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Summary and conclusions

Pulmonary surfactant lowers the surface tension at the air-water interface
inside the alveolus. This is achieved by adsorption of surfactant phospholipids
at the air-water interface, a process controlled by surfactant-associated
proteins, such as SP-A. In this way, surfactant prevents collapse of the
alveolus at end expiration, prevents formation of alveolar edema and increases
the compliance of the lung. In chapter 1a an overview is given how the
normal function of surfactant can be affected by lung transplantation.

It is now well established that the surfactant function is impaired in case
of acute lung injury, like in the acute respiratory distress syndrome (ARDS).
Several factors in clinical ARDS and in experimental ARDS models are
responsible for the impairment of the surfactant function. One factor is the
inhibition of the surfactant function by serum proteins that leak into the
alveoli. Other possible factors are an altered composition of surfactant and an
altered surfactant metabolism.

During the reimplantation response, which is a form of acute lung injury
after lung transplantation caused by the complex of denervation, disruption of
lymphatic vessels, and ischemia-reperfusion, we expect that the surfactant
function is impaired in a similar way as in ARDS. The clinical symptoms of
the reimplantation response, including the development of protein rich
alveolar edema, a decreased lung compliance and a diminished gas exchange,
are similar to those of ARDS.

Pulmonary surfactant after lung storage and reperfusion
To elucidate which factors might affect pulmonary surfactant in lung
transplantation, two distinct phases in the transplantation procedure were
investigated in this thesis. The first phase is lung storage during which the
surfactant system may be disturbed by ischemia and (in some cases) hypoxia
leading to changes in composition and function of surfactant. The second
phase is the reperfusion period after lung storage during which an oxygen
radical mediated lung injury may alter the surfactant composition and impair
the surfactant function. To investigate the pulmonary surfactant, it was
obtained from the lungs by bronchoalveolar lavage.

In chapter 2a surfactant was investigated in rat lungs during cold storage
up to 20 h. We found that cold lung storage does not significantly disturb the
pulmonary surfactant composition or function. Only the amount of SP-A
relative to the surfactant phospholipids decreases when lungs are stored for 20
h.
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In chapter 2b we investigated the effect of transplantation injury after 60,
90 and 120 minutes of warm ischemic lung storage on pulmonary surfactant
in rats. At 1 day after transplantation, when the reimplantation response is
most severe, pulmonary surfactant and the quasi static compliance were
investigated. We found that the surfactant function was impaired during the
reimplantation response. Furthermore the surfactant function was more
impaired when the reimplantation response was more severe caused by a
longer period of lung storage. The impairment of surfactant function was
paralleled by a decrease in quasi static compliance of the lung transplant. We
conclude that the impairment of the surfactant function is caused by serum
proteins leaking into the alveolar space and by a low percentage of
phosphatidylcholine in the surfactant phospholipids.

Surfactant treatment in experimental lung transplantation

On the basis of the first two studies we expected that improvement of lung
preservation methods would prevent the deterioration of the surfactant
function during the reimplantation response. Furthermore we expected that
intra-tracheal surfactant treatment, given before changes in pulmonary sur-
factant occur (i.e. before reperfusion), would improve lung transplant
function.

In chapter 3a a modified natural surfactant was instilled into the lung
transplant just before reperfusion after 6 or 20 h cold deflated lung storage to
improve the lung transplant function. In this study we showed that instilled
surfactant improved the immediate lung transplant function in association
with an increase in pulmonary surfactant components. Remarkably, the
amount of endogenous SP-A was partially preserved after surfactant
instillation which may be crucial for the efficacy of surfactant treatment of
lung transplants.

In chapter 3b the effect of early surfactant instillation on the recovery
from transplantation injury in a period of 1 week was studied. Again sur-
factant was instilled before reperfusion but now the lung transplant function
was followed for one week and pulmonary surfactant from the transplant
obtained at one week. We found, first, that pulmonary surfactant was not fully
recovered at one week after transplantation even in lungs which had recovered
apparently from transplantation injury. Second, we found that early surfactant
treatment in lung transplantation enhanced recovery from transplantation
injury and had persistent beneficial effects on pulmonary surfactant.
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In chapter 3c a surfactant enriched with SP-A was instilled just before
reperfusion to investigate whether the enrichment with SP-A could improve
the efficacy of surfactant treatment after prolonged lung storage. In this study
the rat lungs were stored inflated with 50 % oxygen for 20 h. Transplant
function and pulmonary surfactant in BAL fluid were measured after 1h of
reperfusion. It was found that inflated storage preserved pulmonary surfactant
and lung transplant function rather well. Although surfactant treatment
improved the amount and composition of surfactant phospholipids and
preserved the amount of SP-A, it did nor further improve the lung function.
Enrichment of surfactant with SP-A did not result in better effects of the
surfactant treatment. Our explanation for the absent effect of surfactant
instillation in this study was inadequate spreading of the instilled surfactant in
the inflated-stored lung. We hypothesize that other delivery techniques, such
as nebulization, may improve surfactant spreading, and consequently the
function of inflated-stored lung transplants.

Pulmonary surfactant after clinical lung transplantation

In chapter 4a it was investigated in a pilot study whether pulmonary surfac-
tant alters after clinical lung transplantation. Our main interest was the im-
mediate effect of transplantation injury on pulmonary surfactant after lung
storage and reperfusion. Pulmonary surfactant was obtained by aspiration of
tracheal fluid from patients who underwent a double sequential lung
transplantation. Surfactant from patients who underwent a uncomplicated
coronary bypass operation served as control. We found that after lung
transplantation with ischemia times till 7 h the composition of pulmonary
surfactant was almost the same as after coronary bypass grafting. The only
difference was a lower SP-A/PL ratio (presumably caused by a low amount of
SP-A) in surfactant from lung transplant patients. The clinical significance of
the low amount of SP-A in lung transplants remains to be shown.

Conclusions and future perspectives

In this thesis we investigated the effects of lung storage and the effects of lung
transplantation on pulmonary surfactant and lung transplant function in rats
and patients. The time points of measurement after transplantation ranged
from immediately after reperfusion till one week after transplantation.
Surfactant treatment of lung transplants was another line of investigation.

Based on our studies we conclude that cold storage of lungs up to 20 h did
not affect the phospholipids of surfactant or the function of pulmonary
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surfactant; the amount of SP-A, however, decreased during storage. Although
similar findings were reported by some investigators, our findings are in
contrast with other reports of a complete deterioration of surfactant during
storage. As discussed in chapter 1a, we believe that the apparent differences
are caused by the use of different storage methods.

Our findings during the first hourst of reperfusion are in line with other
studies on pulmonary surfactant ( chapter 1a, table ) and lung transplant
function. Also our finding that reperfusion after inflated storage causes less
surfactant alterations and improves lung transplant function (chapter 3c)
confirms other studies. The observation that one week after transplantation
both the amount of surfactant phospholipids and SP-A are lowered is unique
because it could be made without interference of rejection. The performed
pilot study in lung transplant patients indicates that transplanting a lung
within 7 hours of ischemia compared with coronary bypass grafting does not
cause major changes in surfactant .

Surfactant treatment of lung transplants, in our studies by surfactant
instillation before the start of reperfusion, improved the composition of
surfactant in parallel with the lung transplant function in rats. Our studies, in
line with studies by others, showed that the effect on lung function depended
on the severity of transplant injury. Additionally, we found that early
surfactant instillation positively effected the amount and composition of
surfactant and the transplant function at 1 week after transplantation. We were
unable to show that enrichment of surfactant with SP-A improves the efficacy
of surfactant instillation before reperfusion. As is shown by Novick and
colleagues, surfactant instillation just before reperfusion of an inflated stored
lung is not very effective, likely due to inadequat spreading. They find that
surfactant treatment of the lung while still in the donor is much more
effective.

We believe that surfactant treatment given just before reperfusion can be
equally effective as treatment of a lung donor when spreading of surfactant is
improved. Nebulization instead of instillation might spread surfactant more
efficient because the lung is not injured before reperfusion. Clinical
application might be possible when surfactant can be nebulized faster and
more efficiently due to the development of new devices. Another clinical
application for surfactant treatment might be restoration of the function of a
marginally functioning donor lung which is caused by brain death or
mechanical ventilation. In this way lungs may be saved that otherwise were
refused for transplantation.


