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Abstract

Objective: To report the original observation of
a patient with legiondla’s pneumopathy complicated
with acuterespiratory distresssyndrome (ARDS) and
a concomittant cerebral oedema occurred in the set-
ting of postive end-expiratory pressure, reversible
with the weaning of mechanical ventilation.

Design and Setting: Casereport, Intensve Care
Unit, General Hospital.

Patient; Young female patient with HIV infection

Interventions: Diagnostic fiberoptic bronchos-
copy, legiondlla urinary antigen, lumbar puncture,
computed tomography and magnetic resonance im-
aging of the brain, mechanical ventilation, positive
end-expiratory pressure, low tidal volume, permissive
hyper capnia, proneposition, sysemicantibiother apy.

Results: Cerebrospinal fluid polymerase chain
reaction was negative for both legionella and herpes

virus or any other opportunigtic infection. Chest ra-
diographies showed the progressive resolution of
ARDS with adapted antibiotherapy. The clinical im-
provement and total reversbility of cerebral oedema
were observed in magnetic resonance imaging of the
brain with concomitant weaning of positive end-expi-
ratory pressure and mechanical ventilation.

Conclusion: In ARDS, protective ventilatory
strategy using low tidal volume ventilation, postive
end-expiratory pressure and permissive hypercapnia
arerecommended to improveintrapulmonary shunt,
arterial oxygenation and to decrease mortality, but
the incidence of neurological complications as intra-
cranial hypertensionisprobably underestimated. Fur-
ther studies to evaluate the neurological impact (he-
modynamic and anatomical consequences) of me-
chanical ventilation in ARDS are necessary.

Keywords. Acute respiratory distress yndrome; legionnella; hiv infection; cerebral oedema;
intracerebral pressure; permissive hypercapnia; positive end-expiratory pressure; prone position.

Introduction

The most gppropriate trestment of acute respiratory dis-
tress syndrome (ARDS) include a protective ventilatory
strategy using low tidal volume ventilation and positive
end-expiratory pressure (PEEP) [1]. The main objective
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of this recommended approach isto reduce mortality, by
achieving adequate arteria oxygenation, reducing intra-
pulmonary shunt and protecting the lung from injurious
mechanical forces that occur from ventilation, which is
findly the rationae of « permissive hypercapnia» [2,3].
Studies on experimental acute lung injury (ALI) and hu-
mans with ALI/ARDS aso demongtrated reductions in
inflammatory cytokines in the aveolar lavage fluid and
plasma when higher PEEP was used. An alternative ap-
proach including prone positioning has also been pro-
posed, but has not yet proved beneficid [1]. However,
hemodynamic effects of PEEP included increased in-
trathoracic pressure leading to reduced venousreturn, de-
creased cardiac output and increased intracerebra pres-
sure [4]. We report the original observation of a
legiondla’s pneumopathy with concomitant ARDS and
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cerebral oedema occurring in the setting of mechanica
ventilation including PEEP and permissive hypercapnia.
The clinica improvement and tota reversibility of cere-
bral oedema with concomitant weaning of mechanical
ventilation may discussthe neurological impact and con-
sequences in non injured brain of permissive hypercap-
niaand PEEP.

Case Report

A 42-year-old Caucasian woman was admitted in our
intensive care unit in September 2003, suffering from an
acute respiratory distress syndrome with dyspnes, fever
and myalgia developed over the previous days. She had
anHIV infection since 1987 (no drug abuse, sexud trans-
mission). The CD4 cells counts was 910/mm? and viral
charge was 16000 copy/ml, and she had stopped her anti-
retrovira treatment since September 2001. She had, un-
til then, never presented opportunigtic infection. At ad-
mission (J1), physical examination revealed cyanosis,
respiratory rate28/m, pulserate 110/m, temperature 39°C,
weight 64 kg without oedema, blood pressure 115/65
mmHg, bilateral ronchi, no hepato-splenomegaly, few
inguinal ganglions, consciousness was normal, Glasgow
coma scde 15, neurologica examination was not focal
and therewasno neck rigidity. Chest radiography showed
bilatera dveolar infiltrates(Figurel). Electrocardiogram
reveded sinus tachycardia. Arterid gazometry showed
a 21% FO,: ph 7.48, PO, 54 mmHg, PCO, 30 mmHg,
saturation 86%. Biologicd data were: leukocytes 700/

FicurE 1. CHEST RADIOGRAPHY : BILATERAL ALVEOLAR
INFILTRATES, LEGIONNAIRE' S DISEASE ASSOCIATED WITH ARDS.

ml, fibrinogen 7.5 g/I, C-reactive protein 32 mgl/l,
procalcitonin 6 ng/ml, hyponatremia 132 mmol/I,
creatinin 100 mmol/l, mild eevation of transaminases;
coagulation profile and other blood counts were normal.
Non-invasive ventilation was quickly started to obtain a
SpO, = 93%, but it was necessary to intubate this non
participating and worsened patient with ARDS (PaO,/
FiO,< 100). Mechanical ventilation strategy included low
tidd volume (6ml/kg, Vt=380ml), PEEP 20 cmH,O in
supine position, and PEEP 15 cmH,O in prone position-
ing (16h per day). Sedation was obtained with the con-
tinuous combination of midazolam, fentanyl and
cisatracrium beslate.

The diagnosis of Legiondla pneumoniawas made on
fiberoptic bronchoscopy with bronchoa veolar lavage (posi-
tive direct fluorescent antibody) and urinary antigen assay
for Legionella pneumophilia serogroup 5-6. Broncho-
aveolar lavage was negative for any other bacteria, vi-
ruses or fungi. Hemocultures were dl negative and sero-
logic identification confirmed later the diagnosis of
legionnaire's disease. Systemic antibiotherapy with
rovamycin and ofloxacin was immediately initiated. Glu-
cocorticoids Img/kg were administered a J7, while apyr-
exia was obtained 3 days before. Transoesophageal
echocardiogram was normal and showed no endocarditis.

At J8, while mechanica ventilation with PEEP 15
¢cmH,O and permissive hypercapniawere going on, tran-
saminases remained at the upper limit of normal and
physical examination and abdomind echography showed
a recent hepato-splenomegaly. Arterial gazometry
(FiO,=50%) was. pH=7.29 PO,=78 mmHg, PCO,=59
mmHg, bicarbonates=38, saturation=97%. At J10, clini-
cal and gazometric (FO,/Pa0, >250) improvement, and
chest radiography alowed the weaning of the sedation
and the beginning of agradua withdrawa of mechanical
ventilation. Tida volumes were increased to 10 ml/kg
(610 ml) and PEEP was decreased to 5 cmH,O, prone
position was aso stopped.

Two days later (J12), the patient remained apyretic,
hemodynamic parameters were normal, but waking up
was hot adapted with Glasgow coma scde 10. Physica
examination was not foca and no seizure was observed.
Rena function was norma and midazolam was not de-
tected in the serum. There was no metabolic disorder,
particulary normal natremia, CRP was 6 mg/l. Arteria
gazometry (FiO,=30%) was. ph=7.38, PO,=82 mmHg,
PCO,=41 mmHg, saturation 98 %. A computed tomog-
raphy of the head showed a mgjor cerebra oedemawith
intracranial hypertension, no displacement of median
structures, diffuse hyperhemia and Ieptomeningeal en-
hancement (Figure 2). Electroencephalogram showed a
non-specific cerebral sufferance but no sign for an un-
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recognized or “slent” saizure. Rifampicin and acyclovir
were added to rovamycin and ofloxacin. Systematic in-
travenous fosphenytoin and mannitol were started. Posi-
tive end- expiratory pressure was totally stopped. The

FIGURE 2. COMPUTED TOMOGRAPHY OF THE BRAIN (J12):
CEREBRAL OEDEMA, DIFFUSE HYPERHEMIC AND LEPTOMENINGEAL
ENHANCEMENT.

main biological data over time with the timing of neuro-
logica deterioration, CTs and ventilator parameters are
resumedin Table 1. Lumbar puncturewasmadeand cere-
brospind fluid wasstrictly normd (spinal/serum glucose=
0.9, protein= 0.1 ¢/l, WBC count = 0). The initia open-
ing pressure recorded during the lumbar puncture was
800 mmH,O. Unfortunatly, intracranial pressure could
not be monitored during the further evolution. The poly-
merase chain reaction for JC virus, p24 antigen,
parvovirus, herpes virus 1 and 2, and legionellawere al
negative, cryptococcal meningitis was also exluded by
indiaink staining. So, the diagnosis of meningoencepha-
litis was unlikely and trestment with acyclovir and
rifampicine was stopped at J14. At J16, a computed to-
mography of the brain showed an improvement of the
cerebrd oedema. Four days later (J19), the patient was
extubated, apyretic, neurologica examination was nor-
mal and hepatosplenomegaly had totaly removed. Chest
radiographies confirmed the progressive resolution of
bilateral infiltrates. Arterial gazometry (O,=3l/m) was:
ph=7.38, PO,=74 mmHg, PCO,=36 mmHg, saturation
95%. Both computed tomography and magnetic reso-
nance imaging of the brain (J20) were srictly normal
(Figure 3). The patient received a total of 21 days of
rovamycin and ofloxacin and was discharged home after
33 days of hospitdisation.

FIGURE 3. CT-ScAN AND MAGNETIC RESONANCE IMAGING OF THE BRAIN (J20) : TOTAL REVERSIBILITY OF THE CEREBRAL OEDEMA 8 DAYS
AFTER THE WEANING OF MECHANICAL VENTILATION INCLUDING PERMISSIVE HYPERCAPNIA AND POSITIVE END-EXPIRATORY PRESSURE.
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TABLE 1. BIOLOGICAL DATA WITH THE TIMING OF NEUROLOGICAL DETERIORATION, CT-ScAN AND VENTILATOR PARAMETERS.

J1 J8 J10 J12 J16 J20
Clinical presentation Admission Intubation (Extubation J19)
*  Temperature (°C) 39 38.7 379 374 37.2 36.9 37.3
e Maean Arterial pressure
(mmHg, no inotropic support) 84 80 81 86 84 76 79
e Glasgow goa score 15 - - - 10 15 15
Arterial gazometry
e Pa0, (mmHg) 54 65 78 85 82 90 82
* PCO, (mmHg) 30 43 59 62 11 43 38
e pH 7.48 7.33 729 725 7.39 7.42 7.4
e PaQ,/FIC, 250 <81 158 267 276 441 410
o Sat (%) 86 93 97 98 100 100 100
Sedation - + + + - - -
Ventilator parameters
e PEEP (cmH,0) - 15-20 15 5 5 0 -
eVt (ml/kg) - 6 6 10 105 10 -
Prone position
(16h/day) - + + - - -
Other biological data
e Natremia (mmol/l) 128 136 138 137 142 140
« CRP(mg/) 32 25 13 6 3 25
«  WBC (/ml) 700 1050 1100 950 850 870
Lumbar puncture
Count cell - - - Normal - -
Opening pressure 800mmH,O
EEG - - No No - -
seizure seizure
Brain CT-Scan - - - Cerebral Improve-  Norma
oedema (fig2) ment (fig3)
Brain MRI - - - - - Normal
(figd)
Discussion to better surviva [5]. The pulmonary complications of

We describe here the case report of an ARDS and
legionnella pneumopathy with cerebral oedema occur-
ring in the setting of permissive hypercapnia and posi-
tive end-expiratory pressure. In thisoriginal observation,
we provide many clinical findingswhich are suggestive
for a correlation between ventilator settings and the
occurence of significant cerebra oedema, reversiblewith
the weaning of mechanicd ventilation.

The Legionella pneumophila is recognised in most
studies as a common cause of severe acquired commu-
nity pneumonia. SAPS || score and intubation require-
ment are associated with a higher mortdity, whereas the
administration of an appropriate antibiotherapy
(quinolone or macrolide) within 8 h of ICU arriva leads
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legionnaire' s disease are more frequent in HIV infection,
with a prevalence of respiratory failure and ARDS in 46
to 75%, and related mortaity of 15% [6]. The most ap-
propriate method of mechanica ventilationin ARDS has
been controversd sincethe syndromewasfirst described.
Current recommendationsare asupportive trestment with
low tidal volume ventilation and positive end-expiratory
pressure, to avoid ventilator-associated lung injury from
overdistension and to reduce mortality [1,2]. Prone posi-
tioning has aso been proposed, leading to substantial
improvement in arterial oxygenation in approximately
65% of ARDS patients, but though this method can re-
duce requirement for PEEP and FO,, it has not yet been
proved to be associated with survival benefits[1,7]. The
effects of such positive pressure ventilation on pulmo-
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nary and cardiac hemodynamic are well described in ex-
perimental models and human studies [1]. Nevertheless,
this strategy may aso be associated to neurological com-
plications related with increased intracranial pressure
(ICP). These neurologica effects are not well studied.
Theoretically, PEEPIeadsto increased intrathoracic pres-
sure which in turn reduces venous return, increases cere-
bral venous pressure, increases |CP and decreases mean
arterial pressure. Another important consequence of low
tidd volumeisan unintentiond or « permissive » hyper-
capnia and acidosis which could have important conse-
quences on cerebral hemodynamic. Indeed, an acute in-
crease of PCO, can lead to increased cerebra blood flow
and ICP[4].

In this observation, relationship between cerebra
oedema and permissive hypercapnia, decreased pH and
high PEEP could be suggestive and may discuss the neu-
rologica monitoring in patients with ARDS and ventila-
tor parameters strategy. Indeed, we observed atotd im-
provement of cerebral oedema four days after the wean-
ing of PEEP, and decrease of PaCO, (seetable 1). Inthe
same time, there was no argument for another cause of
intracranial hypertension such as meningoencephalitis or
uncontrolled sepsis, intracerebral infarction or
hemmorrhage, thrombosed dura sinuses, hydrocephalia,
systemic hypotension, cardiac arrest, coagul opathy, acute
metabolic disorder or SIADH, lactic acidosis, silent sai-
zure, or traumatic head injury. A cytotoxic and ischemic
oedema due to detrimental effect of hypoxemiathen hy-
poxia could be discussed too, with SaO, (saturation O,)
and PaO, which were quite substantial a the admission,
but these parameters quickly improved with adequate
thergpeutic measures, to obtain aPa0O, inthenormal range.
Prone position (16h per days from J2 to J10), can lead to
increased intra-abdominal and intrathoracic pressure re-
duces venous return and then increases ICP too [8,9].

In this young HIV patient, the case of a combined
ARDS, |egionnellapneumopathy and cerebral edemafirst
pointed to an acute encephdlitis, either as neurological
manifestation of disseminated legiondlaire's disease or
ascomplication of AIDS[10]. This hypothesiswas ruled
out with anormal lumbar puncture and the negativity of
cerebrospina fluid polymerase chain reaction for herpes
virus, JC virus, parvovirus, p24 antigen and legiondla
Any other opportunistic infection was excluded too. The
EEG showed no sign for an unrecognized or “slent”
saizure without clinical convulsions. At last, clinica im-
provement and total reversibility of this cerebral oedema
was observed in computed tomography and magnetic
resonance imaging of the brain with concomitant wean-
ing of positive end-expiratory pressure and mechanica
ventilation. About the hepatosplenomegaly occurred dur-
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ing the setting of positive end-expiratory pressure, it
quickly disappeared with theweaning of mechanical ven-
tilationtoo, leading to the hypothesisof the effect of PEEP
and/or prone position on intra-abdomina pressure and
ICP [11,12]. This observation may aso smply reflect
the norma evolution of the disease, but the correlated
chronology of both apparition and resol ution of splenom-
egaly with the mode of mechanical ventilation with or
without PEEP is quite disconcerting.

The influence of positive end-expiratory pressure on
intracranial pressure and cerebrd perfusion pressure in
patientswith acute stroke or traumeatic braininjury iswell
described. In these patients, a strategy to increase PEEP
from 4 to 12 cmH,O seems to be safe and not associ ated
with increased ICP or decreased cerebral perfusion
[13,24]. In arecent study, Videtta et d demonstrated that
15 cmH,O PEEP produced asmall but significant increase
in ICP but no changein cerebral perfusion pressure [15].
Neverthdess, clinicians are very scrupulous in this con-
text of brain injury, with very careful intracranid pres-
sure monitoring. The Situation is quite different in ARDS
or in non-traumatic patients. Indeed in ARDS, the main
interest results in the ventilation strategy which includes
much higher levels of PEEPR, and more recently aveolar
recruitment manoeuvres [1]. Experimental studiesin rats
demonsirated that cerebra water content increased with
hypercapniaand hypoxia[16,17]. Feldman et d alsodem-
ongtrated that PEEP of 10 cm H,O reduced intracrania
compliance in the rabbit modd [18]. Acute hypercapnia
inewesinduced asignificant increaseinintracrania pres-
sure, which can be attenuated by correction of blood pH
with the administration of sodium bicarbonates [19]. In
patientswith initialy normal intracrania pressure, PEEP
a 10 and 15 cm H,O significantly increased ICP but the
clinica relevance was questionable because the authors
did not observe any change in cerebra perfusion pres-
sure[20]. Kolbitsch et a showed theimpact of increased
mean airway pressure on cerebral perfusion evaluated
with contrast-enhanced MRI. They demondrated a Sig-
nificant reduced regiona blow flow and increased re-
gional mean trangt time and cerebrovascular resistance
in hedthy volunteers using 12 cm H,O CPAP[2]]. Ina
very recent study, Scala et d showed in healthy adult
humansthe decrease of cerebra blood flow velocity when
incremental levels of continuous positive airway pres-
sure were delivered [22]. Tasker et d describe a patient
with meningitis, cerebral oedema and ARDS in whom
the impact of hypercapnia and PEEP 10 cmH,O is sus-
pected on increased intracerebra pressure and cerebral
hyperemia, leading to the very pertinent question « how
permissive can hypercapnia be? » [23,24]. Neurologica
complications of prone position are not known but there
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is evidence that the elevation of intra-abdomina pres-
sure leads to elevation of intracranial pressure [8]. Fi-
nally, the question of the way of weaning from mechani-
ca ventilation and permissive hypercapnia is aso rd-
evant. A recent study demonstrated that an inadvertent
decrease in arterial CO, may leads to a decline of cere-
brd blood flow and a consequent potential for producing
brain ischemia[25].

In summary, if low tida volume, positive-end expi-
ratory pressure and permissive hypercapnia are the most
appropriate ventilation strategy in ARDS, neurological
consequences and increased |CP in non injured brain are
not known yet. In our opinion, theincidence of these neu-
rological complications is probably underestimated, due

partly to the inherent difficulty in neurologica monitor-
ing of sedated patients. Further studies, including non
invasive methods (cerebra blood flow velocity measure-
ment with systematic transcrania Doppler, coupled with
computed tomography or magnetic resonance imaging
of the brain) seem necessary to evaluate the potential
neurological complications in the course of mechanical
ventilation in ARDS survivors.
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