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10.9 mins in the N Group. TST, SE, N1, N2, N3, and R
did not differ significantly between the two groups (Fig-
ure 3, Table 2).

Although it is noteworthy that Periodic leg movement
disorder (PLMD) was observed in 62.5% of the LTOT
patients with especially high PLMD complication inci-
dence of 50% in the H Group, but there was no correla-
tion of this finding to sleep interruption (Figure 4).

TST, Sieep Efficiency and Sleep Latency of the PSG dota
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Figure 3. Total sleep time (TST), Sleep Efficiency and Sleep
Latency of the PSG data in 6 hypercapnia subjects and 7 nor-
mocapnia subjects with LTOT mean + SE. 1P <0.005.

4. DISCUSSION

CRF in patients is usually diagnosed based on clinical
definitions, which are all based on the presence of hy-
poxemia and categorized depending on whether being
accompanied by hypercapnia {19-21]. This means that all
CRF patients have hypoxemia and that the study needs to
be conducted with the influence of hypoxemia excluded
by the means of oxygen administration.

A ratio of PLMD of 7 control subjects, 6 hypercapnia subjects with
LTO’I_'_. 7 Normocapnia with LTOT and 13 LTOT subjects
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Figure 4. A ratio of PLMD of 7 contral subjects, 6 hyper-
capnia subjects with LTOT, 7 Normocapnia with LTOT and
13 LTOT with LTOT.

Table 2. Clinical characteristics of control subjects and patients of hypercapnia and normecapnia with LTOT (mean + S.E.).

Control Hypercapnia Normocapnia Hmp;sia ngrzg:&:pv:ia l;qyger;‘c:&? :i:s
n 7 6 7

Apge (year) 704£1.0 71.0£3.0 743%15 ns. n.s. n.s.
Body-mass-index (kg/m®) 252%1.6 203%1.0 21209 <0.05 <0.05 n.s.
Total sleep time (min.) 388.1 £ 15.7 292.1+55.8 284.7£39.1 ns. <0.05 n.s.
Stage N1 (%) 263%=1.6 355£109 27.0+4.6 <0.05 <0.005 ns.
Stage N2 (%) 55.1+£6.8 477113 52058 n.s. n.s. n.s.
Stage N3 (%) 83+34 0.2+0.1 0.1x0.1 <0.05 <0.05 n.s.
Stage R (%) 10123 164£3.5 20922 n.s. <0.0} ns.

Latency persistent steep (min.) 252438 123.8+18.8 36.7£10.9 <0.0005 ns. <0.005
Sleep Efficiency (%) 727+£28 43.9+4.0 47058 <0.0001 <0.005 ns.
PLMS index (cventsh) 2314 6.5+22 28x07 n.s. n.s. ns.
Apnea hypopnea index (events/h) 1.9+ 0.6 13.7x8.1 150+3.0 n.s. <0.001 n.s.
Arousal index (eventsth) 11323 17426 175+34 ns. <0.001 ns.
SpO; mean (%) 94.0£0.8 95712 936038 ns. n.s. n.s.
SpO; min. (%) 89.3+0.9 88.7+1.7 87.0%1.6 n.s. ns. n.s.
Desaturation index (events/h) 13206 4214 7.0+£22 n.s. <0.05 n.s.

pH 7.43%0.01 7.38%0.02 7.43%0.01 <0.05 n.s. <0.05

PCO, (mmHpg) 39.0£1.0 544%4.6 37815 <0.005 n.s. <0.005
PO, (mmHpg) 90.0£2.7 77.7£3.6 772+4.1 <0.05 <0.05 n.s.

HCO; (mEg/) 252%05 320 1.6 24.5+0.6 <0.005 D.S. <0.001

Prediction of PCO, (mmHg) 38612 549+3.9 36814 <0.005 ns. <0.001
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Accordingly, the primary endpoint of this study was to
investigate the influence of chronic hypercapnia in pa-
tients with hypoxemia resolved by means of LTOT.

In order to compare the influence of respiratory failure
in hypoxemia and ventilatory failure patients under
LTOT, baseline PaCO, values that reflect the ventilatory
state during sleep were derived from the bicarbonate ion
(HCO3 ) values using the prediction formula [18].

This is based on the fact that PaCO, becomes higher
due to the physiological suppression of ventilation dur-
ing sleep. In addition, PaCO, values at wakefulness do
not reflect the values during sleep. Thus, we derive the
baseline PaCO, during sleep from HCOj that reflects
longer-term PaCO, and needs prolonged period to
change.

Assuming that the predicted PaCO, at rest reflects
PaCO; during sleep, the LTOT patients were categorized
by the level of PaCO, during sleep and PSG data for
each group were compared.

Regarding nocturnal sleep architecture in CRF patients
under LTOT, it was characterized by shorter TST, larger
% stage N1, smaller % stage N3, and longer sleep latency,
namely, lower sleep efficiency compared to healthy sub-
jects even with the maintenance of oxygen level during
sleep by means of oxygen administration.

These characteristics are evidences of so-called sleep
disturbance of which the pattern was different from the
pattern attributable to certain events and accompanied by
arousal responses such as observed in obstructive sleep
apnea hypopnea syndrome (OSAHS). Rather, it was
similar to have sleep architecture in sleep disturbance ob-
served in generalized anxiety disorder. Although some
studies report that high PaCO, is responsible for arousals
[22], a causal relationship between high PaCO, and
arousals was not found in LTOT patients. Future studies
may reveal such causal-relationship through long-term

follow up of sleep variation in respiratory failure patients.

This study probably failed to prove the association of
high PaCO, with arousals due to a lack of sleep tests in
matched patient groups before the patients contracted
respiratory failure. When hypercapnia and normocapnia
patients in the LTOT Group were compared, sleep la-
tency was shorter in hypercapnia patients. The influence
of PaCO, was considered to be one of the causes.

In patients classified into the LTOT Group, PLMD
complication incidence was around 50% with no relation
to PaCO; accumulation. .

Regarding insomnia related to respiratory diseases,
there are many reports on bronchial asthma [7,18]
COPD patients present various symptoms depending on
the disease types and severity. The most frequent symp-
tom in patients at Stage 2 or higher is “exertional dysp-
nea” while severe breathing difficulty that interrupts
sleep at night is rare unless accompanied by bronchial

Copyright © 2013 SciRes.

asthmatic attack [23] or accidental pneumothorax.

Pulmonary emphysema at the stationary phase rarely
causes insomnia because it is rarely accompanied by
symptoms of cough and sputum. Significant hypoxemia
during REM sleep associated with decrease in PaO, par-
tial pressure during wakefulness is reported regarding
sleep in COPD patients [24].

However, there are no reports on sleep state in LTOT
patients. We found in this study that sleep in LTOT pa-
tients is characterized by shorter TST, larger Stage N1,
longer sleep latency and lower sleep efficiency com-
pared to controls. These characteristics are similar to the
sleep pattern in patients with generalized anxiety disor-
der.

Regarding the subjects in this study, in whom normal
oxygen saturation is maintained during sleep by means
of oxygen administration, possible causes of sleep dis-
turbance are biological and physical stressors such as
respiratory muscle fatigue and factors related to anxiety
disorders due to slow aggravation of the ventilatory state,

Guilleminalt [25] et al. first reported the incidence of
PLMD in sleep disorder and revealed that PLMD was
observed in 11.3% of chronic insomnia patients. Cole-
men [26] et al. reported that PLMD was observed in
3.5% of hypersomnia patients and this incidence was
raised to 18% in such patients aged 65 or over. Since the
incidence of PLMD is high in the patients with cere-
brovascular disorder and myelopathy, damage to the in-
hibitory system between the central nerve and ventral
horn cell that functions during sleep may be associated
with decrease in the threshold of the disease onset [27).
Variance in sympathetic nerve activity in the pons and
reticular formation seems to be associated with periodic
onset of PLMD since the interval of muscle contraction
matches the fluctuation of breathing, arterial and cere-
brospinal fluid pressure, which is suppressed by sympa-
thetic nerve system during sleep [28]. No healthy sub-
jects in this study were diagnosed as having PLMD
based on the PSG data, probably due to the small number
of the cohort. On the other hand, PLMD was found in
62.5% of the LTOT patients although the number of the
cohort is so small. Studies with a larger number of co-
herts may be required in the future.

Respiratory disease, especially COPD, has been con-
sidered to be a cause of insomnia since the incidence of
insomnia is higher in patients with this disease compared
to healthy controls [29]. Many studies in the past inves-
tigated the sleep state before commencement of LTOT. In
addition to this, we classified patients depending on
whether they had hypercapnia and compared the differ-
ences in sleep state among the groups. We supposed that
frequent measurements of nocturnal oxygen concentra-
tion during sleep could affect sleep testing and insertion
of the Swan-Ganz catheter for testing presents high risk
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to the LTOT patients. Therefore, assuming that the pre-
dicted PaCO, derived from the value of HCOj, which
is obtained from the ABG analysis of the blood collected
at the time of admission while the patient is awake, re-
flects the PaCO, during sleep, we estimated the PaCQ,
level during sleep using the prediction formula for
PaCO; at rest including during sleep

(PaCO, =2.4x[HCO;]-22 ) [18].

Using this data, the subjects were classified into High
PaCO, and Normal PaCO; Groups and compared. The
results showed prolonged sleep latency in the High
PaCO; Group, for which intensified insomniac symp-
toms as in the previously mentioned COPD cases seemed
to be a possible cause since the patients in this study all
had severe respiratory failure.

Some reports suggest increase in Stage 1 observed in
the group with OSAHS and hypercapnia as the cause of
sleepiness. Continued arousal state due to decreased
cerebral blood flow during sleep is also a possibility.
Chemical, neurogenic, and myogenic controls function to
modulate cerebral blood flow [30-32] and carbon dioxide
is considered to affect the cerebral blood flow most [30].
A study by WollF [33] et al. and subsequent studies
[34,35] confirm that increase in partial pressure of arte-
rial CO; dilates the cerebral blood vessel while the de-
crease contracts the vessel.

However, the mechanism concerning PaCQ, increase
is yet to be confirmed since there are two opinions at the
moment: relaxation of the smooth muscle in the cerebral
blood vessel due to a chemical mechanism [36,37] and
cerebral blood flow increase via neuroreflex [38]. Re-
garding the influence of PaCO, on LTOT patients, it is
conjectured that decrease in ventilation increases PaCO,
partial pressure, which dilates the cerebral blood vessel
and increases cerebral blood flow resulting in the volume
of cerebral blood flow equal to or larger than the flow
during wakefulness. However, the possibility of pro-
longed sleep latency and decrease in TST was suggested.
It may be necessary to take actual PaCQ, during sleep
using the non-invasive method of measuring carbon di-
oxide concentration, classify the patients by the values,
and make comparisons.

Prolonged sleep latency, shortened sleep time and de-
creased deep sleep were found in CRF patients with hy-
percapnia even with exclusion of the influence of hy-
poxia, which suggested the possible influence of CO,.

This study did not measure PaCO, directly during
sleep. Because there is a possibility that the collection of
ABG sample during sleep can affect sleep architecture.
This is regarded as major limitations of this study. It will
be also examined sleep architecture after the intervention
with assisted ventilation.

In conclusions, maintaining a certain oxygen level
during sleep may not be sufficient to achieve adequate

Copyright © 2013 SciRes.

sleep in CRF patients with hypercapnia under LTOT.
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B 220 EMAFAMERE{LEZPLI0~4ETT 7
P (0RE®ELRZL, 4 HAEE{L B R
BYESPIREBEIABICIVEELL), ThEhoS
VBT HRRRET B L .
2EMLEBOHEBNE, BRI A-F—lonT
2 tE (Student's ttest) %, HERPHROFEILOW
T X Fisher's exact test# VWA REZ (<005) 2R

BR

£75E M S, DEHD L IREEPICFEV/FVCL
70% & %2 o T EFNT208 (27%) ThHol. FABFVC
<BO%THHEMIZ6H (8%) Thol.

FEV/FVC<70%® 3 HEEZ Twheezes® BN S It
DL 1FADAT, KREXHBREORANE CFEV,712%
P EAD200 mLUL E8INT 2 ¥ 2T HEMITRD
ol BB, 0WRI7TAFAEXLERICLZTY
HREBETo T,

BEERABEICOWTRIT %729, FEV/FVC
<70% D204 & FEV,/FVCZ70%D 5561 |2 5+ v Tl 8
BETL7-. 4E#h, 5, %FVC, /MREmBOBRE, BE
FE (pack-year), BRIREERICOWTRE L7z (Table 1).
FEV/FVCLTO%BECHRBROBELHF T HEATE
BixEhol. FOMOBHIZBVTHEBOMBIISH >
73, wTFhb FEZRFREShddof 2, HEkK
BOBA A TAEMCR—HICEBHEREATXT

REXEALLY, wheezes* BZ LA THEMNIIH 2
7, WMBREREUAENIZD R o7

RICMBEACE, KL6, DLco%pred, REXHEWIRA
R (network formation RS EEEORH - HiR) PHEF
REOHEICLDOWT HFEV,/FVC<LT70% & FEV,/FVC=
0%D 2 BTGV, BERH LT hICBWTLHEE
Zix ol (Table 1).

THEERARECHS T LTRSS AR
e, BRERE LEEE WERELLCOFETFEVY/
FVCEHEBME L/ BER E4BW RFRED
FETCREEER b, MRBBEZETHENT
FEV,/FVCHEEIET L Twiz (Table 2).

FVC% pred., FEV,;% pred., DLco% pred.. ACE,
KLICoWTHARHRBOFETCRHF LA L Z 5,
FEV,%pred. lC b FEEN D o 2. NERMBOBEEEAET
35%, LHEBEERABEE &/2LTwi (Table 3).

T - AEXHEWIE R ICB ) % network formation ®
BHEPAERBORR - BROAETHREEPLACER
KL6B LD A—7 — HBHRE LY, vwihics
WCHERZR P o4k (Table 4, 5).

ANF EVy/ VR R TE-DIRBHT, 2055
Vs Vas= 3134160 (85%) THorz. FHREZFOHE
12 Ve/Vis= 3 TI3B (32%), Vu/Vs< 3 T4HI (57%)
b, MENCRERIIERZR Lol

HNF LEEFRREBBETE-ORTIPT, 209D

Table 1. HBUERERETHIRALAREVNREBEEREBEFRR
FEV/FVC<70% FEV/FVC=70% pf

AB 20 55
SEBY 538+28 493+21 0.256
B/ kit 7713 21/34 0.986
MNERBORE £/ & 6/14 3/52 p<001
BERE f/E 9/11 26/29 0862
pack-year 89x28 133+29 0.607
BRERIER

$EIER 2 14 0.149

EHERH 4 9 0.713

ARFER 3 17 0.168

o 1 2 0.79

i £ 1 2 0.79

i 1 0449
AEXHERRTR H/E 10710 33/22 0.439
WHRE FH/E&E 13/7 38/17 0.737
ACE (1U/L) 23832 2112 0989
KL-6 (U/mL) 402 +53 637 = 60 0.206
FVC %pred. 106 +43 100+ 23 0218
DLco %pred. 936 %59 90925 0.343
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Table 2. EHEHR < MERR L FEV/FVC (%)
(+) (=) b

/R A 677+36 771%09 003
BRIERE 77116 T748%14 0274
EHER 76621 773:10 0.747
HERE 76213 756%17 0.79

Table 4. HAEIXMHTR & L T Dnetwork formation & B R # ik,

Table 3. /MREREDOFH B EEHBELE, ACE, KL6E OEE
AREE (+) ARERE (-) H1E

ERH 10 59

FVC %pred. 99083 101922 065
FEV/FVC (%) 689+37 78009 »<001
FEV,%pred. 79+ 84 96221 <001
DLco %pred. 893 +102 922+29 0728
ACE (IU/L) 229+ 69 219x12 0.317
KL6 (U/L) 790 + 620 601 £91.8 057

Table5. HEXRMFRELTORET - BRLFRIBE, ACE,

ACE, KL-6& OB KL-6 & ORI
network formation network formation S - B (+) Rk -ER (=) pHE
) ) - EHI 23 3

= 2 32 FVC %pred 101 =32 100427 0894
FVC %pred. 104230 980=28 0.143 FEV/FVC (%) 757+ 19 766 % 1.4 0728
FEV/EVC (&) 779%11 761x16 0645 FEV, %pred 92533 932+33 0889
FEV, %pred. 964 +30 917£33 0317 DLco %pred 010£38 031+35 0848
DLco %pred. 936+35 940+38 0959 ACE (IU/L) 201 £22 213+14 0854
ACE (IU/L) 221%17 198+16 0362 KL§ (U/mL) dia5s 67981 0314
KL-6 (U/mL) 656 = 100. 584 £ 59 0762

AT 0M20%, RIAT1H2LE RAI72HITE A
I73HN6%, AATANEBEVIRERTHo7. 2
ZOEMICE 2FMO—HERT%THo7z. EAIT
D1BEERBL A, FEELLP o/ (Tabie 6).

e
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D FMRECHLTRIOL S ZHEEOHRECES
FRERELFET A LML TS,
—HFTHLas F—y AR E, mEERAE
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BREBEEFTRTILNELASVILRBEEShTY
39

LAaL, BEHRAEECEIBFILTLSHEET
v, bAED 520064 CHanda by vaf F—3
ADBERBABEIC OV CChestBIRHRELTWEY,
BoOBREICINIE, HERRAETIRS B &
FLEMRELEEYRDHL. SHbhbNEIRERET
% % network formation PR EHERERLAEXERN
BERR,oHHL, HERRABREL OMEEEIIOWT
BRELZY, AEXSENBERRLBRESOWELHA
B EHERr ok TRBEOEHPMERN, HRCT
X AMWRESLKLG, ACERED~—4—IicLTHHE
BEERREN o

Table 6. BH&RX A7 & FEV,/FVC (%)
Ef@X27 n FEV/FVC(%)

0 20 753
1 22 772
2 17 779
3 703
4 74

INLOBRIFAEXIETHBRNITEITE 2HELR
BREZTCIBERRIBEOA V=X L2 ¥ HHTE
BWIZERRLTWAS. Sternberg 6 Ik hif, &%
FHECREOY VL F— Y ARELHETE2140F,
FEERSBEEERLEARIACEE P o n
3.
Hansell 5F, ¥ Va4 F—YRICBITHHERRER
EBLCTH =V 2RELTVWE., ESicihid, &
CTTLVHOLPIIRBEYA 287 — Y OBERIUZIZEH
EURABEELHABT 28, FhULICEREEZDIES
PLYBAERRARELAMLALV Y. Koom
R, KEREOH VA FEEFBEERARELZRE
CTHRBERSEREIOLNEY, FhoAaLLFRER
BOMEREOT VA FEFESBELT LG L
AHENRABEESLBHENHLLVIZLEEZRLTVS
OrbLiky. FLHEEOBRBEXKENDEAFREL
BILIBERBEBEOA I XL L LTRENTD
5. bhbhoBRECHEENRIC L 2AEERRES
OHMEERTILIITE R o SBRERETZT 7
T—FRELIEARE L L TOREPLELERS.
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HMARE 2 RTEMINR LML /2285, FVC%pred.<
80% DL 6 1 (8%), FVC%pred. < 90%A%1481 (19%)
THhoi.

- AMAEREDEETH B Vy/ Ve 3 DEM DAL
B (85%) Holel thHLTH, Y F—Y R
B BRABEIHEERABE L Y BERRABED
9SS nEEbhs, 2B, NBICIIMEBRETIC
ML TiHanda b oG e bhbho®RENVFhda
BOFHERIIOBRBETHY, FHNEBTILE
BhwkBbhs,

4 EOFEV,/FVCL70%% 23 % 20E 5 i3/ BB D
BEZETHEAVEZI S o ilb b, &
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BENETEN THo/. ChiBBEOAKBEL IR
I3 BEET, COPDE LTHRRHERBMYTHD,
NODERMBEFEL TVWEH ERELIC Y, KRB
LT, TEESEDRLERLIBREINIYE, BHE
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FVC< 70%DIER D BT, FVC%pred.<80%DEHIZ 1
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Summary

Background: Recent epidemiological evidence indicates an association between cardiovascular
diseases and pulmonary fibrosis. The vascular endothelium acts to maintain vascular homeo-
stasis through multiple mechanisms and impaired endothelial function can contribute to the
development, progression and clinical expression of atherosclerosis.

Methods: We consecutively recruited 39 newly-diagnosed chronic interstitial pneumonitis/
fibrosis patients without any specific etiology. We assessed endothelium-dependent vasodilator
response of patients using digital pulse amplitude tonometry and compared the reactive hyper-
emia index (RHI) with age-, sex- and body mass index-matched control subjects (n = 30). We
further investigated the relationships between RHI and clinical characteristics, laboratory cardio-
vascular risk factors, disease-related factors and circulating levels of inflammatory biomarkers.

Results: RHIwas significantly lower in patients with chronic interstitial pneumonitis/fibrosis than
in control subjects (p = 0.02). While circulating levels of total cholesterol, triglycerides, HbA1c
and fasting glucose did not differ significantly between groups, patients with chronic interstitial
pneumonitis/fibrosis had significantly lower high density lipoprotein levels and higher low density
lipoprotein levels as compared with control subjects. Regarding disease-related factors, RHI was
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