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PULMONARY VASCULAR DISEASE

Role of 320-Slice CT Imaging in the
Diagnostic Workup of Patients With
Chronic Thromboembolic Pulmonary
Hypertension

Toshihiko Sugiura, MD; Nobuhiro Tanabe, MD, PhD, FCCP;

Yukiko Matsuura, MD; Ayako Shigeta, MD, PhD; Naoko Kawata, MD, PhD;
Takayuki Jujo, MD; Noriyuki Yanagawa, RT; Seiichiro Sakao, MD, PhD;
Yasunori Kasahara, MD, PhD, FCCP; and Koichiro Tatsumi, MD, PhD, FCCP

Background: Right-sided heart catheterization (RHC) and pulmonary digital subtraction angiog-
raphy (PDSA) are the standard methods used in diagnosing suspected or definite chronic throm-
boembolic pulmonary hypertension (CTEPH). We studied the ability of 320-slice CT imaging to
detect simultaneously chronic thromboembolic findings in the pulmonary arteries and pulmo-
nary hemodynamics based on the curvature of the interventricular septum (IVS) in CTEPH.
Methods: Forty-four patients with high clinical suspicion of CTEPH underwent RHC, PDSA, and
enhanced double-volume retrospective ECG-gated 320-slice CT scan. We measured the sensi-
tivity and specificity of CT imaging to detect thrombi in the pulmonary arteries compared with
PDSA. We also compared IVS bowing (expressed as curvature) measured on the short-axis cine
heart image with pulmonary arterial pressure (PAP) obtained by RHC.
Results: Compared with PDSA, the sensitivity and specificity of CT imaging to detect chronic
thromboembolic findings were 97.0% and 97.1% at the main/lobar level and 85.8% and 94.6% at
the segmental level, respectively. The correlation coefficients of IVS curvature with systolic PAP
and mean PAP were —0.79 (P <.001) and —0.86 (P <.001), respectively.
Conclusions: The use of 320-slice CT imaging allows for less invasive and simultaneous detection
of thrombi and evaluation of pulmonary hemodynamics for the diagnostic work-up of CTEPH.
CHEST 2013; 143(4):1070-1077

Abbreviations: CTEPH = chronic thromboembolic pulmonary hypertension; CTPA = CT pulmonary angiography;
IVS = interventricular septum; mPAP = mean pulmonary artery pressure; PAP = pulmonary artery pressure; PDSA = pul-
monary digital subtraction angiography; PEA = pulmonary endarterectomy; PH = pulmonary hypertension; PVR = pul-
monary vascular resistance; RHC = right-sided heart catheterization; RV = right ventricle; sPAP = systolic pulmonary
artery pressure; V/Q = ventilation/perfusion

hronic thromboembolic pulmonary hypertension
(CTEPH) is a very severe disease caused by non-
resolving thromboemboli in the pulmonary arteries
and can potentially be cured by pulmonary endar-
terectomy (PEA). If left untreated, depending on the
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extent of the obstruction of the vascular bed and vas-
cular remodeling in the unobstructed distal pulmo-
nary arteries, there may be increased right ventricular

afterload and progression of pulmonary hyperten-
sion (PH).1-3
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Invasive pulmonary digital subtraction angiog-
raphy (PDSA) is a standard diagnostic tool used to
assess patients with suspected or definite CTEPH both
toestablish the diagnosis and to assess operability.34
In contrast to PDSA, ventilation/perfusion (V/Q) lung
scintigraphy and enhanced helical CT imaging are
recommended as primary, less invasive substitutes for
vascular imaging 3¢ In addition, previous studies have
shown that contrast multislice CT imaging angiography
can be used to evaluate the pulmonary artery and is a
less invasive alternative to PDSA for the diagnosis of
CTEPH > However, CT imaging angiography is less
sensitive than V/Q lung scintigraphy in the diagnosis
of CTEPH. 56

Invasive pulmonary artery pressure (PAP) measure-
ment using right-sided heart catheterization (RHC)
is the “gold standard” for the diagnosis of PH.1* Cur-
rently, less invasive PAP estimation using transtho-
racic echocardiography is recommended to screen
for PH.2213 In the presence of increased systolic pres-
sure in the right ventricle (RV), the interventricular
septum (IVS) flattens and sometimes even bows left-
ward into the left ventricle. Earlier studies showed
that the IVS curvature on cardiac MRI was well cor-
related with PAP in patients with PH.¢

Recently, because of advances in CT imaging tech-
nology, ECG-gated multislice CT scan has been used
to image the heart with high spatial and temporal res-
olution. Taylor et al' reported the possibility of quan-
titative evaluation of right ventricular function and
morphology using ECG-gated 64-slice CT imaging.
The introduction of 320-slice CT scanning affords
16-cm craniocaudal coverage and allows volumetric
imaging of the entire heart with only a single gantry
rotation.’¢ In addition, a series of two gantry rota-
tions (double-volume scan) with ECG-gated 320-slice
CT scanning can acquire simultaneous images of the
pulmonary arteries and the entire heart.

The purpose of this study was to measure the
sensitivity and specificity of 320-slice CT imaging
to detect chronic thromboembolic findings in the
pulmonary arteries and to evaluate the relationship
between IVS curvature on 320-slice CT scan and
PAP measured by RHC. Our hypothesis was that
320-slice CT imaging can be used for less invasive and
simultaneous evaluation of the pulmonary artery and
hemodynamics in the diagnostic work-up of patients
with CTEPH.

MATERIALS AND METHODS

Patients

The study group comprised 44 consecutive patients (28 women;
mean age, 59 years; range, 33-78 years) with high clinical suspi-
cion of CTEPH based on V/Q lung scintigraphy and transthoracic

journal.publications.chestnet.org

echocardiography. All patients were enrolled from March 2009
to April 2012 and underwent enhanced retrospective ECG-gated
320-slice CT imaging, RHC, and PDSA. The shortest and longest
intervals between CT scan and RHC plus PDSA were 2 days and
2 weeks, respectively. The study was approved by the ethics com-
mittee of Chiba University (approval number 826), and written
informed consent was obtained from each patient before CT scan,
RHC, and PDSA.

320-Slice CT Scan

All CT scans were obtained with retrospective ECG-gated
enhanced volume scanning using a 320-slice CT scanner (Aquilion
One, Toshiba Medical Systems Engineering Co, Ltd) with a
0.5-mm slice thickness and 0.35 s/rotation. To acquire simulta-
neous images of the pulmonary arteries and the entire heart, an
axial series of two gantry rotations in a cranial-to-caudal direction
was performed (double-volume scan). The resulting dual-volume
data sets were stitched automatically. Because the most cranial
and caudal parts of each volume data set (both 1.6 cm) were not
used to create images, the effective scan length was 25.6 cm. The
tube voltage was set to 120 kV and the tube current to 580 mA,
with tube current dose modulation. Using a mechanical injec-
tor (Dual Shot; Nemoto), 100 mL of contrast media (Iomeron
350 mg/mL; Eisai Co, Ltd) was injected at 3.5 mL/s followed by
the injection of a saline-contrast media mixture of 40 mL contrast
media at 2.0 mL/s and 30 mL saline at 1.5 mL/s. Time-resolved
(every 1 s) single-section CT scans were acquired at the level of
the bifurcation of the pulmonary artery without a breath hold.
Ascending aortic time-resolved attenuation was then measured
using the time attenuation evaluation program accessible on the
scanner. When the CT scan values in the ascending aorta increased
to 200 Hounsfield units, we started the actual examination scan
while the subject held his or her breath.

The CT images for a normal work-up used to diagnose pulmo-
nary thrombi were reconstructed at 75% of the R-R interval with
0.5-mm slice thickness at 0.5-mm intervals using a standard algo-
rithm. The CT images were digitally stored and analyzed at a ded-
icated workstation. Two independent observers interactively
analyzed all arteries on two split screens showing axial, coronal, or
sagittal views. The two observers were blinded to the subject’s
baseline characteristics and RHC results. Final evaluations were
achieved by consensus.

Calculation of IVS Curvature on 320-Slice CT Scan

The CT images were reconstructed at every 5% from 0% to
95% of the R-R interval. Then short-axis cine images of the heart
were acquired using double-oblique multiplanar reformation. The
IVS curvature was measured in the short-axis image plane at the
midventricular level (at least one papillary muscle visible). At this
level, the cine image with the most deformation of the septum was
used for quantification. IVS bowing was quantified by the curva-
ture (defined as 1 divided by the radius of curvature in centime-
ters), and this was calculated by entering coordinates (x, y) from
three different points on the midwall septal image into an ana-
lytical fitting routine. The method is depicted in Figure 1. The
sign of the curvature depended on the convexity of the septum. A
rightward (physiologic) curvature was denoted as a positive value
and a leftward curvature as a negative value.

AL IVS curvature measurements were performed by a reader
blinded to the subject’s identity. To assess the interobserver repro-
ducibility of the IVS curvature measurements, two independent
observers measured the IVS curvature. The correlation of IVS
curvature measured by 320-slice CT scan with systolic PAP (sPAP)
and mean PAP (mPAP) obtained by RHC was evaluated.
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F1GURE 1. The method of calculating interventricular septal curvature. A, Short-axis cine images of the
heart were acquired using double-oblique multiplanar reformation. The interventricular septal curva-
ture was measured in the short-axis image plane at the midventricular level (at least one papillary muscle
visible). At this level, the cine image wi e most deformation of the septum (at 35% of Sxe R-Rinter-
val in this case) was used for quantification. B, Three points at the anterior, middle, and posterior posi-
tions on the interventricular septum were marked, and the X and Y coordinates were read. G, A circle
that passed through the three points on the septum was used to calculate the radius of curvature of the

septum. A rightward SJhysiologic) curvature was denoted as a positive value and a leftward curvature as

a negative value. Win

Right-Sided Heart Catheterization

A 7.5F Swan-Ganz thermodilution catheter (Edwards Life-
sciences LLC) was used, and a jugular approach was preferred.
Pressure measurements were taken from the right atrium, RV, and
main pulmonary artery at end expiration. Cardiac output was deter-
mined using the thermodilution method by averaging a minimum
of three measurements. Left-to-right shunting was ruled out by
oximetry.

Pulmonary Digital Subtraction Angiography

For PDSA (Infinix; Toshiba Medical Systems Engineering
Co, Ltd), the right- and left-side pulmonary arteries were selec-
tively catheterized using a 7F Berman angjographic balloon cath-
eter (Arrow International, Inc). Arteriograms were acquired at
3 frames/s. Posteroanterior projections of each lung, a right lateral
projection of the right side of the lung, and a left anterior oblique
or Jateral projection of the left side of the lung were obtained. The
contrast bolus consisted of 18 mL of iomeprol for each of the four
series. The flow rate was 9 mL/s.

PDSA images were digitally stored and analyzed at a picture
archiving and communication system workstation (DrABLE-EX;
Fujitsu). All arteries were interactively analyzed by two indepen-
dent observers using two split screens to show the right- and left-
sided projections. The two observers were blinded to the subject’s
baseline characteristics and CT scan results. Final evaluations were
achieved by consensus.

Assessment of Chronic Embolic Findings by CT Scan and PDSA

The observers reviewed the main pulmonary arteries and the
right- and left-side lobar and segmental arteries. This resulted in
14 vessel segments on each side (the lingula artery was considered
a lobar artery, and the intermediate artery was considered part of
the right-side main artery) on both 320-slice CT scan and PDSA.
Each vessel segment was judged as positive or negative for the pres-
ence of chronic thromboembolic findings.

Statistical Analysis

Sensitivity, specificity, and positive and negative Preﬂictive values
for the diagnosis of chronic embolic findings on 320-slice CT scan
were calculated using PDSA as the gold standard. All images
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ow/center settings were 600/150 Hounsfield units.

were evaluated in random order, and CT pulmonary angiography
(CTPA) and PDSA images were not analyzed in pairs. For com-
paring CTPA and PDSA, the level of agreement was determined
using Cohen k and its 95% CI. A k value > 0.81 was interpreted
as excellent agreement, and values of 0.61 to 0.80 were interpreted
as good agreement, 0.41 to 0.60 as moderate agreement, 0.21 to
0.40 as fair agreement, and <0.20 as poor agreement. The level of
interobserver agreement of CTPA and PDSA was also determined
using Cohen « and its 95% CL

To determine the interobserver variation of the measurement
of IVS curvature, Pearson correlation and Bland-Altman plot
analyses were used. The correlation of IVS curvature measured

- by 320-slice CT scan with hemodynamic data was performed by

Pearson correlation analysis.

All results are expressed as the mean * SD, unless otherwise indi-
cated. For all statistical analyses, P < .05 was considered signif-
icant. All analyses were performed using SAS, version 8.0 (SAS
Institute Inc) statistical software.

REsuLTS

Forty-four consecutive patients (mean age, 59.2
11.3 years; women, 64%) with CTEPH based on
RHC and PDSA findings were included in this study
(Table 1). One patient did not undergo PDSA because
of an allergic reaction to the contrast media. Thus,
there were 86 main arteries, 258 lobar arteries, and
860 segmental arteries included in the statistical anal-
ysis. CTPA showed chronic thromboembolic findings
in 73 of 344 arteries at the main/lobar level and 199 of
860 arteries at the segmental level. The sensitivity and
specificity of CTPA to detect chronic thromboembolic
findings were 97.0% and 97.1% at the main/lobar
level and 85.8% and 94.6% at the segmental level,
respectively. CTPA showed excellent agreement com-
pared with PDSA at the main/lobar level (x =0.91)
and good agreement at the segmental level (k = 0.79)
(Table 2).
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Table 1—Clinical and Hemodynamics Characteristics

of the Study Population

Characteristic . Value
No. patients 44
Age,y 59.2+11.3
Sex

Female 28 (64)

Male 16 (36)
WHO functional class

1 1(2)

I 17 (39)

111 22 (50)

v 4(9)
Right-sided heart catheterization

mPAP, mm Hg 42.2+99

sPAP, mm Hg 70.4%+19.3

Cardiac output, L/min 4.17+0.89

Cardiac index, I/min/m?® 2.54 +0.47

PVR, dyne/s/cm® 696 % 274

PVR, Wood units 8.72+3.43

Data are presented as mean * SD or No. (%). mPAP = mean pulmo-
nary artery pressure; PYR = pulmonary vascular resistance; sPAP = sys-
tolic pulmonary artery pressure; WHO = World Health Organization.

The interobserver agreement between the two
observers for PDSA were x=0.938 (95% CI,
0.892-0.983) at the main/lobar level and k = 0.821
(95% CI, 0.776-0.867) at the segmental level. The
interobserver agreement for CTPA was similar at the
main/lobar (k = 0.947; 95% CI, 0.906-0.989) and seg-
mental (k = 0.809; 95% CI, 0.763-0.855) levels.

Evaluation of IVS curvature was feasible in all
patients. The maximum septum displacement ranged
from a curvature of +0.394 cm to severe leftward
IVS bowing with a curvature of —0.339 cm. There
was a close correlation between the separate measure-
ments of IVS curvature by two independent observers
(r=0.93, P<.001). Bland-Altman plots showed that
the mean interobserver difference in IVS curvature
was —0.01 (95% CI, —0.03 to 0.02) (Fig 2).

As shown in Figure 3, there was a strong correla-
tion between IVS curvature and sPAP measured by
RHC (r=—0.79, P < .001, n = 44). The sPAP showed
a linear variation with IVS curvature, with a slope
of —74.368 (95% CI, —92.172 to —56.564) and a

y-intercept of 74.517 (95% CI, 70.899-78.136). As
shown in Figure 4, there was also a strong correlation
between IVS curvature and mPAP obtained by RHC
(r=-0.86, P<.001, n=44). The mPAP showed
a linear variation with IVS curvature, with a slope
of —41.519 (95% CI, —49.190 to —33.847) and a
y-intercept of 41.961 (95% CI, 40.401-43.520).

DiscuUssSION

To our knowledge, this study is the first to assess the
utility of 320-slice CT scan in the diagnosis of CTEPH.
There are three main findings. First, 320-slice double-
volume CTPA, as well as PDSA, can yield images that
allow for the diagnosis of thromboembolic changes in
the main/lobar and segmental pulmonary arteries in
patients with CTEPH. Second, IVS curvature based
on retrospective ECG-gated 320-slice CT scan can
estimate PAP in patients with CTEPH. Third, this
modality allows for simultaneous and less invasive
detection of thrombi and for evaluation of pulmo-
nary hemodynamics for the diagnostic workup of
CTEPH.

Despite the fact that CTPA has been a commonly
used method in the diagnosis of acute pulmonary
embolism, the sensitivity of CTPA to detect CTEPH
has been considered to be lower than V/Q lung scin-
tigraphy and single-photon emission CT scanning 3617
Moreover, CTPA can lead to a false-positive diag-
nosis of CTEPH when there is in situ pulmonary
arterial thrombi 8 Nevertheless, previous studies dem-
onstrated the diagnostic accuracy of multislice heli-
cal CTPA at the main/lobar and segmental levels
in patients with CTEPH.%1! The present study also
demonstrated that 320-slice CTPA is a less invasive
alternative to conventional PDSA for the diagnosis of
CTEPH.

In the present study, subsegmental arteries were
not included in the analysis because the aim of pre-
operative imaging was mainly to demonstrate chronic
thromboembolic changes in the segmental or more-
proximal pulmonary arteries for assessing operability,1-1°
although we recently reported subpleural capillary

Table 2—Summary of Pathologic Vascular Findings as Delineated by CTPA and PDSA and Statistical Analysis of
CTPA Findings Compared With PDSA Findings

Finding CTPA  PDSA  Sensitivity %  Specificit, %  PPV,% NPV, % K (95% CI)
Main/lobar arteries (n = 344)
No. normal vessels 271 277 .. . . .
Chronic thromboembolic findings 73 67 97.1 89.0 99.3 0.91 (0.86-0.96)
Segmental arteries (n = 860)
No. normal vessels 661 670 e . - ..
Chronic thromboembolic findings 199 190 94.6 81.9 95.9 0.79 (0.74-0.84)

CTPA = CT pulmonary angiography; NPV = negative predictive value; PDSA = pulmonary digital subtraction angiography; PPV = positive

predictive value.
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FIGURE 2. Bland-Altman plot showing interobserver variability
for measurements of interventricular septal curvature. The solid
line represents the mean value of the differences in measure-
ments Eetween the two observers (—0.01 cm; 95% CI, —0.03 to
0.02 cm). The dashed lines represent the limits of agreement.

perfusion by PDSA.20 Animal experiments with artifi-
cial emboli showed that CTPA as well as PDSA could
detect subsegmental pulmonary emboli?!2%; however,
there is no reference standard for the assessment of
subsegmental alterations in humans.? In addition, pre-
vious studies reported that the interobserver agree-
ment at the level of the subsegmental arteries using
PDSA was limited. 2425

During the cardiac cycle, the position of the IVS
is primarily determined by the difference in pressure
between the left ventricle and RV (the transseptal
pressure gradient). In patients with PH, right ven-
tricular pressure overload causes a decrease in the
transseptal pressure gradient, which is associated with
IVS flattening or bowing. In previous studies using
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FIGURE 3. Correlation between interventricular septal curvature
obtained by 320-slice CT scan and sPAP based on right-sided
heart catheterization. The scatterplot shows the strong relation
between interventricular septal curvature and sPAP. The solid line
represents the regression line, and the dashed lines represent the
95% CI for the limits of regression. sPAP = systolic pulmonary
artery pressure.
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FIGURE 4. Correlation between interventricular septal curva-
ture obtained by 320-slice CT scan and mPAP by right-sided
heart catheterization. The scatterplot shows the strong relation
between interventricular septal curvature and mPAP. The solid
line represents the regression line, and the dotted lines repre-
sent the 95% CI for the limits of regression. mPAP = mean pul-
monary artery pressure.

echocardiography or cardiac MRI, the distortion of
the IVS observed in patients with PH was quantified
by measuring the IVS curvature.!42 Roeleveld et al'4
demonstrated a significant correlation between max-
imal IVS curvature based on cardiac MRI and sPAP
measured by RHC in patients with PH (r=0.77,
P <.001). The present study extends their findings and
validates the method of deriving mPAP and sPAP from
IVS curvature using ECG-gated 320-slice CT imaging.

In previous studies, elevation of mPAP was a strong
predictor of mortality in patients with CTEPH who
did not undergo an operation 2" Saouti et al?® demon-
strated that mPAP and pulmonary vascular resistance
(PVR) at baseline were strongly related to long-term
survival in inoperable patients with CTEPH after ini-
tiation of modern vasoactive treatment. Moreover,
some studies reported that high PVR was a signifi-
cant risk factor for the clinical outcome of PEA 3031
Because of a significant correlation between IVS cur-
vature and PVR determined by RHC in the present
study (r=—0.73, P<.001), IVS curvature may pre-
dict mortality and clinical outcome in patients with
CTEPH.

Although several studies have evaluated image
quality of 320-slice CT scans for the heart!63233 and
brain,* reports on 320-slice CT images for the lung
are limited.?*37 Because this imaging modality affords
16-cm craniocaudal coverage, it is possible to image
the entire heart (or brain) in a single gantry rotation,
but it is technically very difficult to image the whole
lung. Therefore, the need for two gantry rotations
(double-volume scan) may have limited the use of this
modality for lung imaging. Kroft et al* reported that
for small children, the acquisition time with 320-slice
CT thoracic imaging was five times faster than that
with 64-slice helical CT imaging, and a statistically
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significant reduction in radiation dose was achieved
with 320-slice CT imaging.

Although retrospective ECG-gated cardiac CT scan-
ning can more clearly demonstrate dynamic ventricular
morphology than prospective ECG-gated or non-
ECG-gated CT scanning, there is a higher radiation
dose with retrospective ECG-gated CT scanning than
used with other methods.® The radiation burden with
320-slice volume CT scanning is lower than that with
helical CT scanning because it avoids overlapping
rotations that are used with helical CT scanning (over-
scanning). Bischoff et al®® reported that the expo-
sure dose with 320-slice volume CT scan for coronary
angiography was only one-fourth of that with 64-slice
helical CT scan. In the present study, the total radia-
tion dose was approximately 10-20 mSv, but we also
evaluated coronary artery disease on CT scan for assess-
ing the necessity of simultaneous coronary artery bypass
graft surgery during PEA as a substitute for conven-
tional invasive coronary angiography.1619 Therefore,
enhanced retrospective ECG-gated double-volume
320-slice CT imaging is appropriate for a routine
CTPA protocol in CTEPH. In addition, more recent
technical developments (eg, prospective scan trigger-
ing during the systolic phase) could reduce the expo-
sure dose in the future.

Sometimes, motion artifacts or differences of den-
sity occurred at the junction point of the two gantry
rotations. However, this did not affect the assess-
ment of the morphology of the pulmonary arteries
and heart. Furthermore, the breath-hold time was
no more than 10 s with this modality, which would
be beneficial in patients with CTEPH who may be
unable to perform the extended breath hold required
for MRI

Technically, 64- or 16-slice helical, as well as 320-slice
volume, ECG-gated enhanced CT imaging can assess
the morphology of the pulmonary arteries and RV
simultaneously. However, they need several times
more radiation exposure than 320-slice CT imaging
and they need at least 30 s of breath-hold time, which
is difficult for patients with CTEPH. Thus, it is diffi-
cult to use 64- or 16-slice CT imaging for simulta-
neous clinical assessment of the pulmonary arteries
and RV.

The present study had several limitations. First, this
was a single-center retrospective study that included
a small number of subjects. Therefore, further multi-
center studies are needed in a larger, unselected cohort
of patients with suspected PH to evaluate whether
320-slice CTPA is as sensitive as V/Q lung scintig-
raphy to detect CTEPH. Second, not all subjects had
different imaging modalities performed on the same
day, so changes in hemodynamic conditions during the
interval cannot be excluded. Third, the cine image
with the most deformation of the septum was used to

journal.publications.chestnet.org

quantify IVS curvature, but this image may not corre-
spond to the actual end of systole in all patients. This
might contribute to some of the discordance observed
between the 320-slice CT scan- and RHC-derived
SPAP and PVR measurements. The discordance could
not be neglected for evaluation of operative risk for
CTEPH with high PVR, and RHC should remain man-
datory until further improvement in the correlation
is achieved. Fourth, only 18 of 44 patients underwent
PEA, and pathologic confirmation of the remaining
patients’ conditions was not obtained; however, sim-
ilar results were observed in only surgically treated
patients (IVS curvature correlation with sPAP and
mPAP, r=—0.81 and —0.83, respectively; P <.001).
Finally, although worsening right ventricular failure
did not develop in any patients, 100 mL of contrast
media and 50 mL of saline were injected for CT scan-
ning, which may have increased RV volume.

CONCLUSIONS

The current study demonstrated that double-volume
retrospective ECG-gated 320-slice CT imaging angi-
ography allowed for less invasive and simultaneous
assessment of the morphology of the pulmonary arter-
ies and pulmonary hemodynamics by the curvature of
the IVS in CTEPH. Further investigation is necessary
to ascertain whether this modality can replace PDSA
for the diagnosis of CTEPH and to determine whether
IVS curvature can predict mortality in patients with
CTEPH.
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Summary

Background: Lymphangioleiomyomatosis (LAM) is a rare cystic lung disease predominantly
affecting young women. Some of these patients develop lymphedema of the lower extremities
and buttocks; however, neither the exact frequency of LAM-associated lymphedema nor the
clinical features of such patients is well delineated.

Objectives: To document the frequency, features, and treatment of LAM-associated lymphedema.
Methods: We reviewed all medical records of patients listed in the Juntendo University LAM regis-
try for the 30 years preceding August 2010.

Results: Of 228 patients registered with a diagnosis of LAM, eight (3.5%) had LAM-associated lym-
phedema of the lower extremities. All were females with sporadic LAM, and their mean age when
diagnosed was 32.5 years (range 23—44). Lymphedema of the lower extremities was the chief or a
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prominent presenting feature in five of these LAM patients. CT scans showed that all eight patients
had enlarged lymph nodes (lymphangioleiomyomas) in the retroperitoneum and/or pelvic cavity.
Yet, cystic destruction of the lungs was mild in four patients, moderate in two and severe only in
two. Seven of these patients were treated by administering a fat-restricted diet and complex
decongestive physiotherapy, and four received a gonadotropin-releasing hormone analog. With
this combined protocol, all eight patients benefitted from complete relief or good control of the

lymphedema.

Conclusions: Lymphedema is a rare complication of LAM and may be associated with axial
lymphatic involvement or dysfunction rather than severe cystic lung destruction. The combined
multimodal treatments used here effectively resolved or controlled LAM-associated lymphedema.
© 2013 Elsevier Ltd. All rights reserved.

Introduction

The neoplastic disease lymphangioleiomyomatosis (LAM)
predominantly affects the lungs of young women but also
occurs along the axial lymphatic systems, including lymph
nodes in the mediastinum, retroperitoneum, pelvic cavity,
and thoracic ducts. This rare disease is characterized by the
proliferation of LAM cells (smooth muscle-like cells) and
LAM-associated lymphangiogenesis. LAM cells are consid-
ered to be transformed by abnormalities of either the TSC1
or TSCZ tumor suppressor gene.'*

The clinical manifestations of LAM include exertional
dyspnea, spontaneous pneumothorax, hemosputum,
chylous pleural effusion, and symptoms associated with
extrapulmonary involvement.® The representative extrap-
ulmonary problems are chylous ascites and lymphangio-
leiomyomas (of axial lymph nodes and lymphatics) in the
retroperitoneum and pelvic cavity. Lymphangioleiomyomas
usually do not exhibit symptoms. However, some LAM pa-
tients may feel unexplained pain or distension and also
lymphedema of the lower extremities and buttocks.

Lymphedema is the result of protein-rich interstitial
volume overload, secondary to lymph drainage failure in
the face of normal capillary filtration.* This state occurs
when there is an inherent defect within the lymph-carrying
conduits, termed “primary lymphedema,” or damage ari-
ses, termed “secondary lymphedema” (e.g., pressure from
tumors, scar tissue after radiation, surgical removal of
lymph nodes, etc.). Because lymphedema is often difficult
to cure, the result may be such psychological sequelae as
frustration, distress, depression and anxiety.>® For many of
these patients, the quality of life becomes impaired.

Since the exact frequency of LAM-associated lymphe-
dema and clinical features of LAM patients whose condition
is complicated by lymphedema are not well delineated, we
retrospectively reviewed our LAM registry. The purpose was
to understand and alleviate the troubling outcome of this
disease.

Methods

Identification of patients with LAM-associated
lymphedema

As of August 2010, we retrospectively reviewed medical re-
cords of patients with LAM who visited the Department of

Respiratory Medicine, Juntendo University Hospital, and were
recorded in the Juntendo LAM registry since 1980. We found
LAM-associated lymphedema of the lower extremities in eight
(3.5%) of 228 LAM patients. We then analyzed followup nota-
tions from their medical records: that is, age at the diagnosis
of LAM, symptoms, radiological findings on scans from the
chest to pelvic cavity based on either computed tomography
(CT) or magnetic resonance imaging (MRI), and treatment for
LAM and LAM-associated lymphedema. Lymphedema was
diagnosed from physical examination, imaging (lympho-
scintigraphy, MRI, CT and/or ultrasonography) and exclusion
of other diseases that cause edema in the lower extremities.

Grading of cystic lung destruction

The severity of cystic lung destruction due to LAM was
assessed visually according to the modified Goddard scoring
system.” Six images were selected (bilateral lung field in
the upper, middle, and lower axial lung slices) and
analyzed. Each image was classified as normal (score 0),
<5% affected (score 0.5), <25% affected (score 1), <50%
affected (score 2), <75% affected (score 3), >75% affected
(score 4), giving a minimum score of 0 and maximum of 4.
An average score of all images was considered as a repre-
sentative value of the severity of cystic destruction (mild,
score <1; moderate, 1—2.5; and severe, >2.5).

Classification of lymphedema -

The severity of lymphedema was determined from classi-
fications of the International Society of Lymphology® and is
summarized briefly as follows. Stage 0 refers to a latent or
sub-clinical condition in which swelling is not evident
despite impaired lymph transport. Stage | represents an
early period of the condition when the accumulated fluid is
relatively high in protein content but subsides with limb
elevation. Pitting may occur in stage | lymphedema. Stage i
signifies that limb elevation alone rarely reduces tissue
swelling, and pitting is manifested routinely. Stage Il en-
compasses lymphostatic elephantiasis without pitting but
includes trophic skin changes.®

Complex decongestive physiotherapy (CDP)

We performed complex decongestive physiotherapy (CDP),
which is a two-phase noninvasive therapeutic regimen,
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according to the study reported by Ko et al.’ Briefly,
the first phase treatment consists of manual lymph
massage (MLM), compression therapy (multilayered inelas-
tic compression bandaging/elastic stocking), remedial ex-
ercises, and skin care. The phase two treatment focuses on
continuous self-care at home by means of daytime elastic
stocking compression, MLM, and continued exercises. Since
some LAM patients had advanced lung involvement or were
complicated with chylous pleural effusion, chylous ascites,
or both, some components of the first phase treatment
were needed to be modified (the intensity and duration of
MLM, type and material of bandaging, degree of compres-
sion applied by elastic garments, etc.) or customized
(exclusion of compression therapy and remedial exercise),
depending on the patient’s clinical condition.

Results

Prevalence and clinical features of LAM-associated
lymphedema

We reviewed medical records of 228 patients with LAM (203
with sporadic LAM and 25 with TSC-LAM) who visited our
hospital from 1980 to August 2010. Among them, eight fe-
male patients (3.5%) were identified as having LAM-

associated with lymphedema in the lower extremities and
buttocks (Table 1). All 8 LAM patients were sporadic LAM. In
contrast, none of TSC-LAM in our cohort complicated LAM-
associated lymphedema in the lower extremities and
buttock. One TSC-LAM patient with lymphedema in the
lower extremities was excluded since it was due to the
surgical resection of intrapelvic tumor (uterine anigo-
sarcoma)."® The patients’ mean age at the diagnosis of LAM
was 32.5 years (range 23—42), and their mean age at the
onset of lymphedema was 33.4 years (range 23—42).
Notably, lymphedema of the lower extremities was an
important determinant or confirming factor in the diagnosis
of LAM for five patients; the remaining three patients had
lymphedema transiently or occasionally during their dis-
ease course. Usually, the lymphedema occurred in the
lower limbs (seven of eight patients) with the left leg more
frequently involved than the right, and two patients had
these swellings in bilateral lower extremities. Patient #6
(JUL216, 42-years-old) had lymphedema of her left thigh
with a skin color change that induced her to seek a medical
evaluation and eventually led to the diagnosis of LAM
(Fig. 1). Two patients {patient #4 (JUL181) and patient #5
(JUL213)} had lymphedema in the buttocks as well as lower
extremities. Patient #7 (JUL221) had transient lymphedema
around the left lower abdominal area only when she wore
tight underwear (Fig. 2B). The severity of lymphedema was

Table 1  Clinical features of study population with LAM-associated lymphedema.
Patient #1  Patient #2. - Patient #3 Patient #4 Patient #5  Patient #6  Patient #7 Patient #8
Registry number JUL112 JUL127 - JULM30 JUL18t JUL213 o Julate T JUL221 JUL129
Age at the diagnosis 28 27 40 - 035 23 4 33 32
of LAM
Age at the onset of 28 27 44 37 23 42 34 32
lymphedema
History of PTX - - + - + - - +
Presenting feature Lymphedema Lymphedema PTX DOE Lymphedema Lymphedema Medical  Lymphedema
checkup
Site of lymphedema Bilateral LE Right LE Left LE Right LE  Bilateral LE Left LE Lower Left LE
' ‘ Buttock  Buttock abdomen
Stage of lymphedema
~ before treatment 2 2 2 2 2 2 1 2
after treatment 0 0 0 0 1 1 0 0
Serum VEGF-D 1357 6080 10,900 16,800 10,869 7398 1904 3010
(pg/ml)
Severity of cystic . ‘Mild: Severe . Moderate . Severe - ‘Moderate - Mild - Mild Mild
destruction Sem S e S ‘
on chest CT g R : ’ S . Gl :
Lymphangio- R~ R R+Pv  R+Pv  Inguinal R+ Pv “Pv R + Pv
leiomyomas L s i S e
Chylous pleural = = el R AT T = - -
effusion s R i % . ST, - ‘ : )
Chylous ascites = R I o= i -
Angiomyolipoma - = Left -kidney — - T -
Treatment FRD, CDP  FRD, CDP,  FRD, CDP, FRD, CDP, FRD, CDP, FRD, CDP Instruction FRD, CDP

GnRH, HOT  GnRH

‘GnRH, HOT GnRH, HOT~

“only

Abbrewa’uons CDP, complex decongestwe physiotherapy; DOE, dyspnea on exemon FRD, fat-restricted diet; GnRH, gonadotropin-
releasing hormone analog; HOT, home oxygen therapy; LE, lower extremity; PTX, pneumothorax; R, lymphanglolelomyomas in the
upper abdominal region of retroperitoneum; and Pv, lymphangwlelomyomas in the pelvic cavity.
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Figure 1 Arepresentative portrait of LAM-associated lymphedema (patient #6, JUL216). Here, the left thigh was swollen, and inner
side of its proximal portion showed rubor (A). Ultrasonography of both thighs revealed increased intensity and widening of the
subcutaneous layer only in the left thigh (B). In panel B, the scan on the left illustrates the right thigh, and that on the right pictures
the left thigh, supporting the diagnosis of lymphedema (stage 2). After CDP, lymphedema of left thigh decreased from stage 2 to 1 (C).

classified as stage 2 in seven of these eight patients; only  Clinical features of patients with LAM and

patient #7 was at stage 1. Lymphoscintigraphy was per- associated lymphedema

formed on three patients and enabled the identification of

a block_ade that impeder.jl normal axial lymphatic' flow as The pulmonary and extrapulmonary findings of LAM as well
shown in the representative example appears of Fig. 3. as treatments administered for LAM and LAM-associated

Figure 2 Representative images of lymphangioleiomyomas in the pelvic cavity and lymphedema of the lower abdominal skin
(patient #7, JUL 221). Computed tomography of the pelvic cavity after intravenous injection of contrast material revealed cystic
lymphangioleiomyomas along the left internal iliac vessels (A). T1-weighted MRI axial images without contrast material demon-
strated thickening and fluid accumulated in the subcutaneous tissue of the left lower abdominal skin (B).
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front back front

Figure 3

back front back

Lymphostintigraphy of the lower extremities (patient #5, JUL213). This lymphoscintigram scanned 60 min after the

subcutaneous injection of **™Tc-labeled human serum albumin (**™Tc-HAS) at instep (A, left and B, right) revealed a marked
dermal backflow of **™Tc-HAS due to a blockade of the normal axial lymphatic flow. A: left lower extremity with two differentially

gained-images. B: right lower extremity.

lymphedema are summarized in Table 1. With respect to
findings, the extent of cystic destruction of the lungs was
mild in four patients, moderate in two and severe in two.
Two patients {patient #2 (JUL127) and patient #5 (JUL213)}
showed ground glass attenuation of the lungs suggesting
lymphedema. However, there was no correlation between
the severity of cystic destruction of the lung and LAM-
associated lymphedema. All eight patients had lym-
phangioleiomyomas (enlargements of lymph nodes and/or
lymphatics): seven patients had this condition in the ret-
roperitoneum from an upper abdominal area to the pelvic
cavity (Fig. 2A) but only patient #5 was similarly affected in
the right inguinal area. Chylous pleural effusions were
present in two patients and chylous ascites in four of them.
Moreover, two patients suffered chylous pleural effusion
and also ascites. An angiomyolipoma was evident in only
one patient {patient #3 (JUL130)}. Measurement of the
serum vascular endothelial growth factor (VEGF-D) showed
a concentration of more than 800 pg/ml, indicating a
possible diagnosis of LAM (Table 1).

Treatment for these patients varied over the long term
of this study. Seven patients were treated with a fat-
restricted diet (FRD) and complex decongestive physio-
therapy (CDP). Four received monthly subcutaneous
injections of gonadotropin-releasing hormone (GnRH)
analog. The CDP, which was administered to seven
patients, provided complete relief or substantial control
of their lymphedema (Fig. 1B). For patient #7 (JUL221),
no specific treatment was required, since wearing less
restrictive underwear was enough to resolve her
lymphedema.

Discussion

For the present study, we established the frequency of
LAM-associated lymphedema over a 30-year-period in one
hospital and analyzed the clinical features of patients
whose LAM was complicated with lymphedema. Lymphe-
dema was noted in 3.5% (8 of 228) of these LAM patients
and was the main or at least an important presenting
symptom of LAM in five of the eight patients. Therefore,

the frequency of lymphedema as a presenting feature of
LAM in this group was 2.2% (5/228). In none of these pa-
tients did the severity of lymphedema exceed the classifi-
cation of stage 2 or less. Prior to our study, only three case
reports about LAM-associated lymphedema of the lower
extremities appeared in the literature,’"™"3 and its exact
incidence remained unknown.

The diagnosis of LAM as an underlying cause of lym-
phedema is often challenging. Generally, secondary lym-
phedema is caused by axillary, pelvic or inguinal lymph
node dissection and/or radiation for the treatment of
malignancy or infections, those diseases or conditions
eventually resulting in the obstruction of lymphatics.
Accordingly, the diagnosis of secondary lymphedema would
not be difficult if symptoms or a past history indicated an
impact on lymphatic drainage. Similarly, physical findings
such as non-pitting edema and Stemmer sign would serve as
clues. Furthermore, secondary lymphedema typically in-
volves a single limb, whereas more widespread involvement
may be seen in primary hereditary lymphedema.™ In our
study, LAM was at an early stage (mild degree), most often
with unremarkable physical findings. In 25% of these pa-
tients, lymphedema developed in both lower extremities.
Therefore, it is worth emphasizing that here and else-
where, ultrasonography and MRI have been useful for
diagnosing the lymphedema and that lymphoscintigraphy
helped to delineate the functional and physiological
derangement of lymphatic flow in the affected areas (Figs.
1-3).™18 However, even if we can establish the diagnosis
of lymphedema, LAM would not be considered as an un-
derlying disease unless characteristic LAM-related
symptoms and findings such as exertional dypnea, pneu-
mothorax, chyle leak, etc., are present. Instead, lym-
phomas or soft tissue neoplasms would most likely be
suspected, since enlarged lymph nodes (lymphangioleio-
myomas) mimicking abdominal tumors can be demon-
strated in the retroperitoneum, pelvic cavity, or inguinal
area. Indeed, all eight LAM patients with lymphedema in
their lower extremities or lower abdomen had lym-
phangioleiomyomas that were then extirpated completely
in the three patients (patients #1, #2, and #8) whose clin-
ical diagnoses suggested soft tissue neoplasm or lymphoma.
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The reason why some LAM patients suffer from tym-
phedema and its mechanism(s) remain unknown. LAM is a
neoplastic disease, characterized by both the proliferation
of LAM cells and LAM-associated lymphangiogenesis,’” '
the latter presumably mediated by VEGF-D produced by
LAM cells.” Serum VEGF-D concentration was reported to
be a good biomarker for lymphatic involvement in LAM?
and indeed, five of eight patients in our study population
showed very high serum VEGF-D concentration (>5000 pg/
ml). Although the number of LAM patients analyzed here
was small, no apparent correlation existed among serum
VEGF-D level, extent of lymphangioleiomyomas, and site or
stage of lymphedema.

Although the existence of lymphangioleiomyomas does
not always lead to a LAM-associated lymphedema in the
patient’s lower extremities, subclinical dysfunction of axial
lymphatics is clearly implied. Actually, the lymphedema
around patient #7’s left thigh and buttocks could be
attributed to the restriction of tight clothing, since loos-
ening her underwear resolved the lymphedema without
further treatment. Patient #4 (JUL181) experienced lym-
phedema around the right buttock and thigh only after an
abdominal bandage was applied to gently squeeze out
chylous ascites. Even these few cases, though, illustrate
the increased amount of subcutaneous lymphatic flow
bypassing the usual axial lymphatic route with impaired
drainage. Supporting this notion, lymphoscintigraphy
clearly delineated a dermal lymphatic flow in patient #5
(JUL213) possibly due to a blockade of lymphatic flow
draining into an axial lymphatics in the pelvic cavity from
lower extremities by an inguinal lymphangioleiomyoma
(Fig. 3). Furthermore, subclinical lymphatic dysfunction has
been supported by radiologic findings that the size of lym-
phagioleiomyomas undergoes dramatic diurnal variation,
i.e., enlargement in the afternoon resulting from increased
lymphatic flow after physical activity in the morning.?""*

Lymphedema is often difficult to treat, particularly if
not diagnosed at an early stage.? In general, subcutaneous
tissue becomes fibrotic and then spreads circumferentially
if treatment is not initiated. Eventually, the involved skin
becomes hyperkeratotic, hyperpigmented, and papilloma-
tous or verrucous with increased skin turgor.® The approach
to managing lymphedema is largely dependent upon phys-
iotherapeutic techniques. The term complex decongestive
physiotherapy (CDP) refers to an empirically derived,
multicomponent program that is designed to reduce the
degree of lymphedema and to maintain the health of the
skin and supporting structures.?*~2% Some evidence in-
dicates that this approach stimulates lymphatic transport
and facilitates the dispersal of retained interstitial pro-
teins. Seven patients reviewed here were treated with both
CDP and FRD. Once lymphedema was ameliorated or
completely resolved, the condition was sufficiently self-
managed by CDP alone except for the four patients (pa-
tients #2—#5) with chylous effusions. GnRH therapy was
added to the regimen of these four patients, and FRD
continued. Although a controversy still existed regarding
the effect of hormone therapy (estrogen-depleting treat-
ment) on LAM, we added GnRH therapy to the regimen of
these four patients who had chylous effusion to stabilized
LAM and ameliorate chylous effusion. For all eight of these
patients, lymphedema was mitigated completely or well-

controlled with CDP, GnRH therapy, and FRD. An addi-
tional possibility comes from recent evidence that siroli-
mus, a mTOR inhibitor, stabilizes lung function?” and causes
chylous effusion to subside.”® Similarly, Chachaj et al. re-
ported the successful treatment of lymphedema, chylous
ascites, and pleural effusion with sirolimus.’ However, our
combined multimodal approach is likely to be a choice for
LAM-associated lymphedema without chylous effusion,
particularly when sirolimus treatment is contraindicated.

In conclusion, this is the first review, to our knowledge,
of the frequency of LAM-associated lymphedema and its
clinical features. In even this small population of LAM pa-
tients, lymphedema appears to be a very important pre-
senting feature that signals the possibility of LAM as an
underlying disease. The dysfunction of axial lymphatics,
undoubtedly caused by proliferation and infiltration of LAM
cells along those sites, as well as the high level of serum
VEGF-D quantified here are significant factors in the
occurrence of lymphedema, but the reason why all LAM
patients with these factors do not have lymphedema is
unknown. The combined multimodal treatments docu-
mented in this analysis were effective for resolving or
controlling lymphedema in patients with LAM.
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Abstract: A Cross-sectional Study of the Associa-
tion between Working Hours and Sleep Duration
among the Japanese Working Population: Tadahiro
Owutsu, et al. Department of Public Health, Showa
University School of Medicine, Japan—Objectives:
This study aimed to clarify the association between long
working hours and short sleep duration among Japa-
nese workers. Methods: We selected 4,000 house-
holds from across Japan by stratified random sampling
and conducted an interview survey of a total of 662
participants (372 men; 290 women) in November 2009.
Logistic regression analyses were performed using
“sleep duration <6 hours per day” as a dependent vari-
able to examine the association between working
hours/overtime hours and short sleep duration. Results:
When male participants who worked for 27 but <9 hours
per day were used as a reference, the odds ratio {OR)
for short sleep duration in those who worked for
=11 hours was 8.62 (95% confidence interval [CI]:
3.94-18.86). With regard to overtime hours among men,
when participants without overtime were used as a
reference, the OR for those whose period of overtime
was 23 hours but <4 hours was 3.59 (95% CI:
1.42-9.08). For both men and women, those with long
weekday working hours tended to have a short sleep
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duration during weekdays and holidays. Conclusions:
It is essential to avoid working long hours in order to
prevent short sleep duration.

(J Occup Health 2013; 55: 307-311)

Key words: Holiday, Overtime hours, Sleep duration,
Weekday, Working hours

Van der Hulst reviewed studies published between
January 1996 and June 2001 on the association
between long working hours and health and identi-
fied 6 studies that had used sleep hours as one of the
outcome measures?). All of those studies had been
conducted in Japan; one used a longitudinal design?,
and the others used a cross-sectional design™.
Among them, only one focused on the association
between sleep and working hours?.

In November 2010, Kobayashi et al. conducted a
systematic review of studies published in 1998 or later
on the role played by sleep duration in the association
between working hours and cerebrovascular/cardiovas-
cular diseases®. They found only two reports on the
association between working hours and sleep duration
(a cohort study in the UK? and a large-scale cross-
sectional study in Australial®) and recommended
further studies on this issue®.

Here we provide new data regarding the association
between long working hours and short sleep duration,
although our approach was limited by being a cross-
sectional survey with a small sample size.
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Materials and Methods

The subjects of this study were selected as
follows. A total of 4,000 households were randomly
selected across the country, and 2,206 adults were
home when the researchers visited the households;
1,224 of them (539 men and 685 women; response
rate: 55.5%) agreed to participate in the interview
survey'V. Of these, 662 (372 men; 290 women) were
employed, and their data were analyzed. The dura-
tion of the survey was 1 month (November 2009).
Approval was obtained from the Ethics Committee for
Epidemiological Studies of Nihon University School
of Medicine before the study began.

The survey included the following items: (1) sex,
age, years of schooling completed (junior high/high
school/college or university) and size of the city of
residence (19 large cities/other cities/towns or villag-
es); (2) working hours and overtime (extra working)
hours per weekday; and (3) sleep duration per day
on weekdays (workdays) and holidays (Sundays or
days off). Regarding (2) and (3), participants were
requested to select an answer about their status in
the past month from among the categorical answer
options provided. We did not ask about work patterns
or burden of housework.

In our statistical analyses of working and over-
time hours per weekday and sleep duration per day
on weekdays and holidays, the composition in each
category was calculated based on sex. The univari-
ate logistic regression analyses used “sleep duration
<6 hours per day” as a dependent variable and work-
ing hours or overtime hours as an explanatory vari-
able and were performed for weekdays and holidays
according to sex. Each model was adjusted for age
class, years of schooling completed and size of the
city of residence. The significance level was set at
5% (two-sided), and the IBM SPSS Statistics 20 soft-
ware package was used for statistical analysis.

In Japan, overtime is defined as extra working hours
that exceed 40 hours per week, excluding breaks, but
including working hours on holidays (according to
the Ministry of Health, Labour and Welfare integrated
measures for prevention of health problems caused by
overwork).

Results

Working hours, overtime hours and sleep duration
are shown in Table 1 (classified according to sex).
A large difference was observed between men and
women with regard to working hours and overtime
hours per weekday. The proportions of the partici-
pants with <6 hours’ sleep per day on weekdays and
holidays were 34.8% and 16.8%, respectively, among
men and 44.3% and 27.0%, respectively, among

J Occup Health, Vol. 55, 2013

Table 1. Gender-based working hours, overtime hours and
sleep duration

Men Women
p value®
n=372* n=290°
Working hours per weekday <0.001
<5h 5.1 272
25h,<7h 10.8 226
>7h,<9h 514 36.2
>9h,<11h 21.9 6.3
211h 10.8 7.7
Overtime hours® per weekday <0.001
None 41.3 71.8
<2h 30.9 23.2
22h,<3h 9.9 2.5
23h,<4h 6.6 0.7
24h 11.3 1.8
Sleep duration on weekdays® 0.002
<6h 34.8 443
26h,<7h 40.4 40.8
27h,<8h 19.1 13.5
28h 5.7 14
Sleep duration on holidays® <0.001
<6h 16.8 27.0
26h,<7h 28.4 39.1
27h,<8h 33.2 22.8
>8h,<9h 17.8 6.6
29h 3.8 45 (%)

aIn each section, the response “I do not know” was excluded
from the statistical analyses. ®y? test. “Extra working hours.
dWorkdays. *Sundays or days off.

women. Thus, significant differences were observed
between men and women for sleep duration on
weekdays and holidays. The average ages (standard
deviation) of the men and women were 45.0 (13.7)
and 45.3 (12.6) years, respectively, and no significant
age-related difference was observed (Mann-Whitney U
test; p=0.491).

The results of the logistic regression analyses using
“sleep duration <6 hours per day” as a dependent vari-
able are shown in Table 2. When participants working
>7 but <9 hours per day were used as a reference, the
odds ratio (OR) for “sleep duration <6 hours per day”
on weekdays was significantly higher among those
working 29 hours per weekday. In the same group of
participants, the OR for holidays was also significant-
ly high. With regard to overtime hours, when partici-
pants without overtime were used as a reference, the
OR for having “sleep duration <6 hours per day” on
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Table 2. Logistic regression analyses using “sleep duration <6 hours per day” as a dependent variable®

Sleep duration on weekdays®

Sleep duration on holidays®

Explanatory variables n*  AOR 95% CI p value n* AOR 95% C1 p value
Men
Working hours per weekday
<7h 58 1.67  0.83-3.36 0.152 57 3.69 1.59-8.55 0.002
27h,<9h 190 1.00 Reference 190 1.00 Reference
20h,<11h 81 2.76 1.57-4.86 <0.001 81 2.71 1.27-5.79 0.010
211h 40 8.62 3.94-18.86  <0.001 40 559 243-12.86 <0.001
Overtime hours® per weekday
None 150 1.00  Reference 150 1.00  Reference
<2h 111 091  0.52-1.62 0.757 111 055  0.25-1.18 0.123
22h,<3h 36 1.05  0.46-2.37 0.912 35 028  0.06-1.28 0.101
23h,<4h 24 3.59 1.42~9.08 0.007 24 202  0.73-5.62 0.179
24 h 41 3.46 1.64~7.30 0.001 41 145  0.62-3.41 0.396
Women
Working hours per weekday
<5h 78 1.13  0.60-2.10 0.709 78 145  0.71-2.94 0.308
25h,<7h 65 1.58  0.83-3.03 0.167 65 146  0.70-3.06 0.318
>7h,<9h 104 1.00 Reference 104 1.00 Reference
29h 40 2.51 1.17-5.39 0.018 40 223 097-5.12 0.060
Overtime hours® per weekday
None 203  1.00  Reference 203 1.00  Reference
<2h 66 158  0.88-2.82 0.125 66 131 0.69-2.49 0.417
>2h 14 0.68  0.21-2.20 0.520 14 0.71  0.18-2.76 0.620

“Working hours and overtime hours were used as explanatory variables (univariate analysis). Each model was
adjusted for age class, years of schooling completed and size of the city of residence. *Workdays. °Sundays or
days off. ¢In each section, the response “I do not know” was excluded from the statistical analyses. °Extra working

hours. AOR, adjusted odds ratio; CI, confidence interval.

weekdays was 3.59 (95% confidence interval [CI]:
1.42-9.08) among those working >3 but <4 hours
overtime and 3.46 (95% CIL. 1.64-7.30) among those
working 24 hours overtime, indicating significantly
high ORs. No significant OR was observed regarding
holidays. Among women, the OR for “sleep dura-
tion <6 hours per day” on weekdays was significantly
higher among those working 29 hours per day and
that for holidays among the same group was 2.23 (95%
CI: 0.97-5.12). There was no significant OR with
regard to overtime hours.

Discussion

The results of this study show that the OR for “sleep
duration <6 hours per day” was significantly higher
among men working 29 hours per day or 23 hours
overtime. The overall total of overtime was equiva-
lent to >60 hours per month. In Japan, an amend-
ment to the relevant law in 2005 made it obligatory
for overworked workers to receive health guidance via

an interview with a physician'®. According to this
legislation, 80 hours overtime per month (approxi-
mately 4 hours overtime per day) would prevent work-
ers from sleeping the required total of approximately
6 hours per day™. The results of our study suggest a
need to review this claim and are therefore notewor-
thy. Kageyama and colleagues reported a significant
negative association between =60 hours overtime per
month in the previous 3 months and sleep length on
weekdays among Japanese white-collar workers?.
Almost half of the women in this study worked
<7 hours per day, and most appeared to be part-
time workers. For this group of women, the OR for
having “<6 hours sleep” was high among those work-
ing 29 hours, as seen in men. In addition, although
more than 70% of women did not work overtime, the
proportions of those with <6 hours sleep on weekdays
and holidays were higher than in men. The burden of
doing housework in addition to employed work may
explain this result. From our results, it is unclear to
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