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ABSTRACT 

We evaluated haemodynamic and blood gas changes following the intravenous infusion of 
starch microemboli (63-74p.). Comparisons were made between dogs receiving a single 
embolus and dogs receiving an equal quantity ofembolus divided into small doses given at 30 
minute intervals (multiple emboli). The most significant finding was that the same quantity of 
embolus produces different effects. In the dogs receiving a single embolus of 150 rug. kg ~ of 
starch, Pap2 fell from 11.3 to 7.6 kPa (85 to 57 torr) (p < 0.025) and 0 J 0 t  increased from 11 to 
34 per cent (p < 0.0 I). In the multiple emboli dogs, after a total dose of 150 rag. kg-L of starch, 
there was a small but not significant fall in Pap2 from I 1.6 to 10.8 kPa (87 to 81 torr), and QJQt 
did not change significantly. In the single embolus dogs Q increased significantly after an 
embolus of 100 rag. kg -t of starch (p < 0.05). After a single embolus of 150 rag. kg -t, Q was 
variable; 3 dogs showed a decrease, and 2 an increase, however the mean change was not 
significant. In the multiple emboli dogs, 0 decreased significantly (p < 0.005). 
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PULMONARY EMBOLI in man and experimental  
animals produce a wide range of haemodynamic 
changes and severity of symptoms. Cardiac 
index has been reported as being normal, de- 
pressed, or elevated t , and although hypoxaemia 
is frequently observed,  some researchers have 
found cases of  massive pulmonary embolism 
without arterial hypoxaemia . '  

The mechanisms by which these haemody- 
namic changes are brought about are still not 
clear. Mechanical obstruction, neural and humoral 
mechanisms have been implicated. T M  Impaired 
gas exchange producing hypoxaemia after pul- 
monary emboli has been attributed to broncho- 
constriction, 6 opening of arterio-venous anasto- 
mosis in the embolized lung, 7 impairment of  
diffusion, t pulmonary oedema,  s and ventilation 
perfusion abnormalities. 9-~3 

The primary haemodynamic consequence of  
embolism is a reduction in the available cross- 
sectional area of the pulmonary arterial bed. t3 
Therefore it would seem logical to conclude, and 
some investigators have demonstrated, that the 
degree of haemodynamic compromise is a direct 
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function of  the extent of embolism. ~ However  
clinical observations indicate a disparity between 
the amount ofembol ic  obstruction and the extent 
of haemodynamic compromise.  T M  Results from 
experimental embolization in animals are difficult 
to assess because they involve not only autolog- 
pus blood clots but a wide range of  foreign 
materials of different sizes including glass and 
plastic spheres, starch, lead pellets, barium sul- 
phate, spores and seeds. 

The spectrum of pulmonary embolism encom- 
passes both the single massive embolus and 
showers of  multiple emboli. Therefore,  in this 
study we evaluated the haemodynamic and blood 
gas changes occurring in dogs receiving a single 
embolus compared to dogs receiving an equal 
quantity of  embolus divided into small doses 

given at 30 minute intervals. 

METHODS 

Studies were done on 15 mongrel dogs (mean 
weight 21.9 + 1.2 kg) anaesthetized with pento- 
barbitone (Abbott) 30 rag. kg -~. The trachea was 
intubated and all dogs breathed room air spon- 
taneously in the supine position. Pentobarbitone 
was administered intermittently as required to 
maintain light anaesthesia. The pulmonary ar- 
tery, femoral artery and vein, and the left atrium 
were catheterized to monitor pressure contin- 
uously, t6 All lines were kept patent by intermit- 
tent flushing with physiological saline, and no 
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heparin was used. A large bore catheter was 
inserted into the left external jugular vein for 
injection of  starch emboli (63 - 74 I~ in diameter) 
suspended in normal saline. The suspension was 
well mixed prior to injection. Arterial and mixed 
venous blood samples were obtained for blood 
gas analysis and all values were corrected to body 
temperature.  Cardiac output t t)) was determined 
using the thermodilution technique, and venous 
admixture fraction (Qs/0t) was calculated. 

There were three groups of  five dogs each, The 
first group (multiple emboli) receivcd 50 _ 6 mg- 
kg -~ aliquots of starch emboli at approximately 
30 minute intervals, up to a maximum dose of  
150 -I- 18mg-kg- ' .  The second group received a 
single starch embolus of 100 -I- 8mg.  kg -~, and 
the third received a single starch embolus of  150 
__. 0 mg- kg -~ . Measurements were recorded prior 
to embolization and approximately 10 to 20 
minutes after the infusion of each embolus, when 
the pulmonary artery pressure was stable. The 
dogs were killed by injecting potassium chloride 
after the last set of data. 

Comparisons are only made between the single 
embolus group and the multiple emboli group 
where there is no significant difference in the 
amount of starch given per kg of body weight, so 
differences are not due to the amount of starch 
given. Differences between groups were evalu- 
ated statistically using Student 's  " t "  test for 
paired and independent groups. If p < 0.05 the 
differences were considered significant. 

RESULTS 

After the infusion of 50 + 6 m g - k g  -t of  starch 
emboli there were no significant changes. How- 
ever  it is interesting to note that in three out of 
five dogs the mean Pao2 rose from 11 to 11.8kPa 
(83 to 89 torr). 

After the infusion of 100 + 8 mg. kg- '  or more, 
mean pulmonary artery pressure (PPX increased 
significantly in both the single embolus and 
multiple emboli dogs (p < 0.01), but there were 
no significant differences between the multiple 
emboli and the single embolus dogs. After a 
single emholus of 100 + 8 mg. kg -~ , PPX increased 
from 2.4 + 0.26 to 4.1 + 0.53 kPa (18 + 2 to 31 + 
4 mmHg), and after 150 + 0mg.  kg -~ from 2.4 + 
0.26 to 4.3 + 0.66kPa (18 + 2 to 32 + 5 mmHg). 
For  any given quantity of starch embolus there 
was a wide range of  Pff~ values. After 100 + 
8 m g - k g  -~ of starch, values ranged from 2.1 to 
6 kPa (16 to 45 mmHg);  the dogs with the lowest 
Pao2 having the highest PPX. The decrease in Pao2 

was significantly greater in both groups receiving 
a single embolus (p < 0.025, Figure I). Infusions 
of a single embolus of 100 ___ 8 rag. kg -I produced 
a significant fall in Pao2 from 10.9 +_ 0.53 to 8.4 + 
1.07kPa (81 __. 4 to 63 +_ 8tort).  In the multiple 
emboli group, Pao2 did not change significantly; 
after the infusion of  two 50 + 6 rag. kg -t aliquots 

o fembolus  Pao2 only fell from 11.6 + 0.53 to 10.9 
__ 0.79kPa (87 +_ 4 to 82 __ 6torr).  There was 
significant fall in Pao2 from 11.3 ___ 0.39 to 7.6 _+ 
0.53kPa (85 -F 3 to 57 + 4torr)  in the dogs 
receiving a single bolus of 150 + 0mg.  kg -I of 
starch. However  Pao2 only fell to 10.8 ___ 0.53 kPa 
from 11.6 __ 0.53kPa (81 __ 4 from 87 ___ 4torr) 
in the multiple embolus group after a total in- 
fusion of  150 --I- 18rag. kg-* of  starch. 
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FIGURE 1. Changes in Pao2, 0s/0tand Qafter starch 
emboli were injected. The single embolus doses were 
100 ___ 8 and 150 -I- 0mg.kg -~ of starch. The multiple 
emboli were given in 50 4" 6 rag- kg-* aliquots. Compar- 
isons were only made when there was no significant 
difference between the total amounts of starch injected. 
T indicates _+ 1 SEM 



552 

Venous admixture (Qs/Qt) did not change sig- 
nificantly in the multiple cmboli group, but in- 
creased significantly (p < 0.01) in both of the 
single embolus groups (Figure I). After a single 
embolus of 100 4- 8mg.kg -I, (~/(~t increased 
from 9 -I- 2 to 30 -I- 9 per cent and after a single 
embolus of 150 + 0mg. kg -t of starch, Qs/Qt in- 
creased from II 4. 2 to 34 4- 6 per cent. The 
change in (~/(~t was significantly greater in dogs 
receiving a single embolus (Figure I) than in dogs 
receiving multiple emboli. 

PX)o= fell significantly in both the single embo- 
lus dogs and the multiple emboli dogs. After a 
single embolus of 100 -t- 8 mg. kg -~ , Pvo= fell from 
7.1 4. 0.53 to 5.9 ___ 0.79 kPa (53 + 4 to 44 -t- 6 tort), 
and after a single embolus of 150 4. 0mg.kg -~, 
P'vo2 fell from 6.7 _.+ 0.19 to 4.9 ___ 0.39 kPa (50 + 
1.5 to 37 4. 3torr). The fall in P~'o2 was not 
significantly different when the multiple emboli 
dogs were compared to the single embolus dogs. 

The initial Pacoz was 5.6 + 0.26kPa (42 + 
2torr) and did not change significantly in any 

group. Arterial pH did not change significantly in 
the multiple emboli group or the group receiving a 
single starch embolus of tOO + 8mg-kg -~, but 
decreased from 7.38 __. 0.03 to 7.34 _ 0.03 (41.7 + 
2.9 to 45.7 -t- 2.9 nmol/1 H+)(p < 0.5) in the group 
receiving a single embolus of 150 + 0rag. kg -~. 

Cardiac output decreased significantly (p < 
0.005) in the multiple emboli group after the 
infusion of two 50 -t- 6 rag. kg-~ aliquots, from 4.1 
4. 0.4 to 3.4 __. 0.3 l/min (Figure 1). After the 
infusion of more starch it fell to 3.25 4- 0.2 l/rain. 
However after the infusion of a single embolus of 
100 + 8mg.kg -~ of starch, cardiac output in- 
creased significantly (p < 0.05) from 3.3 +_ 0.2 to 
3.5 _ 0. I I]min. This increase in cardiac output 
was significantly different from the decrease 
observed in the multiple emboli dogs after receiv- 
ing a total dose of 100 4- 12 mg. kg -t . In the group 
of dogs receiving a single bolus of 150 
4- 0 rag. kg-~ cardiac output changes were vari- 
able; three dogs showed a decrease and two an 
increase, but the mean change was not signifi- 
cant. 

DISCUSSION 

The most significant finding of this study is that 
the same quantity of starch emboli can produce 
different effects on Paoz, venous admixture 
((~s/Qt), and cardiac output, depending upon 
whether it is injected as a single embolus within 
five seconds, or divided into aliquots of 50 __. 
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6mg.kg -~ injected approximately 30 minutes 
apart. 

Why the single embolus dogs had a greater fall 
in Pao2 and increase in venous admixture than the 
multiple emboli dogs is not clear. But the differ- 
ence cannot be due to greater pulmonary embol- 
ization since both groups were embolized with 
the same quantity and size of embolus. The 
greater fall in Pao2 is also not due to a greater 
decrease in Pvo2, because although the P9o2 fell 
significantly in the single and multiple emboli 
dogs there were no significant differences in the 
absolute values or the decrease in Pvoz. 

It is of interest to consider why these differ- 
ences in Pao2 and (~sl(~t occurred. Kadiri ~7 dem- 
onstrated that starch or blood clot emboli are 
preferentially distributed to the vasculature of 
ventilated lung. Malik ~8 also demonstrated that 
emboli obstruct the dependent lung vessels. As 
the cardiac output and pulmonary artery pressure 
increased after a single bolus of 100 4. 8 rag. kg -t, 
mechanical blockage of these well perfused areas 
must lead to a redistribution of blood flow. There 
was a marked increase in venous admixture after 
a single bolus. But venous admixture measured 
during spontaneous respiration, breathing room 
air, includes the shunt-like effect of areas of lung 
having an inequality of ventilation with respect to 
perfusion such that the ventilation perfusion ratio 
(V/(~) is reduced, and areas of the lung that 
function as a true right to left shunt (areas of 
atelectasis, V/(~ = 0). Therefore the redistributed 
blood flow could cause an increase in (~J(~t by 
perfusing areas of low 9/(~ or areas ofatelectasis. 
Dantzker t~ found that V/(~ abnormalities could 
account for almost all of the arterial hypoxaemia 
after pulmonary emboli and Malik 18 found the 
hypoxaemia after pulmonary embolism to be 
consistent with ventilation/peffusion imbalance. 

Alveolar hypoxia causes constriction of pul- 
monary arterial vessels (hypoxic pulmonary vas- 
oconstriction [HPV]), which diverts blood away 
from hypoxic areas of the lung so as to maintain 
reasonably constant ventilation/perfusion ratios. 
Interference with this response would increase 
venous admixture and decrease Paoz. Hypocap- 
nia and alkalosis are known to diminish the HPV 
response, ~9'2~ but in this study Paco2 did not 
change significantly, and there was no alkalosis 
present. However, HPV can be blunted in the 
presence of an increase in pulmonary artery pres- 
sure. 2~ It is possible, therefore, that the pulmon- 
ary hypertension resulting from pulmonary 
embolism will tend to overcome the hypoxic 
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pulmonary vasoconstriction and re-open vessels 
in the hypoxic lung areas, redistributing blood 
flow to areas of low ventilation, thus creating 
areas of low V/Q. This would also cause an 
increase in the calculated venous admixture and a 
drop in Paoz.'7 

Why, therefore, is there a difference between 
the single and multiple emboli dogs? In the single 
embolus dogs hypoxaemia was evident within 
five minutes of embolization. This fall was too 
rapid to be accounted for by pulmonary oedema. 
Embolization was the same, and it is unlikely that 
there would be any significant differences in the 
amount of pre-embolic atelectasis or degree of 
hypoxic pulmonary vasoconstriction present. 
Therefore, by exclusion it appears that the differ- 
ences have to be due to different distributions of 
ventilation/perfusion ratios after emboli. In the 
multiple emboli dogs, the initial embolus did not 
produce a significant change in mean pulmonary 
artery pressure. However, it must have blocked 
pulmonary capillaries and redistributed blood 
flow. This wot, ld result in changes in the ventila- 
tion/perfusion ratios of the lungs. Also, subse- 
quent emboli will distribute to different lung areas 
than would a single embolus of equal quantity. 

The difference in Pao2 between the single and 
multiple emboli groups and the small decrease in 
Pao2 in the multiple emboli dogs is consistent with 
clinical reports of patients having angiographi- 
cally proven embolism and little or no hypoxae- 
mia. 3 

In the multiple emboli dogs after the infusion of 
a total dose of 100 + 8 rag. kg-a or more there was 
a significant drop in cardiac output; however 
when 100 + 8mg-kg -~ was injected as a single 
embolus there was a significant increase in car- 
diac output. This difference may be due to the 
systemic arterial hypoxaemia present in the 
single embolus group. 

The most consistent observation after a pul- 
monary embolism of 100 + 8mg.kg -~ or more 
was an increase in pulmonary artery pressure. 
Neurogenic reflexes and release of vasoactive 
substances have been cited as contributing to 
pulmonary hypertension after pulmonary embol- 
ism. 4"-~ Other investigators emphasize the role of 
mechanical obstruction and have demonstrated 
that the extent of haemodynamic compromise is 
dependent upon the percentage of cross sectional 
area of the pulmonary arterial bed. 3 It appears 
that about 50 per cent obstruction of the pulmon- 
ary bed is necessary before pulmonary hyperten- 
sion is observed, t3 In our study, injection of 50 4- 
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6 mg. kg-' of starch did not produce a significant 

rise in P~A and cardiac output remained constant. 
This implies that there was a degree of reserve in 
the compliance of the pulmonary vascular bed. 
However, injection of 100 + 8my. kg-' or more 
of starch produced a significant increase in P~-X (p 
< 0.01). There was a significant, but not good, 
correlation (r = 0.43, p < 0.05) between the 
quantity of embolus given and the P~--~ measured 
after single and multiple doses of starch emboli 
(Figure 2). For any given quantity of starch there 
was a wide range of P~-A values, the dogs with the 
lowest Paoz having the highest P~-~. This scatter 
may be associated with a hypoxic-induced re- 
sponse increasing Pff-A. However, it can also be 
explained by the theory suggested by Kadiri t7 
and Fisher' ~ that the increase in PV-A redistributes 
blood flow to areas of HPV, increasing venous 
admixture and lowering Paoz- After embolization 
with 50 ___ 6 rag. kg-' or more of starch as a single 
embolus, there was a good correlation (r = 
-0.76, p < 0.01 between Pb-X and the arterial 
oxygen tension (Figure 3). 

In this study we have demonstrated that the 
haemodynamic and blood gas changes that occur 
after pulmonary embolism do not depend upon 
the degree of embolization. The same quantity 
and size of embolus produced significantly dif- 
ferent results depending upon how it was admin- 
istered. This observation is important for future 
design of pulmonary embolism experiments. It 
emphasizes the necessity for carefully controlled 
studies. When groups of dogs are to be com- 
pared, it is essential that they receive not only the 
same amount ofembolus, but it should be admin- 
istered in exactly the same manner to each group. 

Also our data indicate that single emboli pro- 
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FIGURE 2 The effect of starch emboli, both single 
and multiple doses, on mean pulmonary artery pres- 
suFe. 
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FIGURE 3 Relationship between mean pulmonary 
artery pressure and Paoz after the injection of a single 
starch embolus. 

duee different haemodynamic  and blood gas 
changes  than multiple emboli .  While there are 
fundamenta l  dif ferences  be tween  s tarch cmboli  

in dogs and blood clot emboli  in pat ients ,  these 
data may explain the clinical finding of no hypox- 
aernia in the presence  of angiographical ly doc- 
umented  emboli .  2 
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RI~SUMI~ 

On a 6valu6 sur I'h6modynamie et lea gaz du sang le retentissement caus6 par la perfusion 
intro-veineuse de microembolies d'amidon (63-74 It). Lea auteurs ont compar6 entre eux des 
chiens qui recevaient un seul embole h des chiens qui recevaient une quantit6 ~gale d'emboles 
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divis~s en petites doses et administr~s/t des interva[les de 30 minutes (embolies multiples). La 
conclusion la plus remarquable a&~ que la m~me dose d'emboles pourrait produire des effets 
differents. Sur le chien qui recevait un seul embole de 150 mg- kg-~ d'amidon, la Pao~ a fait une 
chute de 11.3/~ 7.6 kPa (85 5_ 57 torr) (p < 0.025) et le 0s/Qt a augment~ de I I b~ 34 pour cent (p < 
0.01). Sur le chien chez qui on avait fractionn6 les emboles, les auteurs ont constat6 apr~s une 
dose totale de 150rag. kg-' d'amidon uue petite chute non significative de ]a Pao2 de 11.6 h 
10.8kPa (87/t 81 tort), et un Qs/Qt inchang6. Chez les chiens ayant re~:u un seul embole, le 
debit cardiaque a augment6 de fad:on significative ap6:s un embole de 100 rag. kg-' d'amidon 
(p < 0.05). Apr~s un seul embole  de 150rag.  kg - I ,  le d6bit  ca rd iaque  a 6t6 var iab les ;  il a 
diminu6 pour trois chiens, augment6 pour deux, mais ce changement n'a pas 6t~ jug6 
significatif. Chez les chiens b~ emboles multiples, le d6bit cardiaque a augment6 de fa~on 
significative (p < 0.005). Ces r6sultats soulignent l'importance et la n6cessit6 de protocoles 
rigoureux Iorsqu'on fait l'6tude de I'embolie pulmonaire exp6rimentale. 
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