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Intrathoracic Major Vessels, Trachea and Main Bronchi :
The Effect of Respiration on Size'

Kul Ho Jung, M.D., Byung Kook Kwak, M.D., Chi Hoon Choi, M.D.
Yong Ok Park, M.D., Hee Yeoun Goo, M.D., Shin Hyung Lee, M.D., Chang Joon Lee, M.D.

Purpose : To evaluate the effect of respiration on the sizes of intrathoracic
vasculature, and the trachea, and the main bronchus.

Materials and Methods : Seventeen volunteers (10 males aged 20 —39 years and
7 females aged 20— 39 years) underwent spiral CT, between the apex and lowest
base of the lung, collimation was 10 mm, pitch was 1, and images were obtained at
breath hold forced end-inspiration and breath hold forced end-expiration. Cross
secional areas or diameters were measured in each respiration state at the aorta (as-
cending, descending, lower thoracic) and great branches, the IVC (thoracic, ab-
dominal), the SVC, pulmonary artery (right main, left descending] and the
tracheobronchus (trachea, left upper bronchus). Changes in the size of vessels and
airways between the respiration states were evaluated and compared between in-
spiration and expiration.

Results : During breath-hold forced end-inspiration CT, the ascending, descen-
ding, and lower thoracic aorta and its branches (brachiocephalic, left common ca-
rotid, left subclavian) as well as the thoracic IVC and SVC and the right main and
left descending pulmonary arteries decreased in size : during breath-hold forced
end-expiration CT, the size of all these vessels increased. For the trachea, left up-
per lobe bronchus and abdominal IVC, the situation was reversed. Statistically sig-
nificant changes(p { 0.05) were noted in the ascending aorta and descending aorta,
the lower thoracic aorta, the thoracic and abdominal IVC, the SVC, the right main
and left pulmonary arteries, and the trachea.

Conclusion : During respiration, changes in the size of the thoracic vasculature
and airways is probably due to changes in intrathoracic pressure. In the measure-
ment and diagnosis of stenosis or dilatation in the intrathoracic vesculature and
airways, respiration states should therefore be considered.
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Computed tomography (CT) has become an accepted
and widely available imaging technique for the evalu-
ation of suspected major intrathoracic vascular and
tracheobronchial diseases. With the introduction of
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technological improvements such as spiral CT and
software, it is possible to evaluate the inspiratory and
expiratory status of pulmonary diseases. CT has been
used to establish the range of normal variation of aortic
diameter (1) and to measure the diameter of the main
pulmonary artery(2). Changes in thoracic great vessels
especially the aorta and pulmonary artery, during res-
piration have not, however, been considered, though
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the size and shape of the trachea and venae cavae dur-
ing respiration have been reported(3 — 7). The purpose
of this study was to determine changes in intrathoracic
vascular and tracheobronchial size during respiration.

Material and Methods

As part of a study involving the measurement of
lung volule, 17 normal volunteers(10 male, 7 female),
aged 20 — 39 years who had undergone spiral CT were
retrospectively evaluated(8). None suffured from hy-
pertension, or cardiovascular, or renal disease, and
pulmonary function measured by spirometry was nor-
mal. During each CT examination, for which a PQ 2000
(Picker International, Ohio, U.S.A.) was used, sequen-
ces were performed with the patient in the supine pos-
ition from the lung apex to the base for one breath hold
forced end-inspiration and one breath hold forced end-
expiration. The parameters were as follows: 10-mm
thickness, pitch 1, kVp/mA=130/150, matrix=>512X
512, FOV=300 mm. Images were not contrast-enhan-
ced. Raw data from spiral scans were reconstruc-ted at
5 mm intervals by overlapping each adjacent images by
5 mm to avoid image skipping.

The area or diameter of structures was measured by
freehand tracing at window width/level of 300/40 HU,
on a workstation(Voxel Q, Picker International, Ohio,
USA). In each case, two observers (BK Kwak and KH
Jung) measured the area or diameter of structures and
calculated averages. The principles of measurement
were, first, that during inspiratory and expiratory
imaging phases, each structure was measured at the
same level The ascending and descending aorta and

SVC were measured at the level of the carina, where the
ascending aorta is at its roundest (1) (Fig. 1); brachioc-
ephalic, left common carotid and left subclavian
artery, and the trachea at a point 2 or 3 slices (2—3 c¢m)
above the top of the aortic arch (9); the right main pul-
monary artery, at the level between the posterior wall
of the superior vena cava and the anterior wall of the
bronchus intermedius (2) (Fig. 1) ; left upper lobe bron-
chus and left descending pulmonary artery at the level
of the left upper lobe bronchus, where it crosses the
left descending pulmonary artery;and the thoracic
IVC and lower thoracic aorta at the level corresponding
to the uppermost portion of the right diaphragm dome.
In addition, abdominal IVC was measured below the
caudate lobe of the liver.

Second, the area of all structures was measured at
the level at which that structure was seen to be round,
not oval.

Third, because cross-sectional areas at their point of
origin vary slightly, branching structures such as the
brachiocephalic, left common carotid and left subclav-
ian arteries were measured slightly distal(2—3 cm) to
their point of origin.

Fourth, cross sectional area better reflect change in
the real size of a structure and for this reason, this was
measured rather than diameter.

The significance of differences between measure-
ments was determined at the p (0.05 level using the
paired-t test(SPSS for Windows, SPSS Inc., U.S.A.).

Results

Mean areas and diameters of all intrathoracic vascu-

Fig. 1. The changes of the intrathoracic vasculatures between breath hold forced end-inspiration (upper) and breath hold
forced end-expiration(lower).
A. Asce nding aorta, B. right main pulmonary artery.
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lar structures, including aortas, venae cavae and pul-
monary arteries, decreased during forced end-inspi-
ration and increased during forced end-expiration.
Statistically, the ascending and descending and lower
thoracic aorta, SVC and thoracic IVC, and the right
main and left descending pulmonary artery showed
significant changes (p { 0.05) (Table 1). Major branches
of the aorta (brachiocephalic, left common carotid and
left subclavian artery) were not signiﬁcant(p Y 0.05).

On breath hold forced end-inspiration CT, the tra-
chea and left upper-lobe bronchus increased in size,
and on breath hold end-expiration CT, they decreased.
The trachea showed significant change(p { 0.05), but
the left upper-lobe bronchus did not(p ) 0.05).

For the abdominal IVC, the situation was the reverse
of that of the thoracic IVC;that is,on breath hold
forced end-expiration CT the area of the former
decreased, and on breath hold forced end-inspiration
CT it increased ; the differences were statistically sig-
nificant(p  0.05).

Discussion

Anatomically the cardiovacular system (heart, aorta,
venae cavae and pulmonary vessels) and lungs are inti-
mately associated within the thorax. Many of the ef-
fects of respiration are mediated through changes in
left ventricular preload and afterload(10, 11). Lung CT
was performed during breath-hold forced end-inspi-
ration, a state similar to that existing during the
Valsalva maneuver (forced expiration against a closed
glottis after full inspiration) in the thorax. Shortly after
the start of the Valsalva maneuver, the filling pressure
of the heart is reduced by increased intrathoracic

pressure and remains low during the period of strain.
Pressure in the intrathoracic great vessels such as the
aorta and its branches, and the pulmonary artery falls
and remains low(11, 12). The normal hemodynamic re-
sponse to the Valsalva maneuver is a gradual decrease
in arterial pressure, pulse pressure and stroke volume
accompanied by tarchycardia(4). Although the clinical
manifestations of the maneuver are well known,
associated hemodynamic changes in the great vessels
have not been extensively studied or documented.
Breath hold forced end-expiration, on the otherhand,
is similar to the Muller maneuver, which is associated
with a decrease in intrathoracic pressure(l 3).

During the late strain phase of the Valsalva maneuv-
er, a substantial reduction in the cross-sectional area of
the SVC was noted. Although the form of the SVC dur-
ing normal respiration is close to circular, during late
strain the SVC is pressed against the aorta and it bec-
omes more triangular(4). The Valsava maneuver has
been shown to induce a 37 % decrease in the cross-sec-
tional area of the SVC(4), a result similar to the 47.7 %
decrease described in this report(Table 1).

The IVC is also highly compliant and its pressure is
low ;its configuration varies with changes during
ventilatory or circulatory events(5). The pattern of
pressure distribution in the IVC is asymmetric and
centered around the diaphragm with the pressure
gradient in the abdominal IVC, results from decreased
positive pressure, and in the thoracic segment from
increased negative pressure(14). The abdominal IVC
lumen decreased during the early inspiratory phase,
reached a minimum at the end of the transient phase, as
seen at a point 2 to 3 cm below the diaphragm during
maximal inspiration. These ventilatory changes in the

Table 1. The Changes in the Size of Intrathoracic Major Vessels, Trachea and Bronchi at Breath Hold Forced End-inspiration

and Breath Hold Forced End-expiration.

Structures End-Inspiration(mm? End-Expiration(mm?) pvalue  Increment(%)
Ascending aorta 572.9 £ 94.2 608.7 + 106.3 {0.05 6.2
Descending aorta 362.5 £ 73.6 384.8 = 78.9 {0.05 6.2
Lower thoracic aorta 299.2 + 52.01 328.6 £ 52.6 (0.05 9.8
Brachi ocephalic artery 116.0 = 19.7 124.1 = 21.6 »0.05 7.0
Lt. common carotid a. 527+ 8.4 58.4 = 11.6 »0.05 10.8
Lt. Subclavian a. 58.3 = 14.0 62.1 = 17.4 »0.05 6.5
Superior vena cava 226.0 £ 50.0 333.7 £ 545 (0.05 47.7
Thoracic IVC 3489 + 98.4 430.3 = 110.7 {(0.05 23.3
Abdominal IVC 375.3 £ 149.5 221.9 = 88.5 {0.05 —40.9
Trachea 272.7 + 76.8 249.6 + 823 {0.05 —8.5
Lt. upper lobe bronchus * 80+ 15 75+ 1.6 »0.05 —6.3
Rt. main pulmonary a. * 106 £ 1.7 13.1 + 2.2 {0.05 23.6
Lt. descending pul. a. 154.5 = 61.6 176.7 = 63.7 (0.05 14.4

*  diameter(mm) ; Lt. : left ; Rt. : right ; IVC: inferior vena cava; a. : artery
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abdominal IVC reversed with increased intrathoracic
pressure during the Valsalva maneuver and positive
pressure ventilation (5). IVC response is a function of
the interplay between intrathoracic and intra-abdomi-
nal pressure. During the Valsalva maneuver, increased
intrathoracic pressure causes decreased abdominal IVC
flow and resultant dilatation ; this is counteracted by
increased intra-abdominal pressure, which causes col-
lapse of the IVC(6).

In a previous study, MR angiography show that dur-
ing maximum inspiration(breath hold forced end-in-
spiration), the AP diameter of the IVC was reduced by
21.7%, and during Muller’s maneuver by 35.7 %(7);
because the current study measured area, not diam-
eter, however, our data cannot be compared with that
results. It was observed that the area of the abdominal
IVC was reduced by 40.9 % during breath hold forced
end-expiration, but that of the supradiaphragmatic
thoracic IVC increased by 23.3 %(Table 1).

Only limited measurements of the aorta, right pul-
monary artery and trachea have been published, and
other than for the trachea, the measurement of struc-
tural change during respiration has not been reported
(3,9).

During the current study, certain principles of meas-
urement were therefore applied. We wished to deter-
mine changes in each structure during respiration ; all
measurements were therefore taken at the same level
and configuration. In perpendicular structures, it is
better to measure cross-sectional area than diameter,
since the former better reflect changes in the real size of
astruture(3, 9).

Our review of the world literature uncovered no re-
port describing changes in the aorta and pulmonary
artery during respiration. Shortly after the start of
breath hold forced end-inspiration, the filling pressure
of the heart is reduced by increased intrathoracic
pressure, so the preload and the stroke volume of the
heart are reduced. It therefore appears that during
breath hold forced end-inspiration, the area of the
aorta isreduced(4, 7, 10—13). Change in the area of the
aorta was less than that of the venae cavae or pulmon-
ary arteries(Table 1), though it was statistically signifi-
cant. Because no previous reports have quatified the
area of the aorta, we have no available comparable
data. Normal thoracic aortic diameters reported by
Aronberg et al. showed substantial variation according
to age, sex, and thoracic vertebral body width(1). In
addition to these results, respiratory states should be
considered when evaluating the diameter of the aorta
(1). The guideline for normal aortic size determined
during inspiratory CT is unlikely to be the same during
expiratory CT.

During late-stage Valsalva maneuver, a significant
decrease was observed in the stroke volume, whereas
the decrease in cardiac output was not significant. The
heart rate increased significantly(4).

The mean cross-sectional area of aortic branches also
changed according to respiration, but probably due to
their small size and tortuosity, which made it difficut
to precisely measure them, these changes were not sig-
nificant.

The size of the pulmonary artery, already studied by
O’Callaghan et al.(2), is a useful indicator of the pres-
ence or absence of pulmonary hypertension. The main
pulmonary artery was measured at the intrapericardial
segment between the posterior wall of the superior
vena cava and the anterior wall of the intermedius
bronchus. The mean size was 13.3mm (SD, 1.5 mm)
which is comparable with the current data, 10.6 mm.
The slight difference seen here may be explained by
the difference in age group between the two studies; in
ours, all voluteers were younger and - in addition -
females were included ; a further difference is that we
did not use contrast media. Among five pulmonary hy-
pertensive patients previously studied(Z), mean size
ranged from 16.6 to 26.6 mm, which is well above the
upper normal limit. They stated value was 16.3
mm- 2SD(95 % confidence limit for the upper limit of
normal for normal patients, and probably at inspi-
ration ; this last point was not-mentioned). In this cur-
rent study, however, the diameter ranged from 9.9 mm
to 17.6 mm at forced end-expiration, which is above
the upper limit of normal ; to decide whether a patient
is suffering from pulmonary hypertension, the state of
respiration must therefore be considered.

It is well-known that pulmonary blood pressure,
volume and flow change during each breath. Having
found no significant differences between inspiration
and expiration in pulmonary vascular resistance, char-
acteristic impedance and overall impedance spectra in
subjects free of cardiopulmonary disease, Murgo and
Westerhof(15) concluded that quiet respiration has no
effect on pulmonary arterial load, and that changes in
pressure and flow must result from changes in right
ventricular performance. Milnor(16, 17) states that tot-
al pulmonary vascular resistance increases slightly
with inspiration, but no respiratory change in pulmon-
ary vascular impedance has beenreported.

On the other hand, the trachea and bronch increase
in volume during sustained full inspiration. Stern et al
(3, 9) found significant correlation between respiration
and tracheal cross-sectional area, and showed that the
trachea enlarges during inspiration. The change in tra-
cheal cross-sectional area occuring during the respirat-
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ory cycle is assumed to occur after anterior displace-
ment of the posterior tracheal membrane,as is the
observed decrease in the transverse diameter of the tra-
chea(9). Stern et al reported the cross-sectional area of
the trachea as 280 mm” (range, 221 —388 mm?; SD, 50.
5) at end-inspiration and 178mm? (range, 115— 236
mm?; SD 40.2) at end-expiration. These results are
slightly different from ours, and this may be due to dif-
ferent levels during the two studies; in order to avoid
the influence of continuing compression of the aortic
arch, which enlarges during expiration, we did not sel-
ect the level of aortic arch selected by Stern et al. Un-
like in the trachea, change in the left upper-lobe bron-
chus is not significant; this is probably due to its small
size, or compression of the adjacent pulmonary artery.

In conclusion, during respiration, change in the size
of the thoracic vasculature and airways is changed
probably due to changes in intrathoracic pressure. In
the measurement and diagnosis of stenosis or dilatation
in the intrathoracic vasculature and airways, respir-
ation status should therefore be considered.
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