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Aspects of monitoring and supportive therapy 
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CHAPTER I 

Introduction 

Differential Lung Ventilation (DLV) is a technique of mechanical ventilation 
of the left and right lung seperately. This technique is particularly used in pa
tients with severe asymmetrical lung disease: the subject of this thesis. 

DLV is exclusively used in Intensive Care Units (ICU's) where patients are 
not only treated for pulmonary failure, but also for failure of one or more of 
the other vital physiological functions. Although improved gas exchange after 
starting mechanical ventilation often will be of benefit for the other vital func
tions as well, these also need other kinds of complicated treatment. 

Intensive Care therefore comprises, besides mechanical ventilation, the 
treatment and support of disturbance of function of cardiac, circulatory, brain 
and other vital organs, the maintenance of acid base, fluid and electrolyte ba
lance. 
The ultimate goals being to ensure an adequate uptake, transport and con
sumption of oxygen in all tissues, to meet the metabolic needs of the tissues 
and to eliminate metabolic waste products. 
Moreover, this complicated treatment needs intensive monitoring of all the vi
tal functions, so that the treatment can be adjusted according to the data obtai
ned (titrated therapy). 

Many sophisticated and complex techniques have been developed to facili
tate these activities. However, all these, often invasive, techniques, superim
posed on critically ill condition of the patient, greatly increase the risk of infec
tions, sepsis and multiple organ failure in the ICU. Prevention and treatment 
of infections are therefore of ultimate importance (23). This often also requi
res surgical interventions. 

All these considerations do not alter the fact that prevention and treatment 
of hypoxaemia must be the primary aim in these patients. This is not only im
portant to prevent (further) damage to the vital organs, but also because the 
success of further treatment depends on an optimal gas exchange in the tissues. 
The first step to sufficient oxygenation is to maintain an optimal oxygenation 
of the arterial blood. When this appears to be impossible by simply administe
ring an increased oxygen concentration (FiO2), conventional mechanical ven
tilation (CMV) with added Positive End-Expiratory Pressure (PEEP) is 
usually indicated. 

However, hypoxaemia is sometimes resistant to this conventional method of 
mechanical ventilation. This often occurs in the presence of asymmetrical lung 
disease (3, 10, 11, 12, 13) and particularly with lung contusions, in which one 
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lung is often predominantly involved. The underlying substrate is mainly a dis
equilibrium of the ratio between the ventilation and the perfusion of the lungs 
(\//(}mismatch). 

This mismatch can be enhanced by conventional ventilation with PEEP, be
cause with this method the lesser involved lung becomes preferentially ventila
ted but, because of the PEEP its vascular resistance increases. This one-sided 
increase in Pulmonary Vascular Resistance (PVR) leads to a diversion of the 
Pulmonary Blood Flow (PBF) to the predominantly involved lung, which is 
the least ventilated. Thus the conventional method of ventilatory therapy with 
PEEP may even lead to a further deterioration of the arterial oxygenation. 

Vt+ PEEP ASYMMETRICAL LUNG DISEASE 

Tc right t Tc left-

non equal partitioning Vt left and right 

PEEP expands the more compliant lung 

-FRCII 

Vt+ PEEP FRCII -PVRII 

PVRll-shift PBF--

low compliant lung 

increase V /Q m ismatch - Pa02t 
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To overcome these problems in asymmetrical lung disease, a modified me
chanical ventilation technique, differential lung ventilation (DLV) has been 
developed. With this technique both lungs are ventilated separately via a dou
ble lumen endobronchial tube which allows equal distribution of tidal volu
mes, and PEEP can be applied selectively to the involved side to provide opti
mal V/Qmatching. 

Up to 1980 in a limited number of case reports (2, 8, 21, 24) and in a study 
on 9 patients ( 4), a significant improvement of arterial oxygen tension was des
cribed. 
In 1980 a patient, suffering from hypoxaemia, which was resistant to conven
tional treatment, was treated successfully with DL V in the surgical ICU of our 
University Hospital in Groningen (16). This technique was evaluated further 
in animal experiments later on by several investigators and proved to give 
much better results than conventional ventilation in case of asymmetrical pul
monary injury (5, 6, 7, 15, 17, 18, 19, 20). 
Up to 1983 we had treated 10 patients (table I) in this way. The results of this 
preliminary study showed an increase of the PaOz/FiO2 ratio in all patients as 
an index of pulmonary (dys)function. In the two cases of massive airleakage 
from a broncho-pleural fistula it was also possible to maintain adequate alveo
lar ventilation and to control arterial Pa CO2. 

patients diagnosis PaOz/Fi02 PaOi/Fi02 

sex/age beforeDLV after startingDLV 

F 53 intra pulm. haematoma 18 26 
F 16 unilateral contusion 15 35 
M 22 unilateral contusion 34 40 
M 23 unilateral contusion 22 40 
F 22 asymmetrical ARDS 15 26 
M 58 pulmonary bleeding 32 45 
M 66 broncho pleural fistula 7 21 
M 70 broncho pleural fistula 16 24 
M 50 unilateral contusion 19 27 
F 40 unilateral contusion 22 28 

mean 20 mean 31 

pilot study in 10 patients on DLV 
table 1 

The outcome of this preliminary study encouraged us to continue with this 
technique. Furthermore the experience with monitoring CO2 excretion sho
wed that, using standard bedside equipment, it would be possible to follow the 
function characteristics of the lungs seperately. This could be of clinical rele-
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vance to assess the initial functions, to monitor progress and to determine the 
moment of reinstitution of conventional ventilation after a period of 
DLV (26). 
The present study was set up in 1982 to investigate prospectively the results of 
this method of treatment in a series of patients with severe asymmetrical -lung 
contusion and hypoxaemia resistant to CMV. 
In particular were studied: 
1) the effect on hypoxaemia 
2) the methods to evaluate the function of the lungs throughout treatment 

with differential lung ventilation. 
3) the importance of another part of the intensive care treatment, namely the 

effect of a novel antibiotic regimen (SDD) on the mortality and morbidity. 

For reasons to be mentioned only polytrauma patients were included in the 
study. Namely in this category of patients, resuscitation, the diagnostic proce
dures directly after trauma, the immediate surgical treatment of injuries and 
the therapeutic approach in our ICU have been standardized and agreed upon 
to a great extent (9, 14, 22, 23, 25). 
Moreover the comparison of patient groups has been simplified and standardi
zed by a generally accepted scoring system to assess the degree of trauma (1). 

In chapter II several aspects of pulmonary contusion are described together 
with the use of PEEP and other methods to treat hypoxaemia. In patients with 
lung contusion one side is often predominantly involved and so V/Q mismatch 
will be an important factor in the occurance of hypoxaemia. V/Q mismatch 
and its treatment by DLV en SPEEP, as part of the total intensive treatment 
regime, is described in chapter III. 
Chapter IV goes further into the importance of the infection prevention re
gime with selective decontamination of the digestive tract (SDD) to reduce the 
morbidity and mortality of patients treated with DLV. 

Methods to evaluate the function of the lungs throughout the treatment are 
reported in the next three chapters: chapter V mechanical factors, Chapter.VI 
CO2 excretion and Chapter VII describes a comparison of two CO2 derived 
methods used to follow indirectly individual pulmonary perfusion. 
In Chapter VIII the treatment with DLV in a case of massive unilateral pulmo
nary embolism is reported and Chapter IX describes the use of high frequency 
ventilation (HFV) during DLV to improve gasexchange. The modification of 
a conventional ventilator into a HF ventilator is reported. 
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CHAPTER II 

PULMONARY CONTUSION 

11.1 Aspects of pathophysiology 

Pulmonary contusion is usually the result of blunt thoracic injury. It is mostly 
caused by automobile accidents. Its pathophysiological substrate is well defi
ned by animal experimental studies , both with and without a flail of the chest 
wall (10 , 34). 
It is characterized by filling of the interstitial spaces with blood , blood compo
nents and oedema. This causes an increased airway resistance, a decreased 
compliance and impaired perfusion due to increased pulmonary vascular resis
tance and disruption of vessels. The work of breathing is increased and hypo
xaemia ensues. 

Pulmonary contusion has also been recognized as an important risk factor in 
the onset of the adult respiratory distress syndrome (ARDS) (15, 35).. In the 
study of Pepe 17% of trauma patients with pulmonary contusion developed 
ARDS. When, however, other conditions like multiple fractures were pre
sent , the frequency of this syndrome increased to 60%. In combination with 2 
other risk factors, like massive transfusion or aspiration, the incidence of 
ARDS in this study increased to 83%. Other risk factors for ARDS mentioned 
in this study were : sepsis syndrome, near drowing and prolonged hypo tension. 
The functional deterioration has been described as progressive but also histo
logical changes have been found to be progressive (15). 

Contusion is often limited to one lobe but may also be more extensive and 
diffuse. The most common finding in pulmonary contusion is arterial hypoxae
mia. However , the pathophysiological explanation for this hypoxaemia is still 
under debate (34). 
In contused lobes considerable shunting occurs but, according to Oppenhei
mer , this causes little systemic hypoxaemia. The failure of the calculated shunt 
to reflect the increased lobar shunt could only occur if the perfusion of the con
tused lobe was reduced. This has been confirmed by Craven in an animal expe
rimental study ( 10) . In animal studies , increase in the intra-pulmonary shun
ting correlates with the degree of pulmonary oedema and haemorrhage (7). 
Pulmonary artery pressure is normally elevated after pulmonary contusion. It 
has been shown that elevation of pulmonary artery pressure is a very early and 
sensitive indication of pulmonary contusion (8). Further elevation in pulmo
nary artery pressure may occur in the next 2 to 5 days as a result of increased 
congestion. In pulmonary contusion, not complicated by pneumonia, this 
pressure will gradually decrease but, in case of pneumonia a persisting high 
pulmonary artery pressure is observed. 
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The incidence of pneumonia is high: ranging from 50 - 70% (8). Richardson 
showed that contused lung tissue per se is not more susceptible to bacterial in
fection than the normal lung but that additional complications, like massive 
blood loss render the contused lung less able to clear bacteria (39). 
Also the infusion of cristalloid solutions depresses lung bacterial clearance. 

II.2 Outcome of lungcontusion 

Although in uncomplicated patients recovery is noticed after 2-4 days the 
overal mortality may be as high as 50%, depending on the concomitant injuries 
(7, 45). According to Johnson the determinants of outcome after pulmonary 
contusion do not include the degree of contusion, the presence of flail chest, 
the amount of intravenous fluids administered nor the presence of shock (25). 
However, Pinilla found that mortality was correlated with the presence of 
shock and also with the degree of head injury (37). The latter finding agrees 
with the finding of Johnson that mortality is positively correlated with the 
trauma score (ISS), the degree of cranio-cerebral injury (Glasgow coma scale 
<7), the need for the transfusion of more than 3 units blood, and a PaOi/FiO2 

less than 300 (40 when PaO2 is expressed in kPa). Cranio-cerebral injury is 
mainly responsible for the early hospital mortality. 
On the other hand it is agreed that the major cause of late mortality in poly
trauma patients is multiple organ failure (MOF) and sepsis (6 , 20, 3 1 ). 
However, Stoutenbeek et al., discovered that MOF and sepsis could be pre
vented by selective decontamination of the digestive tract (SOD). In doing so 
they could not find a relationship between mortality and the degree of trauma 
assessed by trauma scorfe (ISS) ( 44). 

I l.3 Diagnosis of pulmonary contusion 

The diagnosis of pulmonary contusion in clinical practice is based on: 
1. medical history and the type of accident 
2. physical examination: contusion may be present in the absence of rib frac

tures without any evidence of thoracic wall soft tissue injury 
3. presence of pneumothorax, pneumomediastinum, subcutaneous emphy

sema and haematothorax. 
4. blood stained tracheal secretion 
5. specific lesions on the chest radiograph within the first 6-12 hours: the initial 

chest radiograph may be normal even in the presence of severe contusion. 
Hypoperfusion of the lung as a result of blood loss may mask the direct on
set of injury induced congestion. 

6. arterial hypoxaemia 
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II.4. l The use of PEEP and other methods to treat hypoxaemia 

The usual method to improve arterial hypoxaemia is to increase the inspired 
oxygen concentration (Fi02). In the more serious cases continuous mechanical 
ventilation (CMV) has to be considered. The application of positive end-expi
ratory pressure (PEEP) has been accepted as a further therapeutic means to 
correct hypoxaemia during CMV (1 , 13 ,  29) . 
Early institution of mechanical ventilation has been recognized to reduce the 
incidence of post-traumatic pulmonary insufficiency , sepsis and even morta
lity (21 ,  41 , 47). 

To what extent specific measures like PEEP can prevent not only functional 
but also structural deterioration of pulmonary tissue, has not been established. 
In several clinical studies concerning elective surgical patients , the application 
of PEEP in the peri/post-operative period exerted major beneficial effects on 
oxygenation. This occurs not only during mechanical ventilation but also long 
after mechanical ventilation has been discontinued (42 , 46). 
Luce showed that, in oleic acid induced pulmonary injury in dogs, PEEP im
proved gas exchange but had no demonstrable prophylactic effect on the reso
lution of the lung injury (33). Pepe et al. found also no effect on the prevention 
of ARDS by preventive application of PEEP in high risk patients. Improved 
gas exchange, however , was observed by these authors (36) . 
On the other hand, mechanical ventilation sometimes fails to improve hypoxic 
states. Here it is memorised that starting mechanical ventilation may induce an 
increased ventilation in the uppermost lung regions, thereby reducing the per
fusion in these regions (38) . Ventilation in the depend lung regions will then 
be reduced due to increased airway closure, caused by increased interstitial 
pressure, leading to areas with true shunt (Y/Q = 0) , areas with dead space 
ventilation (V/Q= infinite) and regions with high or low or normal V JO.ratio. 

Even more important is the influence of artificial ventilation when PEEP is ad
ded. The distribution of the increase in regional lung volume may be uneven. 
This is caused by differences in regional lungmechanics as the result of gravity 
and disease (23, 26). In general : dependent lung areas are less expanded than 
the non-dependent areas. This leads to V/Qmismatch and thereby to hypo
xaemia as was demonstrated by Baehrendtz (2, 3, 4, 5). 
Rehder reported that PEEP increases pulmonary vascular resistance in the 
ventilated lung so that the perfusion is shifted away from the ventilated lung to 
the lesser ventilated ( diseased) lung (38) . Especially the presence of pronoun
ced asymmetrical pulmonary disease , as described later on, may be the reason 
why the conventional way of artificial ventilation fails to improve the hypoxic 
state. If PEEP shifts PBF to regions with low V/Qand shunt areas a decrease 
in overal gas exchange will occur which results in a further impairment of oxy
genation (26 , 32). 
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In general : failure to improve gas exchange after institution of CMV and 
PEEP in clinical practice, may suggest severe V/Qmismatch due to asymme
trical pulmonary disease. 

I I.4.2 Further methods to improve oxygenation. 

Apart from positional manoeuvres, especially useful in asymmetrical or unila
teral disease ( 19, 22, 24, 48), modified mechanical ventilation techniques have 
been developed to improve CMV and PEEP resistant hypoxaemia, such as 
high frequency ventilation (HFV) combined with CMV (11, 16, 43), inversed 
ratio ventilation (IRV) (9, 30) and differential lung ventilation (DLV) which 
will be described later on. 

Extracorporeal membrane oxygenation techniques have been suggested but 
their validity and practibility (heparinisation) in polytrauma patients is doubt
ful. In clinical practice this technique was abandoned because controlled stu
dies in respiratory failure showed no benefit over conventional IPPV ( 49). 
Gattinoni has combined extracorporeal carbon dioxide elimination in severe 
ARDS in combination with low frequency IPPV + PEEP (LFPPV -ECC02R) 
( 17 , 18). An increasing survival rate ( 48%) has been reported by using this 
technique (28). However, the need for continuous heparinization makes this 
technique also unsuitable for the polytrauma patient in the acute phase . 

In animal experimental studies instillation of surfactant improved gas ex
change (40). Also in clinical practice the application of surfactant in hyaline 
membrane disease in new borns resulted in improvement in Pa02 ( 14). 

Faithfull c.s. have demonstrated the uptake of significant quantities of oxy
gen from perfluorocarbon emulsions, perfused through the abdominal cavities 
of rabbits (12). Human application of this technique awaits further informa
tion about long term safety of the perfluorocarbons. 
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CHAPTER I I I  

V/Q MISMATCH DURING MECHANICAL VEN
TILATION 

III . 1 .1 Partitioning of ventilation 

Since in patients with lung contusion often one side is_predominantly involved , 
V/Q mismatch plays an important part in the occurrence of hypoxaemia. In 

this chapter some aspects of V/Qmismatch will be described as well as its treat
ment with DLV and SPEEP, as a part of the total intensive treatment regime. 
The distribution of the ventilation between the lungs is determined by the time 
constant (Tc) of each lung, which is defined as the product of individual lung 
compliance (Ct) and airway resistance (Raw): Tc = Ct x Raw (40). In man 
these factors can easily be determined by routine lung function tests. 
Differences in Tc between the lungs may be induced by lateral decubitus posi
tion or by unilateral lung diseases resulting in unequal partitioning of ventila
tion. 
Furthermore, according to the definition, both changes in compliance and in 
inspiratory airway resistance may influence Tc. The compliance of the total 
respiratory system is defined by: Crs = delta V I  delta P. It is closely related to 
lung volume and is influenced by age, posture, pulmonary blood flow, restric
tion of chest expansion, anaesthesia, recent ventilatory history and last but not 
least, disease (37). 
Pulmonary contusion, ARDS, pulmonary oedema and pneumonia are asso
ciated with reduction in compliance. Airway resistance is influenced by exter: 
nal factors like the tubings of the ventilator, Y-piece and PEEP valves (33) and 
patient factors such as the diameters of the major conductor airways and by 
changes in regional lung volume ( 4, 6, 17, 65). 

1 1 1. 1 .2 Partitioning of pulmonary pe1fusion 

The distribution of the circulation in the lungs of normal man mainly depends 
on gravity as well as on locally acting factors. It has shown that in man in the 
upright position the perfusion of the apices of the lung is virtually nil (60). In 
the supine position equal partitioning of pulmonary blood flow (PBF) between 
both lungs will occur. Svanberg and Defares reported that in the supine posi
tion unilateral flow through the lungs follows closely the distribution of the 
ventilation (12, 55). 

Determination of the perfusion of the lungs and its distribution, between the 
two lungs however, is not as easy as the determination of the distribution of 
ventilation. 
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Flow probes are not useable in intact humans and the several isotope me
thods all have their own disadvantages: intermittent, breath holding, rather la
borious gastromatographic techniques, transportation of critically ill patients 
to the departments with radio-isotope diagnostic facilities. 

On the other hand indirect bedside measurements are much more practica
ble. These measurements are based on an endeavour to apply Fick's principle 
using oxygen or CO2 as an indicator gas. CO2 as an indicator gas, to indicate 
differential pulmonary perfusion, is used by Defares, Kim and Williams (12, 
29, 6 1). 

The main advantage of the CO2 methods like end-tidal CO2 concentrat ion 
measurements or individual lung CO2 excretion in patients who are intubated 
with a double lumen tube is that it allows continuous selective monitoring of 
individual pulmonary perfusion indirectly, using CO2 as indicator gas. These 
measurements can be performed continuously at the bed side with commer
cially available routine monitoring equipment. 

However, only pulmonary perfusion effectively contributing to gasex
change is detected. True shunting is ignored. 

I I l . 1 .3 V/Qratio 

In healthy awake individuals the relationship between ventilation and perfu
sion (V/Qratio) is almost ideal. Both factors also change in the same direction 
with changes in gravity, resulting in maintenance of the ideal V/Qratio (60). 
However, in old age or during anaesthesia some mismatch of the V/Qratio 
may occur. 
This ratio will become more disturbed during respiratory insufficiency caused 
by infections, trauma, lung contusion and metabolic diseases. In respiratory 
insufficiency, a decrease in Functional Residual Capacity (FRC) often leads to 
a situation where the closing volume exceeds the FRC, contributing to a V/Q 
mismatch (21, 50). 
All these reasons for ventilation perfusion inequality can result in, and even 
may be the major cause for, (severe) hypoxaemia in clinical practice (60). 

IIl.2 ASPECTS OF THE TREA TMENT WITH DLV AND SPEEP 

In previous chapters it has already been mentioned that V/Qmismatch as is 
seen in asymmetrical lung contusion is an important cause for the failure of 
conventional mechanical ventilation to improve hypoxaemia . The first aim in 
the treatment of asymmetrical lung diseases therefore has to be to provide 
equal distribution of ventilation and perfusion in the lungs. One possibility is 
to apply CMV in the lateral decubitus position with the non-affected lung de
pendent (20, 26, 64). 
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With this method the gravity principle is used to improve V/Qmatching. When 
positioning does not give adequate results or is not applicable, as often in 
multi-trauma situations, differential lung ventilation (DLV) with a double lu
men tube has to be considered. 

In clinical practice it is not always possible to obtain hard criteria to start 
DLV, because transportation to diagnostic facilities (e.g. V/Q scan which 

could eventually show Y/Qmismatch) presents too much of a risk to these pa
tients. 
One of the possibilities for assessing individual lungfunction prior to intuba
tion with a double lumen tube, is fiberoptic bronchoscope aided selective en
dobronchial CO2 sampling. This may provide indirect information about diffe
rential perfusion ratio (38). Also a camel shaped capnogram on CMV may be 
indicative of asymmetrical pulmonary perfusion (52). Only after intubation 
with a double lumen tube can differential lung mechanics be assessed to con
firm asymmetry in Timeconstants of the individual lungs. Once asymmetry has 
been confirmed DLV can be continued in a variety of ways. 

In addition to eventual gravity positioning, the right and left lungs can now 
be ventilated separately to supply the requirements for gas exchange on an in
dividual basis so that different Time constants for each lung can be accomoda
ted. 

Si nce for DLV two seperate ventilators are needed, the question arises whe
ther their actions should be synchronized. 
East demonstrated that no statistical significant differences in central haemo
dynamics and gas exchange could be shown between synchronized versus un
synchronized DLV in dogs ( 16). 
A study on alternating lung ventilation showed beneficial effects on com
pliance and peak airway pressure in the injured lung (36). 
In clinical practice it has been shown that haemodynamics and gas exchange 
are not adversively affected by DLV in an unsynchronized way (25,34). Fur
thermore synchronization requires laborious or expensive electronic or me
chanical devices (1 1, 31,  44, 63), further complicating the already complex se
tup at the bedside. 

In an attempt to determine the most appropriate ventilator settings during 
DL V, to achieve the best Pa 02, several ventilator settings were tested by the 
group from Salt Lake City. Initially it was reported in a study on dogs with 
asymmetrical pulmonary injury, treated in supine position, that the best Pa02 
was obtained when differential ventilation settings were instituted in such a 
way that equal end tidal CO2 were obtained ( 42). In a later study, the effect on 
the Pa02 of several ventilator settings (i.e. equal driving pressures, equal tidal 
volumes or equal ETC02) ,  i n  dogs with experimental asymmetrical injury, in
duced with unilateral HCL aspiration, were compared, but no ideal setting 
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was found (41). In a study on the effect of equal tidal volumes, but induced 
with selective PEEP on the injured lung in dogs, the best PaO2 was obtained in 
the same experimental set up ( 1 4). This experimental finding confirmed ear
lier observations from clinical application of DLV and SPEEP (31). Light ex
plained from his animal study that in case of experimentally induced lobar 
pneumonia, when DLV in the supine position was started, regional gas ex
change due to selective PEEP in that lobe improved by opening of previously 
perfused but not ventilated aveoli, result ing in an improved PaO2 and reduced 
Qs/Qt ratio (32). 

As to the question, how the optimal distribution of selective PEEP should 
be instituted , it was shown in dogs with asymmetrical lung injury , induced by 
injection of oleic acid in one pulmonary artery , treated with DLV in supine po
sition that a high PEEP (15cm H2O) selectively applied on both lungs resulted 
in the best PaO2 (132 ± 9 mmHg) and that a higher selective PEEP on the pre
dominantly involved lung not necessarily produced the best PaO2 (13). This 
high selective bilateral PEEP caused, however, reduction in cardiac output. 
Asymmetrical PEEP; 15 cm H2O on the injured lung and 7 ,5 cm H2O on the 
non injured lung resulted in a PaO2 of 123 ± 10 mm Hg while CO was 15 % hig
her when compared to high selective, identical bilateral PEEP. However this 
specific experimental model does not exclude the occurrance of contralateral 
injury since insufficient measures were taken to prevent contralateral lung per
fusion with oleic acid. 
During DL V in the lateral decubitus position in humans it was shown that 
SPEEP applicated to the dependent lung improves the ventilation to that lung 
and abolishes redistribution between the lungs whereas end-inspiratory pause 
(EIP) did not (6). Klingstedt reported that SPEEP improves compliance and 
airway resistance by increasing FRC in the dependent lung (30). Furthermore 
it has been shown that , in patients with severe V/Qmismatch resulting from 
diffuse uniform lung pathology treated with DLV, the additional SPEEP to 
the dependent lung in lateral decubitus position improves haemodynamics and 
gas exchange in comparison to whole lung PEEP (1, 2, 18 ,  24). It is concluded 
from this that SPEEP increases FRC of the injured lung ind.ependently from 
that of the other lung, thereby improving alveolar ventilation without shifting 
the ventilation to the lung with better mechanical properties as seen during 
CMV with whole lung PEEP. In this way shifting of the pulmonary blood flow 
to the injured lung is also prevented. 

In clinical practice several setups of ventilators , circuits and ventilator set
tings have been used (i) one ventilator with double circuits, (ii) two ventilators 
either synchronised or independent, (iii) intermittent positive pressure venti
lation + SPEEP, (iv) continuous positive airway pressure + SPEEP, (v) IPPV 
+ CPAP + SPEEP , (vi) high frequency ventilation + IPPV + SPEEP , (vii) 
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high frequency alternating lung ventilation + SPEEP (8, 9, 19, 25, 34, 48, 59). 
The various ventilator settings can be considered in relation to the clinical ma
nifestation of the asymmetrical pathology and to local logistic facilities. 
Ventilator settings in the present study were arranged in such a way that both 
lungs received indentical tidal volume and respiratory rate, using two ventila
tors. Ventilator actions were not synchronised. Selective PEEP was given gui
ded by the chest radiograph and by best PaO2 with given Fi 02 . 

III.3 SPEEP AND PULMONARY PERFUSION 

Takasaki showed in experimental unilateral lung disease in dogs, that SPEEP 
to the injured lung in supine position caused a shift away of the pulmonary 
bloodflow (PBF) from the lung with the higher PEEP while oxygenation im
proved. This shift of PBF was more pronounced with the higher levels of 
SPEEP (15 cm H2O) as a result of mechanical effects of PEEP, such as com
pression of alveolar blood vessels (57). 
In contrast to the findings of Light (32) who also studied asymmetrical pulmo
nary injury in supine position, Takasaki (57) showed that whole lung PEEP did 
not result in shift of the PBF to the injured lung. 
In human studies differential lung perfusion was studied in lateral position 
with ZEEP (zero end-expiratory pressure), with whole lung PEEP and with 
SPEEP applied to the dependent lung. 
Without PEEP the dependent lung received 57% of the C.O. (cardiac out
put)(24). During whole lung PEEP with 9 cm H2O the dependent lung recei
ved 81 % of the C. 0. When a PEEP of 8 cm H2O was applied selectively to the 
dependent lung this lung received 51 % of the C. 0 (24). It was concluded that 
SPEEP in the lateral decubitus position improved V/Qmatching. 

From these studies it is concluded that differential pulmonary perfusion ratio 
can be influenced by the application of SPEEP. 

III.4 EFFECTS ON CARDIA C  OUTPUT 

In experimental studies on asymmetrical pulmonary injury in dogs treated by 
DLV and SPEEP it was observed that CO increases when the injured lung was 
placed in uppermost position (15). No differences in CO existed between 
synchronised versus unsynchronised DLV in asymmetrical lung injury (16). In 
patients without pulmonary disease the decrease in CO during DLV in the la
teral decubitus position was shown to be less with SPEEP on the dependent 
lung than with whole lung PEEP (3,39). In patients with asymmetrical injury, 
SPEEP on the injured lung in the supine position improved the cardiac index 
(10). In patients with bilateral pulmonary insufficiency treated with DLV and 
SPEEP on the dependent lung in the lateral decubitus position the CO was hig-
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her when compared to the same position with whole lung PEEP. When com
pared to the situation with ZEEP no significant difference was observed (2). 
It is concluded that the effects of DLV and SPEEP on cardiac output depend 
on the type of injury treated ( unilateral vs bilateral), the position of the patient 
(supine vs lateral decubitus position), and the level of PEEP. When compared 
to CMV, DL V has less depressing effects on CO because of reduced mean in
tra thoracic pressure. 

I I I . 5  ASPECTS OF FURTHER CLINICAL MANA GEMENT 

As already mentioned before, DLV with SPEEP is only a part, although an 
important part, of the general treatment of asymmetrical lung contusion in po
lytrauma patients. Morbidity and mortality was reported to be related to con
comitant injuries, the trauma score (ISS), the degree of cranio-cerebral injury, 
shock, requiring the transfusion of more than three units of blood and to 
MOF, infections and sepsis. The latter three items will be dealt with in the next 
chapter (IV). 

As to concomitant injuries, immediate treatment such as stabilization of 
fractures has been shown to have a beneficial effect on the prevention of respi
ratory insufficiency, sepsis and MOF as mentioned earlier. 
Emergency thoracotomy in blunt chest injury may be necessary for persistent 
bleeding, massive airleakage resulting from major airway disruption and for 
acute cardiac tamponade. 
Surgical intervention has been found necessary in 8% of the cases of blunt 
chest injuries (21). 
Pulmonary contusion itself is seldom an emergency indication for lung surge
ry. However, severe lung contusion can lead to tissue necrosis and finally to 
abcesses, empyema and even death (51). 
Timely surgical removal of the contused lobe should be performed. Pulmo
nary surgery in the acute phase to remove severely contused pulmonary tissue 
to reduce the duration of mechanical ventilation may reduce the morbidity but 
too much lung tissue wil probably be removed. Initial functional impairment 
can often improve better than expected. 
It is important therefore to follow closely parameters that reflect the functio
nal impairment due to contusion. This may be helpful when deciding whether 
surgery is indicated or not. 

I I I . 6  INTRA VENO US FLUID THERAPY 

Apart from mechanical ventilation pulmonary functions after contusion may 
be influenced by several factors including infusion therapy and the pharmaco
logic treatment of these patients. 
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Although no part of the present study ,  and still being in debate, an outline of 
infusion policy and pharmacological treatment of the studied patients is men
tioned. 

Fluid restriction has been advocated as the major therapeutic tool in the ma
nagement of pulmonary contusion. This is based mainly on experimental work 
demonstrating anatomical and physiological extension of the contusion follo
wing the administration of crystalloid fluids (58). The administration of homo
logous plasma favourably influenced pulmonary mechanics, gasexchange and 
extra vascular lungwater in comparison to Ringers lactate (58). In the presence 
of mechanical ventilation, the infusion policy did not influence PaO2 (58). 
Following trauma, however, adequate tissue perfusion and oxygenation are of 
paramount importance and this often requires the infusion of a large fluid vo
lume. Fluid restriction can be considered as potentially hazardous in these cir
cumstances. In the polytraumatised patients plasma substitution may be used 
early in the resuscitation for the following reasons: 
Cascade systems such as the coagulation, fibrinolytic, kallikreine-kinin and 
complement system (46, 47) play a specific role in the pathogenesis of post
traumatic pulmonary insufficiency. Natural inhibitors of these systems are the 
acute fase proteins : antithrombin-III, alpha2-macroglobuline, alpha 1 -anti
trypsine and fibronectine. Immediately after trauma, levels of these natural in
hibitors are significantly decreased during the first 4-5 days (27, 53, 62). 
Depletion of fibronectin, might be responsible for posttraumatic pulmonary 
insufficiency ( 49). Infusion of cryoprecipitate which contains considerable 
amounts of fibronectin improved pulmonary function (50). 
The fibronectin content of cryoprecipitate is 2mg/ml, fresh frozen plasma 
0.33mg/ml and single donorplasma 0. l mg/ml. Also the levels of immunoglo
bulins are depressed up to 12 days after trauma (22). These authors investiga
ted in a prospective placebo controlled study the effect of infusion of immu
noglobulins on the incidence of pneumonia. A prophylactic influence of im
munoglobulins on the incidence of pneumonia could be demonstrated. In the 
present study, polytrauma patients were treated with FFP, cryo and SDP and 
the amount given was up to twice as much as in the study of Glinz and 6 times 
the amount of fibronectine Scovill administered (2-4 units SDP, 4-8 units cryo 
per 24 hours in the acute phase). This to maintain AT-III levels and total pro
tein content within the normal range and to compensate for depletion of clot
ting factors after usual massive bloodloss in this category of patients in the 
acute phase. 
The question whether in the present study this infusion policy has contributed 
to the overall favourable outcome (see chapter IV) by improving non-specific 
infection defence and by eventual beneficial influences on the gas exchange 
apparatus should be answered in separate clinical investigations. 
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1 1 1 .7 ADMINISTRA TION OF CORTICOSTEROIDS 

Routine administration of steroids in pulmonary contusion is advocated by 
some authors (56). However, steroids have a deletarious effect on the antibac
terial action in both the contused and non-contused lung ( 45). On  the other 
hand , this effect could not be substantiated by other investigators who studied 
patients (7 ,56). On the contrary, the incidence of infection was lower in the 
group receiving steroids (56). The latter authors also showed a significant re
duction of elevated pulmonary artery pressure caused by contusion and a re
duction in the increased right ventricular work load . This effect was noticeable 
up to 5 days after administration. 
The non-steroid treated group had to be more frequently mechanically venti
lated , had significantly more respiratory tract infections and developed fat em
bolism more frequently than patients receiving steroids. Baltch showed mar
ked differences between hydrocortisone and methylprednisolone versus dexa
methasone on phagocytosis by granulocytes (5) . 
Hydrocortisone and methylprednisolone seriously affected granulocyte func
tion , while dexamethasone had no adverse effect. This observation is in agree
ment with the clinical findings that dexamethasone given to mechanically ven
tilated patients with head trauma didnot increase the incidence of pneumonia 

(7) . 
Although corticosteroid therapy remains a controversial one , based on the 

fear for increased infection rate and impaired woundhealing, posttraumatic 
adrenal insufficiency might originate due to various reasons as reviewed by 
Stoutenbeek et al. (54). Therefore in the present study a pharmacological do
sis of dexamethasone ( 1  mg/kg BW) was administered to all patients on arrival 
in the hospital, some received tapering off doses of prednisolon thereafter 

(35) . 
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Abstract. 

In a review of the literature on differential lung ventilation (DL V) the ave
rage mortality was found to be 47%. The major cause of death (66%) was in
fection. The effect of a novel infection prevention regimen on the colonisation 
and infection rate of the respiratory tract and on outcome was studied in poly
trauma patients. Nineteen patients who presented with asymmetrical pulmo
nary contusion were treated with DLV (103±72 hours) and conventional me
chanical ventilation (CMV) (16± 10 days). They were treated with selective 
decontamination of the digestive tract with topical non-absorbable antibiotics 
in combination with systemic antibiotic prophylaxis starting immediately after 
admission. In one patient colonisation of the respiratory tract was found with 
Staphylococcus aureus. This disappeared after continued systemic antibiotic 
prophylaxis .  Colonisation with hospital acquired Gram-negative bacteria or 
yeasts was not observed. No patient developed pneumonia throughout the pe
riod on CMV and DL V .  One patient died from cerebral injury. It is concluded 
that prolonged endobronchial intubation for DL V can be used without increa
sed risk for pneumonia with this antibiotic regimen and that the very low mor
tality in this study may be attributed to the prevention of infectious complica
tions. 

Introduction 

In patients with severe symmetric and asymmetric lung injury differential 
lung ventilation (DLV) has been shown to improve hypoxaemia resistant to 
conventional mechanical ventilation (9 ,14 ,37). I n  a review of the literature on 
DLV the average mortality rate was found to be as high as 47% (4-6 , 10,13-
16, 18 , 19 ,21- 23 ,25 ,26,32 ,35). Most patients did not die from respiratory insuf-
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ficiency but from fatal nosocomial infections. This very high infection risk and 
fatality rate is explained on the one hand by the impairment of the host defense 
mechanisms in patients with severe lung injury and on the other hand by the 
use of DLV. Although DLV itself may increase the risk of infection, without 
DLV patients would probably not survive the period of respiratory insufficien
cy. 

In previous studies by our group we have shown that most infections in in
tensive care are endogenous infections and that these can be prevented by se
lective decontamination of the digestive tract (SDD) (30). This infection pre
vention regimen, consists of topical application of non-absorbable antibiotics 
in the oral cavity and gastro-intestinal canal in combination with a short period 
systemic antibiotic prophylaxis (24, 29). It proved to be very effective for both 
the prevention of pneumonia and for the treatment of Gram-negative pneu
monia (29 , 30). The aim of selective decontamination of the digestive tract is 
to eliminate the aerobic Gram-negative bacteria and yeasts from the oral and 
intestinal flora, whilst preserving the indigenous , mostly anaerobic, flora as 
much as possible (i.e. selective) (24). 

This study was designed to evaluate the effects of infection prevention with 
selective decontamination of the digestive tract (SDD) on colonisation and in
fection rate of the respiratory tract and on outcome in polytrauma patients 
with severe asymmetrical pulmonary contusion, requiring DLV. 

Material and Methods 

From January 1982 - July 1986, 407 polytrauma patients were mechanically 
ventilated for more than 24 hours in the surgical intensive care unit (ICU) of 
the University Hospital in Groningen. Among these patients 1 98 had pulmo
nary contusion as assessed by clinical history, sequential chest X-rays, physical 
examination and the presence of bloodstained tracheal aspirate. Many pa
tients suffered from asymmetrical pulmonary contusion (109=55%), in com
bination with other traumatic injuries. Nineteen out of these 109 patients with 
asymmetrical pulmonary contusion ( 17.4 % ) were treated with DL V in order 
to improve hypoxaemia which did not respond anymore to conventional me
chanical ventilation and secondly to prevent barotrauma to the lesser involved 
lung. 

Patient data are shown in Table 1. The severity of trauma was assessed with 
the Injury Severity Score (ISS) (2). All patients were treated according to an 
integrated trauma protocol (29). For selective decontamination of the gastro
intestinal tract an antibiotic mixture of polymyxin E 100 mg, tobramycin 80 
mg, amphotericin B 500 mg was administered through the nasogastric tube 
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four times a day. The oropharyngeal cavity was decontaminated with a sticky 
paste containing 2% of the same antibiotics applied topically to the buccal mu
cosa four times a day (30). In addition to the topical antibiotics a systemic anti
biotic prophylaxis was given (cefotaxime 50-100 mg/kg/day in 4 daily doses). 
The systemic prophylaxis was discontinued after 4 days unless there were clini
cal or bacteriological indications to continue . 

Table I .  
Patient characteristics 

age ISS CMV DLV contusion 
(years) (days) (hours) left right 

I - 25 75 2 1  1 66 + 

2 - 34 54 1 6  1 25 + 

3 - 29 34 9 69 + 
4 - 24 66 8 75 + 

5 - 25 25 23 83 + 

6 - 24 30 2 24 + 

7 - 52 1 8  1 5  82 + 

8 - 32 25 I O  96 
+ 

aa 

9 - 1 6  45 1 7  87 + a" 
I O - 29 1 8  I O  1 20 + 

1 1 - 23 25 9 1 1 8 + 

1 2 - 45 57 9 80 + 

1 3  - 4 1  43 38 95 + 
14 - 79 1 6  1 3  36 + 

IS - 33 25 1 6  192 + 

1 6 - 43 33 1 2  298 + 

17 - 66 45 1 0  40 + b  

1 8 - 77 34 25 40 + 

1 9 - 23 66 39 2 1 6  + 

1nean 38± 1 8  38± 17  1 6 ± 1 0  1 03±72 8 1 1  
±sd 
" patients undergoing bilobectomy; b died from non-infectious cause 

Bacteriological monitoring for pneumonia consisted of sampling tracheal 
and bronchial aspirate via the endotracheal tube on admission and 3 times a 
week thereafter. Specimens were cultured in a qualitative and semi-quantita
tive way. Standard methods for identification and typing were used as descri
bed by van Saene et al. (24). 

Respiratory tract infection was defined when all the following criteria were 
fulfilled : the presence of purulent sputum (Gramstain) , heavy growth (> +3) 
of potentially pathogenic microorganisms in cultures of tracheal aspirate, cli
nical and radiological signs of pulmonary infiltration, fever and leucocytosis 
(31). Colonisation was defined as : the isolation of the same bacteria from the 
same site in two or more consecutive samples in a growth density of > + 1 wi
thout signs of infection. 
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Results 

Nineteen patients were ventilated for 103±72 hours (range 24-298 h) on 
DLV. Mean duration on conventional mechanical ventilation was J6± 10 days 
(mean ± standard deviation ; range 2-39 days). One patient died (5.2 % ) as the 
result of cerebral injury. All other patients left the hospital alive. In two pa
tients bilobectomy had to be performed because of increased consolidation 
and signs of sequestration of contused lobes. No patient developed pneumonia 
with Gram-positive or Gram-negative bacteria, during the endotracheal intu
bation and ventilation. No patient developed ARDS or other multiple organ 
failure. Colonisation of the respiratory tract by potentially pathogenic mi
croorganisms occurred in 1 patient (Stahpylococcus aureus). This patient was 
carrying S. aureus already on admission in the oropharynx and this lasted for 6 
days. It was treated with continued systemic antibiotic prophylaxis (treat
ment) with cefotaxime. No colonisation with Gram-negative bacteria and 
yeasts was found. Colonisation of the respiratory tract with Staphylococcus 
epidermidis was observed in 5 patients. Growth densities never exceeded +3. 
This colonisation disappeared spontaneously when patients clinical condition 
improved. 

Discussion 

Patients needing prolonged mechanical ventilation in an ICU are exposed to 
a high risk of pulmonary infections (7,8). This may explain the high late morta
lity in the polytraumatised patient due sepsis and multiple organ failure repor
ted by several investigators (1,12,17). The average mortality of patients with 
an ISS > 30 varies between 25-44 % (29), whereas the fatality rate with an ISS 
>45 may be more than 50% (17). 

Factors that contribute to the high susceptibility of polytrauma patients are 
firstly the injuries and in particular pulmonary contusion, in combination with 
hypoxaemia, shock and acidosis ; secondly treatment with corticosteroids im
pairs the host defense by changing granulocyte phagocytosis function (3). Ho
wever, in our study all patients received high dosis of corticosteroids on admis
sion and some were treated with tapering doses of prednisolone without any 
detectable effect on the infection rate (20) ; thirdly, Glinz et al. found a marked 
deficit in immunoglobulins, complement factors and acute phase proteins du
ring the first 12 days after trauma (11). The polytrauma patient should there
fore be considered as a severely immune compromised host . 

The risk of pneumonia is further increased by : the impairment of mucoci
liary transport mechanisms by the endotracheal tube, the exogenous introduc-
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tion of bacteria via manipulations (i.e. chest physiotherapy). The use of conti
nuous sedation and muscle relaxants, which is often necessary to secure the 
position of a double-lumen tube may present an additional infection risk (36). 
In the present study, patients were treated according to an infection preven
tion regimen which consisted of a short-term systemic antibiotic prophylaxis in 
combination with selective decontamination of the digestive tract flora with 
topical non-absorbable antibiotics. This technique, which is described in detail 
elsewhere proved to be very effective in the prevention and treatment of com
munity and hospital flora associated respiratory tract infections as well as of 
other infections (24, 29, 30). With this regimen the incidence of pneumonia 
was reduced from 59 % to 8% in mechanically ventilated polytraumatised pa
tients staying five days or more in the ICU (30) . It prevents colonisation of the 
oropharyngeal cavity and gastro-intestinal canal with hospital-acquired bacte
ria (29 ,30) thereby it protects against the development of resistance to systemi
cally used antibiotics and prevents superinfections (27, 28). Other investiga
tors confirmed the good results obtained with this technique (34). In this study 
one patient was temporarily colonised in the respiratory tract with S. aureus 
which disappeared during the systemic prophylaxis with cefotaxime. Thirty to 
fourty percent of healthy individuals carry S. aureus in the oropharyngeal flo
ra. Endotracheal intubation and (micro) aspiration may lead to pneumonia, 
particularly if the growth density in the oral cavity exceeds +3 (33). This ex
plains the high incidence of early onset pneumonia in patients not receiving 
systemic antibiotic prophylaxis (30). Systemic antibiotics eliminate S.aureus 
and pneumococci from the oropharynx and hence prevent colonisation and in
fection of the respiratory tract. 

Colonisation with S. epidermidis did not require treatment and disappeared 
spontaneously when the clinical condition improved. Colonisation with Gram
negative bacteria or yeasts was not observed at any time. No patient on DLV 
developed pneumonia. These results are in sharp contrast to the infection rate 
in other series of DLV (Table 2). In most of these reports only a very small 
number of patients were studied with a widely varying underlying pathology. 

From a careful review of these studies an average mortality rate of 47% 
could be calculated . The pattern which emerged from these studies was that 
most (66%) of the patients who ultimately died, survived the period on DLV 
but suffered from fatal infections afterwards. The only other study on multi
pletrauma patients has been reported by Siegel et al. They treated eight poly
traumatised patients with DLV ( 46-91 hours). Six patients died and in five in
fection-related complications were the cause of death (26). This may illustrate 
the shortcomings of the conventional antibiotic policy . 
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Table 2. 
Review of mortality and infection related mortality in patients on DLV reported in literature 
Authors. Year No. Mortality Infection related 

mortality 
Trew 1976 l 0 
Glass 1976 3 2 2 
Pawner 1977 l 1 I 
Carlon 1978 I 0 
Carlon 1978 9 5 4 
Rivara 1979 2 I 
Hillmann 1980 4 3 3 
Venus 1980 0 
Rafferty 1980 I 1 
Bans 1981 3 2 
Hartenauer 1981 7 3 not reported 
Miranda 1981 I 0 
Scherer 1983 I 0 
Hedenstierna 1984 2 1 
Hurst 1985 8 I 1 
Siegel 1985 8 6 5 
Lev 1987 2 0 

55 26 (47%) 17 (66%) 

It may be concluded that application of this particular infection prevention 
protocol protects the immune-compromised patient undergoing DLV from 
the potential infection hazards inherent to this technique (e .g. endobronchial 
tube , need for continuous sedation, corticosteroids, increased number of ma
nipulations etc.). The ultimate outcome of severely injured patients is influen
ced by many factors in the care of these patients such as initial resuscitation, 
early osteosynthesis, early cardiopulmonary support, type of fluid therapy, 
administration of corticosteroids and plasma component substitution. Howe
ver , it is plausible that prevention of infection has contributed to the virtual ab
sence of ARDS or multiple organ failure and to the very low mortality rate in 
patients on DLV. 
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CHAPTER V 

MONITORING LUNGMECHANICS AND 
AIRWAY PRESSURES DURING DIFFERENTIAL 
LUNG VENTILATION (DLV) . WITH EMPHASIS 
ON WEANING FROM DL V 

DF Zandstra, ChP Stoutenbeek and JL Barns 

submitted for publication Intensive Care Med 

Abstract. 

Fifteen polytrauma patients with asymmetric pulmonary contusion were 
treated with differential lung ventilation (DLV) with a mean duration of 1 06 
hours, range 24-298, median 83 . The differential Time constants (Tc), com
pliances (Ct), inspiratory and expiratory airway resistances (Rawinsp, Rawcxp), 
peak-airway pressures (Pawpcak) and end-expiratory pressures (EEP) were 
monitored to evaluate the function of each lung. Values measured after star
ting DLV were compared to those obtained prior to stopping DLV in order to 
analyse firstly whether these parameters had returned to symmetrical values 
when recommencement of conventional mechanical ventilation (CMV) was 
considered on clinical parameters and secondly whether these could be useful 
as weaning criteria from DLV. 

The significant difference in Tc of the contused lung after starting DLV com
pared to the contralateral lung is mainly determined by altered Ct resulting 
from contusion. During DLV improvement of Ct resulted in identical Tc of 
both lungs prior to stopping DLV. Changes in the Rawinsp contributed little to 
changes in Tc. With improving compliance, Paw peak of the contused lung im
proved concomitantly . Excessive Paw peak to the lesser involved lung was redu
ced on DLV in comparison to CMV before DLV. Identical Tc prior to stop
ping DL V coincided with identical Paw peak on symmetric ventilator settings . 
These data suggest that when only less advanced monitoring equipment is 
available, the differential Pawpeak might be used as a parameter reflecting dif
ferential lungmechanics in asymmetrical pulmonary contusion. 
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Introduction 

Differential Lung Ventilation (DLV) has been applied in severe asymmetri
cal pulmonary insufficiency to improve hypoxaemia resistant to conventional 
mechanical ventilation (CMV) and positive end-expiratory pressure (PEEP) 
(5,21). Also in asymmetric pulmonary contusion DLV has been shown to im
prove CMV and PEEP resistant hypoxaemia (5). 

Asymmetry in individual lung Time constant (Tc) is proposed in literature 
to be an indication to start DL V (5). The Tc is defined by compliance (Ct) x 
inspiratory airway resistance (Raw insp) (18). Unilateral or asymmetrical pul
monary contusion may lead to changes in Ct and Raw insp thereby in asymme
tric Tc and thus in unequal partitioning of tidal volume between both lungs 
( 11, 15 , 16). 

In the present study the degree of asymmetry in Tc resulting from asymme
trical pulmonary contusion has been measured in the clinical setting during 
treatment of polytrauma patients. In this study it is investigated whether Ct 
and Raw insp are useful parameters to be monitored during DLV and whether 
these can be considered as weaning criteria from DLV. 

Hurst et al . suggested the Pawpeak to be a potential useful parameter to indi
cate the appropriate time for recommencement of CMV after DLV (8). The 
differential airway pressures (peak and end-expiratory pressure) were evalua
ted in order to establish whether these parameters could be useful as weaning 
criteria when advanced monitoring equipment is not available to measure Ct 
and Rawi nsp · 

Although improvement of oxygenation is the major therapeutic goal of 
DL V ,  avoiding barotrauma to the lesser involved lung might be another ad
vantage of DLV (8). This study describes the effect of DLV on the Paw peak of 
the lesser involved lung. 
In animal experimental study it was found that pulmonary contusion leads to 
an increase in Raw exp due to bronchiolar oedema ( 15). To what degree pulmo
nary contusion influences Rawexp in clinical practice is described. 

Material and methods 

This study is done in fifteen severely injured polytrauma patients without 
preexisting lungdisease , who presented with asymmetrical lung contusion. 
Lung contusion was diagnosed by clinical history, specific lesions on sequen
tial chest X-rays and bloodstained tracheal secretions. All patients were venti
lated with DLV when CMV with whole lung PEEP had failed to improve oxy
genation or even caused deterioration of the Pa02/Fi02 ratio and to prevent 
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further barotrauma to the lesser involved lung (hyperinflation on chest X-ray). 
Patient data are given in table 1. 

Table 1 .  
Patient data 

age ISS days CMV DLY hours contusion 
left/right 

1 - 25 75 2 1  1 66 + 

2 - 34 54 16  1 25 + 

3 - 29 34 9 69 + 

4 - 24 66 8 75 + 

5 - 25 25 23 83 + 

6 - 24 30 2 24 + 

7 - 52 1 8  1 5  82 + 

8 - 29 18 10 1 20 + 

9 - 23 25 9 1 18 + 

1 0 - 45 57 9 80 + 

1 1 - 4 1  43 38 95 + 

1 2 - 79 16  1 3  36 + 

1 3 - 33 25 16  192 + 

1 4 - 43 33 1 2  298 + 

1 5 - 77 34 25 40 + 

mean 38± 1 8  36± 1 8  15±8 106±70 8x 7x 

±sd 

The severity of trauma on admission to the hospital was assessed with the In
jury Severity Score (ISS) described by Baker (1). Patients were treated with 
early fixation of fractures of the extremities. In the ICU all patients received 
treatment according to clinical demands with vasoactive drugs (inotropics and 
vasodilators) and diuretics. Sedatives and muscle relaxants to ensure clinical 
steady state conditions were administered throughout the treatment on DLV 
and thus during the measurements. All patients were treated with selective de
contamination of the digestive tract to prevent hospital-acquired infections by 
Gram-negative bacilli, yeasts and fungi; this regimen has been described by 
our group in detail elsewhere (20). 

In most patients supine position was necessary for reasons of multiple inju
ries or spinal fractures which made it impossible to use positional manoeuvres 
on CMV to improve hypoxaemia. A left endobronchial tube (Bronchocath®, 
National Catheters Inc.) was used in all patients because in comparison to the 
right endobronchial double lumen tube it is safer to position. 

During the entire treatment on CMV and DLV all patients were treated 
with intermittent nebulisation 4-6 times daily with a combination of a mucoly
tic drug (Mistabron®) and a bronchodilator (Ventolin®) and received chest 
physiotherapy after nebulisation. 
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DLV was applied using two ventilators (Siemens Servo 900 B or C). Ventila
tor settings were identical on each lung with regard to minute volume ventila
tion (tidal volume 3-5 ml/kg bw/lung) , frequency 20-30/min) and inspiratory 
oxygen concentration. Selective PEEP on the injured lung was given accor
ding to clinical demands to achieve the best PaO2 with a FiO2 of 0.4 and to 
achieve normal aeration of the contused areas as assessed by sequential X-rays 
of the chest (3-4 times daily). The lesser involved lung received less PEEP to 
maintain normal aeration. No attempts were made to synchronise the ventila
tor actions ( 4,7 ,14). 

Measurements of total individual static lung compliance (Ct), Raw;nsp, 
Rawc,p, Paw

peak and end-expiratory Paw (EEP) were simultaneously measu
red by two Servo 940 lungmechanics calculators (Siemens Elema Solna Swe
den) during the entire treatment on DLV. Patients with massive air leakage 
due to dysrupted lung parenchyma were excluded from the measurements. 
Static compliance of the individual lungs was determined using the inspiratory 
pause hold (10% of the respiratory cyclus) of the ventilator. See appendix for 
formulas. The operating principles of this device are reported in detail by Jon
son et al, (9). For the present study, values taken one hour after starting DLV 
were compared to values taken one hour before the cessation of DLV. Paw peak 

on CMV before starting DL V was compared to the values obtained one hour 
after starting DLV from the lesser involved lung. The ratio PaO2/FiO2 was re
corded one hour before starting DLV, one hour after starting DLV and one 
hour before stopping DLV. Also one hour after the recommencement of 
CMV this quotient was recorded (PaO2 kPa and FiO2 as fraction of 1). DLV 
was instituted for 106±70 hours (mean±sd), median 83. 

Cessation of DLV was considered when the contusion on sequential chest 
X-rays (3-4 times daily) was resolving and bloodgases (3-4 times daily) remai
ned stable when selective PEEP (PEEP on the predominantly involved lung) 
could gradually be withdrawn to PEEP values of the contralateral lung without 
signs of reconsolidation of the contused areas. CMV after DLV was recom
menced with a minute volume ventilation consisting of the sum of left and right 
lung minute volume ventilation with the same PEEP as prior to the cessation 
of DLV. 

Statistical analysis of the data was done by using the Student's t-test for pai
red samples. 

Results 

The institution of DL V resulted in a significant increase of the PaO2/FiO2 ra
tio from 20±8  to 30± 10 (m±sd) (see Fig. l). 
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This ratio improved gradually durin·g treatment on DLV and one hour be
fore stopping DLV this ratio was sign ificantly higher than at the start (30 ± 10 
to 37 ± 10 p<0 ,05). It remained stable on continued treatment with CMV 
(37± 10) after DLV via a normal endotracheal tube. 
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• •  P < 0 ,001  

• 
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B E F O R E  
STO P P I NG 
DLV 

A FT E R  DLV 
ON 

C M V  

Course of the Pa02'Fi02 ratio before, during, and after D L  V on CMV 

In no patient it was necessary to restart DLV for relapse of asymmetrical 
pulmonary insufficiency with impairment of oxygenation. No patient died du
ring the hospital stay . Figure 5 shows the significant difference in Tc found be
tween the contused and the contralateral lung after starting DLV (0,50±0,20 
vs 0,27±0, 10 sec. (m±sd) p<0,005). Before stopping DLV this difference had 
disappeared (0,44±0,22 vs 0,39±0, 13 sec. m±sd) The difference in Ct be
tween both lungs was also highly significant (p<0,001) after starting DLV (see 
Fig.2). Ct of the contused lung improved significantly (p<0,001) from 19±7 to 
27±9 ml/cm H2O, but one hour before stopping DLV a significant difference 
with the contralateral lung was still being found: 34± 1 1  vs 27±9 ml/cm H2O 
(m±sd p<0,02). See table 2 for the individual patient values. 

The difference in Rawinsp between both lungs was not significant (Fig.4, the 
individual patient values see table 3) and did not change during DLV treat
ment. 
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Table. 2 
Static compliance (Ct) of the contused and non-contused lungs of individual patients (ml/cm H20) 

No. 
1 :  
2 :  
3 :  
4 :  
5 :  
6: 
7: 
8 :  
9 :  

10 :  
1 1 :  
12: 
13 :  
14: 
15 :  

38 

after starting DL V 
contused 

10 
19  
28 
16  
20 
30 
23 
27 
1 9  
1 5  
3 1  
1 6  
9 

10  
16  

noncontused 
28 
56 
44 
22 
28 
37 
23 
3 1  
30 
3 1  
34 
88 
47 
4 1  
2 1  

prior to stopping D L  V 
contused 

16  
3 1  
37 
30 
22 
21  
32 
30 
22 
19  
53 
25 
18 
25 
3 1  

noncontused 
25 
47 
47 
30 
25 
24 
35 
3 1  
26 
29 
60 
25 
22 
49 
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Raw exp was raised in both lungs after the start of DLV (Fig.3) but the effect 
was more distinct in the contused lung than in the contralateral lung, although 
the difference was not significant. One hour before stopping DLV it was still 
high in the contused lung whereas it had significantly (p<0 ,03) decreased in 
the contralateral lung (20±8 to 16±4 cm H2O/l/sec . (m±sd). See Fig.3. 

Paw peak on CMV before starting DLV was 30±7 cm H2O (Fig.6). After star
ting DL V the Paw peak of the contused lung was not significantly higher than on 
CMV, but that of the contralateral lung (26±4 cm H2O) was significantly 
(p<0,02) lower than Pawpeak on CMV before DLV and also significantly 
(p<0 ,01) lower than that of the contused lung (26±4 vs 33±7 cm H2O). Before 
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the cessation of DLV Pawpeak of the contused lung had fallen significantly 
(p<0,02) from 33±7 to 26±4 cm H20 (m±sd). In Fig.6 it is also shown that 
EEP after starting DLV was 1 1  ±4 cm H2O in the lesser involved lung and sig
nificantly (p<0,0 1 )  higher (18±5 cm H20) in the contused lung. Before stop
ping DL V no difference in EEP was found anymore. 
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Paw before DLV, after starting and at the end of DL V. 
For explanation see results. 

Table. 3 
l nspiratory airway resistance (ml/cm H2O/sec) of the contused and non-contused lungs of indivi
dual patients 

No.  Begin DLV Prior to stopping DL V 
contused noncontused contused noncontused 

I :  1 0  15  14 1 1  
2 :  1 3  16  9 7 
3 :  1 4  10 JO  8 
4: 24 15  15  1 0  

5 :  13  10 12 12 
6: 1 2  I I  22 22 
7 :  1 6  1 6  2 1  1 9  
8 :  1 2  1 5  1 2  1 3  
9 :  JO JO 12 1 2  

10:  24 18 17 12 
1 1 :  1 2  8 10 10 
12 :  16  1 3  1 1  1 1  
13 :  1 0  12 1 2  1 2  
14: 1 8  1 6  1 8  1 1  
15 :  1 9  30 20 30 

41 



RAW E X P  

C M  H
2

0 /  L / S EC. 

§ NON C O N T U S E D  LUNG 

50 
[I] CONTUSED LUNG 

40 

3 0  

20 

1 0  

Fig.3 

• 

1 H O U R  
A F T E R  
STA R T  I NG 

D LV 

1 H O UR 
B E F O R E  
S T OPP I NG 
DLV 

Course of differential Raw,xp during DLV. 

Discussion 

N :  1 5  
• P <  0, 0 3  

M E A N ± S . D , 

During mechanical ventilation of normal lungs , ventilation is nearly equally 
divided between both lungs in supine position according the size of each lung 
(left lung 48% , right lung 52% ) ( 1 9) .  The distribution of ventilation between 
both lungs is determined by the individual lung Time constants ( 16) .  Asymme
try in this parameter leads to asymmetry in partitioning of venti lation to the in
dividual lungs thereby result ing in  V/Qmismatch and impaired oxygenation . 
I ndividual lung Tc is defined by Ct x Raw (16) . Differences in  individual lung 
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Tc as observed in this study therefore resulted in asymmetrical distribution of 
the tidal volume. Ratio of Tc in this study was found to be 1 .85. This implicates 
the injured lung to receive 1 /3 of the tidal volume on CMV. Both, Ct and Raw 
influence the individual lung Tc. A marked difference in individual lung Ct in 
this study was observed, leading to significant differences between individual 
lung Tc. A reduction in Ct following contusion is a feature of the pathophysio
logic substrate and does result from flooding of airspaces with oedema, blood 
and bloodcomponents ( 15 , 16). 

Surfactant depletion might further contribute to impaired Ct ( 14). Although 
Ct on the contused lung had improved significantly a significant difference be
tween Ct's is still present prior to stopping DLV. Apparently this difference is 
not big enough to cause significant differences in Tc before stopping DLV. Al
though increased Raw insp has been suggested to be of clinical relevance in the 
manifestation of asymmetric lungdisease (ALO) (2) , we did not observe diffe
rences between individual lung Rawinsp

· Carlon et al. measured Raw in only 3 
patients after starting and prior to the cessation of DLV (2). The absence of 
differences between the Raw insp 

in our study could be explained by several fac
tors: (i) in lung contusion the smaller airways are more affected than the con
ducting airways that mainly determine the Rawinsp 

(15) ;  (ii) increased mucopu
rulent secretion in case of infectious pulmonary disease (Carlon) could have 
influenced the onset of asymmetric Raw. In our patients pneumonia was pre
vented throughout the ICU stay due to infection prevention measures by se
lective decontamination of the digestive tract (20) ; (iii) routine treatment with 
nebulisation of bronchodilators and mucolytic agents in our patients may have 
influenced also the absence of increased Raw (22) ; (iv) differences in Rawinsp 

that might have been present are probably annihilated by the application of 
(selective) PEEP which increases lungvolume and FRC and thereby decreases 
Raw (10). The Raw ex

p 
is considered to be constituted from elements of the to

tal breathing circuit. In the present situation it mainly results from the PEEP 
valve (12) and patient related elements such as bronchial obstruction. The va
lues obtained in this study for both lungs are higher when compared to values 
observed in patients without pulmonary disease on CMV and DLV and this 
difference can thus not be atttributed to the double lumen tube (17,22). Im
pairment of pulmonary metabolic function (impaired uptake of serotonin and/ 
or surfactant production) induced by contusion might be responsible for the 
observed initial increase in Rawc,p · Serotonin is a potent constrictor of bron
chial smooth muscle (3,6). Surfactant depletion in pulmonary contusion has 
been shown (15). The significant decrease in Raw ex

p 
of the lesser involved lung 

during DL V might indicate an improvement of the contusion of the lesser in
volved lung or improvement of trauma induced whole lung response. Al
though in the present study no significant (p=0,06) difference between the 
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Rawc,p of the contused and contralateral lung was found, the obtained value 
of the contused lung is slightly higher than the contralateral value directly after 
starting DLV and just before stopping it. The difference in the values obtained 
after starting DLV can be influenced by: (i) the contusion in spite of measures 
to improve it by a higher EEP ( 10) ; (ii) by the Servo PEEP valve induced chan
ges in resistance ( 12). Identical PEEP prior to stopping DLV excludes PEEP 
induced differences in Rawcxp · The observed difference is therefore likely to 
result from slight bronchusobstruction caused by contusion ( 15). Indicating as 
well (see also compliance) that on cessation of DL V still manifestations of pul
monary contusion are present. 

The Pawpcak of the contused lung was significantly higher after starting DLV 
than the Pawpeak of the lesser involved lung . It can be explained by the diffe
rence in PEEP administered to both lungs (see Fig.6). 

In contrast to the study of Hurst et al. we did not observe a significant diffe
rence in pressure gradient (Pawpcak-EEP) within in the lung between the two 
lungs after starting DLV. It can be explained by: (i) a smaller tidal volume in 
our study; (ii) the level of PEEP to the lesser involved lung in our study is so
mewhat higher ( 1 1 ±5 vs 6± 1,5 cm H2O) in comparison to the study of Hurst 
et al. (6); (iii) difference between synchronised (6) and unsynchronised DLV 
(present study) favorably influences mechanical characteristics of the contu
sed lung during unsynchronised DLV ( 14). When identical differential Paw
peak and EEP is observed, it coincides in the present study with individual 
lung Tc being identical. 

The increase in PaO2/FiO2 from 19±8 to 30± 1 0, after the institution of DLV 
indicates improved V/Q matching. The gradual but significant improvement 
of this quotient corresponds with the healing time described for lungcontusion 
to be between 2-7 days after trauma in uncomplicated cases ( 13). 

In conclusion :  (i) in the absence of advanced monitoring equipment to mo
nitor Tc's, the evaluation of the Paw peak might indicate the course of the diffe
rential Tc ; (ii) recommencement of CMV after DLV guided by clinical evalua
tion of the pulmonary contusion runs parallel to the absence of significant dif
ferences in individual lung Tc; (iii) changes in Tc mainly result from changes in 
Ct; (iv) the institution of DLV prevents the lesser involved lung from excessive 
Pawpcak in comparison to CMV; (v) observations on the course of Rawcxp due 
to pulmonary contusion merit further investigation in clinical practice. 

Appendix formulas 

C 1 .  
lnspiratory pause P - end expiratory P 

omp ,ance =-------------
Tidal Volume 
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lnspiratory flow 

Rawcxp = 
Paw pause - early expiratory P 

early Expiratory flow 
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CHAPTER VI 

MONITORING DIFFERENTIAL CO2 

EXCRETION DURING DIFFERENTIAL LUNG 
VENTILATION IN ASYMMETRICAL 
PULMONARY CONTUSION. 
CLINICAL IMPLICATIONS. 

DF Zandstra and ChP Stoutenbeek 
Published in Intensive Care Med ( 1988) 14: 106 

Abstract. 

Eighteen severely injured polytrauma patients (ISS 38± 18) with severe 
asymmetrical pulmonary contusion were ventilated with differential lung ven
tilation (DLV) to improve oxygenation and/or to prevent further unnecessary 
barotrauma to the lesser involved lung. Differential VCO2 was studied as a pa
rameter for indirect measurement of effective individual lung perfusion. One 
hour after starting DLV, difference in VCO2 (delta \!CO2) was 81±57 ml/min. 
In 16 patients this had fallen significantly (p<0.001) to 32±30 ml/min, 1 h be
fore DLV was discontinued. In 2 patients, delta VCO2 remained > 200 ml/ 
min, coinciding with clinical deterioration and increasing consolidation of the 
pulmonary contusion. Bilobectomies were performed in both patients . The 
excised lobes appeared to be destroyed as the result of laceration, bleeding 
and subsequent haematomas. This clinical study supports laboratory studies 
suggesting the usefulness of monitoring differential VCO2 to assess effective 
differential pulmonary perfusion during DL V .  

Introduction. 

Differential lung ventilation (DL V) with selective PEEP (SPEEP) has 
shown its efficacy in the treatment of hypoxic states due to various causes 
which can lead to severe V/Qmisrnatch (3,12). DLV also affords the opportu
nity to monitor individual lung function parameters such as airway resistance , 
compliance and CO2 derived variables. Asymmetrical pulmonary contusion 
not only results in asymmetrical lungmechanics leading to preferential ventila
tion of the lung with the better mechanical properties , but also in asymmetrical 
partitioning of the pulmonary bloodflow (PBF). During DLV it is therefore 
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important to have on line monitoring of the differential pulmonary perfusion. 
Knowledge about differential pulmonary perfusion enables the clinician to 

assess potential defects in effective pulmonary perfusion resulting from pul
monary contusion and also to evaluate the (healing) process in time. Effects of 
therapy (i.e. influence of SPEEP or infusion of thrombolytica in case of sym
metric pulmonary embolism) on partitioning of pulmonary bloodflow could 
also be evaluated. Continuous assessment of individual pulmonary perfusion 
is only possible with flow probes placed on the pulmonary arteries. This howe
ver, requires surgical instrumentation and is only suitable for animal experi
mental investigation. Although accurate indirect assessment of the differential 
pulmonary perfusion is possible by means of a ventilation/perfusion scan, this 
only permits a momentary assessment. 

Computerised calculation of differential Iungexcretion of CO2 has been 
found to correlate very accurately with the effective individual lung perfusion 
( 13). 

The pathophysiological substrate of pulmonary contusion is characterised 
by decreased compliance and impaired perfusion in the contused areas due to 
disruption of microvasculature and increase in pulmonary vascular resistance 
(2, 8). In this study, monitoring of individual lung excretion of CO2 (ml/min) 
during DLV was used firstly, as an indirect measurement of individual lung 
perfusion, secondly, to evaluate wheter clinical improvement corresponded 
with a decrease in difference between individual lung excretion of CO2 . 

Material and methods 

Eighteen polytrauma patients with severe asymmetrical pulmonary contu
sion in whom conventional mechanical ventilation (CMV) with whole lung 
PEEP did not give adequate oxygenation (Pa02/Fi02 20±8) were treated with 
DLV and SPEEP in supine position to improve oxygenation and/or when the 
effects of whole lung PEEP had resulted in hyperinflation of the lesser invol
ved lung. Patient data are given in Table 1. The severity of trauma was asses
sed using the ISS scoring system (1). DLV was performed using two ventilators 
(Siemens Servo 900 B or C). Individual lungexcretion of CO2 was measured 
using the Servo 930 CO2 analyser on each ventilator. Ventilator settings were 
identical on each lung with regard to minute volume, frequency and Fi 02 . No 
attempts were made to synchronise ventilators. SPEEP was instituted and gui
ded by the chest X-ray and best Pa02 with the given Fi 02 . The difference be
tween individual lung excretion of CO2 , the delta CO2 , was recorded 1 h after 
starting DLV and 1 h before stopping DLV when at least 3 out of 6 weaning 
criteria (see Table 2) were met. All patients received treatment according to 
clinical demands with vasoactive drugs , antibiotics, diuretics etc. Sedatives 
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Table 1 .  
Patient data 

Age ISS Days DLV Contusion 
CMV hours left/right 

1 - 25 75 21 1 66 + 
2 - 34 54 1 6  125 + 

3 - 29 34 9 69 + 

4 - 24 66 8 75 + 

5 - 25 25 23 83 + 

6 - 24 30 2 24 + 
7 - 52 18 15 82 + 

Sa - 32 25 10 96 + 

9a - 16  45 17 87 + 

1 0 - 29 1 8  1 0  120 + 

1 1 - 23 25 9 1 1 8  + 
12 - 45 57 9 80 + 

13 - 4 1  43 38 95 + 
14 - 79 1 6  1 3  36 + 

15 - 33 25 16  192 + 
1 6 - 43 33 12 298 + 
1 7 - 66 45 10 40 + died 
1 8 - 77 34 25 40 + 

mean 38 38 1 4  1 0 1  Sx lOx 
±SD ± 18 ± 1 7  ± 8 ± 65 

" Bilobectomies performed 

and neuromuscular blocking agents were given throughout the treatment on 
DLV to ensure clinical steady state conditions. Fractures of extremities were 
stabilised surgically prior to the admission to the ICU. All patients received se
lective decontamination of the digestive tract ( 10). 

PaO2/FiO2 values were taken 1 h before starting DLV and compared to the 
values taken 1 h after the commencement of DL V. Effective V d/Vt ratio was 
calculated for each lung after starting DLV and prior to stopping DL V accor
ding the formula: 

end tidal CO2 % - \!CO2 (ml/min) 

Effective V d/Vt= __ _____ 
e
_
ff
_

.
_
ve
_
n
_
t
_
. (
_
m_ll

_
m
_

i_n) 

end tidal CO2 cone.(%) 

Statistical analysis was done using the Students T-test for paired samples. 
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Table 2 .  
Weaning criteria from DLV 
- difference in differential PEEP < 5cm H2O 
- difference in differential compliance < 1 0  ml/cm H2O 
- stable PaO2 on equalising SPEEP (PaOz/FiO2 > 30 
- disappearing asymmetry on chest X-ray 
-v,,r, + Ynght > 12 I/min 
- difference in differential Raw;11,p < 3cm H2O/l/sec 

Results 

The institution of DLV and SPEEP resulted in a significant increase of 
PaO2/FiO2 from 20±8 to 31±9 (p<0.001). The delta \!CO2 1 h after starting 
DLV was 81±57 ml/min. In 16 patients this had fallen significantly to 30±32 
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Course of delta \'CO2 in individual patients between 1 h after starting DLV and 1 h before stop
ping DLV. * bilobectomies performed (not included in statistical analysis) 
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ml/min (p<0.001) when weaning criteria from DLV were met. In the two re
maining patients, delta \/CO2 did not fall below 200 ml/min (see Fig.1 ). Both 
patients deteriorated clinically with signs of further consolidation and/or se
questration of contused pulmonary tissue . Bilobectomy was performed in 
both patients on day 9 and 10 after trauma. Macoscopically these lobes appea
red to be destroyed due to rupture, bleeding and subsequent formation of in
tralobar haematomas. Both patients recovered uneventfully from surgery and 
could be extubated after a few days on CMV.  The course of differential VCO2 
is shown in Fig.2. Effective Yd/Vt between contused and contralateral lung 
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Fig.2. 
Course of differential VCO2 in 1 patient where bilobectomy was done. ■ contused lung; • contra
lateral lung. 

was significantly different (p<0.005) being 0.50±0.15 versus 0.36±0. 1 1  after 
starting DLV. Prior to stopping DLV no statistically significant difference be
tween the VdNt of the contused and contralateral lung could be shown 
(0.43±0.13 versus 0 .36±0. 16). One patient died. All other patients left theho
pital alive. Mean duration on DLV was 101 h (24-298), median 85. 

Both lungs were equally frequent involved. No patient developed pneumo
nia throughout the entire stay in the ICU. 

Discussion 

Continuous measurement of CO2 derived variables as end-tidal CO2 (ET
CO2) and \/CO2 for each lung have been shown to correlate closely with indi
vidual lung perfusion. This was assessed either by comparing differential ET
CO2 with values obtained by electromagnetic flow probe instrumentated ani
mals or by correlating differential \/CO2 with differential SF6 excretion (5 ,13). 
Both authors concluded that these methods were accurately enough for hu
man study purposes to assess differential pulmonary perfusion. The main ad-
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vantage of measuring \!CO2 is the non-invasive character and the fact that it 
can be realised with commercially available ICU monitoring equipment. In 
the present study differential measurement of \!CO2 during DLV was used to 
assess whether differences in differential pulmonary perfusion could occur in 
clinically severe asymmetrical pulmonary contusion. 

In pulmonary contusion a decrease in perfusion mainly occurs in the consoli
dated areas and may be entirely due to mechanical disruption of lungarchitec
ture and consequent congestion with leakage of blood and oedema and does 
not result from locally acting mechanisms like hypoxic pulmonary vasocon
striction (2). Normally gravitational forces mainly determine the partitioning 
of the PBF. In the studied patients this factor did not influence measurements 
because all observations were done in supine position . The application of 
SPEEP can influence partitioning of PBF. Light et al. and Takasaki et al. sho
wed a shift away of the pulmonary perfusion from the lung with the selective 
PEEP in experimentally induced asymmetrical lung disease (7, 1 1). In patients 
with healthy lungs, the application of SPEEP from 0-6-12 cm H2O only slightly 
influenced delta \!CO2 (9). In the present study , mean difference in differen
tial PEEP was 8 cm H20. The observed delta \!CO2 of 81 ml/min therefore is 
very likely to reflect the defect in effective pulmonary perfusion as the result 
of the contusion. The decrease in delta \!CO2 to 30 ml in patients who re
covered clinically represents improvement of perfusion in contused areas. 
Corresponding values of delta \!CO2 have been onserved by Osswald et al. in 
patients without asymmetrical pulmonary injury and without SPEEP (9). Fur
ther evidence that the delta \!CO2 represents the perfusion difference between 
both lungs resulting from contusion and does not result from perfused and 
non-ventilated alveoli is the fact that PaO2/FiO2 ratio increased significantly to 
31 ±9 after the institution of DLV with SPEEP. This suggestive for recruit
ment of collapsed alveoli that were still perfused ( 1 1 ), probably occurring in an 
area of the contusion around the central consolidated area where perfusion 
and ventilation are absent (2). Secondly, effective Vd/Vt ratio shows that on 
the contused side an increase in this ratio is found. This supports the hypothe
sis of ventilated non-perfused alveoli in the contused lung. 

The low mortality in critically ill patients may be explained by first, the ab
sence of Gram-negative infections and septicaemia as the result of selective 
decontamination of the digestive tract (10) ; secondly, improved tissue oxyge
nation decreases susceptibility for infection (6); thirdly ; early surgical stabili
sation of fractures reduces mortality and morbidity of the polytraumatised pa
tient (4). 
It is concluded that monitoring of individual lung \!CO2 as an indirect assess
ment of the individual pulmonary perfusion can be useful to evaluate the ef
fects of unilateral contusion on individual lung perfusion and to follow the di-
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nical evolution. It also provides additional information concerning the need 
for pulmonary surgery. 
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CHAPTER VII 

REFLECTION OF DIFFERENTIAL 
PULMONARY PERFUSION IN POLYTRAUMA 
PATIENTS ON DIFFERENTIAL LUNG 
VENTILATION (DLV) 

A COMPARISON OF TWO CO2 

DERIVED METHODS 

D.F. Zandstra and Ch.P. Stoutenbeek 

(accepted for publication Intensive Care Med) 

Abstract 

Seventeen polytrauma patients with asymmetric pulmonary contusion were 
treated with differential lung ventilation (DLV). 

The ratios of differential values of end-tidal CO2 concentration (ETCO2) 

and CO2 excretion ml/min (\!CO2) were compared as indirect parameters for 
differential pulmonary perfusion. 

Both COrderived methods indicated asymmetry after starting DL V sugges
ting asymmetric pulmonary perfusion resulting from contusion. Prior to stop
ping DLV a significant improvement in asymmetry was indicated by the diffe
rential ratio·s of ETCO2 and \!CO2 values. 

The ET-CO2 ratio increased from 0.74±0.17 to 0.88±0. 10, the \!CO2 ratio 
from 0.57± 0.23 to 0.86±0.1 1 (m±s.d.). 

In two patients with very severe contusion who underwent bilobectomies a 
marked difference between the ratios of ETCO2 and \!CO2 was observed. It is 
concluded that differential measurement of CO2-derived variables may be use
ful to indicate differential perfusion in clinical practice on DLV. In very severe 
asymmetric contusion ETCO2 ratio may underestimate differential perfusion 
ratio. 

Introduction 

Pulmonary contusion impairs effective perfusion in contused areas as the re
sult of ruptured microvasculature and increased pulmonary vascular resistan-
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ce. This is the consequence of increased interstitial pressure resulting from lea
kage of blood and bloodcomponents into interstitial and airspaces (3,9). 

Differential Lung Ventilation (DLV) has been considered by several au
thors as a clinically usefull ventilatory technique to treat asymmetric pulmo
nary insufficiency resistant to conventional mechanical ventilation (5 , 13). 
Apart from its therapy, other benifits of DLV include the opportunity to moni
tor the function of the left and right lung simultaneously (i.e. lungmechanics 
and CO2 derived variables). Direct measurement of individual lung perfusion 
made by flowprobes is limited to animal experiments only. The continuous as
sesment of individual lung perfusion in ICU patient_s should therefore rely on 
indirect measures using inert gastechniques ( e.g. SF6) or CO2 variables. The 
SF6 method although more accurate than the CO2 methods (2) can be conside
red as a laboratory method whereas COrmonitoring equipment is readily 
available at the bedside. 

In laboratory studies it has been demonstrated that end-tidal CO2 concen
tration and CO2 excretion of the individual lungs closely reflect the pulmonary 
perfusion (6, 14). Also cardiac output (i.e. total pulmonary perfusion) measu
rements using CO2 as indicator gas correlated well to values found with ther
modilution (4). In a model using unilateral pulmonary vasoconstriction to in
duce asymmetric pulmonary perfusion it was also demonstrated that CO2 va
riables reflect to some extend differences in pulmonary perfusion (2). 

The aim of the present study was to evaluate whether in patients with expec
ted asymmetry of pulmonary perfusion as the result of unilateral pulmonary 
contusion, differences in CO2 excretion or end-tidal CO2 concentration of the 
individual lungs could be used as indirect parameters to reflect differences in 
individual lung perfusion. 

Material and methods. 

Seventeen polytrauma patients with severe asymmetric pulmonary contu
sion were treated with DLV and selective PEEP (SPEEP) to improve critical 
hypoxaemia resistant to CMV and PEEP and/or to prevent further unneces
sary barotrauma to the lesser involved lung. In all patients positional manoeu
vres to improve hypoxaemia were not possible (Striker frame nursing etc). Se
verity of injury was assessed by the Injury Severity Score (ISS) ( 1 ). DLV was 
performed using two Servo ventilators (Siemens Servo 900 B or C) via a dou
blelumen tube (Bronchocath, NCC Inc.) . Individual lung measurements of 
ETCO2 (%) and COrexcretion (VCO2 ml/min) were done with the Servo 930 
CO2-analyser (Siemens Elema Solna, Sweden). Differential ventilator settings 
were identical with the exception of the PEEP. 
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The PEEP administered to the contused lung was higher than to the lesser 
involved lung ( 1 1  ±3 vs 18±5) directly after starting DL V. No difference in in
dividual lung PEEP existed prior to stopping DLV. No attempts were made to 
synchronise ventilator actions. The ratio of ETCO2 of the contused lung/ET
CO2 of the noncontused lung was taken one hour after the start of DL V and 
compared to the values obtained one hour before stopping DLV. Ratios of the 
COrexcretion were identically determined. Values of ETCO2 and \!CO2 ra
tios obtained after starting DLV and prior to stopping it were compared to ex
plain if any statistical difference was present. 

To study more detailed the effect of changes in the selective PEEP of the 
contused lung on the CO2 excretion, all changes in SPEEP within the first 24 
hours on DLV were evaluated. Effects of DLV on oxygenation were assessed 
by evaluation of the PaOi/FiO2 ratio (PaO2 in kPa and FiO2 as fraction) before 
and one hour after starting DLV. 

All patients received treatment according to clinical demands with vasoac
tive drugs, antibiotics, diuretics, sedatives and muscle relaxants to ensure cli
nical steady state conditions. Fractures of extremities were stabilised surgi
cally prior to admission to the ICU. All patients received selective decontami
nation of the digestive tract as means of infection prevention against Gram-ne
gative microorganisms and yeasts according to a protocol presented by our 

Table 1 .  Patient data 

age JSS days CMV D LV hours contusion 
left/right 

I - 25 75 2 1  166 + 
2- 34 54 1 6  125 + 
3- 29 34 9 69 + 
4- 24 66 8 75 + 
5- 25 25 23 83 + 
6- 24 30 2 24 + 
7- 32 25 1 0  96 + *  
8- 16  45 1 7  87 + *  
9- 29 1 8  10  120 + 

10- 23 25 9 1 1 8 + 
1 1 - 45 57 9 80 + 
1 2- 4 1  43 38 95 + 
1 3- 79 16  1 3  36 + 
14- 33 25 1 6  192 + 
15- 43 33 12  298 + 
1 6- 66 45 1 0  40 + ** 
17- 77 34 25 40 + 

38± 18  38± 18  14±8 102±67 7 10 
mean± sd 

* bilobectomies performed 
•• died 
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group earlier ( 1 1). Patient data are shown in table 1. Statistical analysis was 
done using the Students t-test for paired samples. 

Results 

Patient data are shown in table 1. The institution of DLV/SPEEP resulted in 
a significant increase of the PaO2 (kPa)/FiO2 (fraction) ratio from 20± 8  to 
3 1±9  (m ±sd) (p<0.001). The ratios of ETCO2 after starting DLV and prior 
stopping DLV were significantly different (0.74± 17 vs 0 . 88±0. 10 p<0.01) as 
were the ratios of \/CO2 (0.57±0.23 vs 0.86±0.1 1  (m ±sd) p<0.006 ). Initiallly 
obtained ratios of ET-CO2 and \/CO2 were statistically significant different 
(p<0.02). 
No statistical significant difference was observed between the ratios of ETCO2 

and \/CO2 prior to stopping DLV. (See table 3 for individual patient values.) 
Within the first 24 hours on DLV, SPEEP levels were not changed in 8 pa

tients. In 5 patients SPEEP of the contused lung was increased significantly 
(p<0.01) from 14<6 to 19±4 cm H2O (m ±sd) during the first 24 hours on 
DLV. The CO2 excretion of these lungs increased significantly (p<0.04) from 
116±41 to 145±43 ml/min. In 4 patients SPEEP was lowered within this period 
from 2 1±2 to 17±4 cm H2O. The CO2 excretion of these lungs decreased signi
ficantly (p<0.02) from 158±75 to 126±90 ml/min. (m±sd). 

In two patients bilobectomy was done on day 9 and 10 after trauma on indi
cation of clinical deterioration and signs of consolidation of contused pulmo
nary tissue without improvement of mechanical and functional parameters as 
compliance, airway resistance and perfusion. 

Macroscopically the exised lobes were destructed due to rupture, bleeding 
and formation of intralobar haematomas . Both patients recovered unevent
fully after surgery and could be extubated after a few days on conventional me
chanical ventilation. These two patients are not included in the statistical ana
lysis. The course of the differential \/CO2 and ETCO2 of one patient who had 
surgery is shown in fig. l. 

In 15 patients DLV could be discontinued without pulmonary surgery. One 
patient died from cerebral injury. All other patients left the hospital alive. 
Mean duration on DLV was 101 hours (24-298, median 85). The left and right 
lung were were evenly frequent contused. No patient developed pneumonia 
throughout the stay in the ICU. 

Discussion 

In experimental studies it has been shown that COrderived variables (ET-
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CO2 and \/CO2) correlate closely with the effective differential pulmonary 
perfusion (6 , 14). In unilateral pulmonary contusion a defect in the effective in
dividual pulmonary perfusion may result from trauma , disrupted pulmonary 
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vasculature and as a consequence of increased pulmonary vascular resistance 
(3 ,9). The ratios in this study obtained after the start of DLV indicate asymme
try. This may reflect asymmetric perfusion induced by trauma. It can not be 
excluded however that, the application of SPEEP induced a shift of perfusion 
away from the lung with selective PEEP as has been shown in animal experi
ments by increasing selectively the pulmonary vascular resistance (7 , 12). In 
the study of Takasaki these results were obtained in open chested dogs with 10 
and 15 cm H2O of selective PEEP (12) . In patients with healthy lungs the appli
cation of increasing selective PEEP (0-6-12 cm H2O) only slightly influenced 
the ratio of \/CO2 and ETCO2 (10). 

In the present study the difference PEEP appli_ed to the both lungs was 8 cm 
H2O. The initiation of DLV and SPEEP resulted in a significant increase in 
PaO2/FiO2 ratio and this observation suggests opening up of previously closed, 
well-perfused alveoli and not an impairment of pulmonary perfusion due to 
occlusion of pulmonary capillaries by PEEP. 
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That increasing PEEP applied to the contused lung not necessarily negati
vely influences the CO2 excretion (i.e . perfusion) is indicated by the increase 
of CO2 excretion in these patients that occurs when PEEP is increased and that 
decreasing the selectively higher PEEP on the contused lung not automatically 
results in an increase of CO2 excretion (i.e perfusion). These observation sup
port the hypothesis that optimal CO2 excretion (i .e .perfusion) can be titrated 
by the PEEP administered. 

It is most likely that the observed ratios in this study reflect the defect in ef
fective pulmonary perfusion. A significant difference was found between the 

Table 2 .  

Ratio ETCO2 

after starting before stopping 
D LV DLV 
0.84 0.77 
0 .61  0.75 

Ratio VCO2 

after starting 
DLV 
0.27 
0.63 

before 
stopping * 

0.34 
0.22 

Ratios of ETCO2 and \/CO2 (m±sd) in patients in whom bilobectomies were done. 
* prior to surgery. 

VCO2 ratio and the ratio of differential ETCO2 at the beginning of the DLV . 
The accuracy of the Servo 930 CO2 analyser proved to be suitable for re

search purposes and the differences in ratios do probably not result from the 
equipment used (8). The discrepancy between the initial ratios of VCO2 and 
ETCO2 may be explained by the change of the shape of the capnogram indu
ced by contusion. The sequential emptying of lung compartments with diffe
rent ventilation-perfusion ratios may result in a capnogram with a poorly defi
ned, steeply slooping alveolar plateau (8). (See fig.2). This could also explain 
the big difference between the ratios (see table 2) of VCO2 and ETCO2 in the 
two patients who underwent bilobectomies. Unfortunately in the studied pa
tients no capnograms were recorded. Therefore the explanation for the initial 
differences in the ratios of VCO2 and ETCO2 after starting DLV remains spe
culative. 

From the data presented by Carlsson et al. it can be concluded that VCO2 

changes more than ETCO2 measurements and that measurement of SF6 excre
tion is a more accurate method to assess differential pulmonary perfusion than 
the VCO2 measurement (2) . These authors suggested that the sensitivity of 
COrderived methods to indicate differential pulmonary perfusion is negati
vely influenced by the increase i� efficiency of COrexcretion that occurs in the 
lung submitted to hypoxic challenge thereby giving an underestimation of the 
real change in differential perfusion (2). This effect will be partially compensa
ted by the Haldane effect. However the effects of unilateral hypoxic pulmo
nary vasoconstriction on pulmonary perfusion and CO2 excretion might not be 
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fig. 2 See text 

Table 3 

E X P I R E D  VO L U M E  ( L) 

N O R M A L  C A P N O G R  A M  
A B N O R M A L  CA P N O G R A M  

ratios of individual patients 

Ratio ETCO2 Ratio \/CO2 

after starting before stopping after starting before stopping 
DLV DLV DLV DLV 

0.88 0.87 0.82 0.98 
0 .88 0.94 0.54 0.97 
0.97 0.98 0.97 0.96 
0.61 0.90 0.88 0.91 
0.97 0.98 0.45 0.97 
0.74 0.80 0.60 0.60 
0.60 0.95 0.50 0.93 
0.50 0 .83 0.60 0.89 
0.79 0.99 0.69 0.69 
0 .97 0.92 0 .83 0.78 
0.79 0.62 0.38 0.73 
0 .40 0.91 0. 1 1  0.88 
0.85 0.96 0.44 0.90 
0 .80 0 .87 0.75 0.93 
0.50 0.99 0.34 0.97 

0.74±0 . 17  0.88±0 . 10  0.57±0.23 0.86± 0. 1 1  
(m±sd) 
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comparable to the perfusion disorders induced by pulmonary contusion. In a 
previous study we demonstrated that the functional defect in pulmonary per
fusion as assessed by CO2 excretion (ml//min) corresponded closely with the 
anatomical defect found during surgery in case of severe unilateral pulmonary 
contusion (15). 

In a case of unilateral pulmonary embolism the decrease in CO2 excretion 
appeared to be correlated to the defect in perfusion as assessed by pulmonary 
angiography ( 16). 

It is concluded that monitoring of differential CO2 derived variables is a cli
nically useful method to assess the differences in pulmonary perfusion of both 
lungs and to monitor the recovery of the injured lung during DLV. The ETCO2 

ratio might underestimate effective differential pulmonary perfusion in very 
severe cases of unilateral pulmonary contusion. 
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CHAPTER VIII 

TREATMENT OF MASSIVE UNILATERAL 
PULMONARY EMBOLISM BY DIFFERENTIAL 
LUNG VENTILATION 

D.F. Zandstra and Ch.P. Stoutenbeek 

published in Intensive Care Med (1987) 13 :422 

Abstract. 

A patient with massive unilateral pulmonary embolism was treated with 
thrombolytic therapy and differential lung ventilation with selective PEEP. 
Differential lung ventilation affords besides therapy, selective monitoring of 
\!CO2 • Effects of thrombolytic therapy and SPEEP were evaluated by monito
ring differential \!CO2. Hypercapnia persisting in spite of conventional me
chanical ventilation reduced remarkably after starting differential lung venti
lation with selective PEEP on the non-injured lung. 

Case history 

A 29-year-old male sustained a fractured femoral head and tibia after a car 
accident ; replacement was performed immediately. After 24 days surgical 
reexploration of the infected femoral prosthesis was performed. Immediately 
postoperatively he developed signs of pulmonary embolism (PE). Thrombec
tomy of the right pulmonary artery was performed surgically and heparin was 
started. Twenty-four hours later signs of PE were again present with deteriora
ting gasexchange in spite of mechanical ventilation . At this stage the patient 
was referred to our hospital for further treatment. 

Pulmonary angiogram showed almost complete occlusion of the left pulmo
nary artery (Fig. la). Heparin was continued, but, even on mechanical ventila
tion with a minute volume of 15 I/min and a respiratory rate of 20/min with 8 
cm H2O PEEP the PaCO2 remained at 8.0 kPa with a respiratory acidosis. Dif
ferential lung ventilation (DL V) with selective PEEP (SPEEP) was started in 
an attempt to achieve adequate gas exchange using two Servo 900B ventila
tors. After 1 h this resulted in a fall of arterial CO2 tension to 3.2 kPa with 7 .5 
I/min volume ventilation on each lung with a respiratory rate of 20/min with 10 
cm H2O PEEP on the hyperperfused lung and 5 cm H2O PEEP on the embolic 
lung. 
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Fig. 2 
Simultaneously measured \/CO2 of the left and right lung during treatment of massive pulmonary 
embolism of the left pulmonary artery with DLY/SPEEP and thrombolytic therapy. 

Thrombolytic therapy with urokinase 2000 IU/h (inspite of the recent thora
cotomy) was started 2 h after the onset of DLV/SPEEP. When CO2 excretion 
of the embolic lung decreased ,  selective PEEP on the non-embolic lung was in
creased to 1 5  cm H2O (Fig. 2). Oxygenation also improved after starting DLV/ 
SPEEP. Pa02/FiO2 increased from 18 on CMV to 25 on DLV/SPEEP. The 
ventilator actions were not synchronised. Individual lung carbondioxide mi
nute volume excretion (\/CO2) was monitored simultaneously using two Servo 
930 CO2 analysers. Haemodynamic support with inotropes and vasodilators 
was maintained unchanged when respiratory treatment was changed into 
D L V /SPEEP. Cardiac output (CO) when starting D L V /SPEEP was 4. 7 I/min, 
12 hours after the onset of this therapy CO had increased toll .4 I/min. Pulmo
nary artery pressures on starting DLV/SPEEP were 38/24, these fell to 24/16 
mm Hg within 24 hours. No increase in pulmonary artery pressures was noti
ced when SPEEP was given to the non-embolic lung . The effect of thromboly
tic therapy and DLV/SPEEP on \/CO2 is shown in Fig. 2. 

After 5 1  hours of therapy differential VCO2 reached identical values wi
thout SPEEP. Pulmonary angiogram was repeated which showed full restora
tion of the pulmonary circulation (Fig. lb). DLV was stopped and after ano
ther 5 days of conventional mechanical ventilation the patient recovered. 
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Fig. 1 
a Pulmonary angiogram during artificial ventilation without selective PEEP, showing massive 

embolism of the left pulmonary artery. 
b Pulmonary angiogram during mechanical ventilation without selective PEEP after 51 hours of 

dlv/speep and thrombolytic therapy showing recovery of the left pulmonary circulation. 

Discussion 

Pulmonary embolism can present major problems to the maintenance of 
adequate PaC02 , even with the use of artificial ventilation (1). This results 
mainly from an increase in V/Qmismatch (2). Although thrombolytic therapy 
is essential in severe cases of PE (3), respiratory support with DLV/SPEEP, 
could be important. Unilateral PE leads to severe maldistribution of the pul
monary bloodflow between both lungs and also equal partitioning of ventila
tion between the lungs is disturbed due to changes in mechanical characteris
tics of the embolised lung ( decrease in compliance and increase in airway resis
tance). This latter phenomenon can be considered a physiologi_c respons to mi
nimise the increase in V/Q mismatch by reducing ventilation in a lung with re-
duced perfusion. In this situation CMV with PEEP can further increase V/Q 
mismatch by forcing ventilation into the embolised lung. 

DLV and SPEEP has shown its efficacy in the treatment of several clinical 
conditions with asymmetrical pulmonary pathology with selective PEEP to the 
injured lung. Selective PEEP allows regulation of individual lung functional 
residual capacities (FRC) and influences pulmonary vascular resistance 
(PVR) and thus the distribution of pulmonary bloodflow (PBF) between both 
lungs. Both aspects are relevant to the treatment of the present case. First to 
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control the FRC on the hyperperfused lung and second to increase PVR of that 
lung. This may result in a shift of the PBF to the hypo perfused lung ( 4) , a the
rapeutic goal. DLV also provides the opportunity to apply a ventilatory mode 
that will minimally influence the increase in PVR resulting from mechanical 
ventilation in the hypo perfused lung, also the detrimental effect of whole f ung 
PEEP on the increase of deadspace ventilation is avoided. In the present case, 
effects of thrombolytic therapy and DLV/SPEEP could each contribute to the 
improvement in PaCO2. However , the quick initial improvement in PaCO2 
probably results from improvement in ventilatory efficacy rather than from 
improvement of pulmonary circulation. Thrombolytic therapy usually needs 
2-3 days before lysis occurs as is illustrated in Fig. 1 when increase in \/CO2 on 
the left side is considered as a reflection of the increase in pulmonary perfu
sion. DLV enables differential monitoring of \/CO2. 

Computerised measurement of differential \/CO2 precisely reflects effective 
individual lung perfusion (5). Asymmetry in these measurements reflects 
asymmetrical partitioning of effective PBF. Monitoring differential \/CO2 can 
therefore be useful in the evaluation of thrombolytic therapy of unilateral PE. 
DLV/SPEEP also resulted in a better control of the Pa CO2 in this patient. The 
increase in total \/CO2 from 15 h after starting DLV/SPEEP (Fig.2) could be 
explained by the gradual increase in CO from 4.7 I/min to 7.4 I/min. 

Although DL V is more complex at the bedside, its use can be justified by the 
improvement of life-threatening V/Qmismatch. 
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CHAPTER IX 

POSTLOBECTOMY ATELECTASIS: 
THE USE OF A SERVO 900 B AS A 
HIGH-FREQUENCY VENTILATOR 

KJ West, DF Zandstra and DR Miranda 

published in Intensive Care Med (1987) 13:78 

Abstract: 

High frequency ventilation (HFV) has been used with good results in a va
riety of clinical situations where conventional ventilation has proved ineffecti
ve. However, all of the reports so far have involved the use of a speciallly pur
chased specifically designed ventilator which tends to be unfamiliar to most 
medical and nursing staff responsible for its use. A case were HFV was used in 
combination with differential lung ventilation in the treatment of unilateral 
pulmonary atelectasis is described using a Servo 900 B as the high-frequency 
ventilator. It serves to demonstrate that the 900 B can be used as an occasional 
high-frequncy ventilator as required, thus avoiding the expense of purchasing 
a specialized ventilator. 

Case History 

A 63 year-old man presented for thoracotomy and removal of a left lower lobe 
carconoma. He had a history of chronic obstructive airway disease with increa
sing shortness of breath. Respiratory function tests were poor, with a vital ca
pacity of 3,6 1 (predicted 4,86 I) and a forced expiratory volume in 1 s of 0,92 1 .  
Bloodgas analysis was pCO2 5 ,9 kPa and pO2 8,3 kPa. Due to reduction in his 
respiratory reserves, it was considered essential to limit surgery to a lobecto
my. The operation was completed without mishap and he was admitted to the 
Intensive Care Unit and ventilated overnight. The following morning he was 
fully concious and free of pain and was weaned from ventilation, breathing 
quietly on continuous positive airway pressure (CPAP + 6 cm H2O). Howe
ver, bloodgas analysis showed an arterial pO2 of 5.6 kPa (FiO2 0.4) and chest 
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Fig. 1 .  
Chest X-ray revealing complete collaps of the remaining left lung. 

X-ray revealed complete collaps of the remaining left lung with apical and ba
sal pneumothoraces (Fig. 1). He was reventilated with a marginal improve
ment in arterial pO2. The chest drain positioned at the time of surgery was re
placed by a new one introduced percutaneously .  His oxygenation failed to im
prove despite physiotherapy and a decision was made to try asynchronous in
dependent lung ventilation (AILV) . This involved endobronchial intubation 
with a "Bronchocath" double-lumen tube (National Catheter Company, Ar
gyll, NY). The right lung was ventilated conventionally with a Servo 900 B set 
to deliver a minute volume of 8.0 1 at a frequency of 20 breaths/min. The left 
lung, however proved to be impossible to inflate without an excessive inspira
tory pressure (greater than 60 cm H2O) and so CPAP of 20 cm H2O was ap
plied using another Servo 900 B. 

Both ventilators were set to deliver 50% of oxygen and this resulted in a 
good bloodgas analysis (pO2 12. 1 kPa, pCO2 6.0 kPa FiO2 0.5). Unfortunate
ly, a big airleak developed from the chest drain and it was feared that the bron
chial suture line had disrupted by the application of CPAP to the operated 
lung. Early next morning bloodgas analysis had deteriorated (pO2 8.9 kPa, 
pCO2 7 .6 kPa FiO2 0 .5) and chest X-ray showed partial re-expansion of the left 
lung (Fig.2). Because of the obviously increased ventilation/perfusion abnor
mality through this lung, it was felt that high frequency ventilation (HFV) 
would be usefull in normalizing blood.gas analysis. This was achieved using the 
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Fig. 2. 
Chest X-ray showing partial re-expansion of the left lung. 

same Servo 900 B ventilator used to provide CP AP by turning the frequency 
control to maximum (60 breaths/min), removing the PEEP, and increasing the 
trigger level to 10 cm H20. This resulted in the Servo delivering a proximately 
120 breath a minute with a peak pressure of 12 cm H2O). Bloodgas analysis im
proved rapidly and allowed the inspired oxygen concentration to be reduced 
to 40 % (pO2 10.9 kPa, pCO2 5.6 kPa FiO2 0.4). 

The airl�ak persisted and a rethoracotomy was performed. Here it was dis
covered that the new chest drain, inserted percutaneously , had penetrated the 
lung causing the leak. The bronchial suture line was intact. The lung was surgi
cally repaired and the leak ceased. The lung re-expanded fully and HFV was 
discontinued 5 1  hours after it began. AILV was continued for a further 12 
hours before the double lumen tube was replaced by an ordinary endotracheal 
tube, and conventional ventilation was resumed. Two further attempts were 
required to wean patient from mechanical ventilation, but this was succesful 
and he left the intensive care unit 10 days after admission. His bloodgas analy
sis was good (pO2 14 kPa, pCO2 5.7 kPa, FiO2 0.4), and his chest X-ray was 
compatible with his surgery. 
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Discussion 

Atelectasis is not uncommon after thoracic surgery and conventional the
rapy involves adequate pain relief, physiotherapy, antibiotics and postural 
drainage. However in this case, the presence of hypoxaemia demanded a more 
urgent solution to the problem. Techniques previously described to overcome 
this problem include the use of fiberoptic bronchoscope modified to introduce 
a removable tracheostomy cuff (2) and the application of a high positive pres
sure via a double lumen tube (3). Both of these techniques require at least 60 
cm of H2O pressure, with the potential problem of suture line disruption if 
used after bronchial surgery. The technique described in this report utilizes a 
more gentle approach (20 cm H2O pressure), combined with HFV to norma
lize bloodgas values during the slower period of lung reinflation. It also allo
wed the use of low inspired oxygen concentration (FiO2 0.4), thus avoiding po
tential problems of pulmonary oxygen toxicity ( 1). 

The availability of implant tested double-lumen tubes has made prolonged 
endobronchial intubation an accepted technique, having used for up to a week 
via a formal tracheostomy (4) and up to 10 days using the orotracheal route in 
this department. A further consideration of this report is that the Servo 900 B 
can be used as an occasional high-frquency ventilator. HFV has been used in 
the treatment of acute respiratory failure where conventional ventilation has 
failed (5) , but all the reports so far have involved the use of a specially designed 
ventilator specifically acquired for HFV. Such a ventilator although proven to 
be potentially life saving, usually lies unused for the majority of the time. This 
report demonstrates that a commonly available intensive care ventilator, the 
Servo 900 B, can be used as a high-frequency ventilator as the need arises. Fur
ther, the ventilator is used in an unmodified form and thus is familiar to the 
medical and nursing staff involved. Naturally , the same ventilator can be used 
conventionally at other times. The Servo 900 B used as the high frequency ven
tilator was examined closely afterwards and showed no signs of obvious da
mage having occured during the 51 hours of HFV. 
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CHAPTER X 

ADDENDUM ON ENDOBRONCHIAL 
INTUBATION 

X.1 History of endobronchial intubation 

The double lumen tube (DLT) is essential for the clinical application of 
DLV and SPEEP. More than 50 years ago the DLT was described as a diag
nostic tool in pulmonary medicine, to facilitate differential bronchospirometry 
(10). After the modification of the DLT made by Carlens ( 1953), the so called 
Carlens endobronchial tube was introduced into anaesthesiological practice 
for one lung ventilation during surgery (3). The objective was to maintain ade
quate gas exchange during surgery and to avoid spillage of blood or secretions 
and to prevent air leakage from the uppermost lung. As a diagnostic tool the 
endobronchial tube was abandoned because newer and non-invasive methods 
to assess differential lung function were developed ( 1). A later development of 
this DLT was the Robertshaw tube of improved design. This tube had the con
siderable advantage of not having the carina hook, a feature of the Carlens 
tube to ensure proper positioning of the endobronchial tube. Also flow/resis
tance characteristics of the Robertshaw tube were more favourable ( 16). 

However this tube was not very suitable for prolonged use beyond the ope
rative period because the low volume high pressure cuffs for sealing the tra
cheal and bronchial lumens were potentially dangerous. Despite these disad
vantages life threatening hypoxaemia resulting from severe asymmetric pul
monary disease enforced the use of these DL tubes for prolonged ventilation 
in the ICU ('l,5,7,8,1 1 , 13, 15, 17). Rivara reported that the Carlens tube had to 
be removed after 24 hours because of alterations of the mucosa of the carina 
and lower trachea ( 15). Recovery of mucosa( damage was reported to occur in 
a few weeks. 

The development of a new generation DLT made of a non-toxic, thermop
lastic, polyvinyl cloride with low pressure cuffs and a very low flow resistance, 
made prolonged use of DL tubes safer (9). The flow resistance is less than 50% 
of that of a Carlens tube of the same size, being 11,85 mb/1/sec for the Carlens 
tracheal lumen versus 4,4 mb/1/sec for the Bronchocath tube a representative 
tube from the newest generation, and 1 1  vs 3,86 mb/1/sec for the bronchial lu
men ( 14). The diameters of both the tracheal and endobronchial lumens al
lows the passage of a child bronchoscope (O.D 3,6 mm) to check the position 
and to secure airway patency. Suction catheters of appropriate size will pass 
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Fig. l 
Full-sized tracheo-bronchial tree below vocal cords. Adapted from (6) . 
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through both the tracheal and endobronchial lumen for adequate chest physio
therapy. The use of suction catheters may be further facilitated by silicon 
spray. 

X.2 Double lumen tube intubation 

The endobronchial intubation with a DLT requires special skills and should 
not be considered as a routine job for the intensive care physician. In general 
this procedure should be performed by an anaesthetist experienced with the 
technique. Marked differences exist between the elective surgery patient who 
requires a DLT and the critically ill hypoxic patient. Two major problems are 
encountered. Firstly ; the hypoxaemia which already exists in spite of oxygen 
therapy and ventilation and secondly ; most of these patients are in a fixed posi
tion in a normal hospital bed and can only be positioned in a very limited way. 
In order to assure a quick and easy intubation of a patient with critical hypo
xaemia, this has to be be well organised, taking into consideration the limita
tions of this particular clinical situation. The level of anaesthesia during intu
bation should be sufficiently deep to prevent bronchospastic reactions which 
are easily evoked by endobronchial intubation and this may further impair gas 
exchange. Muscle paralysis should be complete to prevent difficulties with in
tubation as can occur with partial muscle relaxation. The vocal cords have a 
different type of innervation than skeletal muscle and this might explain the re
sistance to non-depolarising muscle relaxants which are preferred to depolari
sing muscle relaxants because of the lack of hemodynamic side effects (2). 

Usually the left endobronchial tube is more easily positioned than a right en
dobronchial tube because of the anatomical difference between the right and 
left main bronchi. In the case of a right DLT imprecise positioning of the endo
bronchial part in the right main bronchus will impair ventilation of the right 
upperlobe. The hole in the distal part of the right en do bronchial tube has to be 
positioned exactly opposite the orifice of the right upper lobe bronchus. In 
most circumstances a left endobronchial DLT can be applied in asymmetric 
pulmonary pathology in the ICU. There is less likelyhood of obstructing the 
entrance to the left upper lobe bronchus. The right upper lobe bronchus origi
nates 10-20 mm, the left upper lobe bronchus 45-50 mm from the carina in the 
adult (6). The appropriate size DLT for male adults is usually 39 French, in fe
males a 35 or 37. Prior to intubation the appropriate tube is selected and the 
cuffs are checked and lubricated. After induction of anaesthesia and complete 
muscle relaxation, a left endobronchial DLT is rotated 90 degrees clockwise 
and introduced into the trachea. Then the tube is rotated anti-clockwise 90 de
grees and will usually pass into the left main bronchus. The mandrin to straigh-
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ten the tube before intubation can be removed after the glottis has been passed 
before, the tube is inserted into the left main bronchus. 

X.3 Checking DLT position 

After insertion of a DLT into the main bronchus both cuffs are inflated and 
the lungs are separately ventilated by hand using 100% oxygen. The correct 
position is checked by auscultation and by inspection of thoracic excursions. 
The complete sealing of the cuffs of a D LT can be confirmed by connecting the 
tracheal lumen with a tube which ends under water ; ventilation through bron
chial lumen should not produce air leakage and vice versa. 

More precise information about correct positioning of the DL T can be ob
tained from an AP chest radiograph and/or fiberbronchoscopic control. In this 
study positioning of the DL T controlled by clinical parameters and chest ra
diograph proved to be adequate and fiberoptic bronchoscope guided intuba
tion was not routinely used. The use of fiberoptic aided intubation and positio
ning of double lumen tubes was reviewed by Ovassapian & Schrader who men
tion many useful tips (12). 

Differential monitoring of airway pressures, airway resistance and expira
tory volume provide further information about the position of the D L  T .  

X.4 Clinical management of  DL V 

Problems which may occur when using DL V are related primarily to the use 
of the double lumen tube; (i) problems in relation to the intubation, (ii) posi
tioning, (iii) maintenance of patency of the endobronchial tube. The items i 
and ii, have already been discussed. Maintenance of the patency of the inner 
tubes which are smaller than a normal endotracheal tube, is facilitated by ade
quate heating an humidification of the inspired gases. Routine nebulisation of 
a combination of a mucolytic drug (Mistabron®) and a bronchodilator (Vento
Iin®) was performed every 4-6 hours ; if indicated more frequent. It is obvious, 
therefore that DLV imposes an increased workload on the personnel involved 
in the treatment of such patients. One trained IC nurse familiar with this tech
nique is required for the care of a patient on DLV. 

Physicians experienced with the management of a DLT should be in the ICU 
24 hours a day to guarantee airway patency. However this does not necessarily 
imply that DLV should be exclusively used in ICU's of academic and teaching 
hospitals. Prolonged DL V in peripheral and non-teaching hospital ICU's has 
been succesfully used under supervision of board-certified anaesthetists. (per
sonal communication Boidin, Boersma). 
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Complications may arise due to endobronchial intubation with a double lu
men tube. Endoscopic assessment by an experienced ENT specialist after pro
longed DLV however revealed no other pathology than seen after prolonged 
endotracheal intubation with a monolumen tube. Postmortem examination of 
the tracheobronchial tree in a patient treated with DLV for 10 days and CMV 
for several weeks revealed no significant damage due to prolonged endobron
chial intubation. 
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SUMMARY AND CONCLUSIONS 

Differential Lung Ventilation is a special technique to ventilate separately 
the individual lungs via a double lumen endobronchial tube. In this way tidal 
volume delivery can be controlled and a higher positive end-expiratory pres
sure can be applied selectively to one of the lungs (SPEEP). This technique has 
to be considered particularly in patients with hypoxaemia due to severe asym
metric pulmonary pathology. This is because, in this situation, contrary to bi
lateral pathology, conventional mechanical ventilation (CMV) and additional 
measures like (non-selective) PEEP and positioning of the patient often failed 
to improve critical arterial hypoxaemia. 

Inspired by a few case reports in the literature a pilot study on the effect of 
DL V and SPEEP was started in ten patients suffering from various kinds of 
asymmetrical pulmonary pathology, in whom hypoxaemia was resistant to 
CMV and PEEP. The results showed that the Pa02/Fi02 ratio, being a general 
indicator of pulmonary function, improved significantly following the installa
tion of DL V and SPEEP. Moreover it appeared that adequate criteria for the 
evaluation of the function of the lungs separately throughout the treatment 
were scarce and not clinically applicable. Such criteria would be invaluable du
ring the treatment and particularly for determining the moment that DLV and 
SPEEP could be stopped and CMV recommenced. 

The subject of this thesis therefore comprises a prospective study in a further 
series of patients with an asymmetric pulmonary contusion, in which hypoxae
mia was resistant to CMV and PEEP. The study was focussed especially on: 
1.  The effect of D L V + SPEEP on Pa Oi/Fi 02 ratio. 
2. The evaluation of methods to follow individual lungfunction throughout 

the treatment. 
3. The assessment of further facets of Intensive Care treatment, in particular 

the effect of a novel antibiotic regimen (SDD) ,  on mortality and morbidity. 
The studies were restricted to polytraumatised patients because of the high 

incidence of asymmetric pulmonary contusion in that group and because the 
severity of their injuries can be classified by an internationally accepted 
trauma scoring system (ISS) .  Moreover a great part of the surgical and inten
sive care treatment in these patients followed a protocol agreed upon in our cli
nic. 

In chapter II a review of the literature showed that pulmonary contusion al
most always leads to hyoxaemia and is often accompanied by other injuries 
like cranio-cerebral injury, fractures, and shock. Moreover the treatment is of
ten complicated by infections, Adult Respiratory Distress Syndrome and Mul
tiple Organ Failure. Therefore the mortality given in the literature is very 
high. 
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As to the treatment of the hypoxaemia it is explained why in asymmetrical 
pulmonary pathology, CMV and PEEP may not lead to an improvement of the 
arterial oxygenation and even may lead to a further deterioration. With this 
conventional kind of ventilation the lesser injured lung, having the most favou
rable mechanical properties, becomes preferentially ventilated. However, 
due to the application of PEEP, the vascular resistance in this preferentially 
ventilated lung will increase so much that the perfusion decreases and is shifted 
to the injured lung which is the least ventilated. This sequence of events leads 
to a continuation or even further deterioration of the ventilation/perfusion 
(V/0; mismatch and the hypoxaemia belonging to it. 

Further aspects of V/Q mismatch are discussed in Chapter III. With refe
rence to the effects of V/Qmismatch in asymmetric pulmonary pathology, it is 

reported that by the use of DLV and SPEEP the settings of the ventilators can 
be arranged in accordance with the mechanical properties of the individual 
lungs, thereby preventing a decrease of perfusion in the lesser involved lung 
and promoting alveolar ventilation in regions of the predominantly involved 
lung that were previously not ventilated. The result being an improvement of 
the V/Qratio. The use of the double lumen tube in DLV also enables seperate 
measurements of lungfunctions like mechanics and perfusion. This chapter 
discusses further aspects of general management of these patients, with em
phasis on infusion therapy with fresh frozen plasma (FFP) and cryoprecipitate, 
the use of corticosteroids and a specific antibiotic regimen, selective deconta
mination of the digestive tract (SDD). 

Our own study on the effect of SDD in 19 patients treated with DLV is re
ported in chapter IV. The results show that SDD combined with a short period 
of a systemically given antibiotic prevented the colonisation and infection of 
the respiratory tract in all patients in the study. Only one patient died and this 
was not related to infection. This differs very favourably from the mortality re
ported for DLV treatment in the literature (47% ), of which 66% was due to in
fections. 

In the next three chapters several methods of analysing individual lung func
tion have been studied in comparison with the clinically used parametersof 
chest radiograph and blood gas analyses. In chapter V it is shown that in fifteen 
polytrauma patients suffering from hypoxaemia due to an asymmetrical lung 
contusion, the transition from CMV and PEEP to DLV and SPEEP resulted 
in a significant improvement of the PaOi/FiO2 ratio. 

Measurement of the individual lung mechanics could only start after DLV 
was instituted. When the results of these measurements at the start of DLV 
were compared with those obtained at the moment that the ventilator settings 
were equal again and it was decided on clinical grounds to return to CMV, the 
initial asymmetry in the Time constants had become normal. It was also con
cluded that, in case of unavailability of such advanced measuring equipment, 
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equalising of the differential peak-airway pressures may be a useful indicator 
of normalisation of asymmetry. 

In chapter VI it is shown that differential measurement of CO2 excretion is 
a good indicator of the degree of impairment of perfusion of the contused lung. 
On line assessment of differential CO2 excretion provides information about 
the course of the contusion . Persisting asymmetry in CO2 excretion, was the in
dication for bilobectomy in two patients after which a rapid recovery of the ge
neral condition followed. 

A comparative study between the usefulness of \/CO2 and ETCO2 measure
ments as indicators for the degree of perfusion impairment in 18 patients, is gi
ven in chapter VII. The results indicate that severe asymmetry in pulmonary 
perfusion is better revealed by the difference in CO2 excretion between the 
lungs than by the difference in ETCO2 . The latter ratio may underestimate the 
effective pulmonary perfusion ratio especially in the most severe asymmetric 
pulmonary contusions. 

In chapter VIII the treatment of a polytrauma patient with a massive unila
teral pulmonary embolism is reported. The DLV was instituted to cope with 
CMV resistant hypercapnia. The effect of thrombolytic therapy was monito
red by differential excretion of CO2 • It proved that after 51 hours of combined 
therapy identical CO2 excretion coincided with recovery of the pulmonary per
fusion as demonstrated on the pulmonary angiogram. This case demonstrates 
that DLV and SPEEP is also a useful technique to treat CMV refractory hy
percapnia due to massive unilateral pulmonary embolism. It also gives additio
nal evidence that the measurement of differential CO2 excretion is an indicator 
of differential perfusion. 

That DLV can be supplemented by various modes of ventilatory therapies is 
shown in chapter IX. A patient with severe atelectasis after pulmonary surgery 
resistant to conventional therapy is presented. Continuous Positive Airway 
Pressure (CPAP) and later High Frequency Ventilation (HFV) was applied 
selectively to the involved lung to reduce CMV induced high airway pressure. 
This resulted in improved gas exchange . It also resulted in a decreased airway 
pressure to the lung with the bronchus anastomosis. The instant modification 
of a conventional ventilator into a high frequency ventilator needed for this 
purpose is described. 

Lastly some aspects of endobronchial intubation and management of DLV 
are given in an addendum. 

Recapitulating, these studies show that DLV is a usefull technique of me
chanical ventilation to treat critical impairment of the gas exchange leading to 
hypoxaemia or hypercarbia. It can be safely applied when clinical conditions 
are arranged as described. Particular attention is given to infection prevention 
by SDD. The opportunity given to monitor individual lung functions during 
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DL V should be used to assess asymmetry, its course and treatment. This ena
bles the optimal application of titrated therapy . 
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SAMENV ATTING EN CONCLUSIES 

Differentiele Long Ventilatie (DLV) is een speciale beademings techniek, 
waarbij de longen afzonderlijk beademd worden via een dubbellumen beade
mings buis. Op deze wijze is het onder meer mogelijk om selectief positieve 
eind-expiratoire druk toe te dienen (SPEEP). Deze methode komt speciaal in 
aanmerking bij patienten die hypoxaemisch zijn tengevolge van ernstige asym
metrische longaandoeningen. Bij deze patienten is namelijk gebleken dat de 
conventionele mechanische ventilatie (CMV) met (niet-selectieve) PEEP 
vaak geen verbetering of zelfs verergering van de hypoxaemie veroorzaakt. 
Dit in tegenstelling tot diffuse bilaterale longaandoeningen waarbij CMV + 
PEEP gewoonlijk we! een verbetering van de hypoxaemie bewerkstelligt. 
Naar aanleiding van enkele case reports in de literatuur hebben wij in een pilot 
studie 10 patienten met asymmetrische aandoeningen van uiteenlopende aard 
beademd met DLV en SPEEP. Het resultaat was dat de Pa02/Fi02 ratio bij 
alle patienten sterk verbeterde. Tevens bleek uit deze studie dat er eigenlijk 
nog geen goede maatstaven waren om tijdens deze behandeling de functie van 
de longen apart te beoordelen ; en vooral om het moment te bepalen waarop 
DLV kan word en gestaakt en ·weer kan worden teruggekeerd naar CMV. 

Dit proefschrift behandelt dan ook een prospectieve studie bij een volgende 
serie met asymmetrische longcontusie, bij wie de hypoxaemie resistent was te
gen CMV en PEEP. Het onderzoek was speciaal gericht op: 
1 het effect van DLV en SPEEP op de Pa02/Fi02 ratio. 
2 het evalueren van methodieken om de longfunctie gedurende de DL V be

handeling te volgen. 
3 het belang van andere onderdelen van de intensieve behandeling te onder

zoeken ·en met name het effect van een nieuw profylactisch antibiotisch be
leid op de mortaliteit en morbiditeit. 
De studie is beperkt tot polytrauma patienten omdat longcontusie hierbij 

vaak voorkomt, omdat hiervan de diagnostische procedures, de chirurgische 
en de intensive care behandeling volgens vaste patronen verlopen en omdat de 
ernst van het letsel goed geclassificeerd kan worden door middel van een inter
nationaal gebruikt scorings systeem (ISS). 

In Hoofdstuk II wordt aan de hand van literatuur onderzoek vermeld dat de 
longcontusie bijna altijd leidt tot hypoxaemie en veelal gepaard gaat met an
dere letsels zoals schedel-hersen letsel, fracturen en shock. Ook wordt de be
handeling vaak gecompliceerd door infecties, adult respiratory distress syn
drome (ARDS) en multiple organ failure (MOF). De in de literatuur opgege
ven mortaliteit is dan ook erg hoog. 

Wat betreft de behandeling van hypoxaemie wordt uitgelegd waarom CMV 
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en PEEP bij asymmetrische longaandoeningen vaak niet tot verbetering en 
zelfs vaak tot verslechtering van de de arteriele zuurstofspanning leidt. Bij 
deze soort beademing wordt namelijk de minder gekwetste long preferentieel 
geventileerd doordat de mechanische eigenschappen van deze long gunstiger 
zijn dan van de gekwetste long. Als gevolg van PEEP kan de vaatweerstand in 
deze overwegend geventileerde long dusdanig toenemen dat de pulmonale 
bloedstroom hierin afneemt en naar de gecontusioneerde long wordt verscho
ven die juist minder geventileerd wordt. Hierdoor wordt de ventilatie/perfusie 
wanverhouding (V/Q mismatch) versterkt, hetgeen Ieidt tot verdere hypoxae
mie. Op de aspecten van V/Q mismatch wordt nader ingegaan in hoofdstuk 
III. Naar aanleiding van literatuurgegevens wordt uitgelegd dat door het ge
bruik van DL V en SPEEP de beademings instellingen zo kunnen worden gere
geld dat de perfusie van de long die minder gekwetst is, niet verminderd en dat 
de minder geventileerde long, beter geventileerd gaat worden zodat een be
tere V/Q verhouding wordt bereikt. 

Ook wordt het gememoreerd dat door gebruik van de dubbellumen tube nu 
het verrichten van metingen aan de ventilatie en de perfusie van de afzonder
lijke Iongen mogelijk wordt. Wat betreft de overige belangrijke aspecten van 
de intensive care behandeling wordt theoretisch onderbouwd dat de onder
zochte patienten behandeld werden met een ruim infuus beleid waarvan fresh 
frozen plasma en cryoprecipitaat een belangrijk dee] uitmaken, corticosteroi
den en selective darmdecontaminatie (SDD). Ons eigen onderzoek naar het 
effect van SDD bij 19 met DLV behandelde patienten wordt beschreven in 
Hoofdstuk IV. Hieruit bleek dat SDD gecombineerd met een korte systemi
sche antibiotica kuur de kolonisatie en infectie met in het ziekenhuis verkre
gen Gram-negatieve bacterien, gisten en schimmels voorkwam. Met name tra
den geen pneumonieen op. Dit is er mede de oorzaak van dat de mortaliteit zo 
laag is ·(5.2%) en dat zich geen MOF voordeed. Dit resultaat steekt zeer gun
stig af bij de in de literatuur vermelde mortaliteit van DLV behandelde patien
ten van 47%, waarvan 66% het gevolg is van infectieuze complicaties. In de 
drie volgende hoofdstukken zijn verschillende criteria voor de beoordeling 
van de longfunctie vergeleken met de door ons klinisch gehanteerde parame
ters zoals thorax-foto en bloedgasanalyse. 

In Hoofdstuk V wordt gerapporteerd dat bij 1 5  patienten die hypoxaemisch 
waren tengevolge van een asymmetriche contusie, het vervangen van CMV en 
PEEP door DLV en SPEEP resulteerde in een significante verbetering van de 
Pa0i/Fi02 ratio. 

De meting van de individuele long mechanische eigenschappen kon pas be
ginnen nadat DLV was gestart. Toen deze eerste metingen werden vergeleken 
met die van het moment dat de beademings instellingen weer gelijk konden 
worden gemaakt en op klinische gronden werd besloten terug te keren tot 
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CMV, bleek de asymmetrie in Tijdconstantes (Tc) zich te hebben genormali
seerd. 

Ook werd geconcludeerd dat, wanneer geen ingewikkelde bewakings appa
ratuur aanwezig is om compliance en inspiratie weerstand van iedere long af
zonderlijk te meten het gelijk warden van de piek-beademingsdrukken op bei
derzijds identieke beademings instellingen aangeeft dat er geen significante 
verschillen in de individuele long Tijdconstantes meer bestaan. 

In Hoofdstuk VI is aangetoond dat de differentiele meting van de CO2 ex
cretie een goede indicator is voor de mate van uitval van effectieve perfusie in 
de gekwetste long (i.e. ernst). Met uitzondering van twee patienten herstelde 
deze asymmetrie in CO2 excretie zich gedurende de DLV behandeling (i.e. 
herstel van effectieve perfusie defect t.g.v contusie). Op indicatie van onder
meer blijvende ernstige asymmetrie in CO2 excretie werden in 2 van de 15 pa
tienten die onderzocht werden bilobectomie verricht (i.e. blijvend perfusie de
fect, necrose vorming) waarna snel herstel volgde van de klinische toestand. 

Een vergelijkend onderzoek naar het nut van CO2 excretie (\!CO2) en per
centage end-tidal CO2 concentratie (ETCO2) als maat voor de perfusie versto
ring in de gecontusioneerde long bij 17 patienten, is beschreven in hoofdstuk 
VII. Uit de resultaten blijkt dat de ernstige asymmetrie in effectieve doorbloe
ding van de longen beter weergegeven wordt door de \!CO2 ratio van beide 
longen dan van de ETCO2 ratio. Deze laatste ratio geeft een onderschatting 
van de werkelijke asymmetrie in effectieve individuele longperfusie. 

In Hoofdstuk VIII wordt de behandeling van een ongevalspatient met een 
zeer grate unilaterale longembolus beschreven. Wegens een met CMV niet te 
corrigeren hypercapnie wordt naast trombolytische therapie, een DLV en 
SPEEP behandeling ingesteld. Na een gecombineerde behandeling gedu
rende 51 uur bleek dat identieke CO2 excretie van beide longen samenvalt met 
herstel van· de pulmonale perfusie zoals vastgesteld door middel van een arte
ria pulmonalis angiogram. Deze casus illustreert het nut van DL V en SPEEP 
in de behandeling van CO2 retentie tengevolge van een massale eenzijdige lon
gembolus waar CMV geen uitkomst bracht. Eveneens wordt met deze casus 
aangetoond dat differentiele CO2 excretie een indicator voor de differentiele 
pulmonale perfusie is. 

Dat de DLV behandeling aangevuld kan warden met diverse andere beade
mings methodieken wordt geillustreerd in Hoofdstuk IX. Het betrefd hier de 
behandeling van een patient met een ernstige atelectase na longchirurgie die 
resistent was tegen de conventionele behandeling. Continuous Positive Air
way Pressure (CPAP) en later High Frequency Ventilation (HFV) werd selec
tief toegepast op de atelectatische zijde om bier de hoge beademings drukken 
die tijdens CMV ontstonden te verlagen. Niet alleen de gaswisseling verbe
terde hierdoor, doch ook resulteerde dit in een lagere beademings druk in de 
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atelectatische long waarin zich een verse bronchus stomp bevond. Eveneens 
wordt in deze studie beschreven hoe een CMV beademings machine als HFV 
ventilator kan warden gebruikt. 

Tenslotte warden enige practische aspecten van de endobronchiale intuba
tie en de klinische toepassing van DLV beschreven in een addendum, Hoofd
stuk X. 

Samenvattend laten de studies zien dat DL V en zeer bruikbare beademings 
methode is waarmee een scala aan levensbedreigende gaswisselings stoornis
sen adequaat kan warden behandeld indien CMV tekort schiet. Deze me
thode kan veilig warden toegepast waoneer de klinische omstandigheden zo 
warden gearrangeerd als beschreven in dit proefschrift. Met name infectie 
preventie met behulp van SOD wordt benadrukt. De gelegenheid die door het 
gebruik van de dubbellumen tube wordt geboden om individuele longfuncties 
te bewaken dient benut te warden om de ernst , het beloop van de asymmetrie 
en het effect van de therapie te evalueren (i.e. getitreerde therapie). 
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