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Abstract

It is unknown whether lung transplantation alters the composition or function
of pulmonary surfactant from patients. Therefore we investigated the
composition of pulmonary surfactant from clinically transplanted lungs. We
further investigated whether an altered composition of pulmonary surfactant
correlated the duration of ischemia and with post operative complications, a
lower PO2 / FiO2 ratio, a longer duration of mechanical ventilation or a longer
stay on the ICU ward. Pulmonary surfactant was obtained by aspiration of
tracheal fluid while the lung transplant patient was on ventilator.(n=12). As
control, surfactant was investigated in tracheal aspirates form patients who
underwent an uncomplicated coronary bypass operation (n=15). We found
that after lung transplantation, with ischemia times up to 7 hours pulmonary
surfactant was almost the same as after coronary bypass grafting. Only the
ratio of surfactant protein-A to total surfactant phospholipids was
significantly lower after lung transplantation then after coronary bypass
grafting. Among the lung transplantation patients no correlation was found
between surfactant values and duration of ischemia or postoperative course.
The clinical significance of a low amount of SP-A in lung transplants remains
to be shown.

Introduction

After lung transplantation some degree of lung dysfunction is a common
feature. In most cases the lung transplant dysfunction resolves within days but
occasionally primary organ failure develops. The main cause of lung
transplant dysfunction is thought to be the injury evoked by ischemia and
reperfusion (1). One of the damaging effects of ischemia -reperfusion is
disturbance of the composition and function of pulmonary surfactant (2, 3). In
canine lung transplantation disturbances in the composition of pulmonary
surfactant after transplantation especially occur when the lung graft has been
stored for more than 12 hours (2). After 2 h to 4 h storage no significant
alterations of surfactant are reported (2, 4). It is unknown whether lung
transplantation alters the composition or function of pulmonary surfactant in
patients. We investigated whether the composition of pulmonary surfactant
from clinically transplanted lungs, with ischemia times up to 7 hours, is
altered after reperfusion. Pulmonary surfactant was obtained by aspiration of
tracheal fluid while the patient was on ventilator on the ICU ward. We further
investigated whether an altered composition of pulmonary surfactant
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correlated with postoperative complications, a lower PO2 / FiO2 ratio, a longer
duration of mechanical ventilation and a longer stay on the ICU.

Patients and methods

Pulmonary surfactant was analyzed in tracheal aspirates obtained from twelve
consecutive patients who received a double sequential lung transplant. Most
patients were transplanted for end-stage emphysema caused by alpha -1-
antitrypsin deficiency ( see table 1 ). Lung ischemia times did not exceed 7
hours. As a control group we used 15 patients who received a coronary artery
bypass graft (CABG). CABG patients undergo procedures that are similar to
lung transplant patients such as a thoracotomy and use of a extra corporeal
circulation. Pre-operative exclusion criteria for the CABG group were age
older than 65, history of lung diseases, and current state of heart failure.
Furthermore, complicated operation or post operative course leading to an
intubation time longer than 24 hours, led to exclusion. The postoperative
course of the patients is summarized in table 1.

table 1.    Patients with double lung transplantation or coronary bypass operation 
Indication for m/f HLM complication PO2/FiO2 days of storage time storage time

operation first 24 h before sampling ventilation 1st lung 2d lung

DLTx 1 AAD f no no 57 2 180 240
2 AAD m no no 58 1 210 270
3 AAD m no no 53 3 215 275
4 emphysema m yes ARDS, infection 24 32 270 280
5 bilateral bronchiectasia f yes bleeding, ARDS 32 21 220 340
6 cystic fibrosis f yes no 58 4 270 360
7 AAD f yes no 53 3 240 360
8 AAD m yes infection 50 7 270 360
9 AAD f yes no 67 2 250 400

10 bilateral bronchiectasia f no no 45 2 310 420
11 AAD m no no 47 3 330 420
12 AAD m yes no 59 1 295 420

CABG 1 CAD m yes no 41 Š 1 - -
2 CAD m yes no 42 Š 1 - -
3 CAD m yes small atelectase 47 Š 1 - -
4 CAD m yes no 53 Š 1 - -
5 CAD m yes no 47 Š 1 - -
6 CAD m yes no 53 Š 1 - -
7 CAD f yes no 47 Š 1 - -
8 CAD f no no 48 Š 1 - -
9 CAD m yes no 50 Š 1 - -

10 CAD f yes no 46 Š 1 - -
11 CAD m no no 38 Š 1 - -
12 CAD m yes no 55 Š 1 - -
13 CAD m yes  atelectase 1 lobe 31 Š 1 - -
14 CAD m yes no 52 Š 1 - -
15 CAD m yes atelectase 1 lobe 23 Š 1 - -

AAD= alpha-1-antitrypsin deficiency, CAD= coronary artery disease. 
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Tracheal aspirates
The tracheal aspirates were collected in the immediate post operative ICU
period while the patients were still ventilated. The main period of collection
was within 24 hour after transplantation or coronary bypass grafting.
Additional aspirates were collected from the lung transplantation patients to
monitor changes in surfactant until extubation. The aspirate was obtained only
on time points that the endotracheal tube was cleared from mucus on routine
basis. Five to 10 ml saline was injected into the trachea via a canula
positioned in the tube and then aspirated. The aspirates were refrigerated and
analyzed within 24 hours after collection.

Pulmonary surfactant.
To isolate pulmonary surfactant the aspirate was diluted with saline to ap-
proximately 1:1, vortexed for 1 minute and centrifuged for 10 minutes at 150
g to sediment debris, mucus and other large particles. The supernatant (s1)
was used for further analysis of the pulmonary surfactant. First, the
percentage heavy surfactant subtype was determined. Therefore 2 x 1 ml of s1
was centrifuged at 27 000 g for 15 minutes in a TLA 100 rotor (Beckmann) as
described previously (5). The pellet (p2) contains the heavy subtype
surfactant, the supernatant (s2) the light subtype surfactant. Phospholipid
content was measured with a perchloric acid method (5). By summing up the
amount of light and heavy surfactant phospholipid the total amount of
phospholipid (PL) was calculated. The percentage phosphatidylcholine (PC)
of total amount of PL was measured with thin layer chromatography
according to Touchstone (6) . To obtain a sufficient amount of surfactant s1
was first concentrated in a pellet (p3) by centrifugation for 8 hours at 100,000
g in a Beckman SW 50 rotor. The amount of SP-A was measured in sample
taken from s1 using a sandwich ELISA method (7). Finally, also the amount
of serum protein was measured in a separate sample from s1 (8). Because of a
large variation of recovered aspirate volumes (2.5 ml to 10.5 ml) no absolute
amounts but only amounts relative to PL will be presented.

Results

The pulmonary surfactant in trachea aspirates obtained from double lung
transplantation patients and coronary bypass patients did not differ greatly.
The surfactant components heavy subtype and PC (as percentages of PL) did
no differ between the two groups ( table 2).
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Table 2.         Surfactant components in tracheal aspirates

Heavy subtype PC/PL SP-A/PL Protein/PL
(%) (%) (µg/µmol) (µg/mmol)

DLTx
average 73.3 54.2     4.0 * 65.6

sd 12.6 11.8 2.5 46.5
CABG

average 74.8 50.5 11.8 50.0
sd 15.9 8.4 8.4 33.7

* = p< 0.001, DLTx versus CABG

Only the ratio of SP-A to PL within 24 h after operation was lower in the lung
transplantation group as compared to the CABG group (figure 1).
In the time period until extubation the SP-A/PL ratio tended to increase but
varied greatly (figure 2). Within the lung transplantation group there was no
correlation between alterations in surfactant components and ischemia time
before reperfusion or the use of the heart lung machine.Furthermore, there
was no correlation with post operative complications, PO2 / FiO2 ratio within
24 h after operation, days of mechanical ventilation, or days of stay on the
ICU. The two lung transplant patients with the post operative
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Figure 1. SP-A/PL ratios in tracheal aspirates within 24 hours after double lung transplanta-
tion or coronary artery bypass operation. The SP-A/PL ratio in tracheal aspirates is signifi-
cantly lower after a lung transplantation (DLTx) then after a coronary bypass operation
(CABG).
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complication ARDS (pat. 4 and 5, see table 1) had a SP-A/P L ratio in the
range of the whole group (3.6 and 1.8, respectively) and a protein/PL ratio in
the lower range (22.6 and 11.7, respectively). Within the CABG group the
patients operated without heart lung machine had no apparent different
composition of surfactant then the patients operated with the use of a heart
lung machine (data not shown).
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Figure 2. SP-A/PL ratios in tracheal aspirates during the ventilation period after double lung
transplantation. Data of day 1 include all first samples taken within the first 24 hours after
transplantation. Data of patients extubated within the first 3 days after transplantation are
shown in a shaded area that represents the mean ± SD (day 1 n=8, day 2 n=6, and day 3 n=3).
Individual curves are given for the four patients extubated later after transplantation. The SP-
A/PL ratio in the aspirates on day 1 do not correlate with the duration of mechanical
ventilation. The SP-A/PL ratio in patients ventilated for 4 or more days, including the two
patients with ARDS after transplantation (extubated at day 21 and 32), is in the same range
as in the rest of the patients.

Discussion

This study shows that the composition of pulmonary surfactant in tracheal
aspirates of patients after a double lung transplantation obtained within 24
hours after reperfusion differs minimally with surfactant from patients who
underwent uncomplicated coronary bypass operation: the percentages heavy
subtype and PC of total PL were low but not apparently effected by lung
transplantation. The SP-A/PL ratio, however, was significantly lower after
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lung transplantation then after coronary bypass grafting. The composition of
pulmonary surfactant in the tracheal aspirates from lung transplantation
patients seemed not to relate to individual differences in transplantation
procedure and post operative course.

The use of tracheal aspirates as sampling source of pulmonary surfactant
instead of the more commonly used bronchoalveolar lavage fluid (BALF)
makes the interpretation of the found low SP-A/PL ratio somewhat difficult.
Compared to the SP-A/PC ratio in studies where BALF from healthy
volunteers was investigated, our SP-A/PC ratio (calculated from the SP-A/PL
ratio and the percentage PC) is 25 times lower after lung transplantation (7.6
± 5.0 µg/µmol) and 10 times lower after CABG ( 22.0 ± 13 .7 µg/µmol).
Whether this large difference is due to the use of tracheal aspirates or reflects
a real decrease of the SP-A/PL in the alveoli and bronchioles is uncertain.
Support for a real decrease of SP-A/PL in lung transplants is the consistently
very low concentration of SP-A in BALF ( 5 to 30 times lower then in healthy
controls ) on time points varying from 1 week to several years after lung
transplantation in a study by Hamm and colleagues (9).

The factors causing the low SP-A/PL ratio after transplantation are yet not
identified. Experimentally, it has been shown that it can not be an increase in
PL that causes a decrease in SP-A/PL ratio (3, 5). Factors that may cause a
low SP-A/PL ratio after ischemia and reperfusion are a decreased SP-A
synthesis (10), SP-A cleavage (11) and leakage of SP-A from the alveolus
into the blood (12).

A low SP-A/PL ratio after lung transplantation may have clinical impli-
cation for both the lung function and the innate lung defense. SP-A
specifically counteracts the inactivation of surfactant by leaked serum proteins
as occurs after lung reperfusion or during acute lung injury. In this way it is
important in preventing alveolar collapse. As shown in rats a deteriorated
function of lung transplants after a prolonged ischemia time was paralleled by
a low amount of SP-A in BALF(5). In the defense against bacteria and
viruses, SP-A was shown to activate alveolar macrophages leading to a more
effective clearance of certain bacteria (13) and viruses (14, 15).

Most lung transplant recipients performed well during the first postop-
erative day, except for two patients with ARDS. The development of ARDS
in these two patients was related to massive post-operative bleeding and re-
operation in the first and lung infection in the second, but not to prolonged
ischemia times.  A low SP-A/PL ratio did not predict a complicated course
and seems not to be a sensitive marker for the extend of lung transplant
injury. We conclude that lung transplantation with ischemia times up to 7
hours affects pulmonary surfactant only minimally as compared to CABG.
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The clinical significance of a low amount of SP-A in lung transplants remains
to be shown.
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