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Chapter I.

General introduction.



General introduction.

Dogs with respiratory problems present a diagnostic challenge. Physical

examination, without supplementary diagnostic work, results in general

only in a tentative diagnosis. Non-invasive morphological investigation,

especially chest radiography, is well developed(lA). Other techniques

like bronchoscopy with bronchoalveolar lavage and biopsy, fine-needle

lung aspiration biopsy, transtracheal aspiration, thoracocenthesis or

exploratory thoracotomy are available and can provide further

morphological information (8). However, all of them present a more or

less pronounced invasive character.

The classic pulmonary function tests from human medicine (lung volumes

and pulmonary mechanics), which are more functional-oriented, will

probably remain difficult to apply because they depend on patient

cooperation (2). Furthermore, their standardisation is quite difficult

owing to the variety in conformation among the breeds.

As a consequence, only the analysis of blood gases is available in canine

medicine today for assessment of impaired lung function with regard to

gas exchange, the latter being the ultimate goal in the lungs. However,

blood gas analysis serves as a moderately sensitive indicator of

pulmonary lung dysfunction, but information about most of the underlying

pathophysiological mechanisms is lacking (1).

A parameter which can provide more functional insight into the cause of

disturbed gas exchange is the ventilation-to-perfusion ratio. Good

matching between pulmonary ventilation and perfusion is essential for

optimal gas exchange. Ventilation to perfusion mismatch depicts the

severity of functional disturbances in many cases of parenchymal lung

diseases (16).

Therefore the need for a non-invasive functional diagnostic method is

obvious.

Pulmonary scintigraphy seems to provide such a method. It is a very

informative, non invasive and safe technique that has been currently used

for several years in human medicine for diagnostic purpose (10). In

particular, radioactive noble gases have been successfully used in the

past (10). The convenience of the application of 99mTc led us to choose

it as a marker for both the perfusion (P) and the inhalation (I) study.

The technique of labelled aerosol inhalation has been introduced rather

recently (3) and is now widely applied. Aerosol inhalation/perfusion lung



scintigrams provide only localisation of ventilation or perfusion defects

in projection. However by quantifying the information from the

scintigrams, real functional data can be obtained.

The main goal of the present study was to develop such a quantitative

analysis. In particular attention was focused on both the regional I/P

distribution, concerning the ratio of the mean I and P values in several

lung regions, as well as on the local (intraregional) distribution of

I/P, under a wide range of circumstances.

In the second chapter, the method and reference material are described.

The distribution of the inhalation-to-perfusion ratios (I/P) is studied

in anesthetized healthy dogs, with emphasis on inter-regional

distribution and intra-regional dispersion of the I/P ratio. Moreover, it

provides an insight into canine pulmonary physiology, frequently

transposed from human lung physiology, what is not always correct.

The third chapter deals with the possible methodological and

physiological influences on the interpretation of scintigraphical

measurements, such as age, posture and breed (7,12).

Investigation of the effects of age and breed was pursued using

qualitative studies of canine lung surfactant.The actual knowledge in

this field lets prospect veterinary clinical meaning in the future (13).

Finally in chapter IV, the diagnostic value of the measurements was

examined in experimental models of important lung disorders with

different pathophysiological features,such as lobar and sublobar airway

obstruction, and lung embolism (6,11). It also permits the investigation

of the relative contribution of different compensating mechanisms upon

the ventilation-to-perfusion ratio, such as collateral ventilation

(4,5,9) and hypoxic vasoconstriction (15). The subchapters are written as

articles. The format varies depending on the journal intended.
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Chapter II.

Pulmonary scintigraphy in healthy dogs.



I I , I . Quantitative analysis of combined radioaerosol
inhalation and perfusion scintigraphy in dogs.

W.E. van den Brom, PhD, C.Clercx, DVM, A.J. van Toor, DVM, and H.W. de

Vries, DVM, PhD.

ABSTRACT

A method was developed for the analysis of 99mTc-MAA perfusion and

99mTc-phytate colloid aerosol inhalation distribution patterns.

Scintigraphic images were compared, based on the activity of

corresponding picture elements (pixels). The possible mismatching in a

pixel between both distributions was expressed in terms of a regional

mismatching (common to a whole region), and an additional local

mismatching. Several parameters characterizing the degree of regional and

local mismatching were introduced.

The method was applied on 16 anesthetized healthy dogs, in which we found

a cranial-to-caudal gradient in the regional mismatching.

INTRODUCTION

During the last years a revival of the use of labelled aerosols for the

study pulmonary function can be seen (Francis et al. 1981, Fazio et al.

1982, Garg et al. 1983, Agnew et al. 1984, Emmet et al. 1984, Dowsett et

al. 1985, Peltier et al. 1985, Greening et al. 1980, Ramana et al. 1986).

An important cause of this may be the improved production methods,

including the sedimentation or settling bag (Hayes et al. 1979). The

resulting small sized nebulized particles provide deep penetration into

the peripheral parts of the lungs. In several studies it has been

demonstrated that the images (scintigrams) obtained by this technique are

compatible with those obtained when employing noble gases (Francis et al.

1981, Fazio et al. 1982).

The use of radioactive noble gases, possibly in combination with labelled

macroaggregates (MAA), permits a quantification of some pulmonary

function parameters.m In particular, comparison of these ventilation and

perfusion scintigrams is believed to provide insight into the
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distribution of the ventilation/perfusion ratio (V/Q). Some of these

methods cannot be applied directly when using the aerosol inhalation

technique. For instance, wash-out p^thods cannot be used because of the

sedimentation process of the aerosol.

Papers which demonstrate a more quantitative analysis of aerosol

inhalation images are rare (Fazio et al. 1982, Agnew et al. 1984, Dowsett

et al. 1985). In this paper, such an analysis will be presented with some

emphasis on the local matching or mismatching between inhalation and

perfusion. The analysis to be described will be applied on a group of

experimental dogs.

MATERIALS AND METHODS

Animals.

A group of 16 experimental dogs, not selected for sex or age, was

investigated. Physical examination did not reveal abnormalities. Their

weight ranged from about 10 to 50 kg and their age from about 1 year to

10 years. The group consisted of several breeds (4 Beagles, 4 Bouviers, 1

Boxer, 1 Bernese Mountain dog, 3 Dalmatians, 1 German Shepherd dog and 2

Dobbermanns).

The animals had to be anesthetized since they had to accept a tracheal

tube for the inhalation study and had to be kept in the same position

during the whole procedure (20-30 minutes). They were premedicated with

0.1 mg atropine, 1 mg methadon and 1.25 mg dehydrobenzperidol (per kg

body weight, subcutaneously) and anesthetized with thiopental (up to 15

mg/kg).

Inhalation study.

A colloid of phytate and stannous chloride was labelled with

99mTc-pertechnetate and nebulized using the same nebulizer and similar

set-up, as described by Francis et al (1981). Thus, after filling a 50

liter bag with aerosol, the animal started inhalation of the aerosol via

a Ruben's valve and a tracheal tube. Expiration was into a second bag.

Tha animal was positioned prone (sternal recumbency) under the detector

of a gamma-camera ( Pho-gamma HP 4, Searle, Desplaines, III., USA).

After emptying the reservoir bag the imaging procedure was started, in

which 50-100K counts were collected and stored as a 64 x 64 matrix in a
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computer (IMAC, CGR, Issy-les-Moulineaux, France) on-line. The emptying

time (about 10 minutes) and the imaging time (about 5 minutes) were

rather long due to the low respiration rates and tidal volumes and to the

inefficiency of the nebulisation process in which much of the activity

was lost due to sedimentation in the reservoir.

Perfusion study.

Immediately after the inhalation study, keeping the dog in the same

position, a perfusion study was performed by intravenous administration

of 1 to 2 mCi 99mTc-labelled macroaggregates. At least 300-500K counts

were collected and stored as described before. Imaging time was a few

minutes.

It was essential that the position during the inhalation and subsequent

perfusion imaging was stable. This was checked on several ways, including

the use of fixed markers and the comparison of the outlines of the lungs

on both images (drawn by lightpen techniques on the computer display).

Reproducibility.

Information about errors in the measurement was obtained from

reproducibility studies, performed in 5 dogs, including 13 studies.

Errors were estimated as square roots of pooled variances.

Statistics.

Standard statistical techniques were applied (Zar, 1984). As a level of

significance was chosen 0.05.

ANALYSIS (PRINCIPLES).

The analysis will concentrate on mismatching between perfusion and

inhalation (ventilation). If in the perfect canine respiratory ,

perfusion and ventilation are completely matched, then the spatial

distributions of perfusion and inhalation are the same. In other words,

using the same amount of activity, the images obtained from MAA and

aerosol are identical. Comparison of corresponding picture elements

(pixels) provides the information about possible local mismatching since

the ratio between the activities in an inhalation pixel (I) and the

corresponding perfusion pixel (P) is expected to be 1.



Consider an arbitrary region in the pulmonary system. If the total

av.'-ivities within this region, due to inhalation (Ir) and perfusion (Pr)

differ, then a regional mismatching factor can be defined by

r = Ir / Pr.

The mismatching in a pixel remaining after having taken into account the

regional effect will be called the local mismatching. A local mismatching

ratio y can then be defined as the ration between the I/P ratio in an

individual pixel and the regional mismatching Ir/Pr. Thus

I/P = (Ir/Pr). Y=r.y.

If the mismatching in a certain pixel equals to the regional mismatching,

then Y = 1 and there is obviously no local mismatching.

These concepts of regional and local mismatching are illustrated in

Fig.l. The ration between the areas below the I and P curves is p. The

occurrence of local mismatching after eliminating the effect of regional

mismatching is also indicated.

The overall degree of the local mismatching within a region can be

characterized by the parameter p, defined as

p= (ZlP)2/(EI2.EP2),

with the summation over all pixels involved. This parameter resembles

strongly a correlation coefficient and has the property that it varies

between 0 and 1. The value of 0 is obtained at complete mismatching, i.e.

IP = 0 anywhere in the region, and the value of 1 at complete matching,

i.e. I = P anywhere. Moreover, p is mot sensitive for regional

mismatching: multiplication of all I values through a constant factor,

resulting in a different value of T , does not alter the value of P. Thus p

is indeed an index of local •mismatching. The occurrence of pis based

upon an analysis (analogue to the theoretical background of the

least-squares method) in which one minimizes the sum of the squares of

the deviations between I and P within a region, where a is a factor to

vary. It appears actually more convenient to minimize the expression f(ot)

= ̂ (al-P)2/!?2. The minimum value of this expression is 1-p.

The distribution itselfs of the I/P ratios within a region can also be

analyzed. This distribution is equivalent to that of the y values since

I/P = TYand r is a common factor within a region. If there are merely

statistical fluctuations then in each pixel a value of y< 1 is as probable

as a value of y>l. As a consequence, the I/P distribution, which is

expected to have its maximum at 1 if there is no regional mismatching (jr

=1), will be of course very asymmetric. A common receipt for such
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situations is to apply a logarithmic transformation: Z = log I/P,

because this will give a symmetric distribution (around zero, ifT=l,

with negative values corresponding with I/P*^). Since Z = log I/P = logT

+ log y, its distribution is related to that of logY. The distribution

can be characterized by its mean value Z and its width as given by its

standard deviation Sz.

Z should not be interpreted as the logarithmic value of y (the aritmetic

mean of Y. As a matter of fact:

Z = logr + ( Elog Yi)/N = logr + log (Yl...Yn)
1/N

= log F+ log <Y>

where N is the number of pixels and "^Y^enotes the geometric mean of the

Yvalues in the region involved. The geometric mean is an appropriate

measure for averaging ratios, as it is the case here (Zar, 1984) (A

single value of Yi = 0 may reduce <Y> to zero, thus to a certain extent

seems to be sensitive for extreme values). If desired<y> can be easily

calculated from F and Z.

ANALYSIS (CALCULATIONS).

For practical calculation the original perfusion image had to be

corrected for the contribution of the previously deposited aerosol

activity, using a pixel by pixel substraction technique and taking into

account the acquisition times. Next, the total counts within the

inhalation image was set equal to that in the perfusion image by

multiplying all pixels values by an appropriate constant factor. Pixel

values lower than a mean background value were set equal to that value.

After these pretreatments, the inhalation (I) and perfusion (P) images

were analyzed in a computer program.

The regions were chosen as left and right lung and the total pulmonary

system. Within each region, It, Pt, (and thus F ) , and the index of local

mismatching P were calculated. The distribution of I/P ratios within each

region was also analyzed. The mean Z and standard deviation Sz of the Z

distribution were calculated and a histogram constructed. From that

purpose the Z range was confined to values between -1 and +1 (i.e. 0.1<

I/P <10) and divided into classes with a width of 0.1, symmetric around

zero.

In order to present more quantitatively the spatial distribution of

16



3
O
u
f1

V

I .

I*
• • * * * • •

T \

Figure 1 . position
Schematic presentation of a perfusion (P) and an inhalation (I) distribution as
a function of position within a region (one-dimensional lung). The ratio
between the areas below I and P is V; the area below I* is equal to that below
P (I* = I/T). In each point the ratio Y between I* and P can be calculated.

Figure 2.

Example of a perfusion image (a) and the corresponding inhalation image (b) in
dorso-ventral view. Left, right and upper side in an image correspond to the
left, right and cranial side of the dog.
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Table 1. Parameter values as obtained in 16 healthy beagle dogs

for the left (L) and right (R) lung separately and for

total pulmonary system (T).

P (%)

1 (*)

r

p

z

Sz

46.5
3.7

47.6

6.5

1.02
0.08

0.966

0.015

0.014

0.037

0.118
0.018

L

±

±

±

±

±

±

0.

1.

0.

0.

0.

0.

9

6

02

004

009

005

53.5
(3.7)

52.4

(6.5)

0.97
0.08

0.960
0.020

-0.010

0.037

0.127
0.030

R

(±

(±

±

±

±

±

0.

1.

0.

0.

0.

0.

9)

6)

02

005

009

007

T

(100)

(100)

(1)

0.958 ±
0.021

0.002 ±
0.011

0.123 ±
0.024

0.005

0.003

0.006

Note: Results are presented as mean ± SEM (first line) and

standard deviation (second line)

Table 2.Zonal distribution of perfusion (P) and inhalation (I), expressed as
percentage of total activity of the lung involved (left L,or right R ) ,
and their ratio J"1 . Results are given as mean ± SEM and, in the
second line, standard deviation (i6 normal dogs). Zone 1 corresponds
with the base region.

Zone

1

2

3

4

5

6

L

8.3

2.8

27.4

3-7

34.0

2.8

18.7

2.2

8.8

1.8

2.8

.9

±

±

±

±

±

±

P

.7

.9

.7

.6

.4

.2

9.1

1.4

26.4

3.3

32.9

2.6

19.2

2.1

9.2

1.6

3.2

1.3

R

±

±

±

±

±

±

.3

.8

.6

.5

.4

.3

L

7.7

2.3

25.2

2.5

33.1

2.5

21.0

2.1

10.1

1.4

2.9

.9

± .6

± .6

± .6

± .5

± .4

± .2

I

8.9

5.7

24.1

2.8

32.2

3

20.5

2.5

11.1

2

3.3
1.3

R

±1.4

± .7

± .8

± .6

± .5

± .3

1.01

1.90

.98

1.11

1.11

1.16

L

±

±

±

±

±

±

r

.08

.32

.02

.09

.03

.10

.04

.14

.04

.17

.04

.15

.83

.96

.96

1.00

1.13

1.22

R

±

±

±

±

±

±

.06

.22

.03

.13

.02

.10

.06

.06

.02

.10

.04

.16
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inhalation and perfusion, each lung was also divided between apex and

base into six zones, the zone lines being equidistant. For each zone the

total activity of inhalation and perfusion and their ratio were

calculated.

Functional images were constructed, namely of P-I (P>I), I-P (I>P) and

I/P (both <1 and >1). These images may be'helpful for localizing possible

regions of mismatching.

RESULTS

An example of an inhalation image and the corresponding perfusion image

is shown in Fig.2. Redistribution of the inspired aerosol within one

hour was not observed. An example of a functional image is given in

Fig.3. In this "I/P<1" image pixels with higher intensity correspond to

lower I/P ratios, pixels where I/P>1 being black.

The results of quantitative analysis are summarized in Table 1. Values

are given for each lung and for the total system as mean+SEM, with the

standard deviation. The parameters involved are the fraction of perfusion

P and of inhalation I in each region, with their ratio r = I/P, the

mismatching as described by the index of local mismatching p, and the

parameters of the Z-distribution, i.e. Z and Sz. As a rule the histograms

are more or less symmetric, although in individual cases and in

particular in separate lungs asymmetric curves were found. An example of

a Z-distribution is given in Fig.4. The percentage of perfusion that

enters the left lung (46.5%) is significantly lower than 50%. The

calculated mean of the corresponding inhalation (47.6%) is also lower

than 50% with a significance at the borderline (P<0.067). The difference

between these percentages (46.5% and 47.6%) is not significant. For the

other parameters no significant difference between the left and the right

lung or between a separate lung and the total system was found. The mean

Z-values do not differ significanlty from zero.

The pattern of the distribution of the perfusion and inhalation and their

ratio r as obtained from the division of each lung into 6 zones, is shown

in Table 2. The inhalation and perfusion patterns are expressed as

percentages of the total activity in the lung involved and given as meant

SEM and standard deviation. Zone 1 corresponds with the cranial region,

zone 6 with the caudal region. It should be emphasized that in this table
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Figure 3.

The functional "I/P < 1" image derived from the images in fig.2 (the intensity
set at maximum), with the division into 6 equidistant zones per lung.

N
750

600

450

300

150

-1. -.5 0 .5 1.

Figure A. log (I/P)

F.xample of a '/. - log I/I' histogram for both lungs together.
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the value of r is the mean of the individual values (and not the ratio of

the means).

There is no significant difference between the pattern in the left and in

the right lung with regard to the perfusion and the inhalation. In the

two cranial zones of the right lung and the three cranial zones of the

left lung regional mismatching is found: F is significantly higher than

1. In the other zones Tdoes not deviate significantly from 1, except in

the right most caudal zone where T is smaller than 1.

The reproducibility studies yielded estimates of the errors in the

parameters. Typical values are: 2.5% for the percentage of perfusion

through one lung; 3.8% similarly for inhalation; 0.05 forT ; 0.005 forp ;

0.02 for Z and 0.013 for Sz.

DISCUSSION

The deposition of aerosol into the lungs is governed by impact and

sedimentation processes. As redistribution by gaseous diffusion does not

play a role, the deposition pattern is flow-related rather than

volume-related. A condition which is necessary in order that the

inhalation pattern truly reflects ventilation, is that the aerodynamic

size of the aerosol particles is suffisantly small. Sizes smaller than 2

jjm can easily be obtained by the use of a reservoir in the delivery line

(Hayes, 1979), as applied in the present experimental set-up. A good

penatration of such particles into the lungs, compatible with the

distribution of 81mKr, was oberved, at least in normal subjects, by

several authors (Francis et al, 1981, Fazio et al, 1982, Agnew et al,

1984, Emmet et al, a984, Greening et al, 1980, Hannan et al, 1982, Newman

et al, 1982). It is therefore assumed that the deposition pattern as

observed on the inhalation images in this study represents the

distribution of ventilatory flow.

A fundamental parameter in the pulmonary gas exchange is the

ventilation-perfusion ratio (V/Q). Its local distribution has been

visualized with functional images, using 81mKr (Seeker-Walker et al,

1975). A procedure for a quantitative analysis of ventilation and

perfusion scintigrams using 81mKr and 99mTc-macroaggregates has been »;

The approach in the present paper is different since it includes a I

described by Burton et al (1984).

>aper is different since it includes a

k
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comparison of aerosol distribution instead of noble gas distribution with

that of perfusion, and an analysis based on the concepts of regional and

local mismatching. These concepts provide a more detailed way to describe

the spatial distribution of the I/P ratio. The I/P ratio per se is

determined at a specific site (pixel) but its value is, moreover,

compared (via the local mismatching) with the averaged behaviour of the

environment (as described by the regional mismatching). A possible

regional mismatching (i.e. I/P * 1) may have two different causes. The

first is that the regional mismatching is caused by processes within the

region itself. The second possibility is that the primary cause of

mismatching is outside the region. If there is somewhere a region with

real intrinsic mismatching, for instance due to overventilation, then the

relative amount of activity available for the remainder of the lungs will

change. This mechanism of reduced availability leads to a constant degree

of mismatching between I and P in any other region of the lungs.

Simultaneously the primary source of mismatching may also disturb the

total flow to more specific regions, for instance due to compensation

mechanisms, giving rise to additional mismatching.

The analysis of the spatial distribution of I/P concentrates on the

shape of this distribution. Calibration of I/P in absolute values would

require additional measurements of perfusion (cardiac output) and

ventilation. All values of I/P are also relative in the sense that for

instance I/P<1 can mean overperfusion or underventilation. In addition, a

mismatching (i.e. I/P * 1) can be, at least partly, the consequence of

the previously described effect of reduced availability. In particular,

the fact that this last effect may be a common factor in large parts of

the lungs was one reason to introduce the concepts of regional and local

mismatching. The corresponding parameters V and y depend, by definition,

upon the choice of the region in which they are calculated. Increasing,

for instance, the size of a region, may result in a change in F and thus

in <Y>, when pixels with other I/P ratio's become incorporated. Thus,

standardized and well-defined regions should be used.

On the average the distribution of inhalation between left and right lung

follows that of the perfusion. Indeed, the corresponding mean values of r

do not differ from 1, although the standard deviations indicate that even

in this population non negligible deviations may occur. Even when there

is a matching between total perfusion and inhalation for a specific

region, in casu for each lung, there may still be local miaaatching. The
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degree of local mismatching can be characterized by the parameter P. The

values of p differ from their ideal value (1). In the average theses

differences are small, but significant.

The Z = log I/P distribution appeared to be single-peaked with its mean

value Z close to its ideal valus (i.e. when exact matching occurs) of

zero. Local deviations of exact matching will cause a broadening of the

Z-distribution, as reflected by the standard deviation. A possible

regional mismatching will shift the Z-distribution, because it is a

common factor to all pixels in the region involved, without a

contribution to the broadening. Thus the broadening, as expressed for

instance in Sz, is also a measure of local mismatching.

Summarizing it can be stated that the regional mismatching can be

described by F and the level of local mismatching within a region by Por

Sz. To what extent p and Sz are completely equivalent should be tested

under more specific circumstances. The arithmetic mean of Y is

unfortunately less suitable for characterizing the local mismatching. One

reason is that an "ideal" value of y =1 does not imply the absence of

local mismatching, as it can be easily demonstrated by considering a

region with the same perfusion for all pixels.

Part of the variation in the parameters may be attributed to the Poisson

statistics of the radioactive decay processes. However, estimates of the

order of magnitude of the contributions from these counting statistics

indicate that parameters and their associated variations do not have to

be corrected. The error e^ of measurement as estimated in the

reproducibility studies is due to both methodological errors and

biological variation within the dog. The total variation e in the results

is a consequence of this variation ejj and the biological variation £g

within the population. The latter can thus be estimated from the relation

eg 2= £ 2 _ e 2, j t appears then that the total variations in the parameters

strongly depend upon the biological variations within the group. Factors

which could contribute to the biological variation are possibly the

individual response on anesthesia used, the pattern of breathing and the

depth of inspiration since they may influence regional gas distribution

(Bake et al, 1974).

The fact that the right lung gets somewhat more of the perfusion and the

ventilation agrees with other literature (Edmunds et al, 1970, Rahn et

al, 1965). A compatible description of the distribution of perfusion and

ventilation within each lung could not be found for the dog in the
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literature. The functional images are useful in the sense that they focus

attention to the site where deviations from exact matching between

inhalation and perfusion oc;ur. A more detailed quantitative description

of variation of parameters within a lung can be obtained by applying the

methods of analysis on zones or otherwise selected regions in the lung.

The presented results of zonal analysis reveal a gradient in the regional

mismatching in the lung. The observed values of V greater than one in the

cranial zone indicate some relative overventilation in these regions.

Such a phenomenon is well known in man in the erect position (West and

Dollery, 1960). In the conscious standing dog, the absence of a gradient

has been reported (Amis et al, 1981).

The method is attractive because it does not demand the use of

radioactive noble gas and it allows in principle scintigraphy in several

directions. Limitations in the method, particularly when applied on

patients, are primarily the same as in the use of radioaerosols for

ventilatory studies. For instance, in a region with enhanced deposition

due to a partially obstructed central airway abnormal I/P ratio's could

be found, accompanied by a shift and asymmetry in the Z-distribution. But

in other regions parameters which are sensitive for local mismatching may

still be meaningfull. Comparisons between 81mKr and radioaerosol images

in patients can be found in the previously mentioned literature. The most

fundamental restriction is characteristic for all medical imaging

techniques, including the well-known pulmonary studies with noble gases:

one analyses two-dimensional projections (images) of three-dimensional

processes (ventilation and perfusion) (Line, 1981). Nevertheless, the

information on pulmonary function obtained with radioactive gases, is

considered to be valuable.

Applications of these methods in several situations in which alterations

in the degree of matching can be expected, are in progres.

Finally it should be noted that the mathematical procedures in the

presented method of analysis can be used in other kinds of studies in

which two spatial distributions are compared (e.g. two kinds of

aerosols).
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11 >2- Influence of local pulmonary mismatching on
regional inhalation to perfusion ratios in the dog.

C.Clercx , DVM, W.E.Van den Brom, PhD, and H.W.De V r i e s , DVM, PhD.

ABSTRACT

In order to study the influence of local mismatching on regional

matching, both local and regional distributions of Inhalation to

Perfusion ratios (I/P) were investigated in the lungs of 10 healthy

anesthetized prone beagle dogs aged 4 to 6 years, using a combination of

99mTc aerosol inhalation and 99mTc perfusion scintigraphy.

In agreement with earlier studies using dogs of different breeds (Van den

Brom et al), I/P decreased from cranial to caudal lung regions. In the

left lung, after an initial decrease of 25.9% of the cranial value, I/P

was constant over the caudal half of the lung while in the right lung,

the decrease in I/P was continuous, leading to a caudal value of 43.5%

of the cranial value.

The uniformity of the ratios was analysed within each of 6 equidistant

cranial-to-caudal lung zones of the right and left lungs. Local

mismatching could be demonstrated to be higher in the more cranial and

more caudal lung zones, and failed to demonstrate any cranial-to-caudal

gradient.

It is concluded that the local mismatching between I and P can not

explain the decrease in regional inhalation to perfusion ratio observed

from cranial to caudal lung regions.

INTRODUCTION

The importance of a good matching between pulmonary ventilation and

perfusion for lung function led many authors to investigate the

distribution of gas and blood within the lung. Mismatching depicts the

severity of functional disturbance in many cases of parenchymal lung

disease.

In resting standing man where gravity is considered the major determinant

of the distribution of pulmonary ventilation and perfusion, the
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ventilation to perfusion ratio decreases from the top lung fields to the

most dependent zones (Milic Emili et al,1966).

Few studies have been performed in the dog (Amis et al,1982, Rahn et

al,1956, Strider et al,1967). Recently, using 99mTc inhalation and

perfusion lung scintigraphy, I/P was shown to decrease from cranial to

caudal lung regions in the anesthetized prone dog (sternal recumbency)

(Van den Brom et al). This observation makes gravity less likely to be

the dominating factor in the distribution of the ventilation and

perfusion within lungs of dogs in this position. This was also suggested

by another recent study (Beck et al,1986).

Regional and local mismatching concepts differ from each other by the

fact that regional mismatching is related to the overall mismatching

which is defined within a whole lung or lung zone, while local

mismatching is defined at the level of an individual image element

(pixel). The purpose of the present study is to quantify and analyse the

possible influence of local mismatching on regional mismatching inside

each lung zone. More especially, the hypothesis is tested that the

regional gradient found is related to the local mismatching existing in

the different lung regions.

MATERIALS AND METHODS

A group of 10 beagle dogs aged k to 6 years and weighing 10 to 16 kg was

investigated. All dogs were judged to be healthy based on physical,

hematological and radiological examinations, an ECG and an acid-base

status.

The dogs were premedicated with O.lmg atropine, log methadon (SYMORON,

Gist-Brocades N.V. Delft, The Netherlands) and 1.25mg dehydrobenzoperidol

(DROPERIDOL, Jansen Pharmaceutics, Beerse, Belgium) per kg body weight

subcutaneously, 45 minutes before anesthesia induction with thiopental up

to 15mg per kg body weight intravenously. They were then positioned in

sternal recumbency under the detector of a gamma camera (Pho-gamma HP4,

Searle, Desplaines, 111, USA) linked to a computer system (IMAC, CGR,

Issy-les-Moulineaux, France) on line. Sandbags were placed along each

side of the body and each side of the head. No movements at all of the

dog, the table or the collimator occurred during the whole procedure. The

position was checked to show no deviation of the vertical axis of the
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thorax. Persistance of this position was pursued, as controlled by the

exact superposition of the different images on the computer screen. The

technique used was the same as described previously (Van den Brom et al),

employing the inhalation of an aerosol of nebulized particles labelled

with 99mTc followed by intravenous administration of 99mTc labelled

macroaggregates (MAA). The scintigraphic inhalation image obtained from

aerosol deposition reflects the ventilation pattern (I image). Then the

image obtained after MAA injection was corrected for the superimposition

of residual aerosol activity by a pixel by pixel subtraction technique,

taking into account the relative acquisition lengths. A perfusion image

resulted (P image ).

Data processing was essentially as described previously (Van den Brom et

al). Thus, after data acquisition of the I and P images, left and right

lungs were delineated with a light pen and each lung was divided into 6

equidistant zones numbered from cranial to caudal. The distribution of

the I/P ratios within each constructed slice of lung as within each whole

lung was analysed as follows. The I/P ratio of each image element (pixel)

was transformed into its logarithmic value (Z = log I/P) to get a

symmetric distribution, around Z * 0. The Z range was divided into

classes with a width of 0.1 (from -1 to +1) and a histogram was

constructed. The mean (Z) and the standard deviation (Sz) were calculated

inside each region. For each region the following parameters were also

calculated: (l)local mismatching index p ( p = ( £IP)2 / Z I ^ E P 2 ) ,

resembling a correlation coefficient, varying between 0(complete

mismatching) and 1 (perfect matching), and not sensitive to regional

mismatching; (2)regional mismatching factor (T ) defined as the ratio

between the total activities due to inhalation and perfusion in a certain

region. The possible mismatching in each pixel can be described as the

result of the regional mismatching (T )and of a remaining local

mismatching (y): I/P » Ty . For each region the following relationship

holds: Z - log<I/P> » log T + log Y where <> denotes a geometric mean.

Thus the local mismatching factor <Y > can be calculated for each zone.

In order to analyse the possible influence of the lung delineation

with a light pen on the parameters of local mismatching, three different

outline's were compared. In the first one, the lungs were outlined

accurately. In the second one, care was taken not to enclose the

peripheral lung regions and in the third one, the lung limits were drawn

much larger than in the first standard analysis.
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Statistics.

The Student's t-test for paired data was used and 0.05 was chosen as

level of significance.

RESULTS

Both I and P are higher in the whole right (51.3±1.6%, and 54.1 ±1.0%

respectively) than in the whole left lung, but the left lung is

relatively more ventilated than it is perfused. Only the difference in

relative perfusion between the whole right and whole left lung is

significant.

The regional distribution of the relative I and P in each lung are

presented as mean values ± SEM in figure 1.

The F value for the whole left lung is significantly higher than one,

while in the right lung it is significantly smaller than one.

The geometric mean of the I/P ratios< I/P>,r and<y> distributions are

illustrated in figure 2. In the left lung, F decreases from zone 1 to

zone 4 by 28% of the cranial value, and then remains around 1.030 over

the caudal third of the lung. In the right lung, the cranial-to-caudal

decrease in f is continuous from zone 1 to zone 6, with a final decrease

of 44% of the cranial value.

It appears that <Y>never varies significantly from one.

Figure 3 illustrates the distribution of P. The P values in the left lung

are generally higher than the corresponding values in the right lung. In

the left lung, the P values of the more cranial and more caudal zones are

significantly lower than the middle zones. The same trend exists in the

right lung but this could not be proven to be significant, perhaps as a

consequence of the larger variability in data.

Table 1 gives other characteristics of the I/P distribution within each

zone, i.e, the mean Z, and its standard deviation Sz. The Sz values are

systematically higher in the right zones than in the corresponding left

ones. The Sz values decrease in both lungs from zone 1 to zone 4 and then
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Figure 1
Cranial-to-caudal distribution of the relative inhalation (Ir) and
perfusion (Pr), plotted as mean * SEM in 6 equidistant zones of the left
and right lungs of anesthetized sternal recumbent beagle dogs (n=10).
* significant difference between Ir and Pr in the same zone.
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Figure 2 .
Cranial-to-caudal distributions of the mean I/P ratio and its two
components: the regional mismatching factor r and the local mismatching
factor <y> , plotted as mean ± SEM in 6 equidistant zones of the left and
right lungs of anesthetized sternal recumbent beagle dogs (n-10).
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Figure 3.
Cranial-to-caudal distribution of the local mismatching index (p ),
plotted as mean ± SEM in 6 equidistant zones of the left and right lungs
of anesthetized sternal recumbent beagle dogs (n=10).
Only data affected of different symbols are significantly different from
the adjacent ones.
* significant different from corresponding values of the right lung.
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Table 1. Distribution of Z and Sz (mean ± SEM) withir.

each zone of the left (L) and right (R) lung.

Zone

1

2

3

4

5

6

±

±

±

1

±

±

Z
L

0.135

0.036
a

0.085

0.026
b

0.055*

0.014
c

0.015*

0.014
d

0.014*

0.010
d

0.006*

0.031
d

±

±

-

±

-

±

-

±

-

±

R

0.130

0.028
a

0.057

0.012
b

0.001

0.005
c

0.027

0.012
d

0.054

0.019
d

0.115

0.018
e

±

t

±

±

±

t

Sz
L

0.146

0.007
a

0.112

0.006
b

0.098*

0.003
c

0.091*

0.007
c

0.093*

0.006
c

0.130

0.008
d

±

±

±

±

±

±

R

0.164

0.014
a

0.157

0.026
a

0.126

0.016
b

0.110

0.012
c

0.110

0.006
c

0.132

0.003
d

Total 0.040* - 0.020 0.127* 0.153
± 0.013 * 0.006 ± 0.007 ± 0.010

* Significant difference from corresponding right value.

(a,b,c,d,e) In the analysis of each parameter along the
left or the right lung, only data indicated with
different characters are significantly different from
adjacent values.
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increase over the caudal one-third. In both lungs, the Sz values of the

most apical zones are significantly higher than the other ones.

A high correlation was found between p and Sz (r = -0.945, P<0.001).

The Sz values obtained with the narrowest outline were significantly

smaller than those obtained with the larger outline and in the standard

analysis in each of the 6 zones. On the other hand there was no

significant differences between the Sz values obtained with larger

outlines and those obtained in the standard analysis in any of the 6

zones.

DISCUSSION

The combination of 99mTc MAA perfusion imaging and 99mTc aerosol

inhalation imaging techniques provides a very attractive and easy way for

assessment of regional pulmonary function. If a lobe or a defined lung

region receives too much blood in proportion to the amount of air, for

instance, due to a poor delivery of air to the entire lobe, the I/P will

be small and homogeneous throughout the entire region. The same mean

ratio can also result from different intralobular patterns. Such a

variability in I/P ratios between the pixels forming the region will be

appreciated by a high local mismatching. Local mismatching per se has no

well-defined anatomical significance because a pixel represents a column

of lung sample. However, mismatch limited to one or even to a small

number of alveoli does not induce significant disturbance in the overall

gas exchange. Therefore, local mismatch can be considered of

physiological or anyway pathophysiological relevance.

The local mismatching is evaluated using different parameters. The local

mismatching factor <Y>represents the local contribution to the I/P value

of each pixel. However, < Y > is calculated for each zone as the geometric

mean of the I/P's local contribution of many pixels. Then <y>may still

be equal to one within a region where there are local disturbances if

these variations cancel each other. Thus, the interpretation of<y> is

not sufficient to estimate the degree of local mismatching in.a lung

zone. However, < Y > has a meaning for the detection of outlyers.

More information about the local mismatching is brought with p and Sz.

Sz gives a direct indication of the variability of the ratios within a



zone, ana increases when the local mismatching becomes more important, p

approximates 1 when the local mismatching of the zone becomes perfect. Sz

and p correlate very well with each other, the higher P values

corresponding to the lower Sz values. We conclude that in normal dogs, p

and Sz bring an equivalent information about the phenomenon of local

mismatching.

This method is based upon the two-dimensional study of a

three-dimensional phenomenon. Such analysis presents some difficulties

and limits. The use of the same tracer for inhalation as for perfusion

permits to apply the calculations to regions with different geometry. Two

possible methodological errors can be considered when interpreting

Sz and p . In peripheral lung regions particularly the apical region, the

lung borders are not clearly defined and therefore are difficult to

delineate accurately. But from the results, it can be seen that this does

not lead to considerable error as long as the borders are not taken too

narrow. A second possible error can be considered: a pixel in thinner

regions represents a relative smaller number of superimposed lung units,

while in thicker zones a pixel corresponds to a deeper column of

superimposed lung units'. An abnormal ratio value of one of a single lung

unit of the column will be masked in the case of thicker zones. An

elaborate model analysis, assuming the distribution of mismatching in the

lung units to be the same anywhere in the lung, indicates that the value

of 1-P is proportional to the inverse of the thickness of the lung region

involved. Thus there may be a depth effect indeed. However,the actual

values of 1-P vary more strongly than the inverse values of the

thickness. This indicates that the decreased values of P and similarly

the increased values of Sz in the cranial and caudal regions are, at

least partly, due to an enhanced local mismatching.

Both the relative perfusion and inhalation are smaller in the whole left

lung than in the whole right one. This is in agreement with the anatomic

features of the canine lung. The right lung is about 25% heavier than the

left one (Park et al,1970) and its volume is always larger (Ahlberg et ,'j

al,1985). While the difference in perfusion is highly significant, the *

difference in ventilation is not. ,|

The I/P ratio is significantly higher in the left than in the right lung. I

A similar trend has been noted in other studies (Strider et al,1967, Van I
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den Brom et al).

The increasing values of I/P in the cranial parts of both lungs are in

agreement with data reported by Rahn (1956) although his dogs were

positioned in dorsal recumbency. In other studies with noble gases, a

uniform distribution of the ventilation-to-perfusion ratio was described

from cranial to caudal both in sternal recumbent (Strider et al,1967) and

standing dogs (Amis et al,1982). Not formerly described by others is a

difference in I/P gradient between the 2 lungs.

In man, gravity is considered as the major determinant of both pulmonary

perfusion (West,1977) and ventilation (Bryan et al,1964). As a

consequence of the gravity-dependent gradient in pleural pressure (Ppl),

the distributions of regional volume and ventilation are affected (Milic

Emili,1966). However, it appears that in dogs, the factors responsible

for the regional distribution of pulmonary I and P are numerous and

complex. For instance, the Ppl in dogs is quite dependent on the shape of

the chest wall (D'Angelo et al,1974) and abdominal pressure (Agostoni et

al,1971), contrary to in man (Grassino et al,1975).

Reported information about cranial-to-caudal distribution of perfusion,

ventilation and lung volume in dogs in different positions does not help

to explain the gradient in I/P observed. The cranial-to-caudal

distribution of blood flow per lung unit volume has been reported to be

basically uniform in prone (Hogg et al,1971) and in standing dogs

(Amis,1982), this in contrast to dogs in supine recumbency (Reed et

al,1970). Controversial data about the distribution of the ventilation

per unit volume have been reported in supine dogs (Hubmayr et al,1983,

Rahn et al,1956). In prone dogs no consistent pattern could be

demonstrated (Hubmayr et al,1983). No cranial-to-caudal gradient in Ppl

has been found in dogs in all horizontal postures (Krueger et al,1961),

even at various static lung volumes (Agostoni et al,1970). However, one

author reported an apex-to-base gradient of regional volume in supine

dogs, with apical regions being more expanded than basal ones

(Lupi-Herrera,1976), which he explained by the differences in static

mechanical properties of the upper and lower canine lobes demonstrated in

isolated lung studies (Faridy et al,1967, Frank.1963, Hogg et al,1969).

Obviously, it can never be excluded that anesthesia has influenced our

results, particularly as it induces hypoventilation, and affects the

respiratory pattern. It appears that changing the shape of

thoraco-abdominal configuration and motion plays an essential role in



affecting regional Ppl (Agostoni et al,1971, D'Angelo et al,1974, Hubmayr

et al,1983, Lupi-Herrera et al,1976) in dogs and therefore the gas

distribution, although conflicting conclusions have been brought by other

studies (Hoppin.1969, Schmid et al,1980).

I/P inhomogeneities could be demonstrated within each zone but are more

pronounced in the peripheral zones of the lungs particularly in the most

apical zone of the right lung where pis minimal and Sz maximal. Although

inhomogeneities in ventilation between small subsegments of lung (Engel

et al,1974) as well as variability in perfusion (Wagner et al,1975) have

been previously noted, we are not aware of studies directly quantifying

the I/P inhomogeneities within the different lung regions. A considerable

variability of lung compliance within small lung regions has been

observed and related to the heterogeneity of regional parenchymal

properties (Olson et al,1984). This heterogeneity could also be

responsible for possible differences in regional pulmonary vascular

conductances described recently (Beck et al,1986). Thus, local

mismatching could speculatively be explained by intrinsic anatomical

factors. However, functional factors such as hypoxic vasoconstriction and

hypocapnic bronchoconstriction could also play a rol.

Mechanical models studying the role of mechanical interdependence and of

stress distribution at a local level have suggested that when

nonuniformities of expansion occur, local distending pressures develop,

which tend to reduce these nonuniformities (Mead et al,1970). We suppose

that this mechanism could be more effective in the middle than in the

peripheral lung regions, where the anatomical units are surrounded by

little parenchyma. This could explain the higher local mismatching

observed in peripheral lung regions.

Beside the findings that the local mismatching is higher in the

corresponding zones of the right than in the left lung and that the

cranial to caudal decrease in I/P is the more sustained in the same right

lung, we could not correlate the degree of local mismatching which exist

in each lung region with the observed gradient in I/P. We conclude that

the regional gradient in I/P is attributed to factors affecting the

topographical distribution of ventilation and perfusion in the lungs,

rather than to local mismatching.
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n,3. Lack of gravitational influence on distribution of
regional and intraregional inhalation-to-perfusion
mismatching in anesthetized dogs.

C. Clercx, DVM, W.E. van den Brom, PhD, and H.W. de Vries, DVM, PhD.

ABSTRACT

To study the influence of gravitational force on distribution of regional

inhalation-to-perfusion ratios (I/P), and possible influence of it on

intraregional (local) mismatching, the I/P ratio was investigated in the

lungs of prone anesthetized healthy beagle dogs. A combination of 99mTc

aerosol inhalation and 99mTc perfusion scintigraphy was used. The

collimator of a gamma-camera was placed against the left side of the

dogs's thorax. In a cranial-to-caudal analysis, the regional distribution

of I/P decreased from cranial-to-caudal, while in the dorsal-to-ventral

analysis, the regional I/P significantly increased from

dorsal-to-ventral.

No vertical neither horizontal gradient of local mismatching could be

observed.

We conclude that the gravitational force is not the primary determinant

of ventilation and perfusion distributions in the lungs of prone

anesthetized beagle dogs, and that the degree of local mismatching in a

lung zone is not influenced by gravity.

INTRODUCTION

In previous papers, the regional Inhalation-to-Perfusion ratio (I/P) was

shown to decrease from cranial to caudal lung in anesthetized prone dogs,

using a 99mTc inhalation and perfusion lung scintigraphy (dorsoventral

view) (Clercx et al submitted, van den Brom et al submitted). This

suggests that, in prone dogs, the effect of gravity is unlikely to be the

primary determinant of the regional distribution of I and P. The first

purpose of this study is to investigate the role of the gravitational

force. Therefore the regional distribution of the I/P ratio was analysed

in anesthetized prone beagle dogs from left lateral scintigraphical

views.



In the studies mentioned above, the degree of local (intraregional)

mismatching appeared to be independent from the regional I/P distribution

(Clercx et al submitted). The second purpose of this study was therefore

to analyse the possible influence of gravitational force on local

mismatching.

MATERIALS AND METHODS

Eight beagles aged 4 to 6 years and weighing 11 to 15 kg were used in

this study. They were judged healthy, based on physical, hematological,

radiographical examinations, an ECG and an acid-base status. The

technique used was the same as described previously (van den Brom et al),

employing the inhalation of an aerosol of nebulized particles labelled

with 99mTc, followed by intravenous administration of 99mTc

macroaggregates (MAA). In short, the scintigraphic inhalation image

obtained from aerosol deposition reflected the ventilation pattern (I

image). Then the image obtained after MAA injection was corrected for the

superposition of residual aerosol activity by a pixel by pixel and time

related substraction technique. A perfusion image resulted (P image).

The dogs were anesthetized with thiopental up to 15 mg/kg body weight

intravenously, half an hour after premedication with 1 mg methadon

(SYMORON, Gist-Brocades NV, Delft, The Netherlands), 1.25 mg

dihydrobenzoperidol (DROPERIDOL, Jansen Pharmaceutica, Beerse, Belgium)

and 0.1 mg atropine/kg body weight subcutaneously. They were placed in

prone posture, with sandbags along each side of the body and the head,

and their left side against the collimator of a gamma camera (Pho-gamma

HP4, Searle, Desplaines, 111, USA). A parallel hole collimator was used.

Information from the camera was stored in a computer (IMAC, CGR,

Issy-les-Moulineaux, France) on line.

The position of the dog was checked to remain stable, as confirmed by the

exact superposition of the lung images on the screen on the computer.

Data processing was essentially as described previously (van den Brom et

al submitted). After the data acquisition of the I and P images, the lung

was delineated with a light pen and divided into 6 equidistant vertical

cranial-to-caudal zones in a first analysis, and into 6 equidistant

horizontal dorsal-to-ventral zones in a second analysis. For each zone,

the relative inhalation (Ir) and relative perfusion (Pr) were calculated



figure 1b

Figure 1.

Left side view of an inhalation image obtained in an anesthetized beagle dog
in sternal recumbency (la), showing the division into (> equidistant
cranial-to-caudal lung zones, and of the corresponding perfuhion image (Ib),
showing the division into 6 equidistant dorsal-to-ventral lung zones.



and expressed as a percentage of I and P of total left and total right

lungs. The distribution of the I/P ratios within each constructed slice

of lung as within the whole lung was analysed as follows. The I/P ratio

of each image element (pixel) was transformed into its logarithmic value

Z = log I/P, to get a symmetric distribution around Z=0. The Z range was

divided into classes with a width of 0.1 (from -1 to +1). The mean (2)

and the standard deviation (Sz) were calculated inside each zone. For

each region, other parameters were also calculated. A regional

mismatching factor ( F) is defined as the ratio between the total

activities due to inhalation and perfusion in a certain region. The

possible mismatching in each pixel can be described as the result of the

regional mismatching (F) and of a remaining local mismatching (Y): I/P =

Fy . For each region, the following relationship holds: Z = Iog<l/P>= log F

+ log<Y>
> where <>denotes a geometric mean. Thus the local mismatching

can be calculated for each zone.Intraregional mismatching was further

characterized by a local mismatching index P( P = £lP) 2/Z ? .Z?2),

varying between 0 (complete mismatching) and 1 (perfect matching) and not

sensitive for regional mismatching.

RESULTS

Figure 1 presents an inhalation image in left lateral view, with the

division into 6 equidistant cranial-to-caudal zones (1A), and the

corresponding perfusion image in the same view, with the division into 6

equidistant dorsal-to-ventral zones (IB).

In the cranial-to-caudal analysis of the side view, the distribution of

the values of Ir, Pr,F , and p are in agreement with those observed for

the same zones in a former study in dorso-ventral view (Clercx et al).

The F distribution, illustrated in figure 2, presents a similar decrease

from cranial-to-caudal.

However, the p values are always higher, and the Sz values lower, and

usually significantly, than in the corresponding zones of both separate

left and right lungs in dorso-ventral view. Moreover, <Y> is

significantly smaller than 1 in the most apical zone, as in the 4th and

5th zones, while in dorso-ventral view, <y>was never significantly

different from 1.

In the dorsal-to-ventral (DV) analysis, the distributions of the

relative perfusion and the relative inhalation along the 6 zones can be



Table 1. Distribution of some characteristics of the Z distributions

indicated as mean ± SEM, along 6 equidistant dorsal-to-ventral

lung zones in anesthetized Beagle dogs in sternal recumbency

(n-8).

1

2

3

4

5

6

I r

8.5
1.1

a

23.4

0.8
b

28.2

1.0
c

22.0

1.0
d

14.0
0.4

e

3.9

0.5
f

Pr

10.4

1.1
a

24.5
0.8

b

27-3

1.1
b

21.3

0.9
c

13.1

0.5
d

3.3
0.5

e

Z

-0.092

0.022
a

-0.014

0.012
b

0.027

0.003
c

0.029

0.005
c

0.032
0.011

c

0.059
0.023

c

Sz

0.107

0.009
a

0.096

0.006
b

0.083
0.006

c

0.094

0.006
c

0.116

0.009
d

0.122

0.014
d

(a,b,c,d,e,f) Only data affected from different letters are
significantly different from the value of an adjacent lung zone.
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Cranial-to-caudal (2a), and dorsal-to-ventral (2b) distributions of the
regional mismatching factor I" and the local mismatching factor <y>. each
plotted as mean - SEM in 6 equidistant lung zones of a left side view,
obtained in anesthetized beagle dogs in sternal recumbency (n«8).

•significantly different from 1.

p
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lung zonesFigure 3.

Cranial-to-caudal (3a), and dorsal-to-ventral (3b) distributions of the local
•isaatching index p , plotted as aean - SEM in 6 equidistant lung zones of a
left side view, obtained in anesthetized beagle dogs in sternal recumbency
(n-8).

•significantly higher than
dorso-ventral view.

in the corresponding right and lot left zone in



seen in table 1. The distributions of T and <Y> are illustrated in figure

2. F increases from dorsal-to-ventral zones by 47% of the initial dorsal

value. Only the values of the zones 3, 4 and 5 are not significantly

different from each other. <y> is smaller than 1 only in the more ventral

zone. It is significantly higher than 1 in the 2 middle zones. Figure 3

shows the course of P , indicating a higher local mismatching in the 2

more ventral zones as in the more dorsal one. Sz appeared to give the

same information as P.

DISCUSSION

Scintigraphy is based on a two-dimensional study of a three-dimensional

phenomenon.The analysis focuses attention on both interregional I/P

distribution, concerning the ratio of the mean I and P values of the

different zones, as well as the local mismatching, concerning the

intraregional dispersion of the I/P ratio at pixel base. The I/P value in

a pixel represents also a mean value of many pulmonary units accumulated

in a columnar sample of lung. Because the method used provides relative

values instead of absolute values of either ventilation or perfusion per

unit lung volume, the term I/P was preferred to the more usual term V/Q.

The cranial-to-caudal distribution of regional I/P agrees with those

observed in each separate lung in previous studies in dorso-ventral views

(Clercx et al, van den Brom et al). However, from the values of Sz andP ,

it appears that the degree of local mismatching is always lesser than in

the corresponding zones of both separate left and right lungs. This could

result from a smaller variability of the I/P ratios among pixels

distributed at different heights in the thorax than among pixels situated

at different latitudes (more external or more inside the thorax).

In 3 zones, <-y> is significantly smaller than 1 while it did not occur in

the DV analysis. This indicates the presence of pixels with an I/P ratio

extremely low or of many pulmonary units with a value of I/P which is

relatively low compared to the mean regional value. This could be

explained in zones 4 and 5 by the presence of airway closure in dependent

paradiaphragmatic lung regions through the pressure of abdominal

contents, and imperfectly matched by vasoconstrictive responses.

Hypoventilation probably results from both the prone posture and from

anesthesia, as indicated by the significant increase in PaO2 and
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decrease in pH observed previously in these conditions (Clercx et al).

Similarly, less well expanded caudal regions and better ventilation to

the apical zones have also been observed in the human being in recumbent

posture (Engel and Prefaut 1981, Amis et al 1984). The origin of a <y

value significantly lower than 1 in the most cranial zone remains

obscure.

In the dorsal-to-ventral analysis,

the regional mismatching factor T appears to be greater in the more

ventral zone, and to decrease in the two more dorsal ones. This

observation is in discordance with what happens in man (West 1977), where

the ventilation-to-perfusion ratio decreases from the non-dependent to

more dependent lung regions, as well in upright (West and Dollery 1960),

as in seated (Ball et al 1962), or in prone positions (Amis et al 1984).

This finding is also different from data reported in conscious standing

dogs, where the ventilation and blood flow are well matched (Amis et al

1982b). In these dogs, both distributions of ventilation and perfusion

per unit alveolar volume are uniformly distributed from superior to

inferior lung regions (Amis et al 1982a). But in anesthetized dogs in

recumbent postures, pulmonary blood flow is reported to be least to

whatever region of lung situated most superiorly in the thorax (Reed and

Wood 1970). This is in agreement with the current explanation of the

vertical distribution of the pulmonary blood flow by the relations

between pulmonary arterial, alveolar and venous pressures (Permutt et al

1962, West 1964). However, a reduction of blood flow to the most

dependent zone has been described as a result of the interstitial

pressure and therefore high extra-alveolar vascular resistance because of

a reduced expansion of lung parenchyma in these regions (Hughes et al

1968). A decreased perfusion to the more ventral zones in prone posture

can explain the high value of I/P found in the more ventral zone. The low

I/P present in the more dorsal zone could be related to a very low

ventilation level. This last suggestion could be supported from a

mechanical background; the more dorsal lung zones are encastrated in a

rigid plaster composed by the vertebral thoracic column and the highest

parts of the ribs. Therefore, their ventilation level would be low.

However, this is opposed to the fact that no vertical pattern of

ventilation could be demonstrated in prone dogs (Hubmayr et al 1983), in

contrast to dogs in dorsal recumbency, where a better ventilation was

found in the dependent regions (Schmid et al 1980). The low I/P value of
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the more dorsal, as well as of the more caudal zones, could also be

related to a better perfusion of these regions, caused by differences in

regional vascular anatomy (Beck and Rehder 1986).

From the Sz and P values, it appears that local mismatching is the

highest in the two more ventral zones, and also in the more dorsal one.

The high ventral local mismatching could be related to the presence of

the heart in these zones, which causes increased inhomogeneities in

regional volume distribution (Bar-Yishay 1986).

The value of < Y > significantly higher than 1 in the middle zones 3 and 4

indicates the presence of pulmonary units with a I/P ratio relatively

high compared to the mean regional I/P. This could be related to the

presence of parenchyma directly surrounding the heart, and submitted to

cardiogenic motion (Wei et al 1985, West and Hugh-Jones 1961). The more

ventral zone is the only one with a <y> value smaller than 1. It suggests

that the low I/P ratios in zones 1, 4 and 5 in the cranial-to-caudal

analysis are originating from the same location.

From our study, gravity does not appear to be the major determinant of

the inter-regional dorsal-to-ventral I/P distribution in anesthetized

prone dogs.

From the comparison of the degree of intra-regional (local) mismatching

in both cranial-to-caudal and dorsal-to-ventral analyses, it can also be

concluded that the gravitational force does not seem to influence the

degree of local mismatching in lung zones.
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Chapter III.

Effects of posture, anesthesia, age and breed

upon the lung scintigraphical measurements.



i n , i . Effect of posture and anesthesia on the distribution of
pulmonary perfusion and the lung configuration in dogs.

C. Clercx, DVM, W.E. van den Brom, PhD, and H.W. de Vries, DVM, PhD.

ABSTRACT

To investigate the effect of posture and anesthesia on the topographical

distribution of pulmonary perfusion in canine lungs, the relative

perfusion(Pr) was measured for different lung zones in healthy beagle

dogs, using 99mTc perfusion scintigraphy.

First the changes in lung shape and in lung parenchymal configuration

between standing and prone posture were analysed. The general shape of

the lung images, as characterized by the relative sizes of different

equidistant lung zones, was similar in both postures, except for a

relative increase of the more ventral zone in prone posture. This latter

observation was ascribed to vertical flattening of the lung associated

with enlargement of the ventral zones. Configuration changes revealed a

shift of the parenchyma towards the more caudal parts in prone posture.

This, together with the similarity in shape suggested a parenchymal

compression of the paradiaphragmatic lung zones.

Prone posture induced essentially a decreased perfusion to the caudal

third of the lung.

Anesthesia induced significant changes in lung shape without an obvious

direction. The perfusion of the more ventral as well as the more cranial

zones was reduced.

Differences in the blood distribution are thought to be mainly due to the

pressure exerted by the abdominal content through the diaphragm and to

the shift of the blood towards better ventilated lung regions.

INTRODUCTION

Recent studies in anesthetized prone beagle dogs using 99mTc aerosol

inhalation combined with 99mTc perfusion scintigraphy showed a decrease

in Inhalation-to-Perfusion ratio (I/P) from cranial-to-caudal lung

regions (4), as well as from ventral-to-dorsal lung regions (5). In
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standing conscious dogs, the ventilation-to-perfusion ratio was reported

to be uniform in both directions (2). These discrepancies might be

induced, at least partly, by a posture or an anesthetic effect.

The purpose of this study was to investigate a possible effect of posture

or anesthesia upon the vertical and horizontal distributions of the

pulmonary perfusion, which could help to understand the cranial-to-caudal

and dorsal-to-ventral distributions of I/P mentioned above. Therefore,

the changes in lung shape between prone and standing postures, and

between anesthetized and non-anesthetized dogs were analysed as well as

the effect of posture upon the lung configuration. Then the change in

blood flow distribution between the two postures and between

non-anesthetized and anesthetized states was investigated.

MATERIALS AND METHODS

Eight beagle dogs aged 4 to 6 years and weighing 11 to 15 kg were used.

They were judged healthy, based on physical, hematological and

radiographical examinations, an ECG and an acid-base status. The dogs

were studied in several positions. Table 1 summaries the characteristics

of every recorded scintigraphical image.

First, the dogs were standing with their left side against the parallel

hole collimator of a gamma camera (Pho-gamma HP4, Searle, Desplaines,

111, USA), linked to a computer system (IMAC, CGR, Issy-les-Moulineaux,

France) on line. They were injected in this position with 1 to 2mCi of

99mTc labelled macroagregates (MAA) intravenously. An image (500 to 800 K

counts) was recorded within 1 to 2 minutes(side image 1) from motionless

dogs. Most of the dogs accepted the procedure very quickly. With 3 dogs,

it was impossible to get an acceptable result because they moved. From

these dogs, no image in standing posture could be obtained. They received

a very light sedation (methadon (SYMORON, Gist-Brocades, NV Delft, The

Netherlands) 0.025 to 0.08 mg per kg body weight and dihydrobenzoperidol

(DROPERIDOL.Jansen Pharmaceutica, Beerse, Belgium) 0.03 to 0.1 mg per kg

body weight intravenously) for the rest of the procedure. After comparing

the results obtained in the same dogs sedated using this low dosage and'

non sedated, it appeared that no difference arose from the sedation.

Secondly, the dogs were placed in prone posture and a new perfusion image

was recorded (side image 2). Although recorded with the dog in prone
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posture, this image represented in reality the distribution of the

pulmonary perfusion in a standing dog because the aniraal was standing

when injected. The MAA lodge in the pulmonary capillaries and remain

blocked until they are metabolized. Changes in the apparent perfusion

distribution between the images 1 and 2 will then reflect changes in lung

parenchyma configuration. Under the term "changes in lung parenchyma

configuration", we mean the repartition of the activity, still blocked in

the same capillaries.

Immediately after this second imaging procedure and in exactly the same

prone position, the dogs received a second injection of 99mTc-MAA (1 to

1.5 mCi). A third image (600 to 900 K counts) within 0.5 to 1.5 minutes

was then recorded. After correction for the previous activity by a

pixel-by-pixel subtraction technique., a third perfusion image resulted

(side image 3). Functional images were created, showing the difference in

distribution between side images 2 and side images 3.

One week later, the total procedure collecting 3 perfusion images was

repeated on the same 8 dogs, but now with the field of the collimator

moved in a horizontal plane, above the back of the dogs. From this

procedure, three new images resulted (DV images 1,2 and 3).

On two other occasions, the 8 eight dogs, anesthetized and in prone

posture, were used again. Each time, they were injected with 99mTc-MAA (1

to 2 mCi), once with the collimator against the left side of the thorax,

and once with the collimator moved in a horizontal plane. Two new

perfusion images resulted per dog: side image 4, and DV image 4. Images

for which it could not be ascertained that no movement occurred during

the imaging procedure were excluded.

All perfusion images were processed as follows. On the dorso-ventral

views, the right and left lungs were delineated with a light pen and

divided each into 6 equidistant cranial-to-caudal zones. On the side

views, the lung was delineated and divided into 6 equidistant

cranial-to-caudal zones in a first analysis, and into 6 equidistant

dorsal-to-ventral zones in a second one. The distribution of the relative

size of the zones was calculated for both DV and side views, along

cranial-to-caudal and dorsal-to-ventral zones. This zonal size

distribution reflects the form of the lung and will be used as a

characteristic for the lung shape. For each region, the relative

perfusion (Pr) was calculated. In the DV views, the perfusion counts of

the zones are related to those of the whole ipsilateral lung.
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Table 1. Characteristics of the recorded images.

Image

side

side

side

side

DV

DV

DV

DV

name

image

image

image

image

image

image

image

image

1

2

3
k

1

2

3
k

View

left lateral

left lateral

left lateral

left lateral

dorsoventral

dorsoventral

dorsoventral

dorsoventral

Anes-

thesia

no

no

no

yes

no

no

no

yes

Position at the time

of i.v. injection

with " m T c MAA

Standing

sternal recumbency

sternal recumbency

sternal recumbency

standing

standing

sternal recumbency

sternal recumbency

Pos i tion

imaging

standing

sternal

sternal

sternal

standing

sternal

sternal

sternal

during the

procedure

recumbency

recumbency

recumbency

recumbency

recumbency

recumbency
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In one of the conscious beagle dog, lateral and dorso-ventral thoracic

radiographs were made in standing and in prone postures, both at the end

of inspiration and at the end of expiration.

Reproducibility:

Information about errors in the measurement of Pr was obtained from

reproducibility studies, performed in 6 dogs, including 26 studies.

Results of compared experiments were compared by means of linear

correlation and regression analysis.

Statistics

The relative size and Pr of all regions of the different images were

compared using Student's t-test for paired data, except for the

comparison of anesthetized and non-anesthetized dogs, for which the

t-test for unpaired data was used. As level of significance was chosen

P-0.05.

RESULTS

Results of repeated experiments were found to be highly correlated

(P<0.01). There was no significant difference between the repeated

experiments.

Figure 1 revealed no significant differences in the distributions of the

relative number of pixels over the zones between standing and prone

postures, except for a relatively greater size of the more ventral zone

in prone posture (Fig. 1C).

Figure 2 compared the distributions of the relative number of pixels over

the zones between non-anesthetized and anesthetized prone dogs. It

appeared that anesthesia significantly modified the shape of the lung

inages in both DV (Fig. 2A) and side views (Fig. 2B and 2C), without an

obvious general direction.

Figure 3 illustrated the effect of the position on the lung parenchyma

configuration. This effect was analysed by comparison of the Pr in the

different zones between the DV images 1 and 2 and the side images 1 and

2. As the only difference between the images 1 and 2 was the posture of

the dog during the imaging procedure (in both cases, the dogs were

standing when injected), the changes in Pr reflected the changes in lung
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parenchymal configuration. The comparison of the DV images showed an

increased Pr in the 2 more caudal regions in prone posture. From the

comparison of the side views, the cranial-to-caudal analysis (Fig. 3B)

showed no significant changes between prone and standing, while the

dorsal-to-ventral analysis (Fig. 3C) showed an increased Pr in the more

ventral regions.

From visual comparison of the radiographs, it appeared that in prone

versus standing posture, the dorso-ventral height of the thorax seems

decreased, except in the more cranial part of the lung; the ventral part

of the diaphragmatic cupula is pushed forwards, displacing the heart

forwards and upwards. Moreover, it appeared that in prone posture, the

thoracic spine tended to get a linear rather than S-inflected shape, and

the ribs moved laterally.

Figure 4 illustrated the effect of the posture upon the distribution of

the pulmonary perfusion. Therefore, DV and side images 2 were compared

with DV and side images 3, respectively. As the only difference between

images 2 and 3 was the position of the dog at the MAA injection time

(both images were recorded in the same prone posture), differences in Pr

directly reflected differences in blood distribution. The

cranial-to-caudal analysis showed in prone posture a decreased Pr in the

two more caudal zones, in DV view (Fig. 4A). The same trend was seen on

the side view (Fig. 4B), but was not significant. However, from figures 5

(side view) and 6 (DV view), there was an obvious decrease in the

perfusion in front of the diaphragm, which was not recognized in the

zonal analysis because it was spread over several zones. No significant

difference between the two postures was found in Pr calculated for the

whole left lung , nor for the whole right lung.

Figure 7 indicated the effect of anesthesia upon the distribution of the

pulmonary perfusion. Images 3 were compared with images 4. From the side

views (Fig. 7B and 7C), it could be seen that under anesthesia, the value

of Pr in the more caudal and the more dorsal zones was significantly

increased. From the DV view (Fig. 7A), it appeared that there was a

decrease in Pr in the most cranial zones.
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ligure r}.

Functional images constructed from side images 2 and i, where A shows the
pixels with a perfusion count higher in standing than in prone posture, and B,
the pixels with a perfusion count higher in prone than in standing posture.



(>.

Functional images constructed from DV images 2 and 3, where A shows the pixels
with a perfusion count higher in standing than in prone posture, and B, the
pixels with a perfusion count higher in prone than in standing posture.
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DISCUSSION

In prone posture, pressures are induced, due to contact of the sternum

with a support, and due to the abdominal content pressing against the

diaphragm. This probably causes a remodeling of the lung parenchyma, i.e.

a difference in conformation, as well as many intrinsic pressure

variations, which originate internal volume variations. The decreased

lung compliance and functional residual capacity observed in prone

posture (6) can be related to closure of airspaces (14) induced by

pressure variations. A difference in Pr can result either from changes in

volume or from remodeling or both. While information can be obtained

about differences between dorsal and ventral recumbency in radiographic

appearance (1,8,17) and in lung volumes (7,13), we are not aware of

papers reporting such differences between standing and prone posture.

From figures 1 and 3, information can be obtained about the configuration

of the lung in dependence of the posture. Figure 3A indicates a shift of

lung parenchyma from cranial towards caudal when the dog lies down. As

this is not associated with significant increase in the width of the

caudal zones (Fig. 1A, there is an increased width but not significant),

nor in their height (Fig. IB), it suggests a rocking motion of the

parenchymal tissue backwards with an increased lung tissue density. From

the comparison of the lateral views, significant posture-related changes

arise only from the dorsal-to-ventral analysis (Fig. 6C). The lung

parenchymal content of the more ventral zones is increased in prone

posture, but this is, at least partly, related to a greater size of these

zones (Fig. 1C).

Concerning the differences in configuration with posture and according to

the radiographic findings, in prone versus standing posture, canine lungs

are flattened vertically with enlargement of the ventral zones;

parenchyma is moved from cranial to caudal, where it is compressed

through the diaphragm pushed forwards by the abdominal content.

As both images 2 (dogs injected when standing) and 3 (dogs injected when

prone) are obtained in the same prone posture, their comparison (Fig. 4)

permits to assess posture-related changes in the distribution of

perfusion. From figure 4, it appears that in prone versus standing

posture, there is a redistribution of blood from the caudal third to

anterior lung regions, arising essentially from the paradiaphragmatic
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lung zones, as can be seen in figure 5. This suggests that the abdominal

content, pressing against the dependent portion of the diaphragm, would

be responsible for a mechanical compression in front of it, and for a

decreased blood flow. Blood redistribution can be caused by interregional

differences in lung expansion in dependence of the posture(10,ll,12,16),

or by hypoxic vasoconstriction (15).

In view of the effect of the prone posture on blood distribution, a more

decreased ventilation of the more caudal zones can be expected to be the

cause of the low I/P found in caudal zones of anesthetized prone dogs

(4).

It is surprising to note that anesthesia induces significant changes in

the shape of both DV and side lung images (fig. 2), while the posture did

not (fig. 1). This reflects the effect of anesthesia upon muscle

relaxation and thoraco-abdominal motion pattern, lung volumes, level of

ventilation and blood pressures. In particular, enhanced muscle

relaxation would permit a further lateral enlargement of the ventral

zones, and vertical flattening of the caudal parts. Under anesthesia, the

size of the ventral zone is definitely not increased. Nevertheless Pr

decreased (Fig. 7C). Thus blood distribution to the ventral zones is

decreased. Anesthesia induces some degree of hypoventilation (9). It may

be attributed to an increased compression of the ventral zones as a

consequence of anesthetic relaxation with subsequent blood redistribution

due to decreased lung expansion (11,12) or to hypoxic vasoconstriction.

Anesthesia also decreases the blood distribution to the more cranial

zones. No explanation was found for it but anyway it could partly explain

the high cranial inhalation-to-perfusion ratio (I/P) observed in

anesthetized prone dogs (3,4). The effect of anesthesia on the blood

distribution can also be related to the high value of I/P observed in

ventral zones of anesthetized prone dogs (5).

Conclusion.

The changes in lung parenchyma configuration occurring between standing

and prone postures result from both remodeling and internal volume

variations.

Anesthesia modified significantly the shape of the lung images, while a

change in posture did not. This emphasizes the effects of anesthesia

itself.
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In prone posture, a reduced perfusion was found in paradiaphragmatic lung

zones while anesthesia decreased principally the perfusion to the

dependent zones.

Both prone posture and anesthesia influence the spatial distribution of

the pulmonary perfusion. However, their effect upon the distribution of

ventilation should be investigated in order to assess how exactly they

interfere with the regional distribution of the I/P.
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i n , 2. The effect of age on the regional and local
pulmonary matching of ventilation and perfusion
in healthy beagle dogs.

C. Clercx, DVM, W.E. Van den Brom, PhD, and H.W. De Vries, DVM, PhD.

ABSTRACT

To study the possible contribution of regional and local distributions of

the Inhalation to Perfusion ratio (I/P) to age-related lung function

changes, the I/P ratios were analyzed in the lungs of 3 different

age-groups, each consisting of 10 anesthetized prone beagle dogs, using

a combination of 99mTc aerosol inhalation and 99mTc perfusion

scintigraphy. The age categories were 5 to 8 months, 4 to 6 years, and

older than 9 years. Arterial blood gases were the same in the 3

age-groups.

In all age-groups, the regional I/P decreased from cranial-to-caudal lung

regions in both lungs and in a similar way, except in the more caudal

left region in the young group where it increased again.

The distributions of the parameters related to the degree of mismatching

inside the lung regions did not vary substantially in the 3 age-groups.

However, significant age-related changes could be demonstrated in the

distribution of a local mismatching factor <Y> . <y> was enhanced in

almost all zones of the right lung in young beagles and in some zones of

the right lung in the old dogs. This indicates the presence in these

dog's lungs of pulmonary units with a value of I/P which is relatively

high compared to the mean regional value.

INTRODUCTION

In growing dogs, the lung function does not reach a maximal efficiency

before 1 year; gas mixing and gas exchange efficiency improve during

growth (11). Therefore, an increased degree of inequality between

inhalation (I) and perfusion (P) might be expected in growing dogs.

Data on the morphological and mechanical changes with aging are available

(12,16). Functional impairment might also be expected. Changes are mostly

similar to those seen in man, except for the lack of changes in arterial
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blood gas in the dog (10,12). This last fact suggests that in spite of

the morphological and mechanical changes, I and P are still very well

matched.

The aim cf this study was to investigate the possible age-related changes

in inhalation-to-perfusion ratios. Using 99mTc inhalation and perfusion

scintigraphy, the I to P inequalities were quantified in growing,

middle-aged and in aging beagle dogs.

METHODS

Three groups of 10 beagles of both sexes were studied:

(i)5-8.5 months old (median 5);6-ll kg.

(ii)4-6 years old (median 5);10-16 kg

(iii)9-ll years old (median 10);ll-19 kg.

All dogs were judged to be healthy, based on physical, hematological and

radiographic examinations, electrocardiography, arterial blood gases and

acid-base status.

The dogs were preraedicated with 0.1 mg atropine, 1 mg methadon (SYMORON,

Gist-Brocades N.V., Delft, The Netherlands) and 1.25 mg

dihydrobenzoperidol (DROPERIDOL, Jansen Pharmaceutica, Beerse, Belgium)

per kg body weight subcutaneously, 45 minutes before anesthesia induction

with thiopental up to 15 mg per kg body weight intravenously. ECG was

monitored and arterial blood was taken from the right or left femoral

artery for assessment of arterial blood gases and acid-base balance.

The dogs were positioned prone (in sternal recumbency), with sandbags

along each side of the body and head, under the parallel hole collimator

of a gamma camera (Pho-gamma HP4, Searle, Desplaines, 111, USA) linked to

a computer system (IMAC, CGR, Issy-les-Moulineaux, France) on line. The

position of the dog was checked to show no deviation of the vertical or

horizontal axes of the thorax. Persistance of the position was pursued,

as controlled by the exact superposition of the different images on the

screen.

The technique used was the same as described previously (19). In short,

after inhalation of a 99mTc labelled aerosol through a Ruben's valve and

a tracheal tube, an inhalation image was obtained (I image). The dogs

were then injected with 99mTc labelled macroaggregates (MAA) and a second

image was recorded. This image was corrected for the superposition of
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Table 1. Comparative values of characteristics of the I/P distribution

in icfal left and total right lungs in the 3 age groups.

Age-
group

Ir (!)

SEM

Pr («)

SEM

Z

SEM

Sz

SEM

P

SEM

Young

54.0

1.4

49.0

0.9

0.060

0.010

0.141

0.006

0.947

0.004

t

t

*

LEFT LUNG

Middle-
aged

48.7

1.6

45.9 *

1.0

0.040 *

0.013

0.104 *

0.014

0.966 *

0.006

Old

49.6

2.2

47.2 *

0.8

0.037 *

0.015

0.136 *

0.009

0.959

0.008

Young

46.0 t

1.4

51.0 +

0.9

-0.021

0.010

0.163

0.012

0.943

0.008

RIGHT LUNG

Middle-
aged

51.3

1.6

54.1

1.0

-0.019

0.006

0.155

0.010

0.948

0.010

Old

50.4

2.2

52.8

0.8

-0.014

0.014

0.148

0.008

0.949

0.005

* significant different from the corresponding value in the right lung (paired data)

t significant difference between values of young and middle-aged groups in the

ipsilateral lung (unpaired data).
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residual aerosol activity by a pixel by pixel and time-related

subtraction technique. A perfusion image resulted (P image). I and P

images are dorso-ventral views.

Left and right lung were delineated with a light pen and each lung was

divided into 6 equidistant zones from cranial to caudal (numbered 1 to

6). The size of the zones were expressed in number of pixels. After the

total count within the I image was set equal to that in the P image, the

relative I and P values (Ir and Pr) were determined for each zone, as for

the total left and right lungs separately. As in previous studies (2,19),

the distribution of the I/P ratios was analyzed in every region of both

lungs as well as within the entire right and entire left lung. The I/P

ratio in each pixel was tranformed into its logarithmic value Z = log

I/P. The Z range was divided into classes with a width of 0.1 from -1 to

+1. This distribution around Z = 0 is characterized in each region by its

mean Z and standard deviation Sz.

The regional mismatching factor, F, is defined in a zone as the ratio

between the relative inhalation and the relative perfusion of the zone: T

« Ir/Pr. The mismatching in each pixel can be described as the result of

the regional mismatching T and a remaining local mismatching :I/P • T y .

A local mismatching factor <y> is calculated in each zone from the

relation Z - log <I/F> « log P + log <y> .where <> denotes a geometric

mean.

The local mismatching index p(p- (E Ip)2 /(Ei2 £tf )) is sensitive for the

local mismatching. It varies between 0 (complete mismatching) and 1

(perfect matching).

Statistics:

Standard statistical tests were used (Student t test for paired or

unpaired data). As level of significance was chosen P-0.05.

RESULTS

On the radiographs of most of the older dogs, increased linear markings

were observed. These radiological features were in agreement with normal

findings reported in the literature (14).

No significant difference in PaO2, PaC02, nor pH could be demonstrated

between the 3 age-groups. PaO2 was 14.0, 14.1 and 14.0 kPa in young,

middle-aged, and old groups respectively. In all groups, anesthesia
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Figure 1.
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Cranial-to-caudal distribution of the regional mismatching factor T , plotted
as aean - SEM in 6 equidiatant zones of the left and right lungs of young,
•iddle-aged, and old dogs.
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72



induced a significant increase in PaC02 (7.2 versus 4.7 kPa for the

young, 6.7 versus 5.0 kPa in the middle-aged, and 6.3 versus 4.7 kPa in

the old dogs) and decrease in pH.

The shape of the lung images was comparable in the 3 groups, as proved

by a similar distribution of the relative size of the zones.

Table 1 collects values of the I/P distribution characteristics for

total left and right lungs apart.

In all groups, the left lung was more ventilated than perfused while in

the right lung the contrary occurred. In the middle-aged and old groups,

both I and P were higher in the right lung. In the youngest group, I was

higher in the left lung. The pattern of Ir and Pr distributions in the

zones of the left and right lungs was similar in the young, the old and

in the aiddle-aged groups. For the latter all data have been reported in

a previous paper (2).

Z was higher in the right than in the left lung in all groups. This

right-to-left difference was the smallest in the old group and the

greatest in the young group. The same observations apply for I*. The

regional distribution of V is illustrated in figure 1. There was a

cranial-to-caudal decrease of I" which was almost similar in all groups,

except in the left lung of the young group where T increased

significantly in the more caudal zone.

Values of Sz,p , and <Y> for total left and total right lungs are given

in table 1. The cranial-to-caudal distributions ofP are illustrated in

figure 2.In the left lung, Sz was the highest in the young group and the

lowest in the •iddle-aged group. In both lungs,p was the lowest in the

young group. Only minor differences in the P distribution and in the Sz

distribution could be observed between the 3 age-groups.

Figure 3 represents the distribution of the local Mismatching factor

<Y>. There is a tendency in the right lung for higher values in both the

young and old groups. In particular, this is significant in zones 3 and

A. No significant deviation from 1 was observed in the Middle-aged group

but in the two other groups, <Y> was higher than 1 in several zones, as

indicated in figure 3. In the left lung, the same general trend was

observed but it was less pronounced.
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DISCUSSION

This method allows the age-groups comparison of inter-regional as well as

intra-regional dispersion of the I/P ratios (rand<Y> ) although it

does not provide absolute but only relative values of either I and P.

Therefore, the term I/P was preferred to the more usual term V/Q.

In all dogs, the relative perfusion is higher in the right than in the

left lung, in agreement with the fact that the right lung is larger than

the left one (13). However, the right lung of the young dogs receives

less inhalation than the left one. This accentuates the I/P left-to-right

asymmetry, which was already significant in the two other groups. The

cranial to caudal decrease in T is similar in all three groups, and in

agreement with findigs reported earlier in dogs of several breeds and

ages (19). This similarity suggests that the factors responsible for the

topographical distribution of canine pulmonary I and P are independent of

age. The sudden increase in F that occurs in the more caudal zone of the

left lung of young dogs might be related to a difference in weight of

lung and thoraco-abdominal configuration and motion pattern (4).

The lack of obvious age-related modifications in the regional and local

distributions of I/P ratios with aging could be related to the choice of

the age-groups. The dogs forming the old group have an equivalent human

age of ± 56 years (6). A study of older dogs would be required to see if

the trends observed in this study would be more marked in very old dogs.

Moreover, the dogs aged 4 to 6 years were considered as mature dogs in

the prime of life but their lungs are possibly already in functional

decline. It must also be considered that the dogs used are experimental

dogs, which have spent their whole life in kennel conditions. The effect

of age on lung function could be modulated by a lot of environmental and

disease factors. Therefore it can surely not be excluded that in the

lungs of a normal population of pets, more serious impairment of the I/P

ratios occurs with aging.

Although the same anesthesia plan was used, the fact that anesthesia has

been masking some age-related effects can never be excluded.

Age-related differences in I/P inequalities from the analysis of Sz, p

and <y> distributions, emerge only for <y>. The presence of pixels with a

very high or very low I/P will strongly influence the <Y> value in a

zone. Although <y> is not different from 1 in the middle-aged group, it

is well significantly higher than 1 in several zones in the 2 other



groups. A value of <y> higher than 1 indicates the presence of many

pulmonary units with a value of I/P relatively high compared to the mean

regional value.

The lungs of the young dogs present some morphological and functional

characteristics. They have an immature lung, anatomically (1) and

functionally (11). Indeed, the maximum lung function efficiency is not

reached before 1 year in the dog (11). This has been observed in cattle

too (8). At 1 year of age the ventilation-perfusion matching can be

supposed to be optimal. Although there is a trend to higher local

mismatching in the lungs of the young dogs, only the <y> values show

significant differences. The presence of pulmonary units with a very high

I/P could be explained by morphological considerations like a delayed

pulmonary capillary developement over parenchyma developement, as it has

been described in piglets (15). There is also an increase in the number

of pores per alveoli during the first year of life (9). As collateral

ventilation is one of the mechanisms of I/P balance at subsegmental level

(16) and as the pores of Kohn are partially incriminated in collateral

ventilation phenomenon, the I/P regulation could be less effective in

very young dogs.

In old dogs, there are no changes in blood gas values, contrary to in

•an. Occurrence of high I/P ratios without concomittant influence on the

arterial blood gases can be attributed to high local inhalation values

rather than to local perfusion decreases. This makes likely that in dogs

ventilatory compensating mechanisms exist, to prevent disturbances in

arterial blood gases. An attractive hypothesis would be to relate these

compensating mechanises to the exceptional development of the collateral

ventilation in this species. A decreased uniformity of 'intrapulmonary gas

distribution (11), and a non-uniform decrease in capillary blood volume

(17) are both described in aging dogs. How far these phenomenons are

matched is unknown. However, our results do not show significant increase

of intraregional mismatching (Sz andp). Again, it is tempting to suggest

that, through phenomenons of collateral ventilation, mechanisms exist,

which tend to match the ventilation with the non uniform decrease in

perfusion occurring in aging dogs, preventing the changes in blood gases.

In conclusion, the factors affecting the regional distribution of the

pulmonary ventilation and perfusion in dogs appear to be independent from

age. Age-related changes in lung function are not related to important

impairment in local matching between ventilation and perfusion. However,
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the presence in the lungs of puppies and old dogs of pulmonary, units with

a high value of I/P has been demonstrated, which however appear to have

no functional consequences. A tentative explanation for this latter point

could be based, in young dogs on morphological considerations, and in old

dogs on the development of ventilatory compensating mechanisms related to

the exceptional quality of collateral ventilation in this species.

ACKNOWLEDGEMENTS

We are grateful to Dr T. Van den Bogaard, fro« the State University of
Liaburg (Maastricht, The Netherlands) for procuring us with old beagles.

76



BIBLIOGRAPHY

1. Boyden E, Thompset D. The postnatal growth of the lung in the dog. Acta
anat., 1961, 47, 185-215.

2. Clercx C, Van Den Brom WE, de Vries HW. Influence of local pulmonary
misnatching on regional Inhalation-to-Perfusion ratios in the dog. Submitted
for pulication.

3. Conmittee in Animal Models for Research on Aging;Mamraalian models for
research on aging. National Acadeny Press, Washington, 1981, 212-220.

4. Demedts M. Regional distribution of lung volumes and of gas inspired at
residual volume:influence of age, body weight and posture.
Bul.Europ.Physiopath.Resp., 1980, 16, 271-285.

5. Kronenberg RS, Drage CW, Ponto RA, Williams LE. The effect of age on the
distribution of ventilation and perfusion in the lung.
Am.Rev.Respirat.Diseases, 1973, 108, 576-586.

6. Lebeau A. L'age du chien et celui de l'homne. Essai de statistique sur la
mortalite canine. A.Bull Acad Vet France, 1953, 26, 229-232.

7. Landmark SL, Inopp TJ, Rehder K, Sessler AD. Regional pulmonary perfusion
and V./Q. in awake and anesthetlzed-paralysed man. J.Appl.Physiol., 1977,
43, 993-1000.

8. Lekeux P, Hajer R, Breuking HJ. Effect of somatic growth on pulmonary
function values in healthy Friesian cattle. Am.J.Vet.Res., 1984, 45,
2003-2007.

9. Martin HB. The effect of aging on the alveolar pores of Kohn in the dog.
Am.Rev.Re«pirat.Diseases, 1963, 88, 773-778.

10. Mauderly JL. Influence of sex and age on the pulmonary function of the
unanesthetized beagle dog. J.of Gerontology, 1974, 29, 282-289.

11. Mauderly JL. Effect of age on pulmonary structure and function of immature
and adult animals and man. Federation Proc., 1979, 38, 173-177.

12. Mauderly JL, Hahn FF. The effects of age on lung function and structure of
adult animals. Adv.Vet.Sc.Comp.Med., 1982, 26, 35-77.

13- Park JF, Clarke WG, Bair WJ. The beagle as an experimental dog, Edited by
Andersen HC, Iowa State University Press, 1970, pp285-293.

14. Reif JS, Rhodes WH. Tne lungs of aged dogs: a radiographic morphologic
correlation. Am.Vet.Radio.Soc.J., 1966, 7, 5-11.

15. Rendas A, Branthwaite M, Reid L. Growth of pulmonary circulation in normal
piga-structural analysis and cardio-pulmonary function. J.Appl.Physiol.
1978, 45, 806-817.

16. Robinson HE, Gilleapie JR. Morphologic features of the lungs of aging beagle
dogs. Am.Rev.Respirat.Diseases, 1973, 108, 1192-1199.

17. Robinson NE, Gillcaple JR. Pulmonary diffusing capacity and capillary blood
volume In aging dogs. J.Appl.Physiol., 1975, 38, 647-650.

77



18. RobinsonRobinson NE. Some functional consequences of species differences in lung
anatomy. Adv.Vet.Sc.Comp.Med., 1982, 26, 1-33.

19. Van den Brom WE, Clercx C, van Toor AJ, de Vries HW. Quantitative analysis
of combined radioaerosol and perfusion scintigraphy in dogs. Submitted for
publication.



I I I , 3 . Scintigraphical (topographical) distribution of
the inhalation-to-perfusion ratios in athletic dogs.

C. Clercx, DVM, W.E. van den Brom, PhD, and H.W. de Vries, DVM, PhD.

SUMMARY

The interregional as well as intraregional (local) distributions of the

inhalation to perfusion ratios (I/P) were analysed in the lungs of

anesthetized prone dobermann mixed greyhound dogs (DG), using 99mTc

inhalation/perfusion lung scintigraphy. Dorsoventral views as well as

lateral views were analysed.

The mean regional I/P decreased in both views from cranial to caudal lung

regions, especially in the right lung, while from dorsal to ventral, it

did not show any specific gradient. I to P inequalities were most

pronounced within the more caudal regions as well as within the ventral

half of the lung.

Compared to former studies in dogs with a dumpy thorax, namely beagle

dogs (Clercx et al (a), Clercx et al (b)), the I/P distribution in DG was

more uniform in both horizontal and vertical directions, and the degree

of local mismatching was generally lower.

The differences in regional I/P distribution between beagles (B) and DG

could be related to morphological characteristics, such as the shape and

size of the thorax, and the weight of the dog. In particular, the height

of the thorax in DG could permit the gravitational force to exert a more

determinant influence than in B.

Improved I to P matching may represent a functional adaptation to

maximize gas exchange efficiency and contribute to athletic performance.

INTRODUCTION

The morphological characteristics of the greyhound dog, such as oblong

deep thorax, strongly developed muscular mass, and low Z fat/% BW (Sams

et al 1985) contribute to the ability of this breed for racing. Higher

blood gas values, lower pH, and specific response to barbiturate

anesthesia (Lumeij et al 1983, Robinson et al 1986) make the greyhound a
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peculiar breed of dog. Its higher FRC/BW is probably also a reflection of

selection for exercise performance (Amis and Jones 1984a). This selection

in the establishment of athletic breeds of dogs could also be reflected

in an increased ventilation to perfusion matching.

In beagle dogs, a small breed with a dumpy barrel thorax, the

inhalation-to-perfusion ratio (I/P) decreased from cranial to caudal

(Clercx et al(a)) and from ventral to dorsal (Clercx et al(b)),

indicating that, in the prone beagle dog, gravity is not the major

determinant of the I/P distribution. In this position, the thoracic

cavity shape could be a more important determinant of regional

ventilation than the effect of gravity on the lung itself (Hubmayr et al

1983).

In this study, the possible influence of thoracic configuration upon the

I/P distribution, as well as the importance of regional and local

dispersion of the I/P in athletic dogs were investigated through 99mTc

inhalation/perfusion lung scintigraphy in anesthetized prone dobermann

mixed greyhound dogs (DG), available from genetic studies. Results were

compared to those obtained from beagle dogs (B) in previous studies

(Clercx et al(a) Clercx et al(b)).

MATERIALS AND METHOOS

Ten dobermann mixed greyhound dogs (DG), available from genetic studies,

from which 5 males and 5 females, aged 4 to 6 years old and weighing 25

to 34 kg (mean 28.5) were used in this study. These dogs presented the

major morphological characteristics of athletic greyhound dogs like a

deep and oblong thorax, strongly developed muscular mass, low respiration

and pulse rate. All dogs were judged to be healthy based on physical,

haematological and radiographical examinations, an ECG and an acid-base

status.

The dogs were premedicated with O.lmg atropine, lmg methadon (SYMORON,

Gist-Brocades, The Netherlands) and 1.25mg dehydrobenzperidol

(DROPERIDOL, Jansen Pharmaceutics, Belgium) per kg body weight

subcutaneously, 45 minutes before anesthesia induction with thiopental up

to 15rag per kg body weight intravenously. They were then positioned in

prone posture (sternal recumbency) under the detector of a gamma camera

(Scintiview LFOV, Siemens Gamroasonics) linked to a computer system (IMAC,
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CGR, Issy-les-Moulineaux, France) on line. Sandbags were placed along

each side of the body and each side of the head. No movements at all of

the dog, the table or the collimator occurred during the whole procedure.

The position was checked to show no deviation of the vertical axis of the

thorax. Persistance of this position was pursued, as checked by the exact

superposition of the different images on the computer screen. The imaging

technique and data processing used were the same as described previously

(Van den Brom et al), employing the inhalation of a 99mTc labelled

aerosol followed by intravenous administration of 99mTc labelled

macroaggregates (MAA).

The scintigraphical inhalation image obtained from aerosol deposition

reflects the ventilation pattern (DV I image). The image obtained after

MAA injection was corrected for the superposition of residual aerosol

activity by a pixel by pixel subtraction technique, taking into account

the relative acquisition lengths.A perfusion image resulted(DV P image ).

A second study was performed several days later in 8 of these dogs with

the collimator placed against the left side of their thorax. In this way,

lateral views could be obtained (side I image and side P image).

After data acquisition of the DV I and P images, left and right lungs

were delineated with a light pen and each lung was divided into 6

equidistant zones numbered from cranial to caudal. On the side I and P

images, the lung was delineated and also divided into 6 equidistant

cranial-to-caudal zones in a first analysis, and then into 6 equidistant

dorsal-to-ventral zones for a second analysis. The relative inhalation

and perfusion (Ir and Pr) were calculated for each zone. The distribution

of the I/P ratios within each constructed slice of lung as well as within

each whole lung was analysed as follows. The I/P ratio of each image

element (pixel) was transformed into its logarithmic value (Z « log I/P)

to get a symmetric distribution, around Z « 0. The mean (Z) was

calculated inside each region. The regional mismatching in the zones was

also characterized by a regional mismatching factor (f) defined as the

ratio between Ir and Pr. For each region the following parameters were

also calculated: (l)local mismatching index p( p - (SIP)a/2 I 2 ! ! * ) ,

resembling a correlation coefficient, varying between 0(complete

•isaatching) and 1 (perfect matching), and not sensitive to regional

mismatching; (2) local mismatching factor <Y>. The possible mismatching

in each pixel (I/P) can be described as the result of the regional

81



V300

1200

1.100

1.000

0.900

0.800

0.700

A
i \

,...»...„ »o

Figure 1.
LI L2 L3 U L5 L6

cranal • • caudal

Left lung zones

R1 R2 R3 Rt RS Re
cranial • • caudal

Right lung zones
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to 6 years-aged dobermann mixed greyhound dogs (n«10).
Vsignificantly lower than the corresponding value in B.
A significantly higher than the corresponding value in B.



mismatching (F) and of a remaining local mismatching (<Y>): I/P = Ty. For

each region the following relationship holds: Z = log<I/P >-log T + log y

where <> denotes a geometric mean. Thus a local mismatching factor <y>

can be calculated for each zone.

The distribution of the relative size of each zone (expressed in number

of pixels) was calculated.

The distributions of these parameters were compared with those obtained

in previous studies in beagle dogs of the same age (Clercx et al(a),

Clercx et al(b)).

Statistics

Values are reported as mean ±SEM. The Student-t test for paired data was

used to test for significance within the group of DG. The same test for

unpaired data was used for the comparison between DG and B. P=0,05 was

chosen as level of significance.

RESULTS

During recovery from anesthesia, 4 dogs presented periods of intense

agitation associated with hyperthermia, alternated with periods of

apathy. They did not fully recover before the next day.

Anesthesia significantly increased PaC02 and decreased pH.

The relative inhalation was significantly higher in total left lung

(mean±SEM = 53.6 ±2.5) than in total right lung (46.4± 2.5), while the

relative perfusion was not significantly different between total left

lung (48.7 ±1.5) and total right lung (51.3±1.5). This resulted in a

significant right-to-left difference inf.

Results from the analysis of the DV view are presented in figures 1 and

2. In both lungs, the regional mismatching factor,p, had an obvious

tendency to decrease from cranial-to-caudal (13.7% and 37.7% of the more

cranial value, for the left and right lungs respectively). Local I to P

inequalities within the zones quantified through the parameter p were

more pronounced in the more caudal left and right zones than in the other

zones. The local mismatching factor <Y> never differed significantly from

1.

Results obtained from side views are illustrated in figures 3 and 4.
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Cranial-to-caudal (3A) and dorsal-to-ventral (3B) distributions of the regional
mismatching factor P , and the local mismatching factor <Y>, each plotted as
•ean ± SEN in 6 equidistant lung zones of a left side view, obtained in
anesthetized prone doberaann Mixed greyhound dogs (n«8).
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Cranial-to-caudal (6A) and dorsal-to-ventral (4B) distribution of the local
•lMatching index p, plotted as Mean iSEM in 6 equidistant lung zones of a left
side view, obtained froa anesthetized prone doberaann aixed greyhound dogs
(n-8).
Vsignificantly lower than the corresponding value in B.
A significantly higher than the corresponding value in B.
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The side cranial-to-caudal analysis of T, <Y>, and P (Figures 3a and 4a)

showed distributions which vere almost similar to those observed from the

DV views.

Figures 3b and 4b illustrate the side dorsal-to-ventral analysis. No

dorsal-to-ventral gradient ofT was found. Local I to P inequalities were

most pronounced in the more ventral zones. < Y > was higher than 1 in the

zones 3 and 4. Moreover, in the more cranial as well as in the more

caudal zones, <Y> was significantly smaller than 1.

Comparison of these results with those obtained in former studies in

beagles (B)(Clercx et al(a), Clercx et al(b)) indicates that the

cranial-to-caudal decrease in r was far less important in DG than in B.

Especially the more cranial left and right values were significantly

lower than in B. In B, the value of T in the more dorsal zone was

significantly lower than in the other dorsal-to-ventral zones, leading to

a dorsal-to-ventral gradient in T which was not seen in DG. The P values

in DG were closer to 1 than in the corresponding zones in B, with the

exception of the more caudal left and right zones as of the ventral half

of the lung. This was particularly marked for the more cranial values

which in B were lower than in all other zones.

The courses of the parameter <y>were generally similar in the 2 types of

dogs. However, some differences in<Y> could be noticed from the analysis

of the side views. In the more cranial zone in B, <y>was significantly

lower than 1 and in the more dorsal and more ventral zones, <Y > did not

differ fro* 1, in contrast to what happened in DG.

The distributions of the relative size of the zones were similar in the

2 types of dogs, along both cranial-to-caudal and dorsal-to-ventral

directions.

DISCUSSION

Findings observed during the recovery of the DG are the same as reported

for racing greyhound dogs (Robinson et al 1986, Lumeij et al 1983).

The scintigraphical analysis is a two-dimensional approach of a

three-dimensional phenomenon. It does not provide absolute values of

either ventilation or perfusion per unit lung volume. However, the

relative values obtained, as well as their scintigraphical distribution



can be compared from one dog to another. Therefore the term I/P was used

instead of the more usual term V/Q.

The size of the lung images was larger in DG than in B. This did not

influence our measurements since the relative size of the zones was

identical in both types of lungs.

The right lung gets more blood than the left one, in DG like in B. This

can be related to the larger size of the right lung in dogs (Evans and

Christensen 1979). However, this is not reflected by the values cf Ir in

the left and right lung. This observation indicates a relative

hypoventilation of the right lung in both types of dogs, but more

pronounced in DG. In DG, Ir was even significantly lower in the right

than in the left lung, enhancing the right-to-left difference inT . This

was not the case in B. This contrast suggests a relation between the

weight of the dog, and the occurrence of hypoventilation in dependent

regions. Impairment of the pulmonary gas exchange associated with large

ventilation to perfusion mismatching as effects of anesthesia or

recumbent posture were also observed in horses (Hornof et al 1986). This

supports the hypothesis of a tendency for increasing hypoventilation in

function of the weight in recumbent postures.

The sustained decrease in T observed in the caudal half of the right lung

in both types of dogs suggests that the compression of the dependent

paradiaphragmatic lung zones exerted by the abdominal contents is

asymmetrically distributed. This asymmetry could be related to the

distribution of the organs in the abdomen, especially the liver and the

empty stomach.

In the 6th DV right zone as well as in the 4th side cranial-to-caudal

zone of side views, T was significantly lower in DG than in B. This could

be related to the presence of the heart in this zone, causing a

relatively higher hypoventilation or hyperperfusion in DG than in B

because of the greater size and weight of the heart in the DG (Schneider

et al 1964).

The dorsal-to-ventral distribution of Tin DG is quite different from

in B. In DG, there is a dorsal-to-ventral decrease in T along the two

upper thirds of the lungs whereas in B there is a general

dorsal-to-ventral increase. In man, a dorsal-to-ventral decrease In

regional I/P is described and is thought to be influenced substantially

by the effect of gravity upon ventilation and perfusion (West et al I960,

West and Dollery 1962). At the contrary, in B, gravity is not the major



determinant of the I/P distribution (Clercx et al(b)). The higher

vertical size of the thorax of DG coirld permit the gravitational force to

exert a more important influence than in B. The importance of the

animal's weight and thoracic height upon the relative influence of the

gravitational force can be illustrated by the comparison of the vertical

ventilation and perfusion distributions in dogs and horses (Amis et al

1984b). In human beings there is a vertical gradient of pulmonary

perfusion, related to the balance between pulmonary arterial, alveolar

and venous pressures (West et al 1964). For instance, the extent of the

West's zone 1 in upper regions depends on the amount of the pulmonary

arterial pressure and the height of the lung. The difference in thoracic

height between DG and B can modify the effects related to the

characteristics of the zones according to West.

In the 2 types of dogs, high T values are observed in the more ventral

zones. These are probably related to a reduction in blood flow to the

most dependent zone as a result of increased pulmonary vascular

resistance linked to low local volume (Hughes et al 1968). The reduced

expansion of lung parenchyma in these regions in prone posture, related

to the weight of the lung or to the enhanced volume occupied by the heart

is probably responsible for the decreased perfusion to the more dependent

zones, when compared to the standing posture (Clercx et al(c)).

Regarding the distribution of f, it appears that in general, the regional

distribution of T was more uniform in DG than in B, in horizontal as well

as in vertical directions. In agreement with this, studies of the V/Q

through 81mKr scintigraphy in conscious standing greyhounds indicate a

relatively uniform distribution of it, in both horizontal and vertical

directions (Amis 1982). The more uniform topographical distribution ofF

occurring in DG when compared to B could be related to morphological

characteristics, as explained above. However, one has to realize that

other mechanisms could be involved, such as intrinsic mechanical or

anatomical differences. Such differences, which have been demonstrated

between lobes of canine lungs (Olson and Rodarte 1984, Beck and Render

1986) could account for the inter-breed differences in topographical

distribution of regional I/P.

The tendency towards improved uniformity between I and P was found

again at intraregional level, as reflected in the p values. As an

exception to this general trend, p was found to be lower in DG than in B

in the caudal half of the right lung (DV view), as well as in the ventral
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half of the lung (side view), where they can be attributed to phenomenons

secondary to compression and presence of the heart, which causes in

particular increased inhomogeneities in regional volume distribution (Bar

Ysai 1986).

In the DV views, <Y >is never significantly different from 1. On the side

views however, it is in DG significantly higher than 1 and higher than in

B in the 2 cranial-to-caudal middle zones, and in the third, 4th and 5th

dorsal-to-ventral zones. These zones include almost completely the

cardiac silhouette. The occurrence of pixels with relatively high I/P in

the lung parenchyma directly surrounding the heart could be due to the

effects of the heart beats, causing cardiogenic motion of the parenchyma

(Wei 1985) and pulsatile changes of gas flow (West 1961).

In conclusion, the more uniforn cranial-to-caudal distribution of the

regional I/P together with the generally better local I to P matching

observed in DG when compared with B will both provide the DG with a more

suitable aptitude for exercise.

Differences in the dorsal-to-ventral distribution of the regional I/P

between the two types of dogs seems to situate the DG between B, in which

influence of the gravitational force does not appear, and man, where the

height of the thorax and weight of the lung permits the gravitational

force to exert an important influence.

88



REFERENCES

Amis, T.C., Hazel A.Jones, and J.M.B.Hughes. A conscious dog model for study of
regional lung function. J.Appl.Physiol. 1982, 53:1050-1054.

Amis, T.C., and Hazel A.Jones. Measurement of functional residual capacity and
pulmonary carbon monoxide uptake in conscious Greyhounds. Am.J.Vet.Res. 1984,
45:1447-1450.

Amis, T.C., J.R.Pascoe, and W.Hornof. Topographical distribution of pulmonary
ventilation and perfusion in the horse. Am.J.Vet.Res. 1984, 45:1597-1601.

Bar-Yishay, E., R.E.Hyatt, and J.R.Rodarte. Effect of heart weight on
distribution of lung surface pressures in vertical dogs. J.Appl.Physiol. 1986,
61:712-718.

Beck, K.C., and K.Render. Differences in regional vascular conductances in
isolated lungs. J.Appl.Physiol. 1986, 61:530-536.

Clercx, C , W.E.van den Brom, and H.W.de Vries. Influence of local pulmonary
mismatching on regional inhalation to perfusion ratios in the dog. Submitted
for publication.

Clercx, C , W.E.van den Bron, and H.W.de Vries. Lack of gravitational influence
on topographical distribution of regional and intraregional
vantilation-to-perfusion mismatching in anesthetized dogs. Submitted for
publication.

Clcrcx, C , W.E.van den Bros, and H.W.de Vries. Effect of posture and
anesthesia on distribution of pulnonary perfusion and lung configuration in
dogs. Submitted for publication.

Evans and Christensen, in: Miller's anatony of the dog, 2d edition, edited by
Saunders WB Company, Philadelphia, 1979, p536.

Hall, L.W. Disturbances in cardiopulsonary function in anaesthetised horses.
Equine Vet.J. 1971, 3:95-98.

Harf, A., T.Pratt, and J.M.B.Hughes. Regional distribution of Va/Q in nan at
rest and with exercise aeasured with krypton-81a. J.Appl.Physiol. 1976,
44:115-123.

Hornof, W.J., C.I.Dunlop, R.Prestage, and T.C.Anis. Effects of lateral
recuabency on regional lung function in anesthetized horses. A*.J.Vet.Res.
1986, 47:277-282.

Hubaayr, R.D., B.J.Walters, P.A.Chevalier, J.R.Rodarte, and L.E.Olson.
Topographical distribution in regional lung voltwe in anesthetized dogs.
J.Appl.Physiol. 1983, 54:1048-1056.

Hughes, J.M.B., J.B.Glazier, J.E.Maloney, and J.B.West. Effect of
extra-alveolar vessels on distribution of blood flow in the dog lung.
J.Appl.Physiol. 1968, 25:701-712.

Luaeij, J.T., S.W.Klein, and A.van Dijk. Evaluation of the unusual complication
incidence associated with general anesthesia in greyhounds;experiaental
studies. Proceeedings Voorjaarsdagen, 1983, p68»71

89



Olson, L.E., and J.R.Rodarte. Regional differences in expansion in excised dog
luung lobes. J.Appl.Physiol. 1984. 57:1710-1714.

Permutt, S., B.Bromberger-Barnea, and H.N.Bane. Alveolar pressure, pulmonary
venous pressure, and the vascular water fall. Med.Thoracalis. 1962, 19:239-260.

Robinson, E.P., R.A.Sams, and W.W.Muir. Barbiturate anesthesia in greyhound and
mixed-breed dogs: comparative cardio-pulmonary effects, anesthesic effects, and
recovery rates. Am.J.Vet.Res. 1986, •47:2105-2112.

Sams, R.A., W.W.Muir, R.L.Detra, and E.P.Robinson. Comparative phamacokinetics
and anesthetic effects of methohexital, pentobarbital, thiamylal, and
thiopental in greyhound dogs and non-greyhound mixed-breed dogs. Am.J.Vet.Res.
1985, 46:1677-1683.

Schneider, H.P., R.C.Truex, and J.O.Knovles. Comparative observations of the
hearts of mongrels and greyhound dogs. Anat.Record, 1964, 149:173-180.

Van den Broa, W.E., C.Clercx, A.J.Van Toor. Quantitative analysis of combined
radioaerosol inhalation and perfusion scintigraphy in dogs. Submitted for
publication.

Wei, J.H., E.A.Hoffman, E.L.Ritaan, and E.H.Wood. Cardiogenic BOtion of right
lung parenchyma in anesthetized intact dogs. J.Appl.Physio. 1985, 58:384-391.

West, J.B., and C.T.Dollery. Distribution of blood flow and ventilation
perfusion ratio in the lung, aeasured with radioactive C02. J.Appl.Physio.
1960, 15:405-510.

Vest, J.B., and P.Hugh-Jones. Pulsatile gas flow in bronchi caused by the heart
beat. J.Appl.Physiol- 1961, 16:697-702.

West, J.B. Regional differences in gas exchange in the lung of erect s*n.
J.Appl.Physiol. 1962, 17:893-898.

West, J.B., C.T.Dollery, and A.Naiaark. Distribution of blood flow in isolated
lung, relation to vascular and alvedar pressures. J. Appl. Physio. 1964,
19:713-724.



i n . 4. Studies of canine lung surfactant phospholipids:
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ABSTRACT

To investigate possible age- and breed-related changes"in the quality of

surfactant phospholipids in dogs, we determined the lipid composition of

surfactant purified from alveolar lavage fluids, in three age-categories

of beagles (3 to 7 months old; 3 to 7 years old; 12 years and older) and

in one group of greyhounds (4 to 14 years old). Alveolar lavage appeared

a simple and safe technique for the collection of material from the lower

airways of dogs.

The phospholipid patterns of surfactant isolated from the three

age-categories of beagles showed a significant tendency towards a higher

content of phosphatidylcholine (PC) with aging. It is attractive to

speculate that this could be one of the mechanisms which permit in old

dogs an efficient lung function despite pulmonary morphological and

•echanical changes.

The lipid composition of surfactant isolated from greyhounds differed

significantly from that of the beagles. In greyhounds, a higher content

of saturated phosphatidylcholine (SPC) and of phosphatidylglycerol (PG)

was found. The "better" quality of surfactant in greyhounds could be

related to an improved physiological function of surfactant in racing

breeds.

INTRODUCTION

The Mechanical stability of the alveoli, the gas exchanging units of the

lung, depends highly upon the surface-active Material that coatm the

alveolar surfaces. This complex material, pulmonary surfactant, consists

••inly (approi.902) of lipids and contains, in addition, several
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surfactant-specific proteins (King and Clements,1972). The monolayer of

surfactant lipids at the air-liquid interface diminishes the net

contractile force of the alveolar surface, thus preventing the airspaces

from collapsing and flooding at end-expiration (Clements,1977). A

surfactant deficit, indeed, compromises the alveolar gas exchange

process, a situation that becomes manifest for instance in the

respiratory distress syndrome (RDS) of the neonate (Farrel and

Avery,1975). Although the changes in amount and composition of surfactant

lipids during perinatal maturation of the lung have been extensively

investigated (for an excellent review see Rooney,1985), very little is

known about possible alterations in the surfactant system upon aging.

Studies with dogs have provided evidence for morphological as well as

mechanical changes associated with lung aging (Robinson and

Gillespie,1973( Mauderly and Hahn.1982). As impaired lung mechanics (high

resistance, low compliance and low functional residual capacity) have

been observed in premature newborn infants suffering from respiratory

distress syndrome (Farrel and Avery.1975) as well as in adults in which

the pool of alveolar surfactant had been depleted (Lachnan 1980), it is

tempting to speculate that the age-related changes in lung Mechanics and

volumes are related to differences in the surfactant system. Actually, a

recent Morphologic study did suggest that the surfactant production in

aging mor.Scey lungs may be impaired (Shimura et al,1966). In the present

study we investigated the question whether or not changes occur in the

composition of pulmonary surfactant isolated fro* three age-groups of

beagle dogs.

The phospholipid patterns of surfactant Isolated from a variety of adult

mammalian species are quite similar (Shelley et al,1964). There are no

indications in the literature that this similarity would not apply to the

various breeds of dogs. However, the greyhound is a peculiar breed of

dog, owing to specific athletic conformation, ability for exercise, low

Zfat/Xbody weight, unusual blood values and reactions to anesthesia

(Lumeij et al.1983, Robinson et al,1986), higher functional residual

capacity (FRC)/kg body weight (Amis and Jones,1984), and improved

ventilation-to-perfusion matching (Clercx et al). Because of this reason,

we included in the present study a group of greyhounds in order to

investigate whether these specific pulmonary and circulatory

characteristics are also reflected in a different composition of the

surfactant system in these dogs.
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MATERIALS AND METHODS

Animals.

Twenty-six dogs (18 Beagles and 8 Greyhounds) were divided into four

groups. Group 1 consisted of 5 Beagles, 3 to 7 months of age, with a mean

body weight of 7.0 kg. Group 2 consisted of 6 Beagle dogs, 3 to 7 years

of age, and with a mean body weight of 15.0 kg. Group 3 consisted of 6

Beagle dogs, aging 12 years and older, with a mean body weight of 18.0

kg. Group 4 consisted of 7 greyhounds, U to 14 years of age, with a mean

body weight of 26.0 kg. Each dog was free of respiratory diseases,

according to the results of clinical examination, radiography and

bronchoscopy.

Alveolar lavage.

In the dogs in group 1, fentanyl' (0.015 mg/kg), dehydrobenzperidol1

(0.75 mg/kg) and atropine2 (0.1 mg/kg) were administered subcutaneously.

Anesthesia was induced by thiopental3 administered intravenously and the

dog was then placed in dorsal recumbency. Halothane* and oxygen were

administered via the bronchoscope. In the dogs in groups 2 and 3,

oethadones (1.0 mg/kg), dehydrobenzperidol " (1.25 mg/kg) and atropine2

(0.1 mg/kg) were administered subcutaneously. Anestheisa was induced as

in group 1. In the dogs in group 4, methadone 5 (0.5 mg/kg),

dehydrobenzperidol (0.625 mg/kg), azopromazine (0.05 mg/kg) and

atropine 2 (0.1 mg/kg) were administered subcutaneously. Anesthesia was

induced by oethohexital administered intravenously. The dog was then

placed in dorsal recumbency and halothane ''and oxygen were administered

as in group 1. Differences in anesthetic protocols used are related to

age-related, differences in sensitivity and to a peculiar response of the

greyhounds to barbiturates (Lumeij et al,1983).

All alveolar lavages were preceeded by a routine bronchoscopic

examination of the tracheobroncheal tree (Venker-Van Haagen,1979). Rigid

bronchoscopes and telescopes were used in several sizes (Venker-Van

Haagen et al.1985), depending on the size of the dog. The actual lavage

began by positioning of the bronchoscope in line with the orifice of the

bronchus selected for the procedure. In soae dogs, the interraedial

bronchus, and in sose dogs the dorsal diaphragmatic bronchus was

selected, according to the accessibility of the orifice. The tip of the
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rigid canula used for the lavage was then introduced into the bronchus.

In order to limit the lavage to the intermedial lobe or the dorsal

segment of the right caudal lobe, the bronchus was closed using an air

inflated cuff9 placed over the tip of the canula. The flushing system1°

consisted of a sterile mucus suction set connected via a three-way

stopcock to alternatively the suction pump and the fluid for flushing.

For each lavage, 15 to 150 ml 0.9 per cent NaCl solution (on body

temperature) was used. The collection of whitish foaming fluid indicated

an efficacious alveolar lavage.

After the experiment, the thorax of each dog was radiographed. All dogs

received trimethoprim plus sulfadiazine (15 mg (combined) /kg q 12h per

os) during one week following the lavage.

Lipid analysis of pulmonary surfactant.

The collected fluid was centrifugated at 150g for 10 min to remove

cellular debris. The preparations were isolated from the 150g supernatant

as described by King and Clements (1972). Lipid extraction of the

surfactants were carried out by the method of Bligh and Dyer (1959).

Known aliquots of the lipid extracts were used for lipid phosphorus

determination (Bartlett 1959). Subsequently the surfactant phospholipids

were separated by two-dimensional thin-layer chromatography on Silica-G

plates impregnated with boric acid (Poorthuis et al 1976). After

separation, the lipid-containing spots were scraped off and assayed for

phosphorus content, except for the phosphatidylcholine fraction. This

fraction was extracted from the silica with three portions of 2 ml

chloroform/methanol (1:2 v/v). An aliquot of the phosphatidylcholine

extract was used for phosphorus determination and the remainder employed

to estimate the proportion of disaturated phosphatidylcholine (Mason et

al 1976).

Statistics.

The value of each component in a sample resulted from a duplicate

measurement. The mean values ± SEM were calculated in each of the 4

groups for each phospholipid component. The beagles were compared to the

greyhounds using the Student-t test for unpaired data. A one-way analysis

of variance was used to test for significance of differences between the

three age-categories of Beagles. P-0.05 was chosen as level of

significance.



Table I. Composition of phosphollpid surfactant in dogs.

Group PC saturated PC PG
i% of PC)

PE PI PS SF + LPC

young beagles 5 69.5* * 2.9 6<i.U * 5.8 6.6 ± 1.7 5.2 i 1.1 6.3 ± 1.3 6.2 ± 0.8 6.0 ± 0.8

middle-aged 6 7 5 - 9 * * 1.0 67.1 ± 't.'t 9.6 ± 1.2 it,3 * 0.5 3-3 * 0.2 5.0 i l.lt 2.1 ± 0.1
beagles

old beagles 6 78.3* ± 1.3 68.8 ± 5.2 10.2 t 0.5 4.1 ± 0.6 k.7 t I.I 1.3 ± 0.2 2.3 ± 0.9

all beagles 17 7A.9 ± 1.3 66.9 * 2.8 8.7 * 0.7 4.*• t 0.<t U.7 t 0.6 3.8 ± 0.7 3.3 ± 0.6

Greyhounds 7 7A.9 t 0.7 79.5 ± 2.8^ 12.3 * 0.6* 3-9 ± 0.9 J-'t * 0.5 3.0 i 0.6 3.8 ± 0.5

n - number of dogs

PC « phosphatidylchoiine

PG » phosphatidylglycerol

PE » phosphatidylethanolamine

PI « phosphatidylinositol

PS - phosphatidylserine

SF • sphingomyelin

LPC « lysophosphatidyIcholine

value in Greyhound significantly different from those 'n beagle,

significant difference between the three age categories of beagles.



RESULTS

The bronchoscopic examination before lavage did not reveal abnormalities

of the trachea and bronchi. Immediately after lavage, bronchoscopv

detected only some frothy material in all dogs. Local congestion at the

site of the cuff was found in a few dogs. Reactions to lavage were

negligible, as evidenced by no changes in pulmonary auscultation and

radiographic pattern after the experiment.

Table 1 summarizes the phospholipid composition of the surfactant in each

of the It groups of dogs. In beagles, there was a significant tendency for

a higher content of f'C with aging (P = 0.013). There was also a trend

towards a higher content of l'G with aging, but this effect was not

significant O' = 0.11). The grevhounils had a significantly higher SIT

percentage, and P(l than the beagle dogs.

DISCUSSION

Alveolar lavage permits the collection of large amounts of

bronchoalveolar fluid from the lower airways. In man lavage has become an

acceptable method for recovering cells and proteins in order to obtain

information about processes involved in the immunopathogenesis and

inflammatory injury fom patients with a variety of respiratory diseases

(Reynold 1987). The use of a bronchoscope permits direct visualisation of

the respiratory tree and the choice of the bronchus which will be wedged

and lavaged. The volumes that we infused are small in comparison with

other studies in healthy dogs (Brown et al,1983, Ansfield et al,1979).

Regarding the lung volumes at FRC in unanesthetized beagles (Dubin and

Westcott,1969)( 0.5L for a 15Kg-dog) and greyhounds (Amis and Jones,1984)

( 2L for a 25Kg-dog), it appears that only a small proportion of the

wedged volume of lung has to be filled with saline in order to obtain a

sample of good quality. In man, bronchoalveolar lavage may sometimes lead

to benign transient changes in radiographic appearance (Gurney et

al,1987), without any clinical signs however. In our dogs, we did not

observe any clinical or radiographical changes.

The composition of surfactant phospholipids that we obtained from lung

lavage in beagles are in agreement with other studies in beagles (Pfleger
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and Thomas,1971) or in mongrel dogs (King and Clements,1972, Blunden et

al,1985).

There was a significant tendency towards a higher content of PC with

aging. Despite described age-related changes in lung morphology, lung

mechanics and volumes (Robinson and Gillespie,1973, Mauderly and

Hahn,1982), no differences in blood gases are observed in dogs, in

contrast to in man (Mauderly and Hahn,1982). This suggests that

compensating mechanisms develop in aging dogs, which prevent impairment

of gas exchange efficiency. Also, there are no major differences in the

distribution of the inhalation-to-perfusion ratio (I/P) with aging.

However, the presence of pulmonary units with a high I/P in the lungs of

old dogs suggested ventilatory compensating mechanisms, thought to be due

to the exceptional quality of the collateral ventilation in dogs (Clercx

et al). It now appears that an "improved" quality of the surfactant in

aging dogs (enriched with PC and PG) may be another ventilatory

compensating mechanism. In connection to this, it is interesting to

mention that exogenous surfactant preparations enriched with SPC and PG

appear to be more efficient for the replacement therapy in neonates with

RDS (Fujiwara,1984).

In the greyhounds, the content of SPC as well as of PG is significantly

higher than in beagles. As SPC is the principal surface-active component

of lung surfactant (Clements,1977), and as the reduction of the surface

tension at the fluid-gas interface is the most essential function of

pulmonary surfactant, it suggests that surfactant in greyhounds is

"better" than in beagles. Content of PG was also significantly higher in

greyhounds than in beagles. However, the role of PG in surfactant is not

yet fully elucidated. PG appears in fetal lung fluids around term. This

finding has been used to develop predictive indices of fetal lung

maturity (Hallman et al,1976). Although PG is absent in fetal fluids from

most infants developing neonatal RDS, it does not appear to be absolutely

required for normal surfactant function. For example, neonates of some

species lack PG at birth but do not show respiratory distress (Van

Golde.in press). However, PG may modify the physical properties of

surfactant to improve its efficacy (Hallman et al,1976).

Therapeutic surfactant replacement in neonates suffering from RDS also

establishes the FRC (Lachman 1981,Farrel and Avery,1975). Therefore, the

"better" quality of the surfactant in greyhounds could be related to the

higher FRC/Kg body weight observed in greyhounds (Amis and Jones,1984).
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This large FRC per unit of body weight may reflect selection for exercise

performance. Similarly, ventilation and perfusion are well-matched in the

lungs of greyhounds (Amis et al,1982) and better matched in the lungs of

athletic dogs than in beagles (Clercx et al). This may also represent a

functional adaptation to maximize gas exchange and contribute to athletic

performance. The improved lung function in greyhounds indicate

breed-differences in lung physiology. The present study suggests that

this could be related to differences in phospholipid pattern of

surfactant.

In conclusion, an improved quality of surfactant phospholipids with age

may be one of the ventilatory compensating mechanisms which maintain the

efficiency of gas exchange in aging dogs, despite morphological and lung

mechanical changes.

In greyhounds, the surfactant phospholipids present interesting features.

Investigation of protein composition and surface tension would be

required for a better knowledge of the surfactant system characteristics

in aging dogs and in greyhounds.

Acknowledgements.

The authors thank Dr B. Lachmann for his help in the perfectioning of the

alveolar lavage technique.

Footnotes.

1 Thalamonal, Janssen Pharmaceutica B. V., Beersse, Belgium.
2 Atropine Sulfas, Brocacef B. V., Maarsse, The Netherlands.
3 Nesdonal, Specia, Paris, France.
** Fluothan, ICI-Farma, Rotterdam, The Netherlands.
5 Symoron, Gist-Brocades, N. V., Delft, The Netherlands. [
6 Droperidol, Janssen Pharmaceutica B. V., Beersse, Belgium.
7 Vetranquil, Sanovi B. V., Paris, France. '
8 Brietal, Eli Lilly France S. A., St Cloud, France.
9 Willy Rusch, PO 1620, D 7050 Waiblingen, FRG.
international Medical Products, Zutphen, The Netherlands.

il
98 ) 1



King RJ, Clements JA (1972) Surface active materials from dog
lung.II.Composition and physiological correlation. Amer J Physiol 223:715-726.

Lachmann B, Robertson B, Vogel J (1980) In vivo lung lavage as an experimental
model of the respiratory distress syndrome. Acta Anaesthesiol Scand 24:231-236.

Lumeij JT, Klein SW, van llijk A (1983) Evaluation of the unusual complication
incidence associated with general anesthesia in greyhounds; experimental
studies Proceedings Voorjaarsdagen 68-71.

Mauderly JL, Hahn FF (1982) The effects of age on lung function and structure
of adult animals. Adv Vet Sc Comp Med 26:35-77.

Mason RJ, Nellenbogen J, Clements JA (1976) Isolation of disaturated
phosphatidylcholine with osmium tetroxide. J Lipid Res 17:281-284.

Page-Roberts BA (1972) Preparation and partial characterization of a lamellar
body fraction from rat lung. Biochim Biophys Acta 666:382-393.

Pfleger RC, Thomas HG (1971) Beagle dog pulmonary surfactant lipids. Arch
intern Med 127:863-872.

Poorthuis BJHM, Yasaki PJ, Hostetler KY (1976) An improved two-dimensional
thin-layer chromatography system for the separation of phosphatidylglycerol and
its derivatives. J Lipid Res 17:433-437.

Redar AH, DeNicola DB, Muggenburg BA (1980) Bronchopulmonary lavage cytology in
the dog: normal findings. Vet Pathol 17:294-304.

Reynolds HY (1987) Bronchoalveolar lavage. Am Rev Respir Dis 135:250-263.

Robinson EP, Sams RA, Muir WW (1986) Barbiturate anesthesia in greyhound and
mixed-breed dogs: comparative cardio-pulmonary effects, anesthetic effects, and
recovery rates. Am J Vet Res 47:2105-2112.

Robinson NE, Gillespie JR (1973) Morphological features of the lungs of aging
beagle dogs. Am Rev Respir Dis 108:1192-1199.

Rooney SA (1985) The surfactant system and lung phospholipid biochemistry. Am
Rev Respir Dis 131:439-460.

Shelley SA, Paciga JE, Bales JV (1984) Lung surfactant phospholipids in
different animal species. Lipids 19:857-862.

Shimura S, Boatman ES, Martin CJ (1986) Effects of ageing on the aalveolar
pores of Kohn and on the cytoplasmic components of alveolar type II cells in
momkev lungs. J Pathology 148:1-11.

Van Golde LMG, Batenburg JJ, Robertson B. The pulmonary surfactant system:
biochmical aspects and functional significance. Physiol Rev in press.

Venker-van Haagen AJ (1979) Bronchoscopy of the normal and abnormal canine. J
Am An Hosp As 15:397-410.

Venker-van Haagen AJ, Vroom MW, Heijn A, van Ooijen PG (1984) Bronchoscopy in
small animal clinics: an analysis of the results of 228 bronchoscopies. J Am An
Hosp As 21:521-526.

99 u



REFERENCES

Ansfield MJ, Kaltreider HB, Benson BJ, Caldwell JL (1979) Immunosuppressive
activity of canine surface active material. J Immunol 122:1062-1066.

Amis TC, Jones Hazel A, Hughes JMB (1982) A conscious dog model for the study
of regional lung function. J Appl Physiol 53:1050-1054.

Amis TC, Jones HA (1984) Measurement of functional residual capacity and
pulmonary carbon monoxide uptake in conscious greyhounds. Am J Vet Res
45:1447-1450.

Bartlett GR (1959) Phosphorus assay in column chromatography. J Biol Chem
234:466-468.

Bligh EG, Dyer WJ (1959) A rapid method of total lipid extraction and
purification. Can J Bioch Physiol 37:911-917.

Blunden AS ,Hill CM, Brown BD, Morley CJ (1985) Lung surfactant composition in
puppies dying of fading puppiy complex. Res Vet Sc 42:113-118.

Brown NO, Noone KE, Kurzman HD (1983) Alveolar lavage in dogs. Am J Vet Res
44:335-337.

Clements JA (1977) Function of the alveolar lining. Am Rev Respir Dis
115:67-71.

Clercx C, van den Brom WE, De Vries HW The effect of age on the regional and
loc^l pulmonary matching of ventilation-to-perfusion in healthy beagle dogs.
Submitted for publication.

Clercx C, van den Brom WE, de Vries HW Scintigraphical (topographical)
distribution of the inhalation-to-perfusion ratio in athletic dogs. Submitted
for publication.

Dubi-n SJ, Westcott RJ (1969) Functional residual capacity of normal
unanesthetized beagle dogs. Am J Vet Res 30:2027-2030.

Farrel PM, Avery ME (1975) Hyalin membrane disease. Am Rev Respir Dis
111:657-688.

Fujiwara T (1984) Surfactant replacement in neonatal RDS. In: Pulmonary
Surfactant, edited by B Robertson, LMG Van Golde and JJ Batenburg. Amsterdam,
Elsevier, p 479-503.

Gurney JW, Harrison WC, Sears K, Robbins RA, Dobry CA, Rennard SI (1987)
Bronchoalveolar lavage: radiographic manifestations. Radiology 163:71-74.

Hallman M, Kulovitch M, Kirkpatrick E, Sugarman RG, Gluck L (1976)
Phosphatidylinositol and phosphatidylglycerol in amniotic fluid: indices of
lung maturity. Am J Obstet Gynecol 125:613-617.

King RJ (1984) Isolation and chemical composition of pulmonary surfactant. In:
Pulmonary surfactant, edited by B.Robertson,LMG Van Golde and JJ Batenburg,
Elsevier, Amsterdam.

King RJ, Clements JA (1972) Surface active materials from dog lung. I. Method
of isolation. Amer J Physiol 223:707-714.

100



Chapter IV.

Pulmonary scintigraphy in

experimental lung disease.

I



iv, i. Pulmonary scintigraphy in canine lobar and sublobar
airway obstruction.
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ABSTRACT

The intrapulmonary distribution of the inhalation-to-perfusion ratio

(I/P) was studied after the placement of an obstruction in a sublobar

bronchus (SLO) and in a lobar bronchus (LO) in seventeen anesthetized

prone (sternal recumbent) dogs.

SLO or LO did not induce any significant changes in the standard

ventilatory and hemodynamical parameters measured. Using 99mTc aerosol

inhalation combined to 99mTc perfusion lung scintigraphy, parameters

quantifying the I to P mismatching at regional as well as at local levels

were calculated.

SLO increased the relative ventilation to the lung containing the

obstruction, induced a shift of blood from the obstructed segment to the

rest of the same lung, and increased the mean I/P in both the obstructed

segment and the lung containing the obstruction.

LO diverted air and blood away from the obstructed lobe to the

contralateral lung, but blood in a lesser extent. LO decreased the mean

I/P in the obstructed lobe but also in the lung containing the

obstruction. LO also increased significantly the local I to P mismatching

in the obstructed lobe as well as in the rest of the same lung.

After withdrawal of LO and reinsufflation of the collapsed lobe, blood

continued to leave this lobe, while the withdrawal of SLO allowed a

recovery of the initial perfusion. This suggests that both hypoxic

vasoconstriction and mechanical factors such as vascular distortion are

involved in the blood shifts observed, and require some delay to be

relieved.

We conclude that compensating mechanisms such as collateral ventilation

and vasoconstriction in response to alveolar hypoxia are more effective

in case of SLO than in case of LO to preserve the I to P matching.
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INTRODUCTION

Good matching between blood flow and inhaled air in lungs is essential

for good lung function. Therefore compensating mechanisms such as

collateral ventilation, hypoxic vasoconstriction, and differences in

bronchial diameter regulate the ventilation-to-perfusion ratio. Their

relative importance varies in dependence of the species (Robinson, 1982).

In dogs, the collateral ventilation is extremely effective (Flenley et

al, 1972, Kuriyama et al, 1984, Peake et al, 1981) while the

vasoconstrictive response to alveolar hypoxia (HVC) at lobar level is

described to be rather weak compared to other species (Barer et al, 1969,

Voelkel, 1986).

Collateral ventilation provides a good ventilation to a sublobar segment

obstructed (Macklera, 1971, Metcalf et al, 1978). Then no hypoxia, or HVC

are expected. Blood gas values, ventilatory pattern and hemodynamic

condition can be supposed to remain stable. On the other hand, the

decrease in functional parenchymal volume and HVC expected in case of

lobar obstruction could induce modifications in cardiopulmonary

parameters, as suggested earlier (Hobbs et al, 1972).

Acute obstruction of a lung lobe in dog is followed by atelectasis of it

and by a blood shift out of this zone (McFarlane et al, 1984). However,

controversy persists regarding the factors involved in blood shift.

According to some authors, mechanical factors are involved (Glasser et

al, 1983), while according to others, HVC is the only mechanism that

diverts blood away from a hypoxic area (Benumof, 1979, Pirlo et al,

1981).

To investigate in dogs the relative contribution of the compensating

mechanisms mentioned above upon the Inhalation to Perfusion ratio(I/P),

we compared the obstruction of a sublobar bronchus (SLO), with the

obstruction of a lobar bronchus (LO), using 99mTc inhalation/perfusion

lung scintigraphy and analysis of the I/P distribution. In particular, we

compared the blood distributions before, during, and after SLO and LO.

The hemodynamic condition and respiratory state were monitored during SLO

and LO.
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MATERIALS AND METHODS

Animals.

Seventeen dogs of various breeds (7 mongrel dogs5 1 cocker spaniel, 1

bull terrier and 8 beagle dogs), weighing between 8 and 18 kg (median =

13) were used in these studies. The dogs were premedicated with 0.1 mg

atropine, 1 mg methadon (SYMORON,Gist-brocades), and 1.25 mg

dihydrobenzoperidol (DROPERIDOL,Jansen Pharmaceutica) per kg body weight

subcutaneously. Forty-five minutes later, anesthesia was induced by rapid

infusion of a solution NaCl 0.9% containing 80 mg methadon and 100 mg

dihydrobenzoperidol per liter. Anesthesia was maintained by a slow

infusion of the same solution and the dogs were intubated.

Standard ventilatory and hemodynamical measurements.

Catheters were passed into the femoral artery (Secalon 16G,VIGGO), and

into the pulmonary artery via the jugular vein (Schwan Ganz 93A-140-7F),

and connected to pressure transducers (Gould Statham P23Db). Arterial

blood was sampled from the femoral artery for blood gas analysis (Pa02,

PaC02, pH and base excess). Systemic arterial pressure (Pa), pulmonary

artery pressure (PAP), capillary wedged pressure (PCWP), and an ECG were

recorded. Cardiac output (CO) was measured by a thermodilution technique

using a CO computer (COM-1,EDWARDS). The tracheal tube was connected to a

pneumotachograph (Gould)(Fleish head nol). Pleural pressure was estimated

with a thin-walled balloon placed between the lower and the middle thirds

of the esophagus, and connected to a differential pressure transducer

(Meinhardt) via a polyethylene catheter. Volume and pleural pressure were

recorded on a polygraph (Gould recorder 26OOS). These hemodynamic and

ventilatory parameters were recorded before the placement, during, and

after withdrawal of an obstruction. Mean values i. SEM were calculated for

each of these 3 stages.

Obstruction

Sublobar obstruction (SLO):

An obstruction was firmly placed in a segmental airway of the right

caudal lobe in 7 dogs, and in a segmental airway of the left lower lobe

in one dog,using a fiber-optic bronchoscope (Fujinon FB-SBF) and an

alligator endoscopic forceps.

Lobar obstruction (L0):
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In 8 dogs, the right lower lobe (RLL) or the RLL together with the right

intermediated lobe (RIL) were obstructed, while in 4 others, the left

lower lobe (LLL) was obstructed.

The obstruction material consisted of a rigid central axis, surrounded by

thin sponge and latex cover, and a long withdrawal thread. The correct

positioning of the obstruction during the study was confirmed by a second

fiber-optic bronchoscopic examination before withdrawal.

Scintigraphical measurements

The dogs were placed in prone position (sternal recumbency) with sai.^bags

along each side of the body and the head, under the parallel hole

collimator of a gamma camera (Scintiview LFOV, Siemens gammasonics B V ) ,

linked to a computer (IMAC, CGR) on line. Inhalation/perfusion lung

scintigraphy was performed, using a 99mTc labelled aerosol for the

inhalation study, followed by injection of 99mTc labelled macroaagregates

(MAA) for the perfusion study. The scintigraphical inhalation image

obtained after aerosol inhalation reflects the ventilation pattern (I

image). Images showing an excessive deposition of aerosol particles upon

the obstructing material were excluded. Then the image obtained after MAA

injection was corrected for the superposition of residual aerosol

activity by a pixel by pixel subtraction technique, taking into account

the relative acquisition lengths. A perfusion image resulted (P image).

After withdrawal of the obstruction, the collapsed piece of lung was

reexpanded through a deep insufflation, and 99mTc labelled MAA were

injected once more 2 to 3 minutes after withdrawal. This was followed by

the acquisition of a second MAA image.

Scintigraphic method and data processing were essentially as described

previously (Van den Brom et al). After data acquisition of the P and I

images, left and right lungs were delineated with a light pen.

Supplementary areas of interest were delineated, corresponding to the

obstructed lobe (LO region) or to the obstructed segment of a lobe (SLO

region). The relative inhalation (Ir) and perfusion (Pr) were calculated

for each selected region. Functional images were constructed, namely P-I,

and I-P. The distribution of the I/P ratios within each region was

analyzed as follows. The I/P ratio of each image element (pixel) was

transformed into its logarithmic value (Z = log I/P) to get a symmetric

distribution, around Z = 0. The mean, Z, and the standard deviation, Sz, | j

were calculated inside each region. For each region, the following i »
'i }
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parameters were also calculated: (1) local mismatching index p(p = (ZIP) 2

/( El 2 . IP2), resembling a correlation coefficient, and varying between 0

and 1; (2) relative overperfusion, A + , defined as the fraction of the

total perfusion of a region unmatched by the ventilation; (3) perfusion

density factor, Dpf, defined as the ratio between the mean perfusion

count density of the region (Pr/Sr) and the mean count density in the

whole lung (Ptot/Stot), where Pr, Ptott Sr, and Stot denote the perfusion

counts and the lung area of the region studied and of the whole lung

respectively ; (4) inhalation density factor, Dif, defined in a similcr

way as Dpf.

The way of analysis used to compare inhalation to perfusion images can

also be applied for the comparison between two perfusion images (Van den

Brom et al), in which case the meaning of the parameters described is of

course different. The two MAA images PI(during obstruction) and P2 (after

its withdrawal) were compared with each other. Similar parameters but

wearing a supplementary indice (p) were calculated: Z(p), Sz(p),A4-(p),and

P(P).

Other scintigraphic parameters have been calculated (Van den Brom et al)

but are not reported here, because of their lack of significance to the

problem studied here.

Procedures

The 3 following steps were performed at one week interval

a. A standard inhalation/perfusion lung scintigraphical analysis was

performed on 17 dogs.

b. An inhalation/perfusion scintigraphy and analysis of standard

ventilatory and hemodynamical measurements were performed in dogs 1 to 12

after experimental sublobar obstruction (SLO).

c. An inhalation/perfusion lung scintigraphy and analysis of standard

ventilatory and hemodynamical measurements were performed in dogs 6 to 17

after experimental lobar obstruction (LO).

Statistics.

All results are reported as mean ± SOI. A two-way analysis of variance was

used to test for significance of differences in variables (P-0.05).
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Figure 1 .

Scintigraphical image (DV view) obtained ufler <)9roTc aerosol inhalatiun in an
anesthetized dog in sternal recumbencv after an experimental obstruction of the
right lower lobe.

Figure 2.

Functional scintigraphical images (DV views) obtained in an anesthetized prone
dog after an experimental obstruction of the right lower lobe. Figure 2A
represents the areas where the counts due to perfusion are higher than the
counts due to inhalation (P-I). The complementary image (I-P) can be seen in
figure 2B.
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Table 1. Effects of the placement of an obstruction in a sublobar (SLO) and
in a lobar (LO) airway, and of their withdrawal upon cardio-pulmonary
variables in dogs.

CO/BW

PAP

PCWP

PVR

Pa

HR

PaO2

PaC02

pH

VT/BW

AP

RR

(L/min. kg)

(kPa)

(kPa)

(L/min. kPa)

(kPa)

(beats/min.)

(kPa)

(kPa)

(u)

(ml/kg)

(cm H2O)

(breaths/min.)

i

i

±

±

±

±

±

±

±

±

±

±

a

0.21
0.03

1.44
0.19

0.84
0.20

13.2
0.7

12.1
0.7

101
10

12.6
1.2

7.3
0.5

7.19
0.03

10.1
0.9

1.9
0.3

11.6
1.3

±

±

±

±

±

±

t

±

±

±

±

±

SLO

b

0
0

1
0

0
0

1

12
0

93
8

12
1

7
0

7
0

9
1

2
0

11
1

.20

.02

.40

.17

.81

.20

.4

.1

.7

.7

.1

.1

.5

.20

.03

.0

.2

.1

.1

.8

.3

±

±

±

±

±

±

±

±

±

±

±

±

c

0.19
0.02

1.46
0.16

0.96
0.17

11.3
2.8

13.0
0.9

85
7

13.5
1.2

7-1
0.4

7.20
0.02

9.9
0.9

1.9
0.1

13.2
1.8

±

t

±

±

±

±

±

±

±

±

±

i

a

0.21
0.03

1.64
0.23

0.86
0.12

19.4
2.0

14.0
0.9

118
15

12.1
0.7

6.6
0.3

7.23
0.02

8.2
1.0

2.1
0.1

11.4
1.1

±

t

±

±

±

±

±

±

t

±

±

±

LO

b

0.21
0.02

1.53
0.21

0.88
0.12

16.5
1-7

13.3
0.8

108
11

12.4
1.1

6.3
0.2

7.23
0.01

10.1
0.8

2.6
0.6

11.7
1.2

*

t

t

±

±

±

t

t

t

t

±

t

c

0.19
0.02

1.44
0.21

0.90
0.21

14.7
3.1

14.0
0.9

99
11

13.4
0.9

6.5
0.3

7.24
0.02

8.6
1.4

2.9
1.4

12.5
1.3

Values are mean ± SEK. n varies between 5 and 7-

CO/BW, cardiac output per kg body weight; PAP, mean pulmonary arterial pressure;

PCWP, mean pulmonary capillary wedged pressure; PVR, pulmonary vascular resistance

Pa, arterial systemic pressure; HR, heart rate; PaO2, arterial 0 2 pressure,

PaC02, arterial C02 pressure; V./BW, tidal volume per kg body weight; A P ,

difference between maximal and minimal pleural pressure; RR, respiratory rate,

a » before placement of the obstruction; b • during obstruction; c - after

withdrawal of the obstruction.



RESULTS

Anesthesia with methadon-dehydrobenzperidol infusion induced a

satisfactory relaxation and immobility except in two dogs which showed an

abnormal behaviour consisting of excitation and hyperesthesia. One of

them was excluded from the study while the other became quiet after a

period of 10 minutes and could be included.

Selective obstruction of the RLL only could not be obtained in all

cases because of the proximity of the right caudal and the right

intermediate bronchi (Venker-Van Haagen,1979). When the left lower

bronchus was occluded, atelectasis of the LLL allowed the RIL to move

into the left hemithorax.

Images obtained during the scintigraphical analysis are shown in

figures 1 and 2.

Standard hemodynamical and ventilatory results are presented in Table

1. Neither the placement of a segmental obstruction, nor of a lobar

obstruction, nor their withdrawal induced significant changes in these

hemodynamical and ventilatory variables.

Scintigraphical results are presented in Tables 2, 3 and 4.

Table 2 collects the scintigraphical variables from lungs before

obstruction and from lungs containing SLO or LO, in the 4 regions

analysed: the SIX) region, the LO region, the lung containing the

obstruction and the contralateral lung. In the contralateral lung,

neither SLO nor LO did induce significant changes in the majority of the

parameters.

As shown by the Z value, LO induced a significant decrease of the I/P

ratios, especially in the LO region but also in the lung containing the

obstruction. At the contrary, SLO tended to increase the I/P ratios in

both the SLO region and the lung containing the obstruction.

From the Ir, Pr, Dif, and Dpf values, it appears that LO decreased both

the inhalation and perfusion to the LO region as well as to the lung

containing the obstruction although perfusion in a lesser extent. SLO

essentially decreased the perfusion to the SLO region, and redistributed

it to the rest of the same lung, and increased the ventilation to the

lung containing the obstruction but not to the area involved.

From the Sz and p values, it appears that in case of LO, the

inhomogeneity in the I/P ratios increased in the LO region as well as in

the lung containing LO while it did not increase in case of SLO.
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Table 2. Comparison of the mean scintigraphical values between normal lungs (N), lungs with a sublobar
obstruction (SLO) and lungs with a lobar obstruction (LO), in * regions: the obstructed
regions (SLO and LO regions), the lung containing the obstruction (obstructed lung), and
the contralateral lung.

Pr
± SEH

Ir
± SEH

Z
1 SEM

Sz
± SEH

P
t SEH

Opf
± SEH

Dif
± SEH

A +

± SEH

Obstructed lung

N

51.9
1.*

46.0
1.8

-0.024
0.015

0.128
0.013

0.957
0.009

0.98
0.01

0.92
0.0*

13.9
2.8

n=8

SLO

54.2
1.6

56. 4
0.8

0.022
0.007

0.106
0.018

0.941
0.025

0.99
0.02

1.03
0.02

7.3
2.5

L0

46.2
3.0

41.4
3.5

-0.086
0.037

0.286
0.0**

0.756
0.063

0.89
0.05

0.81
0.05

26.8
6.0

Contralateral

N

48.1
1.*

50.3
1.3

0.0*3
0.021

0.089
0.016

0.972
0.00*

1.02
0.01

1.09
0.05

5.7
1.5

n=8

SLO

45.8
1.6

43.6
0.8

-0.007
0.012

0.096
0.011

0.972
0.008

1.01
0.03

0.96
0.02

10.*
2.3

lung

L0

53.8
3.0

58.6
3.5

0.036
0.019

0.090
0.015

0.962
0.017

1.11
0.05

1.18
0.05

5.0
1.3

SLO

N

5.0
0.5

3.9
0.*

-0.113
0.023

0.086
0.008

0.97*
0.007

1.04
0.06

0.87
0.06

22.5
3.6

region

n=9

SLO

3.9
0.6

*.7
0.8

0.052
0.018

0.089
0.01*

0.967
0.012

0.82
0.05

0.90
0.0*

3.6
0.9

L0 region

n=12

N

12.8
1.8

11.3
1.8

-0.063
0.025

0.089
0.005

0.974
0.003

1.28
0.07

1.22
0.09

15.6
3.3

L0

7.8
1.5

2.8
0.6

-0.431
0.076

0.168
0.017

0.866
0.023

1.06
0.13

0.43
0.09

65.5
6.9

Italia characters are used when the two-way variance analysis shows a significant difference
between N, SLO and L0, or between N and SLO (SLO region), or N and L0 (L0 region).
Pr, relative perfusion; Ir, relative inhalation; Z , mean of the logarithmic I/P values;
Sz , standard deviation of Z; P , local mismatching index; Dpf , perfusion density factor;
Dif , inhalation density factor; 4 + , relative overperfusion.



Table 3. Mean scintigraphicaI variables obtained from the comparison
between the MAA perfusion images obtained in lungs with a
sublobar (SLO) or lobar (LO) obstruction (Pi images), and the
perfusion images obtained after withdrawal of the obstructed
material (P2 images).

Z (p)
± SEM

Sz (p)
± SEM

P (p)
± SEM

* + ( p )
± SEM

Obstructed lung
n=8

SLO

-0.001

0.007

0.077
0.015

0.982
0.006

6.8
1.4

L0

-0.001
0.015

0.159
0.028

0.879

0.037

16.5

2.7

Contralateral lung
n=8

SLO

0.013

0.007

0.080

0.019

0.972
0.012

6.3
1.7

L0

0.013
0.020

0.113
0.028

0.932
0.0^1

9.9
4.8

Obstructed
n=8

SLO

-0.058
0.052

0.068
0.012

0.983
0.008

18.0
10.0

reg ion

L0

0.038

0.057

0.103

0.013

0.956
0.014

9.4
3.8

Italia characters are used when the two-way variance analysis shows
a significant difference between SLO and L0 for a determined variable.
z (p) , mean of the logarithmic P)/P2 values; Sz (p) standard
deviation of the mean z (p) \ P (p)• local mismatching index
(between Pi and P2 ); A+ (p), relative overperfusion after
wi thdrawal.

Table 4. Comparison of the mean Dpf values in lungs before, during a sublobar
(SLO) or lobar (L0) obstruction, and after withdrawal of SLO or L0
in the obstructed SLO and L0 regions, in the lung containing the
obstruction and in the contralateral lung.

before

0.984

0.010

1.015

0.909

1.078

0.063

SLO n=9

during

0.970

0.020

1.034

0.024

0.883

0.104

after

0.982

0.022

1.021

0.025

0.973
0.060

before

0.

0.

1.

0.

1.

o.

966

010

002

011

281

069

L0 n«12

during

0.831

0.058

1.158

0.056

1.028

0.122

after

0.888

0.034

1.109

0.027

0.974

0.079

obstructed lung

contralateral lung

obstructed region

Italia characters are used when the two-way variance analysis shows a

significant difference between before, during and after SLO or L0.
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Table 3 collects the mean scintigraphical variables obtained after the

computerized analysis of the two perfusion images: PI (obtained during

the SLO or LO), and P2 (obtained after withdrawal of SLO or LO). From the 2

(p) and A+(p) values, it appears that the SLO region tended to be better

perfused after the withdrawal of SLO than when SLO is present, while the

contrary occurred in case of LO. Values of Sz(p) were higher and and

values of p(p) were lower in case of LO withdrawal than in case of SLO

withdrawal. This indicates that the withdrawal of LO induced larger

changes in the distribution of the perfusion than the withdrawal of SLO

did.

Table 4 compares the Dpf values obtained from lungs before the

placement of SLO or LO, during SLO or LO, and after their withdrawal.

After withdrawal of SLO, contrary to LO withdrawal, the initial perfusion

was restored within the time of observation.

DISCUSSION

Lobar obstruction consisted in the obstruction of the RLL, of the RLL

together with the RIL, or of the LLL. This involves some differences in

the size of the piece of lung obstructed. However, these differences are

not important because anyway, lobar obstruction was achieved.

Anesthesia with a continuous infusion of symoron droperidol was chosen

because it has been described as having very few effect on the

hemodynamic condition of the dog (De Vries, 1976). Nevertheless, the I/P

regulation may have been altered by anesthesia (Sykes et al, 1975). For

instance, anesthesia in general is supposed to induce some degree of HVC

through hypoventilation.

In agreement with Hobbs (1972), nor CO neither PAP were consistently

affected by sublobar obstruction (SLO) or lobar obstruction (LO).

Contrary to Barer (1969), LO failed to produce a significant rise in PVR.

These differences probably arise from the different types of anesthesia

used. ;

The decreased Z value observed after lobar obstruction in the LO

region but also in the lung containing the obstruction is in agreement [

with our expectation. As also suggested by the values of Dpf and Dif in

these zones, it indicates that the obstructed lobe is no longer

ventilated and that blood is diverted away from the obstructed lobe, but |. I
& i

\
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in a much lesser extent than air.

Our model led to a decrease in perfusion to the LO region, in a similar

degree as described in other studies (Hobbs et al, 1972, Metcalf et al,

1978, Thomas et al, 1982).

As tidal volume (Vt) and respiratoty rate (RR) are not decreased and as

the percentage of inhaled air to the non-obstructed part of the lung

containing the obstruction is increased (34.7% to 38.6%), it can be

concluded that air is redistributed to the upper lobes of the lung

containing LO and to the opposite lung. As no major difference in PAP nor

in CO is caused by LO and as the percentage of perfusion to the

non-obstructed part of the lung containing the obstruction is not

increased (39.1% to 37.6%), blood can be supposed to be redistributed in

majority to the opposite lung.

From the values of Sz and P, it can be concluded that LO induces an

increased local I to P mismatching in the obstructed lobe as well as in

the whole lung containing LO, but does not influence the local I to P

matching in the opposite lung.

Results obtained after SLO illustrate very well how much collateral

ventilation is effective in dogs (Flenley et al, 1972, Kuriyama et al,

198A, Peake et al, 1981). The lung containing SLO, as well as the SLO

region showed increased 7. values. The increased Z value in the lung

containing SLO is due to an increased air supply to it because its Dpf is

not significantly different while its Dif is significantly increased when

compared to the normal situation. This is a surprising sort of

"over-reactive" ventilatory response to SLO. We do not have yet any

satisfactory explanation for the phenomenons inducing this

extra-ventilation to the lung containing SLO. The increased Z value

observed in the SLO region appears to be principally related to a

decreased perfusion, as suggested by a significantly decreased Dpf, by a

significant decrease in Pr, and by a significant decrease in At-.

From our results, it appears that collateral airways allow the passage of

the 99mTc aerosol particles. The only other way to explain the lack of a

decreased inhalation to the SLO region would be an increased ventilation

to the lung regions surrounding the obstructed segment and included in

the DV projection of the S10 region. However, an increased local

mismatching could then be expected in such an area, which is not

observed. The size of these particles in the experimental set up used is

below 2 um (Francis et al ,1981, Hayes et al, 1979). Potential pathways
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for collateral ventilation include interalveolar communications (pores of

Kohn), which have a diameter of about 10 U m in dogs, respiratory

bronchioles (diameter of about 120 Urn) (Macklem, 1971), and

bronchiole-alveolar communications (30 Mm) (Lambert, 1955). Whether the

primary channels for collateral ventilation communicate between alveoli

or between airways is still subject of debate. However, collateral

ventilation is thought to be through bronchiolar channels rather than

through interalveolar pores (Menkes et al, 1977). Moreover, diffusion

does not play a significant role in the movement of gas through

collateral channels (Hilpert, 1970).

In case of sublobar obstruction, the local mismatching between I and P

is not significantly increased, nor in the SLO region, neither in the

obstructed lung, indicating that the perfusion decrease is homogeneous in

the SLO region.

The decreased perfusion to the SLO region is a peculiar observation.

The occlusion of a bronchus, lobar or sublobar, using spongy material may

have possibly distorted the adjacent pulmonary artery and vein, thus

altering blood flow, as assessed by Hobbs (1972). This points out the

influence of mechanical factors upon the distribution of pulmonary

perfusion. The withdrawal of SLO allowed the SLO region to recover part

of its initial perfusion. We suppose that the withdrawal of SLO relieves

the vessels compression and distortion, which was the only cause of the

decline in perfusion to the SLO region.

After withdrawal of L0 and reinsufflation, reexpansion of the collapsed

lobe can be easily obtained (Barer et al, 1969). However, the withdrawal

of L0 led to a further decline in perfusion to the L0 region, together

with an improvement of the perfusion to the lung containing the

obstruction. This could be related to the time course of restoring

mechanisms. The time course of restoring mechanisms could also explain

the difference in Sz(p) and p(p) obtained after L0 and SLO withdrawals.

It can be concluded that, in our experimental conditions, both SLO and L0

did not induce major disturbances of the standard ventilatory and

hemodynamic parameters. :

From our results, it appears that collateral ventilation is extremely ,

efficient in the dog at sublobar level. Even an increased inhalation to ;j ;

the lung containing SLO was observed. HVC plays an important role in case | \

of L0. However, in spite of an obvious redistribution of blood away from \ i
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the obstructed lobe, regulatory mechanisms in case of LO do not prevent

an important fall in I/P ratio in this lobe, as well as more important 1

to P inequalities in the rest of the lung.
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SYNOPSIS

Scintigraphic changes occurring after lung embolism induced by

intravenous administration of agar were assessed in 10 anesthetized prone

dogs. Using 99mTc aerosol inhalation combined to 99mTc perfusion

scintigraphy, parameters quantifying the regional distribution of the

inhalation-to-perfusion ratio (I/P) and the degree of intraregional

(local) I to P mismatching were calculated from dorsoventral views (DV)

for 6 equidistant cranial-to-caudal left and right lung zones before (B)

and after acute embolism (PE). Postmortem examination was performed in 7

dogs.

Several perfusion defects could be detected in either the conventional or

the functional (I-P) lung scintigrams. Nevertheless, PE did not induce

significant changes in blood gases.

On the scintigrams, the outer zones appeared heaviest embolized. The

regional I/P ratio was increased in the more caudal and cranial parts of

both lungs. However, postmortem examination of the lungs showed the

presence of emboli diffuse in all lobes. Their presence was revealed in

all zones by a significant increase of a local mismatching index p and

especially of a local mismatching factor <y> after PE.

After acute embolism, blood was redistributed to perihilar regions,

especially in the right lung. This redistribution process continued

during the experiment.

In conclusion, the use of combined aerosol inhalation/perfusion lung

scintigraphy with quantitative analysis provides a sensitive method for

the detection of pulmonary embolism.
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INTRODUCTION

Pulmonary angiography is the accepted diagnostic reference standard for

establishing the presence or absence of pulmonary embolism (PE) (1).

Because of the invasive nature of angiography with low but definite

morbidity and mortality, and expense, ventilation-perfusion lung

scintigraphy is widely used as initial screening examination in t!">e

diagnosis of PE (1,2).

133mXe (3,4) and 81mKr (5) are gases which have been used for the study

of the ventilation phase. More recently, radioaerosol inhalation studies

were shown diagnostically equivalent to ventilation imaging as an adjunct

to perfusion scintigraphy in evaluating patients suspected of PE (6,7).

Attempts were made to improve the specificity of ventilation-perfusion

lung scanning by classifying the perfusion defects according to their

size, number and the presence of matched or mismatched ventilation

defects (3,4,8,9,10), leading to the concepts of high, intermediate and

low probability scan patterns. However, considerable disagreement exists

with regard to the significance of these probability patterns. Especially

the low-probability pattern could not be used to rule out PE (1,5,11).

The aim of this study is to evaluate in an experimentally induced PE

model the diagnostic value of a 99mTc aerosol inhalation/perfusion

scintigraphy with quantitative analysis, previously used by us in other

kinds of studies (12,13,14).

MATERIALS AND METHODS

Ten mongrel dogs of unknown previous history, weighing between 11 and 17

kg (median 13) were used in this study. All were younger than 2 years of

age (median 1), and were judged to be healthy on physical examination.

These dogs had to be killed anyway for other reasons.

The dogs were premedicated w'.th 0.1 mg atropine, 1 mg methadon (SYMORON,

Gist-Brocades, The Netherlands), and 1.25 mg dihydrobenzoperidol

(DROPERIDOL, Jansen Pharmaceutica, Belgium) per kg body weight

subcutaneously. Forty five minutes later, anesthesia was induced by

thiopental up to 15 mg per kg body weight. The dogs were intubated and

placed in prone position under the collimator of a gamma camera

(Scintiview LFOV, Siemens gammasonics) linked to a computer (IMAC, CGR,
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France) on line, with sandbags along each side of the body and of the

head.

An inhalation/perfusion lung scintigraphy was performed using a 99mTc

labelled aerosol for the inhalation study (I image), followed by IV

injection of 99mTc labelled macroaggregates (MAA) for the perfusion

study. The imaging procedure collected 300-400K counts (6 to 10 minutes)

for the inhalation, and 800-1200K counts (1 to 3 minutes) for the

perfusion. After correction of the original perfusion image for the

superposition of residual aerosol activity by a pixel by pixel and

time-related subtraction technique, a definitive perfusion image resulted

(P image).

In the second part of the experiment, one week later, acute PE was

induced in the same dogs and the same scintigraphic procedure was

repeated.

A catheter (SECALON,Viggo) was passed into the femoral artery and

connected to a pressure transducer (Gould Statham P23). Arterial blood

was sampled from the femoral artery for blood gas analysis (Pa02, PaC02,

pH and base excess) before and immediately after, and in some dogs 10

minutes and one hour after agar injection. Arterial systemic pressure

(AP) and ECG were recorded on a mingograph (Siemens Elema). The tracheal

tube was connected to a pneumotachograph (Fleish head nol). Volume was

recorded on a polygraph. These parameters were regularly monitored during

the experiment.

A 1% solution of inert agar coloured with carbon particles was cooled

down. When it began to solidify, 2.5 ml was injected into the cephalic

vein. Then the scintigraphic procedure was performed and two images

obtained after PE (inhalation and perfusion) were obtained.

To study the dynamics of the blood redistribution after PE, the dogs

were embolized again about 1 hour after the first PE with 2.5ml of

coloured agar, immediately followed by a second administration of

99mTc-MAA (1 to 1.5 mCi) and subsequent perfusion scintigraphy. Ten

minutes after the second embolization, the dogs received a third and last

injection of 99mTc-MAA with subsequent scintigraphy. These perfusion

images were corrected for the background from the first part of the

study, resulting in PI and P2 images.

Further details about the technique used as well as about principles of J I

data processing can be found in a previous paper (15). In short, left and |i*

If
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right lungs were delineated with a light pen and each lung was divided

into 6 equidistant cranial-to-caudal zones (Figure 1A). The relative

inhalation (Ir) and perfusion (Pr) were calculated for each delineated

region. Functional images were constructed, namely P-I, and I-P. The

distribution of the I/P ratios within each region was analyzed as

follows. The I/P ratio of each image element (pixel) was transformed into

its logarithmic value (Z = log I/P) to get a symmetric distribution,

around Z = 0. The mean, Z, was calculated for each region. The regional

mismatching in the zones and in total left and total right lung was also

characterized by other parameters: the regional mismatching factor,f,

defined as the ratio between Ir and Pr; the relative overperfusion,A+,

defined as the fraction of the total perfusion of a region unmatched by

ventilation; the perfusion density factor, Dpf, defined as the ratio

between the mean perfusion count density (Pr/Sr) and the mean count

density in the whole lung (Ptot/Stot), where Pr, Sr, Ptot and Stot denote

the perfusion counts and the lung area of the region studied and of the

whole lung respectively; and the inhalation density factor, Dif, defined

in a similar way, inhalation replacing perfusion.

For the quantification of intraregional (local) mismatching (defined at

pixel level), the following parameters were calculated: Sz ,the standard

deviation of Z; p , the local mismatching index (p = (ZIP)2/ II2.IP2),

resembling a correlation coefficient, varying between 0 and 1, and not

sensitive to regional mismatching; <y> , the local mismatching factor,

calculated from the relation log <y> = log Z - logT .where <> denotes a

geometric mean.

The present computer analysis can be used for the comparison of two

perfusion images as well. The same parameters but wearing a supplementary

indice (p) were used for the comparison between the perfusion images PI

and P2.

The dogs were killed at the end of the experiment. The lungs of 7 of the

10 dogs were immediately removed and immersed in a 10% formalin solution

for further postmortem examinations. Transverse slices of the apical,

cardiac and diaphragmatic lobes were dehydrated and embedded in paraffin.

Sections (5 Mm) were made and stained with haematoxylin-eosin.

f |
Statistics s •

All results are reported as mean± SEM. A two-way analysis of variance was ' '

used to test for significance (P=0.05).



Figure 1.

Perfusion image (A), and inhalation image (B) obtained from an anesthetized
prone dog after IV injection of agar.
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RESULTS

Physical reactions observed after IV injection of agar varied widely from

one dog to another. Despite surgical anesthesia, some of them

demonstrated respiratory embarrassement, hair bristling, skin wrinkles as

well as rapid respiratory movements, sometimes preceeded by a short

apnea.

Non-scintigraphical parameters possibly modified by experimental

embolism are presented in table 1. Immediately after agar injection, the

respiratory rate (RR) increased significantly. A few minutes later, the

respiratory movements became gradually deeper but remained rapid,

increasing significantly the minute volume. The heart rate was

significantly increased within 5 minutes following agar injection, but

then returned gradually to the initial value. No significant difference

was observed in the blood gas values, which remained within the normal

range.

In half of the dogs, perfusion defects were seen on the P image

(Figure 1). In the other dogs, PE was not visually obvious on the

scintigraphic images solely, even when the P image was compared to the I

image. However, the sites of PE were always indicated by the functional

images I-P. They were localized mainly in the more caudal zones, in the

cranial extremities and peripherally in both lungs (Figure 2).

PE induces differences in values of total left and right lungs. The

distribution of I/P was modified by PE as could be concluded from

changes in Z (Z = log I/P). In each lung, ~Z increased from 0.018+0.013

(mean± SEM) for the left lung, and from -0.021±0.014 for the right lung

before PE, to 0.066± 0.012, and 0.007±0.007 respectively after PE. This

increase was significant only for the left lung. The local mismatching

factor, <y> , was significantly increased in case of PE in both lungs

(1.003+0.006 to 1.065±0.023 for the left lung, and 1.008±0.010 to 1.088±

0.024 for the right lung). No significant change in T was found.

At regional level, an increased Z in some zones was found after PE

(Figure 3). In most of these zones, PE also decreased A+, Dpf, and

increased Dif (Table 2). The intraregional mismatching, as oDjectivated

through the parameters Sz and was higher in most of the zones after PE

(Table 2 and Figure 4). A high correlation was found between P and Sz (r

- -0.945, P<0.001). As Sz did not bring other information than the P in

this study, we will restrict to the use of p. Figure 5 shows that the
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Tnble 1. Effects of canine experimental thromboembolism upon the non

scintigraphic variables measured.

n B PE 1 PE 2

RR

PaC

(ml) ft

(breaths/min) *

), (kPa)

PaCO, (kPa)

pH

HR

AP

(units)

(beats/min) --'

(kPa)

8

8

5

5

5

6

3

152.1

12.0

14.0

6.3

7.29

116.3

8.27

±

±

±

±

t

±

±

25.9

0.9

0.*

0.*

0.02

10.8

0.74

133.3

15.6

15.2

6.0

7.30

162.8

7.41

±

±

±

±

±

±

±

28.0

2.0

0.2

0.2

0.01

15.1

0.82

180

16

117

8

• 5 ±

.4 ±

-

-

-

• 5 ±

.79 ±

27.8

1.7

12.3

O.M

n number of dogs

B mean values ± SEN before PE

PE 1 mean values 1 SEN within the 5 minutes following PE

PE 2 mean values * SEM within the next half an hour

ft significant difference between B and PE

!»



Figure 2.

DV scintigraphical views of functional images obtained in dogs before (A and B)
and after IV agar injection (C and D).
A and C represent the areas where the counts due to inhalation are higher than
those due to perfusion (I-P), before (A), and after experimental embolism (C).
B and D represent the complementary images (P-I) before and after experimental
embolism, respectively.
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Cranial-to-caudal distribution of Z (the mean of the log I/P), plotted as mean+
SEM, in 6 equidistant zones of the left an right lungs of dogs before (B) and
after IV injection of agar (PE).
* significant difference between B and PE.
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Figure 4.

Cranial-to-caudal distribution of the local mismatching index P, plotted as
mean ± SEM in 6 equidistant zones of the left and right lungs of dogs before (B)
and after IV injection of agar (PE).
* significant difference between B and PE.
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Figure 5.
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Cranial-to-caudal distribution of the local mismatching factor <y>, plotted as
mean + SEM, in 6 equidistant zones of the left and right lungs of dogs before
(B) and after IV injection of agar (PE).
* significant difference between B and PE.
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Table 2. Crania1-to-cauda) d i s t r i b u t i o n of the sc in t ig raph ica l var iables (mean values ( f i r s t l ines) ± SEM (second l ines))

in the l e f t and r igh t lungs of 10 anesthetized prone dogs, before (B) and a f te r experimental embolism (PE).

Sz 4+ Dpf Dif

I R L R L R L R

Zone B PE B PE B PE B PE B PE B PE B PE B PE

1 0.071 0.076 0.070 0.093* 2.6 1.0 1.1 2 .6 0.36 0 .30* 0.34 0.35 0.41 0.38 0.45 0.46

0.004 0.006 0.003 0.009 1.9 0.6 0.5 0 .9 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02

2 0.060 0.068 0.058 0.067 1.9 1.7 2.0 5 . 8 * 0.63 0.66 0.68 0 .76* 0.74 0.72 0.84 0.84

0.003 0.006 0.002 0.005 1.8 1.0 1.6 2 .1 0.02 0.02 0.02 0.03 0.03 0.02 0.04 0.02

3 0.068 0.060 0.061 0.070 2.4 2 .0 4.1 7 .6 * 0.96 1.01 1.14 1.10* 1.15 1.06* 1.26 1.17*

0.007 0.004 0.014 0.007 2.2 1.0 1.7 2.2 0.03 0.03 0.02 0.02 0.05 0.04 0.03 0.03

4 0.066 0.079 0.057 0.089* 5-2 6.8 9.8 17.0 1.55 1.61 1.55 1.61 1.51) 1.49 1.51! 1.49

0.006 0.010 0.004 0.011 1.8 1.2 2.2 2.1 0.04 0.04 0.02 0.04 0.05 0.02 0.04 0.02

5 0.054 0 .106* 0.072 0.122* 10.8 8.5 17.9 19.6 1.39 1.41 1.20 1.22 1.21 1.32* 1.07 1.13*

0.003 0.015 0.008 0.020 1.7 2.1 3.2 2.1 0.03 0.04 0.02 0.03 0.04 0.03 0.03 0.01

6 0.069 0 .126* 0.088 0 . 1 1 1 * 15.8 4 .0 29.4 10 .9* 0.52 0.43 0.53 0 .43* 0.44 0.53 0.40 0.48*

0.004 0.009 0.007 0.009 3.2 2.3 5.4 1.8 0.02 0.04 0.02 0.04 0.03 0.03 0.02 0.03

* s i g n i f i c a n t d i f f e r e n c e between B and PE



Table 3. Crania1-to-caudal distribution of the scintigraphic variables

(mean values (first lines) ± SEM (second lines) concerning the

comparison of two perfusion images obtained immediately after

agar injection (Pj) and 10 minutes later (P2)•

Z(p) DpftP,) Dpf(P2)

Zones LL RL LL RL LL RL

1

2

3

4

5

6

0.025

0.028

0.004

0.011

- 0.017

0.008

- 0.016

0.008

0.011

0.014

0.053*

0.013

0.024

0.038

- 0.001

0.021

0.001

0.019

- 0.006

0.015

0.032

0.017

0.061*

0.022

0.33

0.02

0.62

0.02

0.91

0.03

1.36

0.06

1.46

0.02

0.78

0.09

0.36

0.04

0.77

0.01

0.97

0.08

1.44

0.05

1.35

0.06

0.64

0.05

0.33

0.02

0.62

0.03

0.95*

0.04

1.42

0.06

1.44

0.06

0.68*

0.08

0.36

0.02

0.80

0.03

1.00*

0.08

1.51

0.06

1.40

0.08

0.56*

0.05

* significantly different from value in P.
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local mismatching factor <Y> was always higher after PE. This is

significant for most of the zones.

In table 4, the perfusion images obtained immediately after PE (PI)

are compared with the perfusion images obtained 10 minutes later (P2).

From positive values of ~Z(p) together with a lower perfusion density in

P2 than in PI, observed principally in the more caudal zones, it appears

that these zones were less perfused 10 minutes after PE than immediately

after PE.

Macroscopic examination of the lungs revealed a punctiforme deposition

of coloured agar disseminated all over the lungs. Here and there, larger

spots could be seen. Otherwise, the lungs generally did not exhibit

macroscopic abnormalities. Microscopic examination revealed the presence

of emboli diffuse in all lobes. The diameter of the embolized vessels

varied between 0.04 mm and 1.25 mm. Incidentally, agar emboli appeared

associated with secondary thrombosis. Although often a non-negligible

number of the vessels were obstructed, it was estimated to be always

lower than 50% of the vascular bed. Other findings such as circumscribed

congested areas, edema and hemorrhage were uncommon.

DISCUSSION

The disparity of the reactions in response to agar injection among the

dogs was a striking clinical observation because it can not be attributed

tt the degree of embolization, nor to blood gas changes. It might be that

some emboli have passed the lungs.

The rapid shallow breathing preceeded by an apnea is one of the classical

signs described after rapid embolization (16,17). From our results, it

appears that tachypnea is not an attempt to reduce hypoxemia. Indeed, it

does not occur in all patients with PE (17), although rapid development

of arterial hypoxemia is considered by some authors as an inevitable

event following microemboli (18,19).

Scintigraphical analysis is a two-dimensional approach of a

three-dimensional phenomenon. Such an analysis presents some limits (15).

It does not provide absolute values of ventilation or perfusion. However,

the relative values obtained as well as the parameters used to evaluate < ,

the degree of I to P mismatching inside a lung region, and their j j

intrapulmonary distribution can be compared from one dog to another j s
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(12,15). The usual term V/Q would have suggested absolute quantitative

measurements. This incited us to call it I/P.

Values of the scintigraphical variables found in these dogs before PE are

generally compatible with those reported for other dogs (12,13,15).

Distribution of the embolizing material is influenced by its specific

gravity. Air emboli are preferentially distributed to the upper lung

regions (20) whereas heavier emboli gravitate to the dependent lung

regions (21). Agar clots and fresh blood clots have a comparable

consistency and strength. Therefore, agar can mimic spontaneous

thromboembolism (22).

After embolization, the more caudal zones, the cranial extremities and

the periphery of both lungs appeared scintigraphically heaviest

embolized. These emboli are indicated scintigraphically by significant

increased Z values, decreased A + and Dpf in these zones as well as in

total left and total right lung. Blood from the massively embolized

regions is redistributed principally to the more central zones, as

indicated by a decreased Z value, and increased ̂ + and Dpf values of the

central zones. A probable mechanism for the blood redistribution is

vascular recruitment (23).

The areas which appeared heaviest embolized from the scintigrams

correspond mainly to peripheral lung regions. On the other hand,

microscopic postmortem examination revealed the presence of emboli

diffuse in all lobes. However, the more external layer of lung parenchyma

contains a higher density of pulmonary units and thus of thin vascular

system than the central parts of the lungs which include large vessels

and airways (24). This could explain that diffuse emboli were

scintigraphically evidenced principally in the periphery of the lung

images. In the caudal half of the lungs, scintigraphic evidence for

emboli was not limited to a peripheral strip (Figure 2C). This can be

explained by anatomical characteristics. The embolized areas indicated in

the caudal half of the lung (especially the peripheral part of zone 4)

through functional images I-P correspond to the thickest portions of lung

and which also contain a high density of pulmonary units. These areas

were shown to be highly perfused in the control situation, as indicated

by the distribution of labelled MAA (Figure 2B). According to that, it

might be expected that these zones are also highly embolized.

Very interesting and useful information is brought up by the variable

<Y>.A value of <y> significantly higher than 1 indicates the occurrence in $• '

!i !
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a zone of pulmonary units with values of I/P relatively high compared to

th^ mean regional value . <Y > is significantly increased in both total

lungs and in almost all zones as well. Thus <Y> suggests the presence of

agar emboli in all zones of the lung, in agreement with the microscopic

findings and with another study using agar embolization (22). Diffuse

embolism was also indicated by significantly lower values of in all

zones after PE. This makes <Y > and P (or Sz) the more sensitive

parameters for the detection of embolism, and may be expected to increase

the degree of suspicion of PE in ventilation-perfusion scans. However, <Y >

appears to be more specific, owing to its lack of significance in a

previous experimental model of airway obstruction, whereas P was also

sensitive for ventilatory defects (14).

In response to PE, compensatory mechanisms develop, which attempt to

maintain a near normal I/P. The increased local mismatching observed in

all zones after PE indicates that they do not succeed. In case of

microemboli, bronchoconstriction occurs primarily in alveolar ducts and

terminal airways (22,25). The site of bronchoconstriction is also

determined by the degree of embolization (26). After massive PE in dogs,

the bronchoconstriction could be active up to the level of sublobar

bronchi. This would in turn generate a kind of "over-reactive"

ventilatory response, as was found in a previous study of dogs with

sublobar obstruction (14), where it was attributed to the exceptional

quality of the collateral ventilation in this species. Such a mechanism

would explain the significantly higher Dif observed in the

scintigraphically heaviest embolized zones.

It is known that some effects of PE, such as vasoconstriction, disrupt

lung function (27). Microembolization induces a rise in pulmonary

vascular resistance, which is due to vasoconstriction rather than to

mechanical obstruction of the vascular bed (18,27). Vasoconstriction was

reflected in the decreased Dpf of the scintigraphically heaviest

embolized zones. This vasoconstriction is due to the local release of

mediators. Mediators released are also responsible for an increased

permeability to plasma proteins, and thereby pulmonary edema (21). Both ,

phenomenons, vasoconstriction and edema, occur only in case of small

emboli, based on the presence of distal collateral circulation : ,

(21,27,28). The various size of the vessels embolized in this study can, > %

at least partly, explain the scarcity of occurrence of edema. {. |

From table 3, it was concluded that the time course of vasoconstriction / |
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can explain the decreased perfusion to the more strongly erabolized

regions ten minutes after PE. According to another study, pulmonary

hemodynamic adjustements following PE are already present 5 min after PE

and remained for at least one hour (18).

The "over" ventilatory reaction, together with vasoconstriction in the

heaviest embolized zones caused the I/P value to increase. High I/P

ratios have less influence upon the blood gas values than would have low

I/P ratios, in agreement with the lack of significant blood gas

impairment after PE.

In conclusion, postmortem examination revealed the presence of diffuse

embolism throughout the lung. The presence of emboli was detected in all

lung zones by the local mismatching factor <y> and local mismatching

index p . In the zones which appeared heaviest embolized scintigraphically

(mainly the more caudal zones, the cranial extremities and the periphery

of both lungs) the presence of agar emboli was shown by functional images

as well as by a decreased regional I/P ratio, a decreased A+> and a

decreased Dpf. In the central zones, these latter variables were

influenced by the redistribution of blood from embolized zones toward

perihilar regions, principally in the right lung. Therefore, <y> and p

are the more sensitive parameters for the detection of PE. <y> appears to

be more specific than p. The dynamic changes in perfusion after PE could

be attributed to vasoconstriction. Vasoconstriction was not compensated

by a decreased I. A tentative explanation could be that

bronchoconstriction occurs at sublobar level where it would, at least in

the dog, generate an "over" ventilatory response due to the exceptional

quality of the collateral ventilation in this species.

133



REFERENCES

1. Hull RD, Hirsh J, Carter CJ, Jay RM, Dodd PE, Ockelford PA et al. Pulmonary
angiography, ventilation lung scanning, and venography for clinically
suspected pulmonary embolism with abnormal perfusion lung scan. Annals of
Internal Med. 1983;98:891-899.

2. Alderson PO, Martin EC. Pulmonary embolism: diagnosis with multiple imaging
modalities. Radiology, 1987;164:297-312.

3. Alderson PO, Rujanavech N, Seeker-Walker RH, McKnight RC. The role of 133mXe
ventilation studies in the scintigraphic detection of pulmonary embolism.
Radiology, 1976:120:633-640.

4. Biello DR, Mattar AG, McKnight RC, Siegel BA. Ventilation-perfusion studies
in suspected pulmonary embolism. Am.J.Roentgenol. 1979;133:1033-1037.

5. Rosen JM, Palestro CJ, Markowitz D, Alderson PO. Significance of single
ventilation/perfusion mismatch in Krypton-81m/Technetium-99ra lung
scintigraphy. J.Nucl.Med. 1986;27-.361-365.

6. Buxton-Thomas MS, Wraight EP. The use of 99mTc-DTPA aerosol ventilation in
the diagnosis of pulmonary embolism. Nucl.Med.Commum. 1985:387-391.

7. Alderson PO, Biello DR, Gottschalk A, Hoffer PB, Kroop SA, Lee ME et al.
Tc-99m-DTPA aerosol and radioactive gases compared as adjuncts to perfusion
scintigraphy in patients with suspected pulmonary embolism. Radiology.
1984;153:515-521.

8. Hull RD, Raskob GE, Hirsh J. The diagnosis of clinically suspected pulmonary
embolism. Chest. 1986;89:417S-421S.

9. McNeil BJ. Ventilation-perfusion studies and the diagnosis of pulmonary
embolism: concise communication. J.Nucl.Med. 1980;21:319-323.

10. Biello DR, Siegel BA. The role of ventilation-perfusion lung scintigraphy in
the diagnosis of pulmonary embolism. Curr.Concepts Diagn.Nucl.Med.
1984;1:3-10.

11. Hull RD, Hirsh J, Carter CJ, Raskob GE, Gill GJ, Jay RM et al. Diagnostic
value of Ventilation-Perfusion lung scanning in patients with suspected
pulmonary embolism. Chest. 1985;88:819-828.

12. Clercx C, van den Brom WE, de Vries HW. Influence of local pulmonary
mismatching on regional inhalation to perfusion ratios in the dog. Submitted
for publication.

13. Clercx C, van den Brom WE, de Vries HW. The effect of age on the regional
and local pulmonary matching of ventilation to perfusion in healthy beagle
dogs. Submitted for publication.

14. Clercx C.van den Brom WE, Stokhof AA, de Vries HW. Pulmonary scintigraphy in
canine lobar and sublobar airway obstruction. Submitted for publication.

15. Van den Brom WE, Clercx C, de Vries HW. Quantitative analysis of combined
radioaerosol inhalation and perfusion scintigraphy in dogs. Submitted for
publication.

: }

134



16. Cahill JM, Attinger EO, Byrne JJ. Ventilatory responses to erabolization of
lung. J.Appl.Physiol. 1961;16:469-472.

17. Moser KM. Pulmonary embolism. Am.kev.Respir.Dis. 1977;115:829-852.

18. Malik AB, van der Zee H. Time course of pulmonary vascular response to
microembolisation. J.Appl.Physiol. 1977;43:51-58.

19. Dantzker DR, Wagner PD, Tornabene VW, Alazraki NP, West JB. Gas exchange
after pulmonary thromboembolism in dogs. Circ.Res. 1978;42:92—103.

20. Chang HK, Delaunois L, Boileau R, Martin RR. Redistribution of pulmonary
blood flow during experimental air embolism. J.Appl.Physiol.
1981;51:211-217.

21. Malik AB, van der Zee H. Mechanism of pulmonary edema induced by
microembolisation in dogs. Circ.Res. 1978;42:72-79.

22. Robinson AE, Puckett CL, Green JD, Silver D. In vivo demonstration of
small-airway bronchoconstriction following pulmonary embolism. Radiology,
1973;109:283-286.

23. Permutt S, Caldini P, Maseri A, Palmer WH, Sasamori T, Zierles K.
Recruitement versus distensibility in the pulmonary vascular bed. In: The
pulmonary circulation and interticial space, edited by A.P.Fishman and
H.H.Hecht. Chicago, IL: Univ.of Chicago Press, 1969, P.375-390.

24. Miller WS. The structure of the lung. J.Morphology, 1893;8:165-188.

25. Nadel JA, Colebatch HJH, Olsen CR. Location and mechanism of airway
constriction after barium sulfate microembolism. J.Appl.Physio.
1964;19:387-394.

26. Clay TP, Hughes JMB. The role of prostaglandins in the bronchoconstriction
induced by pulmonary micro-embolism in the guinea-pig. J.Physiol.London.
1908;308:427-437.

27. Malik AB. Pulmonary microemnolism. Physiol.Rev. 1983;63:1114-1177.

28. Johnson A, Malik AB. Effects of different-size microemboli on lung fluid and
protein exchange. J.Appl.Physiol. 1981;51:461-464.

ij



Summary and conclusions.

In chapter I, a general introduction with the aim of these studies is

presented. It is emphasized that most of the pulmonary diagnostic

techniques available for dogs are morphologically oriented and several of

them have an invasive character. Functional information, especially with

regard to gas exchange, can be obtained from the determination of blood

gases. However this latter method is not informative about the underlying

pathophysiological mechanisms. Analysing the matching between ventilation

and perfusion give information about gas exchange and should be obtained

in a non-invasive manner.

Experience from human medicine has shown that pulmonary scintigraphy can

provide the desired information. Lung inhalation and perfusion

scintigrams alone provide merely localisation of ventilation or perfusion

defects. However by quantifying the information from the scintigrams real

functional data can be obtained.

The main goal of the present studies is to develop such a quantitative

analysis and to determine its value for physiological as well as

diagnostic purposes.

In chapter II, the developed method (11,1), reference material (11,1 and

11,2) and some first physiological findings (11,1,2 and 3) are presented.

The method consisted of a 99mTc aerosol inhalation/perfusion lung

scintigraphy. A quantitative analysis was developed. Several parameters

(see appendix) characterizing the interregional (regional) as well as

intraregional (local) distributions of the inhalation-to-perfusion ratio

(I/P) were introduced. Reference material was collected in anesthetized

prone (sternal recumbent) dogs in a group of different breeds (11,1) as

well as in a group of adult beagles (11,2). In both groups, the regional

I/P was found to decrease from cranial-to-caudal lung regions. In beagle

dogs, the regional I/P was shown to increase from dorsal to ventral lung

regions (11,3), in discordance with what happens in man. It is concluded

that in prone dogs, gravity was not the primary determinant of the

intrapulmonary distribution of of 1 and ('•

Intraregional mismatching was found to be the highest in the more caudal

and more ventral lung zones but no cranial-to-caudal neither

dorsal-to-ventrai gradient was found. ll is concluded that the

intraregional 1 to P mismatching can not explain the regional 1/1'

137



distribution and that the degree of intraregional mismatching is not

influenced by gravity.

Chapter III deals with the possible methodological and physiological

influences on the interpretation of scintigraphical measurements, such as

posture (111,1), anesthesia (111,1), age (111,2 and 4) and breed (111,3

and A).

Both posture and anesthesia (111,1) induced changes in lung configuration

as well as changes in the distribution of the perfusion. Prone posture

induced a vertical flattening of the lung associated with enlargement of

the ventral zones, and a parenchymal compression of the paradiaphragmatic

lung zones. Anesthesia induced important changes in lung shape but

without an. obvious direction. In prone posture a reduced perfusion was

found in the paradiaphragmatic lung zones while anesthesia principally

decreased the perfusion to the dependent zones. The differences in blood

distribution were thought to be mainly due to the shift of blood towards

better ventilated regions.

From chapter 111,2, it appears that the factors affecting the regional

distribution of the pulmonary ventilation and perfusion in anesthetized

prone dogs are independent from age. The well-known differences in lung

morphology and lung mechanics described with aging were not associated

with impairment of intraregional mismatching neither. However, the

presence of pulmonary units with a high value of I/P was demonstrated in

the lungs of puppies, where it can be explained by morphological

considerations, and of old dogs, where it can be based on the development

of ventilatory compensating mechanisms, related to the exceptional

quality of collateral ventilation in this species.

In athletic dogs (dobermann mixed greyhounds) (III,3),the regional I/P

distribution was more uniform than in beagle dogs, from cranial-to-caudal

as well as from dorsal-to-ventral.These differences can be attributed to

morphological differences between the two types of dogs, especially the

height of the thorax, which in athletic dogs permits the gravitational

force to exert a more determinant influence than in beagles. An improved
i

intraregional I to P matching was found in DG, except in the more ventral j

part of the lung. This probably represents a functional adaptation to j

maximize gas exchange efficiency and contributes to athletic performance.

Possible age- and breed-related effects on pulmonary physiology were

further investigated through the determination of surfactant
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phospholipids, using alveolar lavage. The phospholipid pattern of

surfactant isolated from 3 age-categories of beagles showed a significant

tendency for a higher phosphatidylcholine (PC) content with aging. As PC

is the major component of lipid surfactant as well as the principal

surface-active component of lung surfactant, this may be one of the

compensating mechanisms which permit the old dog to maintain a good

efficiency of the lung function despite morphological and mechanical

alterations. In greyhounds, a surfactant of "better" quality was found.

The content of disaturated PC as well as of phosphatidylglycerol was

significantly higher than in beagles. This enhances the breed-related

physiological differences in dogs and confirms the assumption that the

greyhound is a very peculiar breed of dog.

In chapter IV, the diagnostic value of the method was demonstrated in two

experimental disease models with different pathophysiological features.

In a first model (IV,1), two different levels of airway obstruction were

compared. Sublobar obstruction induced an extremely and even

over-efficient ventilatory response through collateral ventilation. The ,:

intraregional mismatching was not increased. In lobar obstruction, the

decreased perfusion to the obstructed lobe did not prevent important

regional and local disturbances of the I/P. It also appeared that both

hypoxic vasoconstriction and mechanical factors such as vascular

distortion were involved in the process of blood redistribution.

In a second model, pulmonary embolism was induced through intravenous

injection of agar clots (IV,2). Postmortem exmination revealed the

presence of diffuse emboli throughout the lung .The presence of emboli

was detected in all lung zones by a local mismatching factor <y> and a

local mismatching indexp . In the zones which appeared heaviest embolized

scintigraphically (mainly the more caudal zones, the cranial extremities

and the periphery of both lungs), the presence of agar emboli was shown

by functional images and a decreased regional I/P ratio. In the central

zones these latter were influenced by redistribution of blood from '

embolized zones towards perihilar regions principally in the right lung.

This makes <Y> and p the more sensitive parameters for the detection of

pulmonary embolism. <y> appears more specific than P. The dynamic changes j

in perfusion pattern after embolism could be attributed to "| >

vasoconstriction. Vasoconstriction was not compensated by a decreased ,'j I

ventilation. A tentative explanation is that bronchoconstriction occurs **



at sublobar level where it would, at least in the dog, generate an "over"

ventilatory response due to the already mentioned exceptional quality of

the collateral ventilation in this species.

From these two experimental models, it can be concluded that the use of

combined aerosol inhalation/perfusion lung scintigraphy with quantitative

analysis provides a sensitive method for the investigation of

pathophysiological mechanisms.

In conclusion, combined aerosol inhalation/perfusion lung scintigraphy

with quantitative analysis is a safe, non-invasive and very informative

technique which can be used in physiological studies and for clinical

purposes.

It provides the functional information which was lacking in other

pulmonary diagnostic methods. Its relevance under clinical circumstances

should therefore be explored more extensively. In addition, it may be an

important tool for further investigation of the mechanisms which regulate

pulmonary function.

': 1
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Samenvatting en conclusies.

In hoofdstuk I wordt een algemene inleiding met het doel van dit

onderzoek gegeven. Benadrukt wordt, dat de meeste van de

longdiagnostische technieken die beschikbaar zijn voor de hond,

morfologisch georiënteerd zijn, en dat veel van deze technieken een

invasief karakter hebben. Functionele gegevens, vooral met betrekking tot

de gasuitwisseling, kunnen worden verkregen door bloedgasanalyse. Deze

laatste methode geeft echter geen inzicht in de achterliggende

pathofysiologische mechanismen. Informatie met betrekking tot de

gasuitwisseling kan verkregen worden uit de mate van afstemming tussen

ventilatie en perfusie ("matching"), hetgeen op een niet invasieve wijze

bepaald zou moeten worden.

Ervaring binnen de humane geneeskunde leert, dat deze informatie

verkregen kan worden door middel van scintigrafie. Op zichzelf geven

inhalatie en perfusie scintigrammen van de long in eerste instantie de

lokalisatie van ventilatie of perfusie defecten. Door echter de

informatie van de scintigrammen te kwantificeren kunnen echte funktionele

data worden verkregen.

Het hoofddoel van dit onderzoek was zo'n kwantitative analyse te

ontwikkelen en de waarde hiervan voor zowel fysiologische als

diagnostische doeleinden vast te stellen.

In hoofdstuk II worden de ontwikkelde methode (11,1), referentiewaarden,

(11,1 en 2) en enkele eerste fysiologische bevindingen (11,1, 2 en 3)

gepresenteerd. De methode bestond uit 99mTc aerosol inhalatie/perfusie

scintigrafie van de longen. Een kwantitative analyse werd ontwikkeld.

Verscheidene parameters (zie appendix) die zowel de interregionale

("regionale") als de intraregionale ("lokale") verdeling van de

inhalatie/perfusie verhouding (I/P) kenmerken, werden geintroduceerd.

Referentiewaarden werden verzameld bij geanestheseerde honden in sternale

ligging, zowel in een groep van verschillende rassen (11,1) als in een

groep van volwassen beagles (11,2). In beide groepen bleek de regionale

I/P af te nemen van de craniale naar de caudale longregio's. Bij beagles '

bleek de regionale I/P toe te nemen van de dorsale naar de ventrale

regio's (11,3), dit in tegenstelling tot wat bij de mens gebeurt.

Geconcludeerd wordt, dat bij geanestheseerde honden in sternale ligging • \

de zwaartekracht niet primair bepalend is voor de verdeling van I en P. :*i ju
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De intraregionale ventilatie-perfusie verstoring bleek het hoogst in de

meer caudaal en ventraal gelegen zone's, waarbij noch een cranio-caudale,

noch een dorso-ventrale gradient werd gezien. Hieruit wordt

geconcludeerd, dat de intraregionale I-P verstoring geen verklaring kan

vormen voor de regionale I/P verdeling en dat de mate van intraregionale

verstoring niet wordt beinvloed door de zwaartekracht.

Hoofdstuk III behandelt mogelijke methodologische en fysiologische

invloeden op de uitkomsten van de scintigrafische metingen, zoals

lichaamspositie (111,1), anesthesie (111,1), leeftijd (111,2 en 111,4) en

ras (111,3 en 111,4). Zowel lichaamspositie als anesthesie induceerden

veranderingen in zowel longconfiguratie als ook in de verdeling van de

perfusie. Sternale ligging veroorzaakte een vertikale afplatting van de

long, die gepaard ging met vergroting van de ventrale zone's en

parenchymale compressie van de paradiafragmatische longzone's. Anesthesie

induceerde belangrijke veranderingen in de vorm van de long, echter

zonder dat een duidelijke richting kon worden aangegeven. In sternale

ligging werd een afgenomen perfusie gevonden in de paradiafragmatische

longzone's, terwijl door anesthesie perfusie naar de onderliggende

longzone's afnam. De verschillen in bloedverdeling leken voornamelijk '

veroorzaakt te worden door verplaatsing van het bloed naar beter

geventileerde longgedeeltes.

Uit hoofdstuk 111,2 blijkt, dat de factoren die van invloed zijn op de

regionale verdeling van de longventilatie en perfusie bij geanestheseerde

sternaal liggende honden, onafhankelijk zijn van de leeftijd. De goed

beschreven verschillen in long morfologie en long mechanica met de

leeftijd bleken evenmin gepaard te gaan met toename van intraregionale

ventilatie-perfusie verstoring. Er werden echter wel longeenheden met een

hoge I/P waarde aangetoond in longen van puppie's, waar dit morfologisch

kan worden verklaard, en in de longen van oude honden, waar het kan

worden toegeschreven aan ventilatoire compensatiemechanismen, gerelateerd

aan de uitzonderlijke kwaliteit van de collaterale ventilatie bij deze

diersoort.

Bij atletische honden ( kruising Dobermann-pinscher Greyhound, of DG) •

(111,3) bleek de regionale I/P verdeling uniformer te zijn dan bij

beagles, zowel van craniaal tot caudaal, als van dorsaal tot ventraal. '

Dit verschil kan worden toegeschreven aan morfologische verschillen J

tussen beide hondetype's, met name aan de hoogte van de thorax, waardoor ', J
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bij atletische honden de zwaartekracht meer de gelegenheid heeft zijn

invloed te doen gelden dan bij beagles. In DG's werd een betere

intraregionale I/P afstemming gevonden met uitzondering van het meer

ventrale gedeelte van de long. Dit weerspiegelt mogelijkerwijs een

functionele aanpassing voor optimale gasuitwisselingsefficiëntie en

draagt bij aan atletische prestaties.

Mogelijke leeftijd- en ras gerelateerde effecten op de longfunctie werden

nader onderzocht door de bepaling van de surfactant fosfolipiden

verkregen door alveolaire lavage. Het fosfolipiden patroon van surfactant

geisoleerd uit drie leeftijdscategorieën beagles toonde een significante

trend aan voor toename van het fosfatidylcholine (PC) gehalte met de

leeftijd. Omdat PC zowel de voornaamste component is van het lipide

surfactant, als ook de voornaamste oppervlakte actieve component van

longsurfactant, kan dit één van de compensatiemechanismen zijn, waardoor

de oude hond een efficiënte longfunctie kan handhaven ondanks

morfologische en mechanische veranderingen. Bij Greyhounds werd een

"betere" kwaliteit surfactant gevonden. Zowel het gehalte aan

dubbelverzadigd PC als fosfatidylglycerol (PG) was significant hoger dan

bij beagles. Dit versterkt de ras gerelateerde fysiologische verschillen ,:

bij de hond en bevestigt de veronderstelling dat Greyhounds een zeer

bijzonder ras vormen.

In hoofdstuk IV wordt de diagnostische waarde van de methode

gedemonstreerd in twee experimentele ziektemodellen met verschillende

pathofysiologische kenmerken.

In het eerste model (IV,1) werden twee verschillende niveau's van

luchtwegobstruktie vergeleken. Sublobaire obstruktie veroorzaakte een

extreme en zelfs overefficiente ventilatoire respons, toegeschreven aan

collaterale ventilatie. De intraregionale ventilatie-perfusie verstoring

nam niet toe. Bij lobaire obstruktie voorkwam de afgenomen perfusie naar

de geobstrueerde kwab niet een belangrijke regionale en lokale verstoring •

van de I/P. Eveneens bleek, dat zowel hypoxische vasoconstrictie als -.

mechanische factoren, betrokken waren bij het proces van ?

bloed-redistributie. •

In een tweede model werd longembolie geinduceerd door intraveneuze }

injectie van agar (IV,2). Postmortaal onderzoek toonde de aanwezigheid 1

van diffuse embolie door de gehele long. De aanwezigheid van embolie werd ,|

in alle longzones gedetecteerd door een lokale ventilatie-perfusie %
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verstoringsfactor <Y> en door een lokale verstoringsindex p. In de zone's

die scintigrafisch het sterkst geemboliseerd leken (voornamelijk de meer

caudale zone's, de craniale uiteinden en de periferie van beide longen)

kon de aanwezigheid van agarembolie worden aangetoond door functionele

scintigrafische beelden en een afgenomen regionale I/P factor. In de

centrale zone's worden deze laatste beinvloed door herverdeling van bloed

van geembolizeerde zone's naar perihilaire regio's, vooral in de rechter

long. Hierom zijn <Y> en p gevoeligere parameters voor de detectie van

longembolie. <y> blijkt specifieker te zijn dan p . De dynamische

veranderingen in perfusiepatroon na embolie kunnen worden toegeschreven

aan vasoconstrictie. Vasoconstrictie werd niet gecompenseerd door afname

van ventilatie. Een verlopige verklaring zou kunnen zijn, dat er

bronchoconstrictie optreedt op sublobair niveau, waardoor er, althans bij

de hond, een "over" ventilatoire respons optreedt ten gevolge van de

reeds eerder genoemde uitzonderlijke kwaliteit van de collaterale

ventilatie bij deze diersoort.

Uit deze twee experimentele modellen kan worden geconcludeerd, dat de

aanwending van gecombineerde aerosol inhalatie/perfusie longscintigrafie

met kwantitatieve analyse een gevoelige methode oplevert voor de

bestudering van pathofysiologische mechanismen.

Concluderend kan worden gesteld, dat gecombineerde aerosol

inhalatie/perfusie longscintigrafie met kwantitatieve analyse een

veilige, niet invasieve en zeer informatieve techniek biedt, die kan

worden aangewend voor fysiologisch onderzoek en voor klinische

vraagstellingen.

De methode voorziet in functionele informatie die ontbrak in andere

longdiagnostische methoden. De relevantie onder klinische omstandigheden

zal daarom uitgebreider geëxploreerd moeten worden. Daarnaast kan het een

belangrijk instrument blijken voor verder bestudering van de

regelmechanismen van de longfunktie.

ij
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Résumé et conclusions.

Dans le chapitre I qui sert d'introduction, le but des études envisagées

est exposé. Dans le domaine des maladies pulmonaires canines, il apparait

que la plupart des techniques diagnostiques font appel à des données

morphologiques. De plus, ces méthodes présentent un caractère envahissant

plus ou moins marqué. La détermination des gaz sanguins artériels apporte

certaines informations concernant les échanges gazeux pulmonaires, sans

discerner cependant les mécanismes pathophysiologiques sous-jacents.

L'analyse de l'adéquation entre ventilation et perfusion ("matching")

fournit également des informations au sujet des échanges gazeux.

En médecine humaine, l'expérience a montré que la scintigraphie

pulmonaire est apte à fournir de telles informations. L'imagerie

scintigraphique de la ventilation ou de la perfusion ne permet au départ

que la localisation d'anomalies de la ventilation ou de la perfusion.

Cependant, en quantifiant les données scintigraphiques, on peut obtenir

des données réellement fonctionnelles.

Le but principal de ce travail est de développer une analyse quantitative

et de déterminer sa valeur à des fins physiologiques et diagnostiques.

Dans le chapitre II sont présentés successivement la méthode telle

qu'elle a été mise au point (11,1), le matériel de référence (11,1 et 2)

ainsi que certaines premières constatations physiologiques (11,1, 2 et

3). La méthode consiste en une scintigraphie pulmonaire au Technetium

99m, comprenant une étude de la ventilation par inhalation d'un aérosol

technétié et une étude de la perfusion. Une analyse quantitative est

développée. Plusieurs paramètres (cf appendix) caractérisant la

distribution interrégionale ("régionale") ainsi que la distribution

intrarégionale ("locale") du rapport ventilation/perfusion sont

introduits. La méthode fut appliquée à des chiens anesthésiés en

décubitus sternal, d'abord dans un groupe de chiens de races différentes,

ensuite dans un groupe de chiens adultes de race beagle. Dans chacun de

ces groupes, le rapport inhalation/perfusion régional diminuait à partir

des régions pulmonaires craniales vers les régions les plus caudales.

Dans le groupe des beagles, le rapport I/P régional augmentait à partir

des zones dorsales vers les zones les plus ventrales, au contraire de ce

qui est décrit chez l'homme.En conclusion.il apparait que chez les chiens

anesthésiés en position de décubitus sternal, la gravité n'est pas le
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facteur déterminant de la distribution intrapulmonaire de I et de P.

Les inégalités entre inhalation et perfusion étaient les plus élevées

dans les zones les plus caudales ainsi que dans les zones les plus

ventrales, mais on n'observait pas de gradient cranio-caudal ni

dorso-ventral.

En conclusion, il apparait que l'inadéquation intrarégionale entre I et P

ne peut pas expliquer la distribution régionale du rapport I/P et que le

degré d'inadéquation intrarégionale entre I et P ne semble pas influencé

par la force gravitationnelle.

Le chapitre III est consacré à l'analyse de 1' influence possible de la

méthodologie et de certaines notions physiologiques sur l'interprétation

des mesures scintigraphiques, telles que les influences possibles de la

position (111,1), de l'anesthésie (111,1), de l'âge (111,2 et 4) et de la

race (111,3 et 4).

La position couchée ainsi que l'anesthésie étaient responsables de

changements dans la configuration pulmonaire, et dans la distribution de

la perfusion. La position couchée induisait un aplatissement vertical du

poumon associé à un élargissement des régions ventrales, ainsi qu'une

compression du parenchyme au niveau des zones paradiaphragmatiques.

L'anesthésie produisait d'importants changements dans la forme du poumon

mais sans qu'on puisse les définir dans une direction particulière. La

position couchée réduisait la distribution du sang vers les zones

paradiaphragmatiques alors que l'anesthésie réduisait la perfusion

principalement au niveau des zones les plus dépendantes. Ces différences

sont probablement essentiellement dues à la redistribution du sang vers

les zones les mieux ventilées.

Dans le point 2 du chapitre III, on montre que les facteurs responsables

de la distribution régionale de la ventilation et de la perfusion

pulmonaires chez des chiens anesthésiés en position sternale sont

indépendants de l'âge. Des modifications de la morphologie et de la :

mécanique pulmonaires sont décrites chez le chien âgé. Ces modifications

ne s'accompagnent apparemment pas d'une altération de l'adéquation '

intrarégionale entre inhalation et perfusion. Cependant, la présence •

d'unités pulmonaires à haute valeur en rapport I/P fut démontrée dans les

poumons des chiots, chez lesquels elles peuvent être expliquées par des

considérations morphologiques, et dans les poumons des chiens âgés où

elles peuvent être basées sur le développement de mécanismes
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ventilatoires compensatoires, eux-mêmes associés à la qualité

exceptionnelle de la ventilation collatérale chez le chien.

Chez des chiens athlétiques ( croisés Dobermann pinsher Greyhound ou DG),

la distribution régionale du rapport I/P était plus uniforme que chez les

beagles, à la fois à partir des zones craniales vers les zones caudales

et des zones dorsales vers les zones ventrales. Ces différences peuvent

être attribuées à des différences morphologiques existant entre les deux

types de chiens, notamment à la hauteur du thorax qui, chez les chiens

athlétiques, permettrait à la force gravitationnelle d'exercer une

influence plus déterminante que chez les beagles. Une meilleure

adéquation régionale entre ventilation et perfusion fut trouvée chez les

DG, sauf dans la portion la plus ventrale du poumon. Ceci reflète

probablement une adaptation fonctionnelle permettant de maximaliser

l'efficacité de l'échange gazeux et contribuant à la performance

athlétique.

D'éventuels effets de l'âge et de la race sur la physiologie pulmonaire

furent investigués également par la détermination des phospholipides du

surfactant pulmonaire, en utilisant la technique du lavage alvéolaire

(111,4). La composition lipidique du surfactant isolé de chiens

appartenant à 3 catégories d'âge différent révéla une augmentation

significative du contenu en phosphatidylcholine (PC) avec l'âge. Etant

donné que PC est le composant majeur du surfactant lipidique ainsi que

l'agent tensio-actif principal, ce phénomène pourrait représenter un des

mécanismes compensatoires permettant au chien âgé le maintien d'une bonne

efficacité de la fonction pulmonaire, et ce en dépit des altérations

morphologiques et mécaniques. Chez les greyhounds, un surfactant de

"meilleure" qualité fut trouvé. Le contenu en PC disaturé ainsi qu'en

phosphatidylglycerol y était significativement plus élevé que chez les

beagles. Cela confirme la présence de différences physiologiques liées à

la race chez le chien et confirme le fait que le greyhound est une race

de chien très particulière.

Dans le chapitre IV, l'intérêt diagnostique de la méthode fut démontré ;
t

dans 2 modèles expérimentaux de maladies pulmonaires de pathophysiologie \

différente. |
r

Dans un premier modèle, 2 niveaux d'obstruction des voies aériennes

furent comparés (IV,1). L'obstruction sublobaire induisit une réponse

ventilatoire extrêmement et même excessivement efficace de la
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ventilation collatérale. L'inadéquation intrarégionale entre I et P

n'était pas augmentée. Dans l'obstruction lobaire, la diminution de la

perfusion vers le lobe obstrué n'empêchait pas une perturbation régionale

et intrarégionale des rapports I/P. A la fois une vasoconstriction

hypoxique et des facteurs mécaniques comme la distorsion vasculaire

étaient impliqués dans le processus de redistribution sanguine.

Dans un second modèle, une embolie pulmonaire était induite par

l'injection intraveineuse d'agar (IV,2). L'examen postmortem révélait la

présence d'emboles répartis de manière diffuse dans tout le poumon. La

présence d'emboles était détectée dans toutes les zones pulmonaires par

un facteur d'inadéquation locale <y> et par un index d'inadéquation

locale p . Dans les zones qui apparaissaient les plus fortement embolisées

à l'examen scintigraphique, c'est-à-dire principalement les zones les

plus caudales, les extrémités craniales et les zones périphériques de

chacun des poumons, les embolies étaient mises en évidence par les images

scintigraphiques fonctionnelles ainsi que par une diminution du rapport

I/P régional. Dans les zones centrales, les images fonctionnelles ainsi

que le rapport régional étaient influencés par la redistribution du sang

à partir des zones les plus embolisées vers les zones périhilaires plus

particulièrement du poumon droit. Il apparait ainsi que <y> et p sont les

paramètres les plus sensibles pour la détection d'embolies pulmonaires.<Y>

parait être plus spécifique que p . Les changements dynamiques de la

distribution de la perfusion après une embolie peuvent être attribués à

des phénomènes de vasoconstriction. Ce phénomène de vasoconstriction

n'est pas compensé par une diminution correspondante de la ventilation.

Une explication hypothétique est la suivante: si la bronchoconstriction a

lieu à un niveau sublobaire, elle pourrait à ce niveau, du moins chez le

chien, être la cause d'une réponse ventilatoire exagérée, provoquée par

la qualité exceptionnelle dans cette espèce de la ventilation collatérale

déjà mentionnée plus haut.

Grâce à ces 2 modèles expérimentaux, on peut conclure que l'utilisation

d'une scintigraphie pulmonaire comprenant l'inhalation d'un aérosol

combinée à une perfusion, et associée à une analyse quantitative,

représente une méthode sensible pour l'investigation de mécanismes

pathophysiologiques.

En conclusion, la scintigraphie pulmonaire comprenant l'inhalation ^

d'aérosol combinée à l'étude de la perfusion, associée à une analyse t j
i
|
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quantitative est une méthode sure, non-invasive et très utile qui peut

être utilisée à des fins cliniques ainsi que pour des études

physiologiques. Cette méthode apporte l'information fonctionnelle qui

manquait dans les autres méthodes diagnostiques. Son intérêt dans des

circonstances cliniques devrait être exploré de manière plus étendue. De

plus, cette manière d'analyse pourrait se révéler un outil intéressant

pour l'investigation des mécanismes qui ajustent la fonction pulmonaire.

.il ;•
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Appendix: scintigraphical parameters.

f
GENERAL PARAMETERS

I inhalation

P perfusion

I/P inhalation to perfusion ratio

Ir relative inhalation
relative activity due to aerosol inhalation in a region.

Pr relative perfusion
relative activity due to perfusion (macroaggregates) in a region.

Sr number of pixels in a region.

Itot activity due to aerosol inhalation in the whole (left and/or right )
lung.

Ptot activity due to perfusion in the whole (left and/or right) lung.

Z log I/P

PARAMETERS RELATED TO INTERREGIONAL MISMATCHING.

Z mean regional log I/P.
mean of the Z-values in a region.

F regional mismatching factor
Ir/Pr.

A+ relative overperfusion
fraction of the total perfusion activity unmatched by
inhalation activity.

Dpf perfusion density factor
ratio between the mean perfusion count density in a region (Pr/Sr)
and the mean count density in the whole lung (Ptot/Stot).

Dif inhalation density factor
ratio between the mean inhalation count density in a region (Ir/Sr)
and the mean count density in the whole lung (Itot/Stot).

PARAMETERS RELATED TO INTRAREGIONAL MISMATCHING.

Sz standard deviation of the Z distribution in a region.

p local mismatching index
(ZIP) 2/ (H2.ZP2).

Y local mismatching in a pixel (I/P «F .Y).

<y> local mismatching factor {
geometric mean of the Y-values in a region. J
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