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Abstract

Background: Severe pulmonary infections are among the most commeasons for admission
to ICU. Within the last decade increasing repoftsevere influenza pneumonia resulting in
acute respiratory distress syndrome (ARDS) comiadaby Aspergillus infection were

published.

Objectives. To provide a comprehensive review of managementnfdfienza-associated

pulmonary aspergillosis in patients with ARDS

Sources. Review of the literature pertaining to severe ieflaa-associated pulmonary
aspergillosis. PubMed database was searched fdicatilins since database inception until

January 2019.

Content: In patients with lower respiratory symptoms, depebent of respiratory

insufficiency should trigger rapid and thoroughnial evaluation, in particular in case of
suspected ARDS, including electrocardiography acdldoeardiography to exclude cardiac
dysfunction, arrhythmias and ischemia. Bronchodmedavage should obtain lower

respiratory tract samples for galactomannan asiegGt microscopy, culture, and bacterial,
fungal and viral PCR. In case of positivepergillus testing, chest CT is the imaging
modality of choice. If influenza pneumonia is diagad, neuraminidase inhibitors are the
preferred approved drugs. When invasive asperglissconfirmed, first-line therapy consists
of isavuconazole or voriconazole. Isavuconazolansalternative in case of intolerance to
voriconazole, drug-drug interactions, renal impaint) or if spectrum of activity including

the majority of Mucorales is desired. Primary antiuld prophylaxis with posaconazole is
recommended in haematology patients at high-risikay be considered in newly diagnosed

influenza and ARDS, but ideally in clinical trials.



48

49

50

51

52

53

54

55

56

Implications. The rising reports of influenza-associated pulmgrespergillosis in patients
with ARDS, who are otherwise not considered at risk fungal pneumonia demands
heightened clinical awareness. TracheobronchitisAspergillus in respiratory tract samples
should prompt suspicion of invasive fungal infeotiand further work-up. The management
algorithm should comprise bronchoalveolar lavagé, i@aging, sophisticated ventilator-
management, rescue extracorporeal membrane oxygenantifungal and antiviral therapy.
In order to decrease the burden of influenza-rdlatlness, vaccination is of utmost

importance, specifically in patients with comorhies.
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Casevignette
A 46-year old woman without underlying disease adsnitted with respiratory insufficiency
due to influenza B pneumonia (Figure 1). Respisat@rorsening despite appropriate

supportive treatment required extracorporeal mengoxygenation (ECMO).

I ntroduction

Incidence and mortality of influenza outbreaks vannually, but have characteristic time
courses with rising case numbers in winter seafe-assortment between influenza viruses
leads to pandemics or seasonal epidemics with ldessitercontinental distributiofi* In
seasonal influenza, 5 to 10 percent of a populatioe affected and intensive care
management is mandatory in severe pneumonia ani aesgpiratory distress syndrome
(ARDS). Globally, an estimated 290,000 to 646,0@fignts die due to seasonal influenza
every yeaf. A recent publication challenges the common peieepthat influenza B in

comparison to influenza A mainly causes mild ilmés

ARDS is characterized by diffuse inflammatory luimgury urging fast recognition and
prompt treatment to improve outcome. Mostly, orisetithin one week post an untoward
event, but signs and symptoms are highly varid®ézently, increasing numbers of influenza-
associated pulmonary aspergillosis (IAPA) are reutt® Potential reasons for this
observation are manifold and comprise higher patiembers at risk, older patients admitted
to ICU, prolonged time at risk due to ECMO therdpat increases survival time and rate,
improved diagnostic tools and greater awarenessgrt@U clinicians->*? Influenza causes
alveolar epithelial and endothelial damage, imghireucociliary activity aggravated by

immune cell dysfunction, and immune system dysiaipn***°
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Among patients with influenza-associated pulmorespergillosis, 90% needed mechanical
ventilation, and 19% required ECM®Influenza A was the most common (86%) type found,
while influenza B accounted for 14% of cases, retpely.'® Risk factors for aspergillosis are
well established in immunocompromised populatiddewever, 25% of reported patients
were previously healthy like our case vignéft& At 90 days after ICU admission mortality
rate of patients with IAPA was 51% The magnitude to which azole resistance addsdb su

excessive mortality is not fully understood.

In this review we provide an overview of the cutrenderstanding of the co-occurrence of
influenza infection and pulmonary aspergillosis. Wevide evidence-based expert guidance
on the optimal intensive care management of IAPikp&t, who often fall outside typical at

risk populations.

Acuterespiratory distress syndrome

Pulmonary bacterial or viral infections are oftess@ciated with severe ARDS and in many
cases trigger septic shock and multiple organ f@il&ARDS is a common and often lethal
clinical syndrome with a complex underlying pathpgiblogy and diffuse inflammatory
alveolar injury. Characteristics are acute onsetnoh-cardiogenic pulmonary oedema
following increased alveolar capillary permeabiligsulting in profound hypoxemia. ARDS
is one of the most common causes of ICU admissaod, ARDS associated age-adjusted
mortality is 2.82 per 100,006.In 1994, the American-European Consensus Conferenc

defined ARDS, which the Berlin Definition for ARD®vised in 2013718

Besides causal treatment, mechanical ventilatiorpl@yimg lung-protective strategies
represents the basis of ARDS management (Tabfe®d)if infection triggered ARDS,

antimicrobial treatment is key. Sepsis and septack with multiple organ failure should be
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treated according to the current 2016 sepsis goi?* As shown during the 2009 H1N1
pandemic, veno-venous (VV) ECMO can rescue patigviten conventional ventilation

techniques fail (ECMO Indications, Table?).

One of the most prevalent causes of ARDS is inftaeinfectior®® The observation of

influenza preceding secondary infections, suggtss influenza infection has broad and
long-lasting effects on the immune systeéniistology from fatalities of the 1918 pandemic
revealed bacterial pneumonia as principal causgeath?® Recently, it has been recognized
that influenza paves the way for fungal pathogeas® An animal model demonstrated
endogenous glucocorticoid production induced byuariza virus resulting in systemic
immunosuppression facilitating secondary bactdrifdction?® It can be hypothesized that
systemic immunosuppression increases the risk dfueimza-associated pulmonary

aspergillosis even with substantial delay, as incase.

Diagnostic algorithm

According to the Berlin definition patients withwae respiratory failure fulfil several clinical
criteria, and are graded into mild, moderate aneérgeARDS, based on the PaO2/FiO2-ratio

and positive end-expiratory pressure (Figuré®2).

If infection is suspected, rapid diagnostic workiggrucial. A nasopharyngeal tract sample
for conventional influenza RT-PCR should alwaysob&ained Antigen testing and direct or
indirect antibody staining tests should only beduse settings lacking the more sensitive

molecular assay¥.

Bronchoalveolar lavage or, if on ventilator suppofower respiratory tract sample should be
pursued to increase diagnostic yield and good samphlity?’ Testing should comprise

galactomannan (GM), direct microscopy, culture, @pecific bacterial L(egionella spp,



128  Mycoplasma pneumoniae, Chlamydia pneumoniae, and Chlamydia psittaci), fungal and viral
129 PCR (Figure 3). Fungal diagnostic assays with higipecificity in non-neutropenic patient
130 cohorts are an unmet need. The advantage of breccpg over blind suctioning of tracheal
131  secretions is the visualization of trachea and d¢monThis is mandatory as up to 15% of
132  patients develop tracheobronchitis with plagques ameasive and obstructive growth
133 (Figure 4, Video 1¥. Direct proof of tracheobronchitis can be absentsabtle in CT
134 imaging??® In case of microbiological proof o&spergillus infection, imaging modality of
135  choice is chest CT, although its yield is highlyighle and may be as low as 29%pecific
136  signs, such as nodular lesions with halo are lessn@n in non-neutropenic patients and
137  principal findings can be segmental or wedge-shayme$olidation, nodular lesions with or

138  without cavity or ground-glass opacities.

139 GM is a major polysaccharide of tigpergillus cell wall with its serum concentration related
140  to angioinvasion and invasive fungal growth.vitro, close relationship has been shown
141  between fungal invasion of the endothelial cellelayand simultaneous increase in GM
142 levels® Elevated serum GM levels indicate invasive asfiesi$ and increased fungal
143  burden. If invasive aspergillosis is suspected,detrmine serum GM on three consecutive
144  days to rapidly complete the diagnostic algorithrif.p-(1,3)-D-glucan is a fungal cell wall
145  component that is not specific féspergillus spp. but also present in yeasts and bacteria. It
146  can be useful to exclude fungal infectiThe additional use of lateral flow devices, where

147  available, may support a diagnosis of invasive @gfiesis>*

148  Autopsy series show that strict interpretation bé thost and risk factors for invasive
149  aspergillosis according to the European Organindtio Research and Treatment of Cancer/
150 Mycoses Study Group (EORTC/MSG) definitions incesathe risk of missed diagno&is’
151 A most difficult issue is the discrimination 8&pergillus colonization from invasive disease.

152  While histopathology sets the gold standard to @ramvasive disease, it is often
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contraindicated. Radiological lesions in patienithwARDS are non-specific but a newly
diagnosed cavitary lesion hints towards invasiveegsllosis. To discriminate colonization
from true infection in a population which is notveoed by the EORTC/MSG definitions a
clinical algorithm for ICU patients was developeddaa consensus project will seek to

provide standard definitions for invasive fungaedise in critically ill adult patient&>°

Performance of most invasive aspergillogisvitro diagnostics differ in patients with and
without neutropenia, and may again be differentnifuenza patients. Newer lateral flow
devices are significantly less sensitive and paldity specific in a non-neutropenic cohdrt
when compared to haematological dis€ds@verall, it is difficult to define invasive

aspergillosis in non-neutropenic, non-haematoldgiopulations.

In case of missing response to systemic fungatnresat, biopsy or re-sampling should be
considered to exclude triazole resistance or odrgities mimicking ARDS! Species
identification to complex level is mandatory as sospecies are intrinsically resistant to
either azoles or amphotericin B. Antifungal susitsiity testing of Aspergillus isolates
preferably uses minimum inhibitory concentrationlIQYtesting. If unavailable, routine agar
screening may be used to detect azole resistamgeresistant isolates should be referred to a

mycology reference laboratory for MIC testiffg.

Case vignette: diagnostic and treatment cour se

ECMO therapy was applied for 8 days in two episq@égure 1). In bronchoalveolar lavage
fluid, influenza B PCR was repeatedly positive, \aas A. fumigatus culture (azole
susceptible). Chest CT revealed nodular infiltratéh surrounding halos (Figure 5, Video 2).
Voriconazole treatment with 6 mg/kg body weight (B¥% loading dose and 4 mg/kg BW as
maintenance with therapeutic drug monitoring wasaited. The patient was weaned from

mechanical ventilation after 12 days. Eight weeksrl respiratory deterioration required re-
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intubation. Bronchoscopy revealed tracheobronchiith considerable tracheal stenosis
(Figure 4, Video 1). Corticosteroids were admigistl (2 mg/kg BW) when tracheal stenosis
seriously obstructed the trachea. Biopsies showettotizing infection andAspergillus

invasion on histopathology.

Management bundle

Current guidance strongly recommends the prompiatiun of antiviral treatment for any
patient hospitalized with influenza, particularly case of severe and progressive illness,
irrespective of influenza vaccination histdf** Neuraminidase inhibitors (NAIs), i.e. oral
oseltamivir, inhaled zanamivir or intravenous pekamrepresent the preferred and approved
drugs in this setting® Recommended schedules are the following: Oseliam/mg every
12 hours (with dose adjustments based on body wergthrenal function), inhaled zanamivir
10 mg every 12 hours, or intravenous peramivir aistered as a single dose of 600 mg
infusion. Five days of treatment are usually sutggesalthough longer durations should be
considered among patients presenting with seveverlgespiratory tract disease or in the
immunocompromised. Reasons for longer therapy @& ithmunocompromised are higher
viral load, prolonged shedding and variable drugatbailability due to graft-versus host
disease or chemotherapy-associated gastrointestimaabsorptiof> Combination of
different NAIs, as well as increased dosages, aneiotly not recommended nor supported by
any evidence. However, based on pharmacokinete, tiadher doses of oseltamivir (105 mg
or 150 mg every 12 hours) have been suggestecegnant womef® The use of intravenous
peramivir has been associated with a survival mHt&62% among patients with severe
influenza admitted to ICU; no significant differessc in terms of mortality have been
described with peramivir compared to oseltanfi¥f’, Some studies reported different

efficacy of oseltamivir treatment by influenza \8rtype, with higher efficacy rates reported
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in patients with H3N2 infectioff Whether antiviral treatment of influenza pneumafiacts

the occurrence of secondary lung infections isemtty unknown, since to date no published
studies investigated this topic. The use of costiemids has no beneficial effect — but was
shown to be associated with longer duration of iegrmin, increased rates of acquired

pneumonia and higher mortality.

Early administration of antifungal therapy in ardlly ill patients with invasive aspergillosis
is of outstanding importance and has been assdowetd significant reduction in mortality
rates and improvement of clinical outcom@&siowever, diagnosis of invasive aspergillosis in
patients with influenza represents a challengelimcal practice due to the low clinical
suspicion among non-immunocompromised hosts andhtikeof specificity of both clinical
and radiological featurég:*® These difficulties cause delays in effective amtifal treatment,
and increase mortality. Rates reported may be hitjlae 65%, and a substantial proportion is
diagnosed onlypost-mortem.>>*?> When invasive aspergillosis is diagnosed, isavazole
(loading dose 200mg TID iv for two days (six admatrations), from day 3 200mg QD iv (12
to 24 hours after last loading dose administeredjooiconazole (loading dose 6mg/kg BW
BID iv on day one, from day two 4mg/kg BW BID ivgurrently represent the first-line
recommended optio!d. While in many settings isavuconazole is more gogtian
voriconazole, key advantages of isavuconazole wwgconazole or liposomal amphotericin
B are: 1) favourable tolerability profile, espebidbr patients with acute kidney injuty”* 2)
reduced risk of QTc interval prolongatfn3) broader spectrum of activity, including most
of the Mucorales order with species-specific and method-dependdferential activity®>;

4) reduced risk of drug-drug interactiofid.iposomal amphotericin B (3mg/kg BW QD iv),
posaconazole (loading dose 300mg BID iv on day émoen day two 300mg QD iv) and
echinocandins are considered second-line optionsfiactory cases or when voriconazole or
isavuconazole are contraindicafédFailure of (initial) azole therapy may be due to

insufficient azole drug levels or azole resistarkich is now commonly found (>20%) in
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several centres especially in Europe and signifiganomplicates the management of
aspergillosi&’®>%% |n case ofAspergillus isolates with voriconazole MIG2, switch to
another drug class is recommended, and combinafieoriconazole plus echinocandin has
been proposetf:®°In case of disease progression after therapwiitti (refractory disease) a
switch to another drug class e.g. to liposomal awtgaitin B (3mg/kg QD iv) or an
echinocandin is recommend&dTherapeutic drug monitoring is recommended to exhi
effective and safe drug exposures as this patigmtlption often show decreased absorption,
limited distribution, altered metabolism or cleazanof antifungal medications or receive
other substances potentially interactfidror voriconazole a plasma trough concentration of
1-5.5 mg/L is recommendé&dIn case of posaconazole levels of 0.5-3.75 mgéLcansidered
safe and effective with all three formulations (srssion, tablet and intravenous
formulation)*? For isavuconazole no recommended level is availabthis date, however the
possible cause of treatment failure, drug inteoasti or if toxicity may be elucidated by

TDM.

The use of steroids has been associated to theased mortality among patients with IAPA

admitted to ICU and its use therefore is not recemded in this settin.

Prevention

Vaccination represents the most effective tool eéduce the burden of influenza-related
illness®® Although reported influenza vaccine effectivenéssapproximately 40%, with
significant variations with regard to different lunza serotypes, vaccination has been
associated with a reduction of influenza-associatedbidity, medical visits, hospitalizations
and death&’ Currently, the Centers for Disease Control and/érgon recommend influenza

vaccine for everyone (6 months of age and oldegviery season. However, vaccination is
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particularly important and even essential for peapho are considered at high risk of serious
complications from influenza, particularly childrgnunger than 2 years and adults aged 65
years and older, pregnant women, residents of mgifssmes and long term care facilities and
people with underlying chronic medical comorbidifi2 Incidence of IAPA among critically

ill patients has been reported to be significahtgher in immunocompromised patients with
the ’classic’ risk factors for invasive aspergillaccording with European Organization for
Research and Treatment of Cancer/ Mycoses StudypG(&ORTC/MSG) definitions
compared with the ones without underlying immungsegsion (32% versus 14%)*’
However, a significant burden of cases of IAPA leen reported in patients without
significant comorbidities and not considered athhiigk for influenza complication. For
this reason, universal vaccination programs, wh# prioritization of high-risk categories,
might probably represent the most effective tookéduce the incidence of IAPA among

critically ill patients.

Primary anti-mould prophylaxis with posaconazole(suspension 200 mg every 8 hours or
tablet formulation 300 mg every 24 hours) is stigmgcommended for reducing incidence of
invasive aspergillosis in haematological patien&dobging to high-risk categories (e.qg.
patients with acute myeloid leukaemia and allogémmatopoietic stem cell transplantation
with moderate or severe graft versus host diseadmintensified immunosuppressidf).
Anti-mould prophylaxis might be considered in stdeccases also in other haematological
disease¥, in solid organ transplant recipients, in HIV icfied patients and in patients with
chronic obstructive pulmonary diseases when specifk for development of invasive
aspergillosis exist® Anti-mould prophylaxis in patients with newly diagsed influenza and
ARDS without underlying conditions can be discussddwever the high propensity for
drug-drug interactions and unfavourable tolerapftitofile with voriconazole, the high costs

of isavuconazole and the high number needed to tmale an empirical treatment approach
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more reasonable and feasible. If a prophylacticaagh is followed, it should always be done

in clinical trials.

Clinical vignette resolution

After tracheostomy, needed to secure the obstruamiteehy, granulation and necrosis were
surgically debrided. Due to progression of the Headronchitis during prior voriconazole
treatment (30 days), therapy was switched to lip@doamphotericin B 3mg/kg iv and
continued for 3 months. However, despite resolutibthe infection, the patient continued to
experience respiratory distress due to stenosikeofrachea (Figure 6), leading to definitive
surgical resection of the stenosis. Subsequerttly,ttacheostomy tube was replaced by a
spacer and the patient was discharged on posadenamoday 188 and followed up as
outpatient. This patient’s clinical course illusags the clinical significance of influenza-

associated pulmonary aspergillosis with tracheatdiis..

Conclusion

The rising numbers of reports of influenza-assedaiulmonary aspergillosisin patients with
ARDS, who are otherwise not considered at riskidiogal pneumonia, should raise clinician
awareness. Patients with ARDS should be considatethcreased risk for opportunistic
pulmonary infections, particularly witAspergillus species. Why patients with influenza are
at risk for invasive pulmonary aspergillosis is get clear but influenza-induced ARDS and
hypoxia might cause immune paralysis predisposimgltfis infection. In addition to critical

care management with lung-protective ventilatiorategies and provision of ECMO as
needed, patients with ARDS need close monitoring figns of secondary pulmonary

infections. Tracheobronchitis and growth of mouldsm respiratory tract samples are
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important and prompt further work-up. If secondanfections are detected, appropriate
antinfectives should be initiated quickly. Impotlgn vaccination against influenza,
especially in patients at higher risk and theirtaohpersons is mandatory to protect patients

from ARDS and secondary complications and thugdce morbidity and mortality.

Consent to participate

The patient gave her written informed consent r@diggrher case report to be published.
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Figure 1. Clinical cour se of the case vignette patient. MV=Mechanical ventilation; VV-ECMO=veno-venous egprporeal membrane oxygenation;

BAL=Bronchoalveolar lavage; CT=computed tomographsgays.



Diagnosis of Acute Respiratory Distress Syndrome

Thorough history and clinical examination
Onset within one week of a known risk facto

*

Severity
Laboratory studies _
Blood count, clinical chemistry, liver and kidngy _ Mild
function tests, coagulation, arterial blood gas, PaQ/FiO, = 201-300 mm Hg and
lactate, troponin, BNP or NT-proBNP PEEP or CPAP
Radiology M oderate
Chest imaging: bilateral opacities (excluding PaQ/FiO, = 101-200 mm Hg and
effusions and atelectasis) PEEP> 5cm H,O
Electr ocar diogr aphy Severe
To exclude cardiac dysfunction, arrhythmias,|or PaQ/FiO, < 100 mm Hg
ischemia and PEER> 5cm HO

Transthoracic echocardiogr aphy
To exclude respiratory failure of cardiac orig|n

Figure 2. Diagnosis of acute respiratory distress syndroradapted froni®

*established risk factors among others: aspiragmeumonia, sepsis, pulmonary contusion, severe
trauma, burns, smoke inhalation, major surgerycpetitis, transfusion related acute lung injury.
BNP=Brain natriuretic peptide, NT-proBNP=N-termimsbhormone brain natriuretic peptide;
paQ=Arterial oxygen partial pressure; R¥Fraction of inspired oxygen; mm Huillimetre of
mercury; PEEPPRositive end-expiratory pressure; CPAP= Continucsstijve airway pressure;

cm H,O=Centimetre of water.



Respiratory failure

Chest CT

Nasopharyngeal tract sample for
conventional influenza RT-PCR or Newly diagnosed cavitary lung lesions
influenza-antigen test

If feasible - patient stable or already on ventitatupport Tracheobronchitis present?

Lower respiratory tract sample /
bronchoalveolar lavage (BAL) for
galactomannan, direct microscopy, cultyre<
plus specific bacteri3l pan-fungal PCR and
PCR for respiratory viruses

\ 4

Parallel serunf-(1,3)D-glucan once and serum galactomannan
for 3 consecutive days

Reaults:
Microscopy: septate, hyaline hyphae,
3-5um wide, with acute angle, tree-, or fan
like branching (branching angle 45°), o
positive GM in BAL* or Serum**, LF[i*
positive, PCR positive fohspergillus spp.

A 4

\ 4

Species identification to complex level and
High probability of invasive aspergillosis antifungal susceptibility testing by M#C
or molecular methods

| A
No response to treatment?

Consider biopsy as soon as possible

Figure 3. Management algorithm.

Optical brighteners should be used in any samptketect fungal hyphae. T Antigen testing, direct or
indirect antibody staining tests should only bedusehospitalized patients if more sensitive molacu
assays are not availabife’Legionella spp.,Mycoplasma pneumoniae, Chlamydia pneumoniae, and

Chlamydia psittaci, “if available, *Galactomannan ODI in BAL cut-off: 0.5 to 2D
23



**Galactomannan in ODI in serum cut-of:0.5%, tTIf MIC testing is not available, routine agar
screening can be used to detect azole resistaoege\er, such isolates should be referred to a

mycology reference laboratory for MIC testitfg.

GM=Galactomannan; LFD=Lateral flow device; MI@s#nimum inhibitory concentration, RT-

PCR=real-time reverse-transcriptase polymeraseckaction
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Figure 4. Tracheobronchitis with obstruction in bronchoscopgntral wall.

Video 1. Bronchoscopy of tracheobronchitis with obstruction
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Figure5. Chest computed tomography.

Video 2. Chest computed tomography
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Figure6. Imaging of tracheal stenosis
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ARDS Management

Ventilator Mode
Pressure control until weaning
Tidal volume
Initial <6mL / kg ideal body weight
Driving pressure <15 cm 4@
Respiratory Rate
With initial change in Vt, adjust RR to maintainmate ventilation
Make subset adjustments to RR to maintain pH uBdb not exceed RR >28-30/min
FiO,, PEEP and arterial oxygenation
Maintain Pa@= 55- 80 mm Hg or Sps- 88-95% using the following PEEP / RO
combinations
FiO, 0.3-04 0.4 0.5 0.6 0.7 >0.8
PEEP 5-8 8-14 8-16 10-20 10-20 14-22
Acidosis M anagement
If pH < 7.3 increase RR until pH7.30 or RR = 35/min
If pH < 7.15, Vt may be increased; consider bicagie infusion
Alkalosis management
If pH > 7.45 and patient not triggering ventilatdecrease set RR but not below 6/min
Additional recommendations

Prone positioning: 20 hours per day in severe ARDS

Table 1. ARDS management - Adapted franf®

cm H,O=Centimetre of water, CPAP= Continuous positive ajrweessure; Figr Fraction of inspired
oxygen; mm Hg#iillimetre of mercury; pagrArterial oxygen partial pressure; PEE®sitive end-

expiratory pressure; RR=respiratory rate; Sp@eripheral oxygen saturation; Vdal volume.
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ECMO Indicationsfor patientswith ARDS

Indicationsto start ECM O therapy

Severe hypoxemia:
PaQ/ FiO, ratio <50 mm Hg for >3 hours,
PaQ/FiO, of <80 mmHg for >6 hours, or
Arterial blood pH of <7.25 with PaG@f >60 mm Hg for >6 hours with the RR
increased to 35/min and ventilator settings ad{usiekeep a plateau pressure<ép
cm HO despite ventilator optimization (Fi@f >0.80, a Vt of 6 ml/kg ideal body

weight, and PEEP ¢f10 cm HO)

Table 2. ECMO Indications for patients with ARDS. Adaptedrh®>.

cm H,O=Centimetre of water, Fi& Fraction of inspired oxygen; mm Hukllimetre of mercury;

paQ=Arterial oxygen partial pressure; pag&@rterial carbon dioxide partial pressure; PEEd%iive

end-expiratory pressure; RR=respiratory rate; Ml volume.
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ARDS Management

Ventilator Mode
Pressure control until weaning
Tidal volume
Initial <6mL / kg ideal body weight
Driving pressure <15 cm H,0O
Respiratory Rate
With initial changein Vt, adjust RR to maintain minute ventilation
Make subset adjustments to RR to maintain pH 7.3, but do not exceed RR >28-30/min
FiO,, PEEP and arterial oxygenation

Maintain PaO, = 55- 80 mm Hg or SpO, = 88-95% using the following PEEP / FiO,

combinations
FiO, 0.3-04 04 0.5 0.6 0.7 >0.8
PEEP 5-8 8-14 8-16 10-20 10-20 14-22

Acidosis M anagement

If pH < 7.3 increase RR until pH > 7.30 or RR = 35/min

If pH < 7.15, Vt may be increased; consider bicarbonate infusion
Alkalosis management

If pH > 7.45 and patient not triggering ventilator, decrease set RR but not below 6/min
Additional recommendations

Prone positioning > 20 hours per day in severe ARDS

Table 1. ARDS management - Adapted from %%,

cm H,O=Centimetre of water, CPAP= Continuous positive airway pressure; FiO,= Fraction of inspired
oxygen; mm Hg=Millimetre of mercury; paO,=Arteria oxygen partial pressure; PEEP=Positive end-

expiratory pressure; RR=respiratory rate; SpO2= peripheral oxygen saturation; Vt=Tidal volume.



ECMO Indicationsfor patientswith ARDS

Indicationsto start ECM O therapy
Severe hypoxemia:
PaO,/ FiO, ratio <50 mm Hg for >3 hours,
PaO,/FiO, of <80 mmHg for >6 hours, or
Arteria blood pH of <7.25 with PaCO, of >60 mm Hg for >6 hours with the RR
increased to 35/min and ventilator settings adjusted to keep a plateau pressure of <32

cm H,0O despite ventilator optimization (FiO, of >0.80, aVt of 6 ml/kg ideal body

weight, and PEEP of >10 cm H,0)

Table 2. ECMO Indications for patients with ARDS. Adapted from ®.

cm H,O=Centimetre of water, FiO,= Fraction of inspired oxygen, mm Hg=Millimetre of mercury;
paO,=Arterial oxygen partial pressure; paCO,=arterial carbon dioxide partial pressure; PEEP=Positive

end-expiratory pressure; RR=respiratory rate; Vt= Tidal volume.
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Figure 1. Clinical cour se of the case vignette patient. MV=Mechanical ventilation; VV-ECMO=veno-venous edorporeal membrane oxygenation;

BAL=Bronchoalveolar lavage; CT=computed tomograpiwsglays.



Diagnosis of Acute Respiratory Distress Syndrome

Thorough history and clinical examination
Onset within one week of a known risk facto

*

Severity
Laboratory studies _
Blood count, clinical chemistry, liver and kidngy _ Mild
function tests, coagulation, arterial blood gals, PaQ/FiO, = 201-300 mm Hg and
lactate, troponin, BNP or NT-proBNP PEEP or CPAP
Radiology M oderate
Chest imaging: bilateral opacities (excluding PaQ/FiO, = 101-200 mm Hg and
effusions and atelectasis) PEEP> 5¢cm H,O
Electr ocar diogr aphy Severe
To exclude cardiac dysfunction, arrhythmias,|or PaQ/FiO, < 100 mm Hg
ischemia and PEER 5cm H,O

Transthoracic echocardiogr aphy
To exclude respiratory failure of cardiac orig|n

Figure 2. Diagnosis of acute respiratory distress syndroradapted froni®

*established risk factors among others: aspiragpmeumonia, sepsis, pulmonary contusion, severe
trauma, burns, smoke inhalation, major surgerycpaatitis, transfusion related acute lung injury.
BNP=Brain natriuretic peptide, NT-proBNP=N-termimmbhormone brain natriuretic peptide;
paQ=Arterial oxygen partial pressure; BOFraction of inspired oxygen; mm Huysllimetre of

mercury; PEEPRositive end-expiratory pressure; CPAP= Continucusitive airway pressure;

cm H,O=Centimetre of water.



Respiratory failure

Chest CT

Nasopharyngeal tract sample for
conventional influenza RT-PCR or Newly diagnosed cavitary lung lesions
influenza-antigen test

If feasible - patient stable or already on ventitatupport Tracheobronchitis present?

Lower respiratory tract sample /
bronchoalveolar lavage (BAL) for
galactomannan, direct microscopy, cultyre<
plus specific bacteriglpan-fungal PCR and
PCR for respiratory viruses

\ 4

Parallel serunf-(1,3)D-glucan once and serum galactomannan
for 3 consecutive days

Results:
Microscopy: septate, hyaline hyphae,
3-5um wide, with acute angle, tree-, or fan
like branching (branching angle 45°), o
positive GM in BAL* or Serum**, LF[§*
positive, PCR positive fospergillus spp.

\ 4

A 4

Species identification to complex level and
High probability of invasive aspergillosis antifungal susceptibility testing by MiCr
or molecular methods

| A
No response to treatment?

Consider biopsy as soon as possible

Figure 3. Management algorithm.

Optical brighteners should be used in any samptketect fungal hyphae. T Antigen testing, direct or
indirect antibody staining tests should only bedusehospitalized patients if more sensitive molacu
assays are not availabife’Legionella spp.,Mycoplasma pneumoniae, Chlamydia pneumoniae, and

Chlamydia psittaci, “if available, *Galactomannan ODI in BAL cut-off: 0.5 to 2D



**Galactomannan in ODI in serum cut-of:0.5%, t1If MIC testing is not available, routine agar
screening can be used to detect azole resistaoege\er, such isolates should be referred to a

mycology reference laboratory for MIC testitfg.

GM=Galactomannan; LFD=Lateral flow device; MI@s#nimum inhibitory concentration, RT-

PCR=real-time reverse-transcriptase polymeraseckaction



Figure 4. Tracheobronchitis with obstruction in bronchoscopgntral wall.

Video 1. Bronchoscopy of tracheobronchitis with obstruction



Figure5. Chest computed tomography.

Video 2. Chest computed tomography



Figure6. Imaging of tracheal stenosis



