some studies have
reported an incidence as high as 80-90% OSA in patients with dif-
fuse parenchymal lung disease (DPLD) and 20-40% in chronic
obstructive pulmonary disease (COPD) patients [1].

It has been recognized that electroencephalographic arousals
(EEG arousals) can be caused by respiratory efforts against upper
airway resistance even in the absence of an apnea or hypopnea
(UARS: upper airway resistance syndrome) [2-3]. These are com-
monly observed in mild cases of OSA and these arousals exacer-
bate daytime sleepiness [4-5]. The American Academy of Sleep
Medicine (AASM) Task Force has proposed that these EEG
arousals be defined as respiratory effort-related arousals (RERA).
In the pathophysiology of OSA, increases in negative intrathoracic
pressure caused by respiratory efforts against complete or partial
upper airway obstruction increases venous return to the right ven-
tricle, afterload on the left ventricle, causing ventricular hypertro-
phy [6-8], and resulting in congestive heart failure. Moreover, a
significant drop in blood pressure, which is called pulsus para-
doxus [9], can be caused by a drop of the intrathoracic pressure
which is then followed by a significant overshoot accompanied
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with arousal response. These fluctuations in blood pressure play a
role in the pathogenesis of hypertension [10]. The same pathophys-
iology is plausible to the patients with UARS which is unfortunate-
ly an ignored entity and difficult to diagnose.

Esophageal pressure (Pes) measurement, which has generally
been considered to be an accurate method for the detection and
quantification of respiratory efforts and intrathoracic pressure, is
not routinely carried out polysomnography (PSG). As the severity
of OSAS is usually assessed in terms of the AHI instead of RDI
which includes RERA, UARS is easily overlooked. 

In patients with respiratory failure SpO2 lies in the steep por-
tion of oxygen dissociation curve (ODC), where a small fall in pO2

during hypoventilation resulted in significant desaturation, falsely
marking the events as hypopnea. Clear discrimination of hypop-
neas is also important because these events are representative of
most respiratory disturbances compared with apneas [11-12]. The
obstruction of the upper airway limits the flow that can be gener-
ated by respiratory muscles. Thus, ventilatory effort continuously
increases to achieve sufficient flow. This increasing effort can be
measured by esophageal pressure swings, which is currently the
gold standard for the assessment of ventilator effort. However; the
application of the esophageal pressure sensor is invasive and not
widely accepted or tolerated by patients. Therefore, the measure-
ment of the esophageal pressure (Pes) has not become routine
practice, with its use often confined to experimental settings. Some
investigators use diaphragmatic or intercostal electromyogram
[13]. Measurement of Pes helps in differentiating obstructive
hypopnea (crescendo negative increases in Pes values) from cen-
tral hypopnea (no increase to decrease in Pes value). 

Methods 

It was a prospective observational study of SDB using
esophageal manometry in patients with chronic respiratory failure
(CRF) conducted in Department of Pulmonary, Critical Care, and
Sleep Medicine at a tertiary care center of North India. All the
patients with CRF with history suggestive of SDB were included in
the study over a 12-month study period. Patients with neurological
diseases, severe psychiatric diseases, taking drugs that affect sleep
architecture, injury to esophagus, and age lesser than 18 were
excluded from the study. Institutional Ethical Committee (IEC)
clearance was taken. A valid informed consent from the patients
was taken. All patients underwent a postbronchodilator spirometry
[Spiroair system (Medisoft, Sorinnes, Belgium)] to confirm the
diagnosis and were classified obstructive or restrictive disease.
History regarding excessive daytime sleepiness, snoring, early
morning headache, lethargy, and fatigue was taken and Epworth
sleepiness score (ESS) was calculated. Patients with scores ≥11
with sleepiness during work or driving were suspected to be having
OSA. Arterial blood gas (ABG) analysis was done to confirm
hypercapnic respiratory failure patients. The following information
was collected from all study subjects: age, sex, occupation, past his-
tory of diabetes, hypertension, hyperlipidemia, hypothyroidism,
exposure to biomass, and smoking. The body mass index (BMI)
(weight in kilograms by the square of height in meters) was calcu-
lated for all subjects. Polysomnography was performed in the night
using Alice 6 LDX (Philips Respironics, Murrysville, USA). In
PSG, body functions including brain (EEG), eye movements
(EOG), muscle activity or skeletal muscle activation (EMG), and
heart rhythm (ECG) during sleep were recorded. Nasal flow during
breathing, chest, and abdominal movements was recorded to iden-

tify central apnea and OSA. Esophageal pressure and ETCO2 were
also continuously measured to document hypoventilation. The PSG
findings were scored in 30 second windows following the recom-
mended criteria of the American Academy of Sleep Medicine
(AASM) 2007 guidelines. The sleep efficiency, sleep onset time,
REM latency, wake after sleep onset (WASO), percentage of time
in different sleep stages, apnea index (AI), hypopnea index (HI),
apnea-hypopnea index (AHI), respiratory event-related arousal
(RERA), and respiratory disturbance index (RDI) were calculated. 

Esophageal manometry
Assessment of intrathoracic pressure relies on the changing vol-

ume of the thoracic cavity that varies with the respiratory cycle, and
it provides an indirect measurement of pleural surface pressure.
During inspiration, contraction of the diaphragm and accessory
muscles of respiration results in expansion of the thoracic cavity
with a corresponding increase in negative pressure which, in turn,
inflates the lungs. During expiration, there is a decrease in lung vol-
ume and diaphragmatic relaxation, which results in a relative posi-
tive pressure within the thoracic cavity. A fluid-filled catheter
(infant feeding tube of size 6 French) was placed within the esoph-
agus to detect transmitted variation in intrathoracic pressure, since
the esophageal wall expands and contracts during the respiratory
cycle, resulting in corresponding fluctuations in esophageal pres-
sure. Increased respiratory effort associated with the increased
upper airway resistance of sleep-related breathing disorders was
measured by this technique. This fluid-filled catheter system for
assessing respiratory effort was based on a high-pressure low-flow
valve connected to the esophageal catheter and pressure transducer.
A pressure infuser maintained a pressure of 300 mmHg on a saline
bag, resulting in a constant drip rate of 3 cc per hour. The fluid in
the catheter transmitted the pressure to the transducer and the con-
tinuous drip kept the catheter patent, allowing the measurement of
relative changes in esophageal pressure during sleep.

Scoring
PSG done by using esophageal manometry was scored by a

sleep physician without using esophageal pressure values and by
another doctor using esophageal pressure values for accurate detec-
tion of RERA and to distinguish between obstructive and central
hypopnea. AASM scoring manual definitions were used for scoring
apnea and hypopnea. RERA calculated by esophageal manometry
were added to AHI to derive the RDI. The AHI and RDI was used
to grade the degree of severity of SDB (5-14 was regarded as mild,
15-30 regarded as moderate, and greater than 30 as severe). RDI
using esophageal manometry was compared with that of conven-
tional scoring. RERA was scored if there is a sequence of breaths
lasting at least 10 seconds characterized by increasing respiratory
effort or flattening of the nasal pressure waveform leading to an
arousal from sleep when the sequence of breaths does not meet cri-
teria for an apnea or a hypopnea. In RERA, Pes crescendos may
occur independent of obstructive hypopneas or apneas and may
lead to an EEG arousal from sleep. Alveolar hypoventilation was
defined as an increase in the PaCO2 to >55 mmHg for ≥10 minutes,
or an increase in the PaCO2 by ≥10 mmHg above the awake supine
value to a value over 50 mmHg for ≥10 minutes. 

Statistical analysis
Categorical variables were presented in number and percentage

(%) and continuous variables were presented as mean ± SD and
median. Statistical tests were applied as follows-quantitative vari-
ables were compared using paired T test between polysomnography
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normal without esophageal manometry recording (PSGN) and
polysomnography with esophageal manometry scoring (PSGE),
Qualitative variables were correlated using Chi-Square test. A p
value of <0.05 was considered statistically significant. The data was
entered in MS EXCEL spreadsheet and analysis was done using
Statistical Package for Social Sciences (SPSS) version 21.0.

Results

Thirty chronic respiratory failure patients with daytime hyper-
capnia and a history suggestive of sleep disordered breathing were
included in the study. It was a predominantly young adult male
(70%) population with mean age of 45 years with history of smok-
ing in 60% of the population and a mean ESS of 14.5. On compar-
ing PSG scoring, it was found that that PSGE helped to identify
RERA which altered the RDI significantly. The RDI increased
from 13.4 in PSGN group to 21.45 in PSGE group (Table 1).
Besides being statistically significant, this altered the severity clas-
sification of the illness. Moderate severity group increased from
23.33% to 43.33% and severe group had a rise from 20% to
33.33% (Figure 1). There was no difference in number of apneas
(both obstructive and central) between PSGN and PSGE group, as
apneas can be easily distinguished (whether obstructive or central)
by normal polysomnography scoring method as described in
AASM manual. So, AHI index remained unchanged in both the
methods, but RERAs can be diagnosed easily using esophageal
manometry resulting in increase in RDI (Table 2). Esophageal
manometry pressure also helped to distinguish between obstructive
and central hypopnea and 7 out of 30 hypopnea events were reclas-
sified as central hypopnea using PSGE. This differentiation does
not change the RDI overall but can have therapeutic implication
especially in chronic hypercapnic respiratory failure patients who
often have hypoventilation in sleep. The mean rise in ETCO2 was
13.6 mmHg and hypoventilation was documented in all the thirty
patients included in the study.

Discussion

To the best of our knowledge, this is one of the first studies
using Pes in India to evaluate PSG. In our study we found among
30 patients of chronic respiratory failure 27 had SDRB (3-normal,
7-mild, 13-moderate, 10-severe) when scoring was done without
using Pes values. When scoring was done using Pes values then we
found there is both increased number and severity of disease
among those 30 patients (0- normal, 7-mild, 13-moderate, 10-
severe). This increased number and severity of disease was due to
increased detection of RERAs using Pes. The American Academy
of Sleep Medicine (AASM) Task Force has proposed fluctuations
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Table 1. Comparison of respiratory events in polysomnography normal without esophageal manometry recording (PSGN) and
polysomnography with esophageal manomentry scoring (PSGE) groups.

Events (Median and IQR)                              PSGN                                           PSGE                                          p value

RERA NO                                                                           7.5(0-63)                                                38.5(12-179)                                                 <0.0001
RERA INDEX                                                                   1.55(0-13)                                              7.35(2.8-29.5)                                                <0.0001
RD NO                                                                            67.5(18-387)                                            105.5(31-410)                                                <0.0001
RD INDEX                                                                       13.4(4-73.6)                                             21.45(6.6-78)                                                <0.0001
SEVERITY RDI                                                                    1(0-3)                                                        2(1-3)                                                        0.0001
PSGN: polysomnography normal without esophageal manometry recording; PSGE: polysomnography with esophageal manometry scoring; HV: hypoventilation; H: hypopnea; RERA: respiratory effort related arousal;
RD: respiratory disturbances; RDI: respiratory disturbance index.

Table 2. Comparison of respiratory disturbance index (RDI) severity between polysomnography normal without esophageal manome-
try recording (PSGN) and polysomnography with esophageal manomentry scoring (PSGE). 

Severity RDI                                         PSGN (NO and %)                      PSGE (NO and %)                               p value

NORMAL                                                                          3(10.00%)                                                  0(0.00%)
MILD                                                                                14(46.67%)                                                7(23.33%)                                                      0.043
MODERATE                                                                     7(23.33%)                                                13(43.33%)
SEVERE                                                                               6(20%)                                                   10(33.33%)
PSGN: polysomnography normal without esophageal manometry recording; PSGE: polysomnography with esophageal manometry scoring; RDI: respiratory disturbance index.

Figure 1. RDI in PSGN & PSGE groups. PSGN, polysomnogra-
phy normal (events scoring done without using esophageal
manometry); PSGE, polysomnography esophageal manometry
(events scoring done using esophageal manometry).
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in blood pressure caused by RERA can play a role in the pathogen-
esis of hypertension and other comorbidities10 in OSAS. Detecting
and treating such events in these patients may help to decrease
morbidity and mortality. Besides patients being reclassified from
mild to moderate severity of sleep apnea is clinically relevant as all
moderate and severe patients of sleep apnea need PAP therapy.
Thus, RDI can serve as a better tool to determine severity and ini-
tiate therapy for sleep apnea. AASM guidelines recommend calcu-
lation of AHI, but state that calculating RDI as optional as unfor-
tunately detecting RERA is challenging with a routine PSG. In the
absence of Pes, a flattening of nasal flow or increased respiratory
effort for 10 seconds not meeting the criteria for apnea or a hypop-
nea is marked as RERA. This is very subjective and difficult.
However, with the use of Pes, increased respiratory effort can eas-
ily be detected by a negative fall in esophageal pressure. The clin-
ical significance of RERA has long been debated, but studies have
shown an increased risk of hypertension and cardiovascular
comorbidities [14].

Besides, Pes helps to identify central hypopnea and differenti-
ate from obstructive hypopnea. In the absence of Pes, snoring, tho-
racoabdominal paradox and flattening of flow are subtle signs for
obstructive hypopnea. However, the assessment of increase in
effort by Pes on obstructive apnea makes scoring objective. AASM
guidelines state this differentiation to be optional as usually hypop-
nea is corrected by CPAP itself. However, in patients of hypoven-
tilation, central hypopneas with hypercapnia require a higher inspi-
ratory PAP, back up rate (S/T modes) or sometimes even advanced
modes of volume assured ventilation [15]. Thus, it is prudent to
diagnose and differentiate such events for optimal titration.

Conclusions

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 technical
specifications outlined by AASM. Esophageal pressure monitoring
remains a safe and generally well-tolerated procedure, although
expertise in patient selection, placement, and interpretation are
needed. Use of esophageal manometry is definitely indicated in
patients giving history suggestive of SDRB in spite of having nor-
mal AHI for detection of RERAs, hence RDI is a better indicator
of SDRB rather than AHI. 
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