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KEY POINTS

MRI is becoming increasingly useful for imag-
ing of lung structure and function, both in terms
of airways imaging, assessment of ventilation and
evaluation of lung perfusion and right heart func-
tion. This modality is highly versatile and capable
of generating a range of inherent and exogenously
introduced contrast mechanisms, while maintain-
ing high resolution as well as incredible speed of
data acquisition.

It is quite likely that MRI techniques will allow fur-
ther evaluation of physiological and pathophysio-
logical aspects of COPD, and this should ultimately
lead to improved understanding and treatment of
this heterogeneous diseases complex.

Introduction

Chronic obstructive pulmonary disease (COPD)
is the fourth most common cause of death among
adults (RABE et al. 2007). COPD is characterized by
incompletely reversible (usually progressive) airflow
limitation, which is associated with an abnormal in-
flammatory response of the lung to noxious particles or
gases. It is caused by a mixture of airway obstruction
(obstructive bronchiolitis) and parenchymal destruc-
tion (emphysema), the relative contributions of which
are variable (RABE et al. 2007). Chronic bronchitis, or
the presence of cough and sputum production for at
least 3 months in each of 2 consecutive years, remains a
clinically and epidemiologically useful diagnostic clas-
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sifying term. Pulmonary emphysema is a pathological
term and is defined by the American Thoracic Society
as an abnormal permanent enlargement of the air
spaces distal to the terminal bronchioles, accompanied
by the destruction of their walls. In a simplified way,
obstructive airflow limitation leads to air-trapping with
subsequent hyperinflation of the airspaces, which com-
bined with inflammatory lung injury leads to destruc-
tion of the lung parenchyma. For severity assessment
of COPD lung function tests, such as forced expiration
volume in 1 s (FEV,), FEV,/FVC (forced vital capacity)
and diffusing capacity for carbon monoxide (DLco) are
used. However, pulmonary function tests only provide
a global measure without any regional information and
are not suitable for determination of structural abnor-
malities. Although extremely useful in clinical practice
and for global management of patients, pulmonary
function tests are known to be relatively insensitive to
both early stages and small changes of manifest disease.
Furthermore, pulmonary function tests are dependent
upon the effort and compliance of the patient, and are
difficult to reliably perform in young children. Chronic
hyperinflation impacts on diaphragmatic geometry
with subsequent dysfunction due to dissociation of
the breathing mechanics. The disease also affects the
pulmonary arteries: intimal thickening, smooth muscle
hypertrophy and inflammation were described, which
ultimately give rise to vascular remodeling (SziLasI et
al. 2006). The direct vascular changes and hyperinflation
lead to the precapillary type of pulmonary hypertension
and pulmonary vascular flow disturbance (ROSEN-
KRANZ 2007).

In contrast to pulmonary function tests, radiologi-
cal imaging techniques may be able to differentiate the
different components of obstructive lung disease on a
regional basis, with the possibility of detecting early
disease stages prior to the onset of severe symptoms.
Computed tomography (CT) is the mainstay diagnos-
tic modality in this field with emphasis on structural
imaging of lung parenchyma and airways. Magnetic
resonance imaging (MRI) has the potential to provide
regional information about the lung without the use
of ionizing radiation, but is hampered by several chal-
lenges: the low amount of tissue relates to a small num-
ber of protons leading to low signal, countless air-tissue
interfaces cause substantial susceptibility artifacts and
last but not least, respiratory and cardiac motion. In
several lung diseases, such as tumors, the amount of
protons or the blood volume is actually increased and
motion is reduced, which provides better pre-condi-
tions for MRI. In obstructive pulmonary disease, how-
ever, there are no facilitating disease-related effects as

there is loss of tissue and reduced blood volume due
to hypoxic vasoconstriction and the degree of hyper-
inflation has a negative correlation with the MR signal
(LEY-ZAPOROZHAN et al. 2008). The depiction of the
airways by MRI is certainly limited to the central bron-
chi. Fortunately, MRI has shown significant potential
beyond the mere visualization of structure by provid-
ing comprehensive information about “function’, such
as perfusion, hemodynamics, ventilation and respira-
tory mechanics.

Parenchyma

The most frequently utilized sequences in MRI of
COPD are acquired in a single breath-hold. For fast T2-
weighted imaging, single shot techniques with partial-
Fourier acquisition (HASTE) or ultrashort TE (UTSE)
are recommended (Figs. 9.1 and 9.2). The T2-weighted
HASTE sequence in coronal and/or axial orientation al-
lows for the depiction of pulmonary infiltrates, inflam-
matory bronchial wall thickening and mucus collec-
tions. T1-weighted 3D gradient echo sequences, such
as VIBE, are suitable for the assessment of the medi-
astinum and common nodular lesions. The intravenous
application of contrast material markedly improves the
diagnostic yield of T1 weighted sequences by a clearer
depiction of vessels, hilar structures and solid patholo-
gies. A major goal in inflammatory obstructive airway
disease is to differentiate inflammation within the wall
from muscular hypertrophy, edema and mucus collec-
tion which cannot be achieved by CT, but can be ad-
dressed by the use of T1- and T2-weighted images as
well as contrast enhancement (LEY-ZAPOROZHAN et al.
2008).

The extent of hyperinflation and hypoxic vasocon-
striction is directly associated with the loss of signal
(BANKIER et al. 2004). Thus, until now, MRI of the pul-
monary parenchyma has only been successfully applied
to diseases with an increase of tissue and resultant sig-
nal. While emphysematous destruction can hardly be
diagnosed by a loss of signal, it is much easier to detect
hyperinflation just by the size or volume of the thorax.
In a recent study, it was shown that the change of pa-
renchymal signal intensity measured by MRI at inspira-
tion and expiration correlates with FEV, (r=0.508) and
might warrant further studies as a predictor of airflow
obstruction (Iwasawa et al. 2007).
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Fig. 9.1a,b. Coronal CT reformats (a) and corresponding to a loss of MR signal (arrows) reflecting destruction of the
coronal T2 weighted (HASTE) images (b): severe emphysema  parenchyma and paucity of pulmonary vasculature of the pul-
with predominance of the right lower lobe on CT corresponds ~ monary vasculature
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Fig. 9.2. Coronal T2 weighted (HASTE) image shows the
typical flattening of the diaphragm in emphysema

Airways

Several pathological studies have shown that a major
site of airway obstruction in patients with COPD is in
airways smaller than 2 mm internal diameter (HoGG et
al.2004). The 2-mm airways are located between the 4th
and the 14th generation of the tracheobronchial tree.
Airflow limitation is closely associated with the sever-
ity of luminal occlusion by inflammatory exudates and
thickening of the airway walls due to remodeling. Severe
peripheral airflow obstruction can also affect the proxi-
mal airways from subsegmental bronchi to the trachea.

For assessment of tracheal instability MR cine ac-
quisitions during continuous respiration or forced ex-
piration are recommended (HEUSSEL et al. 2004). The
depiction of airway dimensions and thickness of the
airway walls by MRI under physiological conditions is
limited to the central bronchi. For depiction of the bron-
chiectasis high spatial resolution is essential. By using a
3D volume interpolated gradient echo sequence (VIBE)
with a voxel size of approximately 0.9 x 0.88 x 2.5 mm a
sensitivity of 79% and a specificity of 98% regarding the

visual depiction of bronchiectasis was shown compared
to CT (BIEDERER et al. 2003).

Respiratory Dynamics

Respiration is the result of the complex interaction be-
tween chest wall and diaphragm motion,and it can be vi-
sualized by 2D or 3D dynamic MR techniques (CLUZEL
et al. 2000; PLATHOW et al. 2004, 2005). For data acqui-
sition time resolved techniques are used which can be
based on FLASH or trueFISP sequences. This allows for
a high temporal resolution down to 100 ms per frame.

Hyperinflation of the lung severely affects diaphrag-
matic geometry with subsequent reduction of the me-
chanical properties, while the effects on the mechanical
advantage of the neck and rib cage muscles are less pro-
nounced (DECRAMER 1997). The common clinical mea-
surements of COPD do not provide insights into how
structural alterations in the lung lead to dysfunction
in the breathing mechanics, although treatments such
as lung volume reduction surgery (LVRS) are thought
to improve lung function by facilitating breathing me-
chanics and increasing elastic recoil (HENDERSON et al.
2007).

In contrast to normal subjects with regular, syn-
chronous diaphragm and chest wall motion, dynamic
MRI in patients with emphysema frequently showed
reduced, irregular or asynchronous motion, with a
significant decrease in the maximum amplitude and
the length of apposition of the diaphragm (Suca
et al. 1999). In some patients the ventral portion of
the hemidiaphragm moved downward at MRI while
the dorsal part moved upward like a seesaw (Iwasawa
et al. 2000). The paradoxical diaphragmatic motion
correlated with hyperinflation, although severe hy-
perinflation tended to restrict both normal and para-
doxical diaphragmatic motion (Iwasawa et al. 2002).
After LVRS, patients showed improvements in dia-
phragm and chest wall configuration and mobility at
MRI (Suga et al. 1999). Ultrafast dynamic proton MRI
was shown to be able to demonstrate the rapid volume
changes observed during forced vital capacity maneu-
ver (Fig. 9.3) and correlated closely with pulmonary
function tests, but with the added advantage of provid-
ing regional information on changes in lung volumes
during this procedure (EICHINGER et al. 2007; SWIET
et al. 2007).
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Fig. 9.3a-d. Coronal and sagittal MR images taken from a dynamic series acquired in a COPD patient during forced expira-
tion reflecting maximum inspiration (a,c) and maximum expiration (b,d) shows motion of the diaphragm and thoracic wall
(arrows)
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Ventilation

As sufficient gas exchange depends on matched perfu-
sion and ventilation, assessment of regional ventilation
is important for the diagnosis and evaluation of pul-
monary emphysema. Currently, the most established
method for imaging regional lung ventilation are nu-
clear medicine studies using krypton-81m (Kr-81m),
xenon-133 (Xe-133), radiolabeled aerosol (Technegas)
and technetium-99m (Tc-99m)-labeled diethylentri-
aminepentaacetic acid (DTPA). The utility of nuclear
medicine in pulmonary diseases has been well docu-
mented. However, these techniques are hampered by
low spatial resolution and the necessity of inhalation of
radioactive tracers, while 3D (SPECT) imaging will re-
quire approximately 20 min of imaging time, thus limit-
ing the diagnostic power of the technique.

Although PFTs and nuclear medicine imaging have
been established as the most common and reliable pul-
monary function techniques, others such as contrast
enhanced proton studies and hyperpolarized noble gas
MRI are strong contenders in the functional imaging
race, as they provide a rapid, high resolution regional
quantification of disease progress and onset without the
need for ionizing radiation tracers.

9.5.1
Oxygen-Enhanced Imaging

Oxygen-enhanced MRI requires no special scanner
hardware, is easy to use and the overall material costs
are low in comparison with noble gas imaging. The main
idea behind this technique is to utilize the paramagnetic
properties of inhaled oxygen (O;) to obtain informa-
tion regarding the pulmonary blood flow volume and
integrity of the lung parenchyma (see Sect. 4.4). Several
investigators reported that oxygen enhanced MRI could
demonstrate regional ventilation (EDELMAN et al. 1996;
LoFFLER et al. 2000; OHNO et al. 2001). The technique
of oxygen-enhanced MRI has been successfully applied
in volunteers; the translation into clinical examination
however is difficult. Only few studies have successfully
applied oxygen-enhanced MRI to patients with pulmo-
nary diseases in a clinical setting. One of the reasons
might be that the use of high oxygen concentrations
(15 L/min) may not be without risk in patients with se-
vere COPD.

In some basic measurements it was shown, that the
T1 of the lung parenchyma is significantly shorter in
patients with emphysema than in volunteers (STADLER

et al. 2008). In a preliminary study an inhomogeneous
and weak signal intensity increase after application of
oxygen was observed, compared to healthy volunteers
(MULLER et al. 2002). OHNO et al (2003) demonstrated
that regional changes in ventilation as observed in ox-
ygen-enhanced MR reflected regional lung function.
The maximum mean relative enhancement ratio corre-
lated with the diffusion capacity for carbon monoxide
(r’=0.83), while the mean slope of relative enhance-
ment was strongly correlated with the FEV, (r*=0.74)
and the maximum mean relative enhancement with the
high-resolution CT emphysema score (r’=0.38). Re-
cent work also suggests that the simple administration
of pure oxygen induces the pulmonary arteries to di-
late resulting in an increase of pulmonary blood volume
and a consecutive increase in signal intensity (LEY et al.
2007).

9.5.2
Hyperpolarized Noble Gas Imaging

Over the past decade hyperpolarized noble gas MRI
using *Helium and '*Xenon was developed to improve
imaging of pulmonary structure, ventilation, dynam-
ics and oxygen uptake. *Helium has become the most
widely used gas for these studies as it provides higher
signal-to-noise ratios than '*Xenon, due to its intrinsic
gyromagnetic ratio, and its confinement to the airways
and airspaces without dissolving into the surrounding
tissue and bloodstream (VAN BEEK et al. 2004). Areas
with ventilation defects caused by airway obstruction
and emphysema represent the only limitation because
they cannot be assessed due to lack of the tracer gas
entering these areas. Thus, there is almost no informa-
tion about these affected lung regions. Overall, the in-
trinsic high cost of these noble gases, the need for la-
ser-induced hyperpolarization hardware, and the need
for non-proton imaging hardware and software remain
the major drawbacks of this technology on its way to
broader clinical applications.

9.5.2.1
Static Ventilation

Airflow obstruction leads to a reduced level of *Helium
in the distal lung regions allowing for sensitive detec-
tion of ventilation abnormalities (Figs. 9.4 and 9.5)
(Kauczor et al. 1996). In healthy smokers with normal
lung function even subtle ventilation defects were visu-
alized demonstrating the high sensitivity of the tech-
nique (GUENTHER et al. 2000). The volume of ventilated
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Fig. 9.4. MR ventilation images using hyperpolarized *Helium gas of a patient suffering from alphal-antitrypsin-deficiency:
good ventilation of the right upper lobe and large wedge-shaped ventilation defects in all remaining lung areas

Fig. 9.5. MR ventilation images using hyperpolarized *Helium gas of a patient suffering from COPD: focal and wedge-shaped
ventilation defects in all parts of the lung

lung areas on *He-MRI correlated well with vital capac-
ity (r=0.9) and the amount of non-emphysematous vol-
ume on CT (r=0.7) in patients with severe emphysema
following single lung transplantation (ZAPOROZHAN et
al. 2004). Ventilation defects correlated well with the
parenchymal destruction assessed by HRCT in patients
with severe emphysema following single lung transplan-
tation (GaAsT et al. 2002). Quantification of ventilatory
impairment can be achieved by automatic segmentation
of the lung allowing for precise pre- and post-thera-
peutic comparison of ventilation (Ray et al. 2003). In
addition, a proton-3-He subtraction method has been
shown to be reproducible and easily implementable,
allowing for sensitive quantification of ventilated lung
volumes (WoODHOUSE et al. 2005).

9.5.2.2
Dynamic Assessment

*Helium MR imaging with high temporal resolution via
ultra-fast Echo-planar (EPI), Gradient-echo and inter-

leaved spiral sequences allows for the visualization and
assessment of the various inspiratory and expiratory
phases of respiration. The instantaneous visualization
of the bolus movement leads to a direct evaluation of
the regional distribution of ventilation throughout the
lungs, which may be quantified using a regional assess-
ment (LEHMANN et al. 2004). Evaluation of the overall
usefulness of the technique has shown considerable
airflow abnormalities in diseased lung states and nor-
mal respiration stages in normal lungs (SALERNO et al.
2001; WILD et al. 2003). Normal respiration can be de-
scribed by a rapid and homogenous distribution of the
gas throughout the lung, whereas in diseased lungs, the
airflow is inhomogeneous due to factors such as airway
blockages and reduced lung compliance, leading to in-
terspersed ventilation defects (Fig. 9.6). The observed
ventilation defects vary from reduced inflow to air trap-
ping as observed in the later phases of the respiratory
cycle, which are more markedly visualized in subjects
with CT proven centrilobular emphysema (GasT et al.
2003; GIERADA et al. 2000; WiLD et al. 2003).
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Fig. 9.6. Dynamic MR ventilation images using hyperpolar-  lobes and a delayed emptying/depolarization of gas in the low-
ized *Helium gas from a COPD patient showing regions of er left lobe, which could be indicative of air trapping (reprinted
ventilation obstruction in both lungs, particularly in the upper ~ with permission from van Beek et al 2004)
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9.5.2.3
*Helium Apparent Diffusion
Coefficient (ADC)

The high diffusion coefficient of *Helium gas makes
it very suitable for the evaluation of the lung micro-
structure, connecting pores and pathways, leading to
an overall assessment of the integrity and size of such
structures. The ADC is a reflection of the restricted dif-
fusion of *Helium gas in a normal airway system due
to the relatively small size of airways in relation to the
diffusivity of the gas.

Similar to all other *Helium techniques, the ADC
is accomplished throughout one single breath hold,
where a series of images is acquired and evaluated on a
pixel-by-pixel basis. The introduction of the additional
gradients into the sequences allows the monitoring of
diffusion through signal decay incurred by motion of
the helium molecules, thus creating a map of diffusion
values representing the regional and global integrity of
the lungs.

ADC maps of normal healthy volunteers have shown
to be homogenous and uniform. On the other hand, in
emphysematous subjects ADC maps were non-uniform
and contained larger diffusion values. This non-unifor-
mity of the ADC values correlates well with the nature
of the disease, where the degree and location of destruc-
tion varies throughout the lung (CoNRrADI et al. 2005;
LEY et al. 2004b; SALERNO et al. 2002). The ability to
distinguish between normal and emphysematous lungs
reflects the overall power of determining and quantify-
ing airway enlargement along with tissue destruction.
The mean ADC for emphysema patients (0.452 cm?/s)
was found to be significantly larger (p <0.002) than for
normal volunteers (0.225 cm?/s) (SALERNO et al. 2002).
In other studies, mean ADC values of emphysema pa-
tients were as low as 0.24 cm?/s and as high as 0.55 cm?/s
(CoNRADI et al. 2005; SWIFT et al. 2005). These values
and their standard deviations correlated good (r=-0.6)
with predicted percentages of FEV1 (SWIFT et al. 2005).
This wide distribution of ADC values for the emphy-
sema population can be attributed to the variability in
airspace size and morphological alterations of the distal
airspaces caused by the disease. The reproducibility of
these ADC measures has been demonstrated to be very
high, within 5% for consecutive scans (MORBACH et al.
2005).

Pulmonary Perfusion

Perfusion and ventilation are normally in balance, with
hypoxic vasoconstrictive response providing a method
to optimize lung function. In patients with COPD,
ventilation is impaired due to airway obstruction and
parenchymal destruction, leading to perfusion being
moved to better ventilated lung regions or shunting of
blood (moving through the lungs without reaching a
capillary bed for gas exchange) (MOONEN et al. 2005).
The reduction of the pulmonary vascular bed is related
to the severity of parenchymal destruction (THABUT
et al. 2005); however the distribution of perfusion does
not necessarily match parenchymal destruction (LEY-
ZAPOROZHAN et al. 2007; SANDEK et al. 2002). Con-
ventional radionuclide perfusion scintigraphy has been
used to assess these abnormalities, but it has substantial
limitations with respect to spatial and temporal reso-
lution. A superior technique is SPECT, which is rarely
used as it is rather time consuming and not routinely
applied. Inflammation appears to play a critical role in
the maintenance of the hypoxic vasoconstrictive re-
sponse, and PET studies with endotoxin challenge have
shown that this response is shut off when inflammation
and lung injury occur (GusT et al. 1998; SCHUSTER and
MARKLIN 1986).

The basic principle of contrast-enhanced perfusion
MRI is a dynamic acquisition during and after an intra-
venous bolus injection of a paramagnetic contrast agent.
With the introduction of parallel imaging techniques,
3D perfusion imaging with a high spatial and temporal
resolution, as well as an improved anatomical coverage
and z-axis resolution can be acquired (FINK et al. 2004,
2005; LEY et al. 2004a). These data sets are also well
suited for high quality multiplanar reformats. Due to
high spatial resolution, detailed analysis of pulmonary
perfusion and precise anatomical localization of the
perfusion defects on a lobar and even segmental level
can be performed (Fig. 9.7). Quantitative values for pul-
monary perfusion can be obtained by applying the prin-
ciples of indicator dilution techniques. The quantitative
indices, such as mean transit time (MTT), pulmonary
blood volume (PBV), and blood flow (PBF), are derived
from the time intensity curve, defined by the dynamic
series of perfusion MR images (also see Chap. 3).

MR perfusion allows for a high diagnostic accuracy
in detecting perfusion abnormalities (FINK et al. 2004;
SErGIACOMI et al. 2003). Furthermore, MR perfusion
ratios correlate well with radionuclide perfusion scintig-
raphy ratios (MOLINARI et al. 2006; OHNO et al. 2004a).
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Lobar and segmental analysis of the perfusion defects
can be achieved (LEY-ZAPOROZHAN et al. 2007).

The perfusion abnormalities in COPD clearly dif-
fer from those caused by vascular obstruction. While
wedge shaped perfusion defects occur in embolic vas-
cular obstruction, a low degree of contrast enhancement
is generally found in patients with COPD/emphysema
(AMUNDSEN et al. 2002; MORINO et al. 2006). Further-
more, the peak signal intensity is usually reduced. These
features allow for easy visual differentiation. In patients
with COPD, the quantitative evaluation of 3D perfusion
showed that the mean PBE, PBV and MTT were sig-
nificantly decreased, and these changes showed a very
heterogeneous distribution (OHNO et al. 2004b). It was
discussed that patients with emphysema have hypoxia

Fig. 9.7. Coronal contrast-enhanced MR perfusion images of
a COPD patient acquired during an inspiratory breath-hold
showing subpleural distribution of perfusion defects

as well as destruction of lung parenchyma and fewer al-
veolar capillaries. This causes increased pulmonary ar-
terial resistance and, secondarily to adaptive processes,
pulmonary hypertension and right ventricular dysfunc-
tion. Ultimately, this results in decreased pulmonary
blood flow in addition to heterogenous perfusion and
decreased PBV. MTT is determined by the ratio be-
tween PBV and PBE The results suggested that MTT
is significantly decreased, reflecting a larger degree of
decrease in PBV compared with PBE, with concomitant
increased heterogeneity of regional PBV. Obviously,
accurate quantitative measurements of such regional
changes are important for improved understanding of
lung pathophysiology in COPD.
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9.7
Hemodynamics

Assessment of right ventricular function is important,
as this is where the strain of perfusion obstruction and
pulmonary hypertension eventually leads to the demise
of the patient. MRI is able to assess right ventricular
function through either phase contrast flow measure-
ments in the pulmonary trunk (Fig. 9.8) or by short
axis cine-acquisition of the right ventricle (GATEHOUSE
et al. 2005; VONK-NOORDEGRAAF et al. 2005). Thus,
early changes of the complex geometry of the right
ventricular wall and chamber volume can be accurately
measured.

Although pulmonary hypertension and cor pulmo-
nale are rather common sequelae of COPD, the direct

sdjustment -150 : 150

mechanism remains unclear (SziLasi et al. 2006). In
COPD patients the pulmonary vessels show a reduced
capacity for vessel dilatation due to a defect in synthe-
sis and/or release of nitric oxide. Prior to the onset of
clinical symptoms patients exhibit signs of vascular bed
obstruction and elevated pulmonary artery pressure in-
cluding main pulmonary artery dilatation. Pulmonary
hypertension is most often mild to moderate (mean
pulmonary artery pressure in the range 20-35 mmHg),
but it may worsen markedly during acute exacerbations,
sleep and exercise. Assessment of the pulmonary arte-
rial pressure is necessary in COPD patients for at least
two reasons: such patients have a poor prognosis; and
they need adequate treatment that might include pul-
monary vasodilators.

It has been demonstrated by several studies that
the level of pulmonary hypertension has a prognostic

Fig. 9.8a-c. Quantitative flow measure-
ment of pulmonary blood flow. Magnitude
(a) and velocity encoded (b) image of the
pulmonary trunk (arrow). Results of peak
velocity over time (c) show the prolonged
increase of velocity at the beginning of the
systolic phase followed by an abnormal
plateau during diastole
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impact in COPD patients. In one of these studies, the
5-year survival rates were 50% in patients with mild
(20-30mmHg), 30% in those with moderate-to-severe
(30-50mmHg), and 0% in the small group (n=15)
of patients with very severe pulmonary hypertension
(>50mmHg). Thus, severe pulmonary hypertension
carries a poor prognosis, and this has also been ob-
served in COPD patients receiving long-term oxygen
therapy (WEITZENBLUM and CHAOUAT 2005).

Initially, a rise in pulmonary blood pressure leads to
pulmonary artery dilatation while right ventricular per-
formance is usually maintained. Evaluation of the right
ventricle and pulmonary blood flow by echocardiogra-
phy is difficult in patients with emphysema as the acous-
tic window is limited. Therefore, MRI has been used for
imaging the right ventricle, and a loose correlation be-
tween increased right ventricular mass and the severity
of emphysema was demonstrated (BoxT 1996).

In COPD patients with hypoxemia, increased right
ventricular volumes, decreased right ventricular func-
tion, and impaired left ventricular diastolic function
were shown (BUDEV et al. 2003). In a study by Vonk-
NORDEGRAAF et al. (1997) the right ventricular mass
and ejection fraction in 25 clinically stable, normoxic
COPD patients with emphysema were analyzed. The po-
sition of the heart appeared rotated and shifted to a more
vertical position in the thoracic cavity due to hyperin-
flation of the lungs with an increase of the retrosternal
space. The right ventricular wall mass was significantly
higher (68 g) in the patient group compared to healthy
volunteers (59 g). The right ventricular ejection frac-
tion was unchanged (53%). In another study from the
same group, structural and functional cardiac changes
in COPD patients with normal P,O, and without signs
of right ventricular failure were evaluated. Compared
to healthy volunteers, there were no indications of pul-
monary hypertension. However the end-systolic and
end-diastolic volumes of the right ventricle were signifi-
cantly reduced (with normal ejection fraction), the right
ventricular mass was significantly elevated while the left
ventricular mass was within normal limits. The authors
conclude that concentric right ventricular hypertrophy
is the earliest sign of right ventricular pressure increase
in patients with COPD. This structural adaptation of the
heart initially does not alter right and left ventricular
systolic function (VONK-NOORDEGRAAF et al. 2005). As
this is the only study so far in patients with mild em-
physema, no strong conclusions can be drawn from this
first description of the early adaptation mechanisms
of the right ventricle in patients with normoxemia or
mild hypoxemia and the consequences of any structural
changes on right and left ventricular function.
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