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The different types of sleep testing:
From the lab to the home

What vou see depends on how you look
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What type of test to use?

Whats the difference between a Nocturnal Polysomnogram vs a Home Sleep Apnea Test?
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To confuse things further, both types of devices provide results with the same terms, such as Apnea Hypopnea Index (AHI) and
Respiratory Index (RDI), however, the only real parameter that is equivalent between these two devices would be the Oxygen
Desaturation Index (ODI).

HSATs that do not measure Sleep Time should report a Respiratory Event Index (REI)
The REl is the number of events / hour of recoding time, not per hour of sleep time.

AASM clarifies hypopnea scoring criteria

These scoring rules were established based on in lab polysomnography
American Academy of Sleep Medicine For NPSG studies

Monday, September 23, 2013

In August members were notified that the AASM has suspended indefinitely the requirement for accredited sleep centers to score
hypopneas in adult patients according to the 3 percent oxygen desaturation criterion in the new AASM scoring manual.

The AASM continues to recommend scoring hypopneas in adults when there is a = 3% oxygen desaturation from pre-event baseline
and/or the event is associated with an arousal. However, it is acceptable for accredited sleep centers to score hypopneas in adults
when there is a 2 4% oxygen desaturation from pre-event baseline.

AASM sleep centers must specify in the PSG report whether hypopneas were scored using the recommended rule 1A or the
acceptable rule 1B:

1A. Score a respiratory event as a hypopnea if ALL of the following criteria are met:

a. The peak signal excursions drop by 230% of pre-event baseline using nasal pressure (diagnostic study), PAP device flow (titration
study), or an alternative hypopnea sensor (diagnostic study).

b. The duration of the 230% drop in signal excursion is 210 seconds.

c. There is a 23% oxygen desaturation from pre-event baseline and/or the event is associated with an arousal.

OR

Acceptable

1B. Score a respiratory event as a hypopnea if ALL of the following criteria are met:

a. The peak signal excursions drop by 230% of pre-event baseline using nasal pressure (diagnostic study), PAP device flow (titration
study), or an alternative hypopnea sensor (diagnostic study).
b. The duration of the 230% drop in signal excursion is 210 seconds.
c. There is a 2 4% oxygen desaturation from pre-event baseline.

Please note that the criterion involving arousals is included in 1A and excluded from 1B.
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For HSAT StlldieS X. HSAT Rules for Its Part 1: HSAT Utilizing Respiratory Flow and/or Effo

H. HSAT Respiratory Events Rules: Scoring Hypopnea Utilizing Respiratory Flow and/or Effort Sensors ™

LA If sleep is NOT recorded, score a respiratory event as a hypopnea if ALL the following criteria are met: ™
RECOMMENDED
a. The peak signal excursions drop by >30% of pre-event baseline using a reccommended or alternative airflow sensor.
b. The duration of the >30% drop in signal excursion is 210 seconds.
c. ‘There is a 23% oxygen desaturation from pre-event baseline.

1B If sleep is NOT recorded, score a respiratory event as a hypopnea if ALL the fol
Nothing about

a. The peak signal excursions drop by 230% of pre-event baseline using a reccommended or alternative airflow sensor. arousals as is with
b. The duration of the 230% drop in signal excursion is 210 seconds. the NPSG 1A

c. There isa 4% oxygen desaturation from pre-event baseline. Hypopnea rule

2.A If sleep IS recorded, score a respiratory event as a hypopnea if ALL the following criteria are met: "2
a. The peak signal excursions drop by 230% of pre-event baseline using a recommended or afternative airflow sensor.
b. The duration of the >30% drop in signal excursion is 210 seconds.
c. There is a 23% oxygen desaturation from pre-cvent bascline or the event is associated with an arousal. M2

2.B If sleep IS recorded, score a respiratory event as a hypopnea if ALL the following criteria are met: ™. 12

a. The peak signal excursions drop by 230% of pre-event baseline using a recommended or alternative airflow sensor.
b. 'The duration of the 230% drop in signal excursion is 210 seconds.
c. There isa 4% oxygen desaturation from pre-event baseline.

Note 1. The criteria used to score a respiratory event as a hyvpopnea should be specified in the report.

[ Note 2. Scoring a hypopnea based on arousals is only possible if sleep (using EEG) is recorded. —

The three parameters needed to identify and characterize the
different stages of sleep include:

EEG — Electrical brain wave activity
EOG - Eye movement activity
EMG — Muscle tone activity

Types of Sleep Testing

Type | : Polysomnography (PSG) : Fully attended by a trained technologist,
providing EEG (2 or more), EOG (2), EMG, ECG/heart rate, airflow, respiratory effort
(typically 2 or more channels) and oxygen saturation

Type Il : Home sleep study test (HST) with a portable monitor, unattended,;
minimum of 7 channels: EEG, EOG, EMG, ECG/heart rate, airflow, respiratory effort and
oxygen saturation

Type Il : Home sleep test (HST) with a portable monitor, unattended;
minimum of 4 channels: 2 respiratory movement/airflow, 1 ECG/heart rate and 1 oxygen
saturation BEST referred to as HSAT (A for Apnea).

Type IV : Home sleep test (HST) with type IV portable monitor, unattended;
minimum of 3 channels , one of which is air flow. (ex — flow, Sa02, position) BEST referred
to as HSAT (A for Apnea).

Note: Types Il and IV testing devices DO NOT provide the three signals
needed to identify and stage sleep. They assume sleep based on indirect parameters.

10
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C§MA ResMEeD Great example of when a HSAT result
is without question showing OSA

Apnealink - Report of ¢ Heart Rate
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Phone:

ODI Result (74)
(Flow evalustion pariod: 7 h 26 min / Sp0z evalustion period: 7 h 16 min)
ult

[738] <sin Average breaths per minute [opm: 508
(782 <5 Breaths: 2249
619 <5/h 8-

Unclassified apneas: 0 (%)
613 apneas: 460 (100%)

Central apneas: 0(0%)
Mixed apneas: 0 (0%)
Hypopnea index: <Sih Hypopneas: 87
% Flow lim. Br. without Sn (FL): <Approx. 60 Flow lim. Br. without Sn (FL): 252
% Flow lim. Br. with Sn (FS) <Apprex 40 Flow lim. Br. with Sn (FS) 319
Snoring events: 2006
ODI Oxygen Desaturation Index > IO No. of desaturations: 480
Averags saturation Bass - 0% Saturation <= 90% : 311 min (71%) e
Lowest desaturaton - Saturation <= 85% : 235 min (54%)
Lowest saturation 46 90%-98% Saturation <= 80% 162 min (37%) <
Baseline Saturation: % % Saturation <= 89% : 294 min (67%) = b Ll b : .
. o e Saturation <= 88% 278 min (64%) =
inimum pulse: > 40 bpm : -
Masrum put w o <oopm o O o I O I O o o S O ] o
s o ® b - o= e o - s e
[ . = o oo o |
Proportion of probable CS epochs: o 0%
Analysis status: Edited manually
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WatCh PAT Developed by Itamar Medical, purchased and now sold by ZOLL Medical

Itamar Medical was founded in 1995, in Israel, as a developer
of devices for assessing vascular defects. Its early products
included technology for early detection of heart disease
(EndoPAT) and detection of sleep disorders (WatchPAT). The
company is named after Itamar Yaron (one of the founders'
brothers), who was killed in the Yom Kippur War when trying
to rescue an injured soldier.

WatchPAT One

Disposable
.a Siocp Stucy Report Sespsucns L
Sleop Summary Oxygen Saturation Statistics
Start Study Time: 8:50:24 PM Mean: 94 Minimum: 84 Maximum: 98
End Study Time: 4:20:39 AM Mean of Desaturations Nadirs (%): 92
Total Recording Time: 7 hrs, 30 min
Total Sleop Timo 6hrs, 47 min |  Oxygen Desatur. %: 49 1020 >20 Total
% REM of Sleep Time: 274 Events Number ™ 1 0 2
Respiratory Indices Total 976 24 00 1000
Total Events  REM  NREM Al Night
PROI: 54| 453 362 338 | | @vgenSeturalion: <90 <83 <85 <80 <70
PRI O 108 3 24 Duration (minutes): 00 00 00 00 00
oD 4%: 42 104 49 64 [ | Sieeps 00 00 00 00 00
pAHic 3%: 5 16 04 08
o CER: 00 Pulse Rato Statistics during Sleop (BPM)
pAHI 4%: 109 166 [ Mean: 50 Minimum: 30  Maximum: 80
sieep & hrs, 33 min.

PRDI Is calcuteted using ox dessturaton = 3%

12
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definitively characterize the patients condition.
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AHI Rule 1A:
Apnea (A) B Hyp w | AtHIHHA Totals Desaturations
WAI | WObst | #Central | SMized | BAU | #0Bst | #Centrsi| Aroussi ® | tndex 5 o
k ooy 3% %
REM Events 1 o 1 0 1 1 0 55 57 438
Mon Supng 1 o 1 0 1 1 0 5 ss | a7
NREM Events 0 ] 0 0 0 [ 0 55 55 | 120
T A HEBE R EE sAHlossrrucrve  § 3 ] 0
Mon Supane ] '] 9 '] '] L] '] 37 37 103
[Wake Everts o o 0 0 0 o o [ 0 00 SAHIcenTRAL “
Supee 0 o 0 0 0 ° 0 o 0 00
on Supmne 0 o 0 0 P o 0 P P 00
TOTALS (all inc. W) 1 o 1 0 1 1 0 10 nz 148
REMiNREM 1 o 1 o 1 1 o 10 1 | 10
Supine (ReNR) o o o 0 o o o 2 20 195
prsg 1 o 1 0 1 1 o % 2 | ime
Count  index Rule 1A Apnea Hypopnea Index (AHI) 199 -
HI 1 02 Obsbuctne AHI 88 1A AHI - 19
OH3 1 02 Central AMI 02
cns ) 00 Respirstory Disturbance Index (ROT) 22
HA 110 187
OHA 10 "7
=" ° 00
AROUSAL SUMMARY (socs + wake counts, dvide by TST smes 60 or pices)
[Amnes 1 02 RERA Count 78| Count  Index
loa ] 00 RERAIdex  132| SCR
lca 1 0z ‘:0‘
wa 0 00 _
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AHI Rule 18; ]
22
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sail Twobst | acontrai [antized| san | sobst [wcenvmil o Index 322
REM Events. 1 o 1 o 1 1 [ 2 15 262
o o o o o o o o oo 08
No-Supine 1 o 1 0 ' 1 0 2 18
NREM Events o o 0 0 o o o 0 [
Supne o o o 0 0 o o o oo
Non Supine ] '] ] ['] '] '] '] [} 00
[Prske Everts o o 0 0 o o o o [
Supne o o o 0 0 o o o oo
Non-Supine ] '] '] '] 1} '] 0 ] 00
TOTALS (all inc. W) 1 o 1 0 1 1 0 2 03
REM«f 1 o 1 [ 1 1 0 2 03 Lowest Desaturation (All Stages). B40%
Supine (R#NR) [ [3 o 0 [} o 0 0 00
1 '] hl '] 1 1 [} 2 04 % TRT 8302 < 90%: 0z
IR Sa02 Chi &
Count index Rule 18 Apnea Hypopnea Index (AMI) 03
M4 1 02 Obstructve AMI 0z
oHa 1 02 Cenral A0 0z
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HOUSTON
MEDICAL CENTER SUGAR LAND ‘THE WOODLANDS AUSTIN
P: (713) 6684100 P: (281) 2403773 P: (281) 297 P: (512) 6917077
F: (7136684105 F: (281) 2306268 F:(281) ot F: (812) 8917080
suoAR LAND TX 77478
JERALD H. SIMMONS, MD
OUT-OF-LABORATORY PORTABLE HOME SLEEP APNEA TEST (HSAT)

Patient Name: Ordering Provider: David Alfi, MD.
Date of Birth: PR Interp Provider: Jerald Simmons, M.D.
1D Number: LH_ZM_04-25-2022 Night 1 Date: 04/25/2022
Device Type: Z-Machine Night 2 Date: 04/26/2022
ST
Tght 1 22
Night 2 a6
HSAT for 2 nights CLINICAL HISTORY: e Pl STt B e G 222w an

Epworth Sleepiness Scale of § out of 24. Signs
inciude sleep ntiatisn/mainlenance insoma, snoring. nocturmal bruxism, dlﬁwly concentrating, and
mofrung nasal congesbon.

AHI 2.2 & 3.6

SLEEP STUDY FINDINGS (NIGHT 1): Based upon 4% hypopnea desaturation criteria, there was no
claar evidence of siesp-disordared braathing (AHI=2 2 munmq The total valid recording time of the
study was 7.46 hours. Analysis of SpO2 of 04.6%, with
an SpO2 < 90% for 0.1%. mmm-mw\g time and & minkmum SpO2 of 89%.

SLEEP STUDY FINDINGS (NIGHT 2): Based upon 4% hypopnea desaturation criteria, there was no
clear evidence of sieep-disordered breathing (AHI=3.6 events/hour). The total valid recording time of the
study was 8.12 hours. Analysis of a mean SpOZ of 94.2%, with
an SpO2 < 60% for 0% of the total recording tima and a minimum SpOZ of 90%.

INTERPRETATION: The results of this unatiended home sleep study were not diagnostic of obstructive
sieep apnea. It is important to point out that HSAT's frequently under estimate the severity of cbstructive
respiratons during sleep. Therefore, the patients condiion may be worse than what this study suggests.
Since this patient has ciinical symptoms that would suggest a skeep disturbance and HSAT has known
imitation in characterizing sleep physiology, it is necessary 1o parform an atiended in-laboratory diagnostic
pd,'samrwan

(Pes). a 1ol that slows for the assessment of
mpmm,-nm during sleep. This will provide more cbjective data characterizing disturbances in sleep
t

respiratons during the night

Jerald H. Simmons, M.D., Diplomate
American Board of Sleep Medicine
American Board of Neurology and Psychiatry
American Board of Clinical Neurophysiology
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— The significance in this patient was NOT in the oxygen levels
ampranansive HOUSTON THE WOODLANDS
RPN | weoicAL CENTER SUGAR LAND AND CONROE AUSTIN
cs T HoUSTON THE WOODLANDS
P: (713) 668-4100 P: (281) 240-3773 P: (281) 2076305 P: (512) 6917077 - Ruveelsist | MEDICAL CENTER SUGAR LAND AND CONROE AuSTIN
e~ F: (713) 6684105 F: (281) 239-6268. F: (281) 207-6436 F: (512) 691-7080 cs A
B88.503.2762 po AL, P: (281) 2403773 P: (281) 2076305 P: (512) 6917077
e s 1 (281) 2396298 F: (281) 2976436 F: (512) 691.7080
BUSINESS OFFICE: 15423 CREEK BEND DRIVE, SUGAR LAND TX 77478 Bz
JERALD H. SIMMONS, MD e JERALD H. SIMMONS, MO e
ERNIGHT POLYSOMNOGRAPHY (95810) REPORT PSG Technical Report
Recorded at Sugar Land Sleep Lab
Respiratory Events Summary
Patient: Study # LH11-08-22_SL-SR-04 REM NREM SUPINE NON-SUPINE TOTAL
Sleep Time (minutes): ” 21 157 1 ne
Date of birth: Study date: 112022 gy Brenc
Obstructive Agnea: 7 2 8 1 *
Referring: — 1 Alfi, M.D, Consulting: | Jerald H. Simmons, M.D. Mixed Apnea: 0 ] o o o
Contral Apnes: ° o o 0 0
INDICATIONS: This is a 50-year -old, 67-inch, 180-Ibs. female with a history of with non-diagnostic HSAT AN Aot 2 2 2 2 3
P sleey . t 1b difficult trati d Central Hypopnea: 12 o 10 2 12
P snonng. nocturnal bruxism, difficul Y concentrating, an o . “% & ™ 52 1
morning nasal congestion in whom there is a need to evaluate for the presence and severity of obstructive Hypopneas (1a): 7% 47 E] 51 125
respirations during sleep. Hypopreas (1b): 1 o 1 o 1
Apneas + Hypopneas: 85 a9 82 52 a7
PROCEDURE: An all-night comprehensive sleep study was ....-rum..d in which the following medical
Apnea index: 54 0s 31 03 16
parameters were recorded using a Co The study was attended by a Hypopnaa index: 618 n2 87 181 28
poly hnologist (PSGT) and d by Jerlid Il. Si MD, Dipl of the ABSM RERAS: Y 101 n I
AMI (Rule 1A) 654 ny ns3 181
Mid-Central(CZ), Left Central(C3), Fronlnl(l-‘l) & Occipital(OZ), Left & Right Electro Oculogram & AHI [Rule 18) 62 05 34 03
Anterior Tibialis Electr El Nasal/Oral Airflow, Oxygen Saturation(Sa02), ot - %8 ks o =
Senogram(snoring), Bod\ Position & M. Chest & Abdomi v Effort. . 244 at least 3% €66 arousal)
elec was i d on the external muscles of mastication to include t:mpnm]ns< . ) was 1.
ter, and locations bi v. In order to obtain more sensitive objective data relating to pres
respiratory effort during sleep, esophageal manometry was utilized during this study. A -
e Time
IMPRESSION: b g
1. This study d d evidence of mod b 02 Desaturation Index: o.
e 7 i 5 x 1A AHI =24.4
Min 02 Saturation (%) E
Time @ 90% - 100% (min.) 4010 —
Tim & 0% 9% (i) a0 1B AHI=1.8
LSLEEP ARCHITECTURE: Time @ 70% - 79% (min.) 00
While there is a known ph of sleep that is induced Time @ 60% - 6% (min.) 00
Time @ 50% - 59% (min.) 00
laboratory experience ("the first night effect”), the overall sleep architecture was within normal limits. Thme 5406 (i} o
2. SLEEP-RELATED MOVEMEN 003 <Em% for 0.0 % of the Total Siesp Thne.
There were no significant periodic limb movements of sleep noted during the study. SA0Z Ml In slaep: 1%

18
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eElectroencephalograph, two to twenty
separate channels

*Right and left eye movements or
electro-oculograph

*Chin muscle activity, known as
electromyography

eElectrocardiograph
eLeg electromyography, usually right to
Nocturnal PolySomnoGraphy (NPSG) left anterior tibialis muscles

Type I sleep testing. *Snoring or tracheal sounds, measured
with a microphone taped to the throat
In-Lab Sleep testing. It is the most  eAir flow through the nose and mouth
reliable method to evaluate sleep. eMovement of the chest
The most common parameters used  ¢Mmovement of the abdomen
for nocturnal polysomnograph *Oxygen level, measured with a finger
testing include the following: oximeter
*Body position
eEsophageal manometry -- in some
laboratories.

Hypopneas noted by a decrease in air flow for more than 10 seconds
ending with an arousal with the SaO2 maintained between 92% to 94%

1 minute display screen
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Hypopnea noted by >10 sec decrease in air flow
leading to an arousal but Sa02 maintained at 93%-94%

L S

1 minute display
screen

Hypopnea noted by a decrease in air flow for more than 10 sec ending
with an arousal with the Sa02 maintained between 98% to 99%
_Arousal
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2 minute display screen
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Measuring the negative
pressure within the airway is
the optimal method of
identifying respiratory effort
and upper airway obstruction.
That is what is provided by
the Pressure within the
Esophagus (Pes).

Pes
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Hypopnea with Increasing Negative Pressure (Pes)

With no change in the Sa02 (98-96%). Hypopnea
2 File Edit View Llayout Analysis Recording Settings Tools Player Window Help
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Obstructive Apnea
Central Apneas
Obstructive Hypopneas
Central Hypopneas
» Respiratory Effort Related Arousals (RERA)

» Mixed Apnea or Complex Apnea (both Central and Obstructive Apneas)

Types of Respiratory Disturbances During Sleep

Apnea Hypopnea Index (AHI) = Apneas + Hypopneas per hour sleep
Respiratory Disturbance Index (RDI) = Apneas + Hypopneas + RERAs

per hour sleep

Respiratory Event Index (REI) = number of respiratory events / hour of recording time
Only for HSAT

29

Sleep Architecture

values that can not

be obtained from Type III
and Type IV devices

COMPREHENSIVE SLEEP MEDICINE ASSOCIATES
2201 W. HOLCOMBE BLVD. #325 HOUSTON, TX 77030
OFFICE PHONE #: 713-668-4100 FAX #: 713-668-4105

POLYSOMNOGRAPHY REPORT

Patient: Study Da 310/2015
DOB: BMI: 223
Height: 71.0 inches Age: 35 Years
Weight: 160.0 Ibs. Gender: Male
Referring Physician:

Interpreting Physician:

—

SLEEP SUMMARY

Lights Out: (Clock Time} 22:48:54
Lights On: (Clock Time) 4:47:54
Total Recording Time: (Lights Out to Lights On) 359.0 min
Total Sleep Time: 224.0 min
Sleep Period Time: 261.5 min
Percent Sleep Efficiancy 62.4 %
Sleep Latency: (Lights Out to first epoch of sleep) 88.0 min
Stage R Latency: {Sleap Onset to first apoch of R) 164.5 min
Number of Awakenings (NW): 6.0
SLEEP STAGE SUMMARY

STAGE Duration %SPT  %TST

(min)

Stage W 135.0
WASO 47.0
Wake During S 7. 14

Stage N1 31.0 1.9 138

Stage N2 1225 4638 547

Stage N3 595 228 266

Stage R 1.0 4.2 4.9
Total NREM 2130 815 951

Supine 1440 551 64.3
Supine REM 1.0 4.2 4.9

Supine NREM 1330 509 59.4
Non-Supine 80.0 306 35.7
Non-Supine REM 0.0 0.0 0.0
Non-Supine NREM 80.0 306 357

—

MR#:

Rec ID:
Tech:
Scorer:

ESS: 11

PES DIAGNOSTIC STUDY

ShEERETARGS

Stage R
1

Stage N3 \
50.5

_Stage W
135

Stage N2

_Stage N1
1225 %

30
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Patient: MR#: Study Date: 3/10/2015
RESPIRATORY EVENTS SUMMARY Apnea Hypopnea Total
#Obst. | # Central | # Mixed # # Index
REM Events 1 7 0 1 9 49.1 1 )
You need to know what NonSupino o | oo 0 o | o A in REM 49 /hr
- BUT only in REM
. NREM Events 0 o o 59 59 16.6 N
is behind the numbers Supine o | o | o 52 2 | @S for 11 minutes
Non-Supine 0 0 0 7 7 53
Wake Events 0 o 0 0 0 0.0
Supine 0 0 0 0 0 0.0
Non-Supine 0 0 0 0 0 0.0
TOTAL EVENTS 1 7 0 60 68 14
REM+NREM Event Total 1 7 o 60 68 18.2
Supine Event Total (Sioep + Wake) 1 7 0 53 61 137
Non-Supine Event Total (Sleep + Wake)| 0 0 0 7 7 4.6
— . .
APNEA + HYPOPNEA INDEX (AHI) 8.2 <«—— AHI (m this case 1 8/hr)
RESPIRATORY DISTURBANCE INDEX (RDI) | 21.7 . .
BASE PES T RDI (in this case 22/hr)
MAX PES: Apnea Index 21
OA Index 03
CA Index 19
Hypopnea Index 161
0,
OXYGEN SATURATION SUMMARY Count —— ODI 0'8 / hr based On 3 A)
Desaturations 3% or > 3
Mean Max Min NREM Desaturations 0 .
Sew %6 %0 950 REW Dosaturatons H «— ODI 16.4 in REM
REM %6 980 950 Wake Desaturations 0 X .
NREM 9.6 98.0 95.0 BUT only in REM
Wake 97.2 100.0 95.0 Lowest Desaturation (All Stages): 95.0% .
AiStages 968 1000 950 for 11 minutes
ECG SUMMARY HEARTRATE DETAILS
Mean  Max  Min
Sieep 680 1818 109 Bradycardia: [vo ] Lowest HR 56
REM 70.0 89.6 226 Tachycardia: [No | Highest HR 104
NREM 679 1818 109 Atial fibflutter:
Wake 74 1935 0.2 Other:
|All Stages 69.3 1935 02
{ol] UM Y LIMB MOVEMENT SUMMARY
Count Count
Apnea 8 Limb Movements 10
Hypopnea 59 Periodic Limb Movements 9
Snore 0 Respiratory Related LLM 7
Desaturation 0 00 ToTAL 26
Spontaneous 16 43
Limb Movement 9 24
Periodic Limb Movement 0 0.0
Fespiratory ALM 0 00
ToTAL 92 246
Page 2 of 3 Pages
Woodlands Fiouston Mecical Center p—
5200 Rescurch Foreat Dr #44 || 2201 T Holcombe BLVD 325 | | 13425 Cteek Bend DR
‘The Woodlands, TX 77381 || Honston, TX 77030 Svgas Lundd, T 77478
(281) 297-6305 P (713) 668-4100 P (281) 240-3773 P
(281) 297-6436 F (713) 668-4105 F (281) 239-6268 F
Jerald H. Simmons, MD, Director HoustonSleep.Net Gerard J. Meskill, MD

OVERNIGHT POLYSOMNOGRAPHY REPORT
Recorded at The Woodlands Sleep Lab

Patient: [ Study # _
Date of birth: | [N Study date: | 9/18/2017

Referring: _ Consulting: | Jerald H} Simmons, M.D.
INDICATIC This is vl il Ibs. woman with a history of snor

nessed pauses in brea
nocturnal bruxist
frequent moven
GERD. Lapses in
cone i
presence and severif

w

e sleepiness, excessive
storative sleep, head
ngestion, nocturnal
g of violent kicking, and poor

1 Epworth Skeepiness Scale of 20 in whom there is a need to evaluate for the
of obstructive respirations during sleep.

PROCEDURE: An all-night comprehensive sleep study was performed in which the following
medical parameters were recorded using a Medcare Diagnostics computerized polygraph. The
study was attended by a polysomnographic technologist (PSGT) and reviewed by Jerald H.
Simmons, M.D., Diplomate of the American Board of Sleep Medicine.

Mid-Central(CZ), Left Central(C3), Frontal(FZ) & Occipital(OZ), Left & Right Electro
Oculogram & Anterior Tibialis Electromyogram, Electrocardiogram, Nasal/Oral Airflow,
Oxygen Saturation(Sa02), Sonogram(snoring), Body Position & Movement, Chest & Abdominal
Respiratory Effort. Additionally, electromyogram monitoring was conducted on the external
muscles of ication to include lis, masseter, and locations bilaterally. In
order to obtain more sensitive objective data relating to respiratory effort during sleep,
esophageal manometry was utilized during this study.

MPRESSIO]
1. The patient demonstrated a severe degree of obstructive respirations during sleep.
2. None
3. The patient's obstructive respirations resulted in fragmented sleep continuity and
treatment is indicated.
Treatment with CPAP should be considered, and this would require a full night CPAP
titration study to determine the optimal pressure setting for this patient.
There were no abnormalities detected on single-lead ECG.

L

o
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AHI Rule 1A: AROUSAL SUMMARY [ihep-wslm;:zi.dvd‘!byiSTﬁmsmlm indices)
Apnea 2 08
Apnea (A) Hypopnea w 3% desat (H3) #Hyp.w | A+H3+HA Totals Hypopnea 94 350
#AIl | #0Dst. | #Central | #Mixad | #All | #0Obst. |# Central| Arousal 0 Index Soor o 00
(HA) Desaturation 7 27
o o 0 o 2 2 o 1 3 171 Spontanacus 41 157
o o 0 o o o o 0 0 0o Limb Movement 1 04
0 0 0 0 2 2 0 1 3 171 Pariodic Limb Movement 0 00
2 [ 2 o 18 18 o 73 93 321 Bosouato BLI 0] 20 SUMMARY:
o o o o 12 12 o 0 61 460 TOTAL 145 554 PERFORME!
2 0 2 0 6§ L] 0 28 32 280 Divido by TIB Index . 232 BASE PES
0 o 0 o o o o 0 0 00
o o 0 o o o o 0 0 00 Wake ony TI2 1 02 MaX PES
Non.Supine 0 o 0 0 0 1] 0 0 0
[TOTALS fallinc- W) 2 0 2 [ 20 20 0 74 96 Court Index
REM+NREM 2 o 2 o 20 20 o 74 9% Desaturations 3% or > 22 84
Supine (R+NR) 0 0 0 0 12 12 0 10 51 Desaturations 4% or > 9 34
Non-Sugine (R+NR} 2 0 2 1] 8 8 0 2 35 NREM Desaturations 20 82
REM Desaturations 4 229
Count Index Rule 1A Apnoa Hypopnea Index (AHI) Wake Deosaturations 0 00
3 ) 786 Obsiructive AHI
oHs ) 78 Cenrral AHI Lowest Desaturation (All Stages): 7.0%
CH3 0 0o Respiratory Disturbance Index (RDI)
HA 74 3 T SR o 32
oHA 74 23 JALS002.00
CHA 0 L)
Apnea 2 (D) RERA Count 47|
A 0 0o RERA Index 18.0| TEm
cA 2 08 NREM
MA 0 00
Al Stages
AHI Rule 1B -
23 HYPOPNEA CRITERIA:
i w 2% desat (Ha) "A+Hd Totals RULE 1A: Recommended: Score a respiratory event as a hypopnea NALLH&BII}IIWIW criteri:
[ #AI | #Obst. | #Coniral [#Mixed | #AI | #Obst. [#Conwall ¢ Index a. The peak signal excursions drop by =30% of pre-event baseline using nasal pressure (dlagnuslm St PAP
o o 0 o T T o i 57 device flow (itration study). or an altemaiive hypopnea sensor (diagnostic study).
o o 0 o 0 o 0 o 00 b. The duration of the = drop i cgnal excursion i »=10 ceconds.
o o 0 o 1 1 o 1 57 c. There is a >= 3% oxygen desaturafion from pre-event baseline andior the event is associated with an arousal
2 o 2 [) 6 6 [ 8 33 HULE1B:AmD¢Ibia'SewBIMD ratory event as a hypopnea if ALL of the following criteria are met:
o 0 0 0 3 3 0 3 23 a. The peak signal excursions drop by =30% of pre-event baseline using nasal pressure (diagnostic study), PAP
2 0 2 0 3 3 0 5 44 devics flow (titration study), or an altsrnative hypopnea sensor (d\agmst\c study).
o o 0 o o o o [ 00 b. The duration of the >=30% drop in signal excursion is >=10 seconds.
o o 0 o o o o 0 00 c. There is a >= 4% oxygen desaturation from pre-event basellm
o 0 0 0 0 0 0 ] 00
2 0 2 o 7 7 0 0 14 m
% g g g ; g g g g; Fp1, F3, C3, P3, F7, T3, T5, 01, Fp2, F4, C4, P4, F8, T4, T6, 02, Fpz, F:
Non-Supins (RN 2 0 2 0 N 1 0 H 15 Pz, Oz, Mi, M2, REF X1, E1, E2, EKG, LTMP, RTMP, LMASS, RMASS, Lcuw RCHIN, LR ARMS
LLEG, RLEG, LFOOT, RFOOQT, CPRESS, Snoring Sensor, Thermisior, PSNORE, PFLOW, SNORE
Count Index. Rule 1B Apl\n Hypopnea Index (AHI) 34 CFLOW, FLOW, CHEST, ABDM, PES, SAO2, HEARTRATE, PLESMO, Gravity X, Gravity Y, CO2 WAVE
He 7 27 Ohi uctive A EtCO2, Phase, AMI, XFlow, XSum, ENURMON
oH4 7 27 al AHI 08
CH4 0 0o HNSD\mmw Disturbance Index (RDI) 214
This very symptomatic patient would have been considered NORMAL with a
Page 2 of 3 Pages
1b AHI of 3.4 but is severe when using the 1a AHL
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Ares HST in a patlent with clear OSA — 10 min of data
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ar Land (3L

Foodlsnds (TW)

CSMA

WWW. Houstons eep.Net

PORTABLE UNATTENDED NOCTURNAL RESPIRATORY MONITORING STUDY

PATIENT: DOB: 03-21-1966

DATE OF STUDY: 10-22-13 / 10-23-13 LOCATION: HOUSTON
REFERRING: .

INTERPRETING PHY SICIAN: Jerald Simmons, M.D.

INIIIICATIONS This is a 47- -year- -old man with severe snoring, witnessed pauses in breathing while asleep, and excessive
p ur ded nocturnal respiratory monitoring study is being performed in an attempt to

characterize the patlem 5 breathlng during sleep.

PROCEDURE: A portable unattended noctumal respiratory data acquisition recording was cbtained using the Watermark
ARES device which measures Nasal/Oral Aiflow/PAP Flow, Oxygen Saturation {Sp02), Heart Rate, Sonogram (Snoring),
Body Position and movement, and Thorax Respiratory Effort.

The data was reviewed by Jerald Simmons, MD, Diplomate of the American Beard of Sleep Medicine.

SIGNAL INTEGRITY: The signal integrity of all signals acquired was adequate for review and assessment of the data
recorded.

IMPRE S SION:

With the unattended portable sleep study the patient demonstrated a severe degree of abstructive respirations during

sleep. This was in the form of apneic and hypopneic episodes. This resulted in an overall Apnea Hypopnea Index of 31
based on a 4% hypopnea desaturation criteria, with indication of respiratory control instability 1he patient SIept sUpNe

for 49.5% of the night. Total sleep time was 13 hours. The patient's oxygen saturation dropped down as low as 76% in
association with some of these obstructive respiratory events. Theﬁﬁm
sleep fragmentation and treatment is clearly indicated. Treatment with CPAP should be considered and this would
require a full night CPAF fitration study fo determine the opfimal pressure seiting for this patient. Please call with any

guestions regarding the interpretation of this study.

37

CSMA

WWWW, HouslonSIeep Net

PORTABLE UNATTENDED NOCTURNAL RESPIRATORY MONITORING STUDY

PATIEN DOB: 02-25-1987

DATE OF STUD STUDY 8713 8813 LOCATION: THE WOODLANDS
REFERRING: Jerald Simmons, MD

INTERPRETING PHYSICIAN: JERALD SIMMONS, MD

INDICATIONS: This is a 26y/o male with symptoms of excessive daytime sleepiness, fatigue, GERD and insomnia. An in
laboratory ovemnight sleep study evaluation with the addition of the Pes (Pressure within the esophagus) was ordered to
assess the patients sleep. However, this was denied by the insurance company and a directive to perform this unattended
home respiratory study was given instead. This portable unattended nocturnal respiratory monitoring study is being performed
in an attempt to characterize the patient's breathing during sleep

PROCEDURE: A portable unattended nocturnal respiratory data acquisition recording was obtained using the Watermark Ares
device which measures Nasal/Oral Airflow/PAP Flow, Oxygen Saturation (SpO2), Heart Rate, Sonogram (Snoring). Head
Position.

The data was reviewed by Jerald Simmons, MD, Diplomat of the American Board of Sleep Medicine.

SIGNAL INTEGRITY: The signal integrity of all signals acquired was adequate for review and assessment of the data

recorded.

Data Summarization: Data summarization is listed within the page(s) that follow which represent overnight parameters of
those signals listed above.

IMPRES SION:

This unattended portable home respiratory "sleep” monitoring study did not demonstrate a significant degree of
obstructive respiration during sleep. The AHI from this study was 2. Therefore this study was not successful in
identifying a cause for the patients smwmmpﬂate for this patient to have a full sleep study in
a laboratory sefting and possibly with a\ nal parameters to increase the sensitivity of the test, such as the Pes, in

order to characterize the patients sleep disturbance. Clinical follow up in our sleep center is scheduled for this patient
to review these results and explore additional diagnostic pathways, such as those originally requested

38
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NPSG on the same patient — clear hypopneas and PLMS
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NPSG on the same patient — clear hypopneas and PLMS
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Patient on CPAP using a TAP — PAP at 9 cm H20

FEr B EX - =R8= [y [0

el A R R

o AN NN NANNNNANANAALANANNANAANAAN N A
B NI (IR N7 NIB NIP NI N7 6 NP B NP NS 7 B NI NP B2 NIV N 7 NP (BRI NI NEP ) R
CCAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA

ARV VAV VAP A VAR U ANV AWATAV AV AV CATACA

Sp02
5 5 54 5 s 5 5 5 54 5 5 % 55 % 5 s 5 5 54 5 5 5 s s
Puise

UPIE. SUPINE SUPINE SUPE SUPINE SUPINE SuPIE. SUPINE SuPIE SuPIE. SUPINE SUPINE
BodyPos

o 01 20 90 %0 90 00 00 90 01 01 90 20 90 90 90 00 01 01 01 01 01 00 00
CPAP P

Searchfor. [Tme. ~] 0000 = thmm  Consweint [TmeciDey v

03.11:0008/01/2014

915 of 1417_[1205 NUM

42



Sleep Education Consortium April 2026
Do not copy without permission

Apnea

Hie 100k Felp

g WEX - 2Ba= e [

RO AR )WW Ww T

Snore (Flow

/o N—
@/ \ \// u (INRY \\/\J /\J\_/\JL,————«—\——/\L/W /\ /\ b/\L/\—/"
c\nej./\\/\/\ /\ \\/\d\/A\JAV,\\/\\/\//\J\/\VV\/\/\J/\\/“\ r\/ﬁ\/
At;gf:né:\\\ s k// \ i \/ \,/ \\/ \J/\ Y /] N\ /\\\_/ \//\ /\\_// \_ AN \\/ \J//\\\/ \\//\\/ \_//\/

X a 14 N N\ e
S/ LA ‘u \\/ \/ f\\/\k/\\/r \\/ \_/ (i) \\/\/ \,/\d v/ A \\/ \/ NN

8p02

51 82 51 51 51 52 52 52 5t ] 52 5 53 & 5 54 54 82 5t 50 50 5t 8 5
Fuise

UPIE SUPIE SLemE SUPINE Sene SUPINE suPE SUPIHE SuPnE SUFINE SUPIE sLene

BodyFos

s 0 22 02 o a1 o1 9 8o B8 84 34 Bt &9 89 87 B4 be 68 o1 22 02 as 69
PAP Press,

« i ’

Soute i =] [0 St st ety 2] [l

034730 08/01/2014 __[9920f 1417 1205 NUM

F#mﬁ

43

Sugar Land (L)

CSMA

www. Hou st0.| 1§ eep.Met

The Woodlands (TW)

281) 239-6268 F

PORTABLE UNATTENDED NOCTURNAL RESPIRATORY MONITORING STUDY

PATIENT: DOB: 09-06-1933

DATE OF STUDY: 01-07-14 & 01-08-14 LOCATION: THE WOODLANDS
REFERRING: Ronald Prehn, DDS

INTERPRETING PHYSICIAN: JERALD SIMMONS, MD

INDICATIONS: This is g 80y/o female with symptoms of OSA. This portable unattended nocturnal respiratory monitoring study
is being performed in an attempt to characterize the patient's breathing during sleep while using her TAP-PAP appliance at a
pressure of 9 cm H20.

PROCEDURE: A portable unattended noctumal respiratory data acquisition recording was obtained using the

Breabon device which measures PAP Flow, Oxygen Saturation (Sp02), Heart Rate, Sonogram (Snoring), Body Position and
movement, and Thorax Respiratory Effort.

The data was reviewed by Jerald Simmons, MD, Diplomat of the American Board of Sleep Medicine.

SIGNAL INTEGRITY: The signal integrity of all signals acquired was adequate for review and assessment of the data
recorded.

IMPRE S SION:

‘With the unattended portable sleep study the patient demonstrated essentially normal respirations during sleep. The
patient had less than 5 obstructive respirations per hour with an Apnea Hypopnea Index of 4.3 episodes per hour when
using her TAP-PAP appliance. The patient's oxygen saturation dropped only to 94% in association with some of these
obstructive respiratory events. The patient's TAP-PAF appliance is effective in treating the patient’s obstructive
respirations at night.
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What Kind Of Apnea Is This?
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What Kind Of Apnea Is This?
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Remotely obtain patients CPAP data
to augment the Telemedicine care.

L L e
M o0R/2020 - /08 2020
ResMed 09/06/2020 - 10/05/2020 ResMed
AirView” AirView”
k Compliance Report Therapy Report
[Ce-
Losk
Pressar

Usage - hours o
il T
51
LTS
o .
2] ° SUGAR LAND
" 0 15423 CREEK BEND DR
tes® SUGAR LAND
Texas, 77478
ResMed 09/20/2021
Phone: 281-269-7802
Email: mira houstonrest@gmail com DOB: 04/19/1970
. . " Age: 51 years
AirView ,
Detailed report
AirSense 10 AutoSet
Serial number 23183269170
Mode / set pressure CPAP / 14.0 cmH20
EPR/ level Fulltime / 3.0 cmH20
Statistics
Usage 6 hr 26 min
Leak - L/min Median: 3.6 95th %: 26.4
Events per hour AHI: 0.9 Al: 0.7 HI: 0.2
Central: 0.4 Obstructive: 0.3 Unknown: 0.0
RERA 0.0
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REST Sleep Grapher
Remote Patient _—
Monitoring Program
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Cardioplumonary Coupling takes data from a ring oximeter, extracts a
Plethysmographic Respiratory Signal and Heart Rate Variability data

55

Cardioplumonary Coupling takes data from an oximeter, extracts a
Plethysmographic Respiratory Signal and Heart Rate Variability data
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Cardioplumonary Coupling takes data from a ring oximeter, extracts a
Plethysmographic Respiratory Signal and Heart Rate Variability data
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Cardioplumonary Coupling takes data from a ring oximeter, extracts a
Plethysmographic Respiratory Signal and Heart Rate Variability data

e

58

29



Sleep Education Consortium April 2026
Do not copy without permission

 HFC e LFC VLFC

” _ A ﬂk#@i

p\ﬁ! ﬂi“l‘ W A" l‘ WM w}" ‘\ dﬁ\lu- - ‘d!a ‘l" 4 S .%"

- amn ——— —— - A . —

CPC Freq (Hz)

Unstable TR ERL L LA R AT n w | ww
REM wiruf s | o TR \ -
‘Wake!
Fragmentation TR " EE— | | "
Pcr.mnw[y

CVH

é“ﬂWMJMWM Ll DT

I 0] 1‘| {1 liﬁlllﬂ“n\“ulm Lotk Dk ; h[ M|nm|ui hickinaks 1
T W A e L B LT T

i =

8
B0
—— s m —— — - ——
hh:mm
22:00 23.00 00:00 01:00 02:00 03:00 04:00 05:00 06:00

59

The Full Spectrum of Obstructive Breathing During Sleep

Different types of testing for different clinical situations

Snoring Gasping Pauses in breathing

< - Bruxing / Clenching During Sleep - >

Normal Respiratory Effort Hypopneas Hypopneas Complete
Breathing Related Arousals with normal Sa02 with Sa02 desaturations Obstructive Apnea
of Sleep (RERAS) (Hypopnea Rule 1A) (Hypopnea Rule 1B)
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Patient with mixed OSA (Central and Obstrcutive) monitored since October 2021
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Two years of nightly monitoring of a patient with OSA using our nightly tracking system
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Two years of nightly monitoring of a patient with OSA using our nightly tracking system
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The patient was placed on nightly Remote Patient Monitoring (RPM), wearing a ring,
and then he started wearing his OAT device which was adjusted based on the findings.

The patients daytime sleepiness never resolved with the improvement in his OSA as measured
by the sAHI 3% parameter. So, he came into the lab for a NPSG with a Pes followed by a MSLT.
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NPSG demonstrated
IMPRESSION:
1. This study demonstrated evidence of mild / significant obstructive sleep apnea (AHI 8.5).
2. This study was followed by a Multiple Sleep Latency Test (MSLT). With the appliance

Multiple Sleep Latency Test demonstrated

IMPRESSION:
1. The mean sleep latency was 9.6 minutes.
2. There was REM sleep in 2 of the sessions.

Diagnosis: Narcolepsy Type 2 in addition to OSA
(with the oral applaince the AHI was 8.5 in the lab but with the HSAT it

was under 5 /hr most nights.
This patient needed combination treatment of his

OSA and medications to treat his narcolepsy.
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Patient on who failed Inspire alone and is on combination therapy with PAP with good results
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CSMA is currently assisting dentist titration of OAT using the REST Tracker
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Adjustments made on the appliance during this period of time, guided by the
data from the REST Tracking platform. Note the night-to —night variability
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Dental Appliance Mono Therapy
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A Feasibility Study to Test the REST Tracker System for Use in Maternal Care to Improve
Outcomes by Early Detection of Obstructive Sleep Apnea
Principle Investigator: Jerald H Simmons, MD

REST Technologies monitoring of pregnant women is supported by the National Heart, Lung, And
Blood Institute of the National Institutes of Health under Award Number R43HL166038.
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RE ST Feasibility of the REST Tracker Platform to Monitor Obese Pregnant SLEEP MEDICINE
Woman for the Onset of OSA Throughout Pregnancy
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unlock credits below. View CME Credit info

REFLECT NOW

https://champions.learner.plus/sec/
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