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Summary

Background: Obstructivedeep apneasyndrome(OSAS) is
related to diurnal sympathetic hyperactivity and increased
blood pressure, both factorsthat arelikely tolead to the devel -
opment of cardiovascular disease.

Hypothesis: The study investigated whether 24-h urinary
catecholamines would reflect the effect of obstructive deep
apneaon autonomic activity.

Methods: Standard polysomnography wasperformedin 17
patientswith OSAS (age 53.7 + 13.5 years, mean + standard
deviation). The number of apnealhypopneaepisodes per hour
of deep (apnealhypopneaindex [AHI]); number of oxygen
desaturation episodes per hour (desaturation index [DSI]);
arousals per hour (arousal index); lowest oxygen saturation
(lowest SpOy2); and percentages of stages 1, 2, 3/4, and rapid
eyemovement deep (% stage 1, —2, and —3/4, and % REM,
respectively) were measured. Overnight continuous positive
airway pressure (CPAP) titration was performed the night
after the basdline degp measurements had been taken.
Twenty-four-hour urinary adrenaline and noradrendlinewere
aso examined.

Results: During the CPAP treatment, both 24-h urinary
adrenaline and noradrendine were significantly lower com-
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pared with natural deep. Continuous positiveairway pressure
significantly decreasedthe AHI, DS, % stage 1, and arousal
index and significantly increased thelowest SpO». Therewere
no significant differences in % stage 2, % stage 3/4, and %
REM between before and during CPAP treatment. Multiple
anaysisof covariancetestsreved ed that lowest SpO, wasthe
most important factor for increasing 24-h urinary noradren-
dinelevels(F=4.75,p=0.048).

Conclusions: Onenight CPAPtreatment couldimproveau-
tonomic dysfunction. The assessment of 24-h urinary nora:
drenalinewould provideimportant information for eval uating
the effect of CRAPtreatment.

Key words: catecholamine, adrenaline, noradrendine, ob-
structive degp apnea syndrome, autonomic activity, continu-
ouspositiveairway pressure, lowest oxygen saturation

Introduction

Obgtructivedeep apneasyndrome (OSAS) ischaracterized
by repeated episodes of arousal from deep and of hypoxemia
ated with upper airway obstruction, resultinginstimula-
tion of the sympathetic nervous system. These episodes have
animmediate effect ontherespiratory, circulatory, and central
nervous systems. 12 12 The high rate of morhidity and mortal-
ity in patientswith severe OSASisrelated to the coexistence
of various cardiovascul ar diseases. 1013 Thelevels of sympa
thetic activity and blood pressurewere higher in patientswith
OSASthan in norma subjects.1* We previoudy showed that
hypertension in OSAS occurs both during deep and when
awake. ! Hence, evaluating the effects of continuous positive
airway pressure (CPAP) treatment on autonomic activitiesis
clinically important in patientswith OSAS.

The level of noradrenaline in blood varies up to twofold
during changesin body position, exercise, stress, and pain.1®
However, the amount of noradrenaline in 24-h urineis more
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stablethan that measured in blood and muscle. We specul ated
that noradrendinein 24-h urinereflectsanincreasein sympa
thetic activity and blood pressurein OSAS both during deep
and when awake.

Accordingly, we investigated the usefulness of noradren-
alinein 24-h urinefor evaluating the effectsof OSASon auto-
nomic activity and theefficacy of CPAPtreatment.

Methods
Patients

Saventeen men with OSAS were enrolled in this study
(mean £ gtandard deviation [SD] values: age, 53.7 + 13.5
years, height, 168.1 + 7.0 cm; weight, 76.2 + 17.9 kg; body
mass index, 26.7 + 4.8 kg/cm?); al provided appropriatein-
formed consent. The study protocol was approved by the ap-
propriateingtitutional review committee.

Polysomnography

Polysomnography (PSG) (Alice 3; Respironics, Inc.,
Murrysville, Penna., USA) wasperformed from midnight un-
til the patients awoke spontaneoudly the next morning. The
firgt-night record with natural deep was considered the con-
trol, and the second-night record was used to assessthe effica-
cy of CPAP (Tranquility; Respironics, Inc.). Attended CPAP
titration was performed with manual titration on the second
night after the basdline deep, and level of CPAP pressure for
each patient was set at the minimum pressure to abolish snor-
ing, oxygen desaturation, obstructive respiratory events, or to
determine the highest level tolerated. The electroencephalo-
gram (C3-A2, C4-A1l, O1-A2, and O2-A1 dectrodes), right
and | eft e ectro-ocul ogram, submental electromyograms, air-
flow (by oronasal thermistor), chest and abdomina movement
(by piezo sensors), oxygen saturetion (by pulseoximetry), and
electrocardiograms (recorded with bipolar CM5) wererecord-
ed on PSG. Sleep stage was scored according to the criteriaof
Rechtschaffen and Ka es!® by visua monitoring.

The number of apnealhypopneaepisodes per hour of deep
(apnealhypopneaindex [AHI]); number of oxygen desatura-
tion episodes per hour (desaturationindex [DSI]), lowest oxy-
gen saturation (lowest SpOy), percentages of stages 1, 2, and
3/4, and rapid eyemovement deep (Yo stage 1, —2, and —3/4,
and % REM, respectively); and the number of arousals per
hour (arousa index) were examined. An apnealhypopnea
episode was defined asacessation of airflow at themouth and
the noselagting > 10s. The OSAS was defined as an AHI of
>5episodes/h. 1’

Twenty-Four-Hour Urinary Catecholamine

Sympathetic nervous system activity was estimated from
noradrenalinein 24-h urine. The sampleswere collected into
acidified containers containing 20 ml of 6 mal/l hydrochloric
acidand stored at 4°C prior toanaysis. Urinary noradrenaline

was determined by high-performanceliquid chromatography
with fluorescent detection,® and concentrations were ex-
pressed as nanomoles per millimole of creatinineto adjust for
the effectsof urinevolumeand rena function.1®

Statigtical Analysis

Data are presented as mean + SD and compared between
the groups with the Wilcoxon signed rank sum test. A proba-
bility value of <0.05 was considered to indicate statigtically
significant differencesbetween thegroups. Themultipleanal-
ysisof covariancetest wasa so performed.

Resaults

Apnea/hypopneaindex, DS, % stage 1, and arousal index
were significantly lowered by the CPAP treatment (AHI,
from42.5+25.9t09.31 7.9/h; DSI, from 34.9+ 26.4t05.5+
6.4/h; % stage 1, from41.9+ 24.7t0 26.3 + 15.0%; arousdl in-
dex,from44.4+ 17.8t019.1 + 11.8/h), and lowest SpO, was
significantly increased (from 76.0 £ 12.0 to 86.9 + 7.6%).
There were no significant differencesin % stage 2, % stage
3/4, and % REM between before CPAP and during CPAP
treatment (Tablel).

During CPAPtreatment, 24-h urinary adrendineand nora-
drenainewere both significantly lower compared with natural
deep (adrenaline, from 4.8+ 2.0t0 3.1+ 1.8 nmol/mmol crea
tinine[CRE]; noradrenaline, from 81.5+ 47.8t047.0+ 26.8
nmol/mmol CRE) (Fig. 1). A multipleanalysisof covariance
test revealed that lowest SpO, was the most important factor
for increased noradrendinein 24-h urinelevels (F=4.75,p=
0.048) (Tablell).

Discussion

In patientswith OSAS, AHI, DSI, % stage 1, and arousa
index were significantly decreased, and lowest SpO,> wassig-

TaBLE | Polysomnographicfindings
Before OnCPAP pVaue

AHI (/h) 425+259 9.3+79 <0.05
DS (/h) 34.9+264 55+64 <0.05
Lowest SpO2 (%) 76.0+119 86.9+7.6 <0.05
Stage 1 (%) 419+24.7 26.3+15.0 <0.05
Stage2 (%) 454+258 50.7+234 NS
Stege 3/4 (%) 0.7+15 11+29 NS
StageREM 137+73 21.3+16.6 NS

Arousal index (/h)

All resultsgiven asmean + standard deviation.

Abbreviations: AHI = the number of apnea/hypopnea episodes per
hour, DSI = the number of oxygen desaturation episodes per hour,
lowest SpO, = lowest oxygen saturation, arousal index =the number
of arousasper hour, NS= not significant.

444+17.8 191+118 <0.05
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Fic.1 Influence of continuous positive airway pressure (CPAP)
treatment on 24-h urinary catecholamines. During CPAP treatment,
24-h urinary adrendine and noradrenaline were both significantly
lower compared with natural deep (adrenaline, from4.8+2.0t03.1
+ 1.8 nmol/mmol CRE; noradrendine, from 81.5+ 47.8t047.0 +
26.8 nmol/mmol CRE). CRE =crestinine.

nificantly increased with CPAP treatment. Noradrenaline in
24-hurineasan index of sympathetic nerveactivity waslow-
ered compared with the value before treatment. Twenty-four-
hour urinary noradrenaline might thus provide anoninvasive
index of autonomic function, yielding important information
about theeffect of CPAP,

Sympathetic nerve activity in muscle and blood pressure
during deepwerehigher in patientswith OSASthaninnormal
control subjects,2* which was consistent with our findings.
Frequent episodes of hypoxia, respiratory acidosis, pleural
pressureswings, arousal responses, and theresulting elevation
in catecholamine secretion may contribute to an elevationin
sympathetic nerve activity during both nighttime and day-
time.1:211.12.20-23 The nocturna concentration of plasmano-
radrendinein patientswith OSA Swasincreased and correl at-
edwith the severity of overnight oxygen desaturation.--23 Qur
finding suggests that hypoxemia and deep fragmentation in
patientswith OSA S elevated sympathetic activity, leading to
increased 24-h urinary noradrenaline.

Thesignificant reductionin 24-h urinary noradrenaline by
CPAPtrestment indicatesthat increased sympathetic activity
is caused by hypoxemia and deep fragmentation in OSAS,
which wasimproved by CPAPtreatment. Waravdekar et al 4
have demonstrated that muscle sympathetic nerve activity
(MSNA), measured by peroneal microneurography, iselevat-
edinpatientswith OSASand that MSNA decreasesafter nasal
CPAP treatment, which supports our findings. Minemura et
al.% reported that patientswho received CPAP showed asig-
nificant decrease in daytime and nighttime urinary nora-
drenalinelevels, but that there were no correl ations between
PSG parameters and the reductionsin catecholamine levels.
Although the reason for the discrepancy between their results
and the present findingsisunclear, it is possible that the meth-
odsused to measure urinary noradrenalinelevel scontributeto
thedifferenceinthefindings. Thechronic effect of degp apnea
per seon the autonomic activity isnot fully understood. A ca
ninemode of OSASprovided evidencethat OSAScanleadto
apersistent increase in blood pressure not only during both
nighttime and daytime.2 We previoudy showed that frequent

TaBLE I Mostimportant factor for increasing 24-h urinary nora-
drendinelevels

F pVaue
AHI (/h) 0.60 NS
Lowest SpO2 (%) 475 <0.05
Arousal index (/h) 0.26 NS

Abbreviationsasin Tablel.

hypoxemiaepisodeswith arousal resultin anincreasein noc-
turnal blood pressure.2 12 13 Therefore, noradrenalinein 24-h
urineisconsidered auseful indicator for evaluating the effect
of CRPAPtreatment, including during follow-up.

Whilethe noradrenainein blood, muscle, and urine can be
mesasured, thelevel in both blood and musclerequiresinvasive
sampling and can easily fluctuate. Noradrenalinemeasured in
blood is influenced by body position, exercise, stress, and
pain.1> In contrast, noradrenaline in 24-h urine is collected
noninvasively anditslevel ismore stablethanthat inblood and
muscle. Theurinary noradrendineleves, by virtueof theirin-
tegration throughout 24-h of monitoring, may beamorevalid
index of sympathetic activity2® than plasmalevels, which are
greetly influenced by the condition of the subject in the few
minutes prior to sampling.2” On the other hand, the level of
plasma noradrenaline represents a summation of al nora-
drendine released throughout the body, but most prominently
from thevascul ature and the peripheral musclebeds, 28 where-
asnoradrenalinein 24-h urinereflectsunderlying pathophysi-
ologic processesoccurring during both deep and when awake.
The sympathetic activity increasesboth during deep and when
awakein OSAS,1 2 11, 12,20-23 and hence assessment of 24-h
urinary noradrenaline could beagood tool for estimating au-
tonomic dysfunctionin OSAS.

Conclusion

Wefound that 24-h urinary noradrendinereflecting sympa:
thetic nerve activity was improved after 1 night CPAP treat-
ment in patientswith OSAS. The assessment of 24-h urinary
noradrenaline represented important datafor eval uating the ef-
fect of CPAPtreatment on sympathetic activity.

References

1. Fetcher EC: Obstructive deep apnea and cardiovascular morbidity.
Monaldi Arch Chest Dis1996;51:77-80

2. Brooks D, Horner RL, Kozar LF, Render-Teixeira CL, Phillipson EA:
Obstructivedeep apneaasacauseof systemic hypertension: Evidencefrom
acaninemode!. J Clin Invest 1997;99:106-109

3. SomersVK, Dyken ME, Mark AL : Parasympathetic hyperresponsiveness
and bradyarrhythmias during apneain hypertension. Clin Auton Res1992;2:
171-176

4. SomersVK, Dyken ME, Clary MP, Abboud FM: Sympathetic neural mech-
anismsin obstructive deep gpnea. J Clin Invest 1995;96:1897-1904

5. Levinson PD, Millman RP: Causes and consequences of blood pressureal-
terationsin obstructive sleep apnea. Arch Intern Med 1991;151:455-462



522

10.

11

12.

13.

14.

15.

16.

Clin. Cardiol. Vol. 28, November 2005

NodaA, YasumaF, OkadaT, Y okotaM: Circadian rhythm of autonomic
activity in patients with obstructive seep apnea syndrome. Clin Cardiol
1998,21:271-276

Kansanen M, Vanninen E, Tuunainen A, Pesonen P, Tuononen V,
Hartikainen J, Mussalo H, UusitupaM: Theeffect of avery low-caoriediet-
induced weight losson the severity of obstructive s eep apneaand autonom-
ic nervousfunction in obese patientswith obstructive d eep apneasyndrome.
ClinPhysiol 1998;18:377-385

Khoo MCK, Kim TS, Berry RB: Spectral indices of cardiac autonomic
functionin obstructive eep apnea. Seep 1999;22:443-451

Svanborg E, Carlsson-Nordlander B, Larsson H: Autonomic nervous sys-
tem function in patients with primary obstructive sleep apnea syndrome.
Clin Auton Res1991,;1:125-130

HeJ, Kryger MH, Zorick FJ, Conway W, Roth T: Mortaity and apneaindex
in obstructive sleep apnea. Experience in 385 male patients. Chest 1988;
94:9-14

NodaA, Okada T, Hayashi H, YasumaF, Y okotaM: 24-hour ambulatory
blood pressurevariability in obstructive sleep apneasyndrome. Chest 1993;
103:1343-1347

NodaA, OkadaT, YasumaF, Sobue T, NakashimaN, Y okotaM: Cardiac
hypertrophy in obstructive sleep apnea syndrome. Chest 1995;107:
1538-1544

NodaA, OkadaT, YasumaF: Prognosis of the middle-aged and aged pa
tients with obstructive seep apnea syndrome. Psychiat Clin Neurosci
1998;52:79-85

NarkiewiczK, Montano N, Cogliati C, Borne PJH, Dyken ME, SomersVK:
Altered cardiovascular variahility in obstructive sleep apnea. Circulation
1998;98:1071-1077

Luft R, UIf S, Von Euler US: Two casesof postural hypotension showing a
deficiency inrelease of norepinephrine and epinephrine. J Clin Invest 1953;
32:1065-1069

Rechtschaffen A, Kales A: A Manual of Standardized Techniques and
Scoring Systemfor Seep Sages of Human Subjects. Washington, D.C.: US
Government Printing Office, 1968

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

The Report of an American Academy of Sleep Medicine Task Force:
American Academy of Sleep Medicine: Sleep-related breathing disordersin
adults. Recommendationsfor syndrome definition and measurement tech-
niquesin clinical research. Seep 1999;22:667-689

Macdonald 1A, Lake DM: An improved technique for extracting cate-
cholaminesfrom body fluids. J Neurosci Meth 1985;13:239-248
Laederach K, Weidmann P: Plasmaand urinary catecholaminesasrelated to
rena functioninman. Kidney Inc 1987;31:107-111

Phillipson EA: Sleep apnea. A mgjor public health problem. N Engl J Med
1993;328:1271-1273

Marrone O, Ricobono L, Salvaggio A, MirabellaA, Bonaao A, Bonsignore
MR: Catecholamines and blood pressure in obstructive sleep apnea syn-
drome. Chest 1993;103:722-727

Fletcher EC, Miller J, Schaaf W, Fletcher JG: Urinary catecholaminesbe-
foreand after tracheostomy in patientswith obstructive deep apneaand hy-
pertension. Seep 1987;10:35-44

Eisensehr |, Ehrenberg BL, Noachtar S, Korbett K, Byrne A, McAuley A,
PalabricaT: Platelet activation, epinephrine, and blood pressurein obstruc-
tive seep apneasyndrome. Neurology 1998;51:188-195

Waravdekar NV, Sinoway L1, Zwillich CW, Leuenberger UA: Influence of
treatment on sympathetic nerve activity in Seep apnea. AmJ Respir Crit
CareMed 1996;153:1333-1338

MinemuraH, AkashibaT, Y amamoto H, Akahoshi T, KosakaN, Horie T:
Acuteeffectsof nasal continuous positiveairway pressureon 24-hour blood
pressureand catecholaminesin patientswith obstructive s eep apnea. Intern
Med 1998;37:1009-1013

Davidson L, Baum A: Chronic stress and posttraumatic stress disorders.
J Consult Clin Psychol 1986;54:303-308

Dimsdale J, Moss J: Short-term catecholamine response to psychologic
stress. Psychosom Med 1980;42:493-497

Eder M, Jennings G, Korner P: Assessment of human sympathetic nervous
system activity from measurements of norepinephrineturnover. Hyperten-
s0n1988;11:3-20



