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Company Core Data Sheet
Gadovist”

Gadobutrol

1.0 mmol/ml, solution for injection

Version 22
Based on GLC decision dated: 11 JUL 2023

For information only

< Section numbering is optional >
<|f a statement is valid for one indication only,
thisindication isindicated prior to the respective section header. If no indication
is mentioned, the chapter isrelevant for all indications>

* examples for nationa trade names: Gadovist, Gadavist
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1. NAME OF THE MEDICINAL PRODUCT

Gadovist 1.0 mmol/ml solution for injection

2. QUALITATIVE AND QUANTITATIVE COMPOSITION
Each ml contains 1.0 mmol gadobutrol (equivalent to 604.72 mg gadobutrol).

3. PHARMACEUTICAL FORM

Solution for injection.

4, CLINICAL PARTICULARS

4.1 Indication(s)

This medicinal product isfor diagnostic use only.

Gadovist is indicated in adults and children of al ages including full-term newborns for
contrast enhanced whole body magnetic resonance imaging (MRI) including

e Contrast enhancement in cranial and spina MRI

e Contrast enhanced MRI of the head and neck region

e Contrast enhanced MRI of the thoracic space

e Contrast enhanced MRI of the breast

e Contrast enhanced MRI of the abdomen (e.g. pancress, liver and spleen)

e Contrast enhanced MRI of the pelvis (e.g. prostate, bladder and uterus)

e Contrast enhanced MRI of the retroperitoneal space (e.g. kidney)

e Contrast enhanced MRI of the extremities and musculoskeletal system

e Contrast enhancement in Magnetic Resonance Angiography (CE-MRA)

e Contrast enhanced cardiac MRI including assessment of myocardial perfusion under
pharmacological stress conditions and viability diagnostics ("delayed enhancement”)

4.2 Dosage and method of administration

42.1 M ethod of administration
This medicinal product is for intravenous administration only.
For additional instructions see section ‘ Instructions for use / handling'.

Contrast-enhanced MRI can commence immediately afterwards (shortly after the injection
depending on the pulse sequences used and the protocol for the examination). Optimal signal
enhancement is observed during arteria first pass for CE-MRA and within a period of about

Gadovist / 1.0 mmol/ml solution for injection / CCDS/ Version 22 / 11 JUL 2023



For internal use, only.
This document should not be submitted.

Page: 4 of 11

15 minutes after injection of Gadovist for other indications (time depending on type of
lesion/tissue).

4.2.2 Dosage regimen

Adults:

A singleintravenous injection of 0.1 mmol gadobutrol per kg body weight (equivalent to 0.1
ml Gadovist per kg body weight) is recommended.

A total amount of 0.3 mmol gadobutrol per kg body weight (equivalent to 0.3 ml Gadovist per
kg body weight) may be administered at maximum for the central nervous system (CNS) and
CE-MRA. A dose of 0.075 mmol gadobutrol per kg body weight (equivaent to 0.075 ml
Gadovist per kg body weight) may be administered at minimum for imaging of the CNS.

*  Whole Body MRI (except MRA)

In general, the administration of 0.1 ml Gadovist per kg body weight is sufficient to answer
the clinical question.

* CE-MRA
Imaging of onefield of view:

7.5 ml for body weight less than 75 kg
10 ml for body weight of 75 kg or more
(corresponding to 0.1-0.15 mmol per kg body weight)

Imaging of more than one field of view:

15 ml for body weight less than 75 kg
20 ml for body weight of 75 kg or more
(corresponding to 0.2-0.3 mmol per kg body weight)

4.2.3 Special patient populations

4.2.3.1 Pediatric patients

For children of al ages including full-term newborns the recommended dose is 0.1 mmol
gadobutrol per kg body weight (equivalent to 0.1 ml Gadovist per kg body weight) for all
indications, see section ‘ Indication(s)’.

Gadovist / 1.0 mmol/ml solution for injection / CCDS/ Version 22 / 11 JUL 2023
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4.2.3.2 Geriatric patients
4.2.3.3 Patientswith hepatic impair ment

4.2.3.4 Patientswith renal impair ment

The elimination of gadobutrol is prolonged in patients with renal impairment. However, to
ensure diagnostically useful images no dosage adjustment is recommended (see also section
‘ Specia warnings and precautions for use’).

4.3 Contraindications
There are no absolute contraindications to the use of Gadovist.

4.4 Special warnings and precautionsfor use

44.1 Hyper sensitivity

Particularly careful risk-benefit assessment is required in patients with known hypersensitivity
to Gadovist.

As with other intravenous contrast agents, Gadovist can be associated with anaphylactoid /
hypersensitivity or other idiosyncratic reactions, characterized by cardiovascular, respiratory
or cutaneous manifestations, and ranging to severe reactions including shock.

Therisk of hypersensitivity reactions is higher in case of:
- previous reaction to contrast media
- history of bronchial asthma
- history of alergic disorders

In patients with an alergic disposition the decision to use Gadovist must be made after
particularly careful evaluation of the risk-benefit ratio.

Most of these reactions occur within half an hour of administration.
Therefore, post-procedure observation of the patient is recommended.

Medication for the treatment of hypersensitivity reactions as well as preparedness for
institution of emergency measures are necessary.

Delayed reactions (after hours up to severa days) have been rarely observed (see section
‘Undesirable effects’).

4.4.2 Impaired renal function

Prior to administration of Gadovist al patients should be screened for rena dysfunction by
obtaining a history and/or laboratory tests.

Gadovist / 1.0 mmol/ml solution for injection / CCDS/ Version 22 / 11 JUL 2023
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In patients with severely impaired renal function the benefits must be weighed carefully
against the risks, since contrast medium elimination is delayed in such cases.

Because Gadobutrol is renally excreted sufficient period of time for elimination of the
contrast agent from the body prior to any re-administration in patients with renal impairment
should be ensured. Usualy, complete recovery in the urine was seen in patients with mild or
moderate renal impairment within 72 hours. In patients with severely impaired rena function
at least 80 % of the administered dose was recovered in the urine within 5 days.

Gadovist can be removed from the body by hemodiaysis. After 3 dialysis sessions approx. 98
% of the agent are removed from the body. For patients already receiving hemodialysis at the
time of Gadovist administration, prompt initiation of hemodialysis following the
administration of Gadovist should be considered, in order to enhance the contrast agent's
elimination.

There have been reports of nephrogenic systemic fibrosis (NSF) (see section ‘Undesirable
effects’) associated with the use of gadolinium-containing contrast agents including Gadovist
in patients with

- acute or chronic severe renal impairment (GFR < 30 ml/min/1.73m?) or

- acute rena insufficiency of any severity due to the hepato-rena syndrome or in the
perioperative liver transplantation period.

Therefore, Gadovist should only be used in these patients after careful risk/benefit
assessment.

4.4.3 Seizuredisorders

As with other gadolinium-chelate-containing contrast media, special precaution is necessary
in patients with alow threshold for seizures.

4.5 Interaction with other medicinal products and other forms of
interaction

No interactions studies with other medicinal products have been conducted.
4.6 Pregnancy and lactation

46.1 Pregnancy
For gadobutrol no clinical study data on exposed pregnancies are available.

Animal studies at clinically relevant doses have not shown reproductive toxicity after repeated
administration.

The potential risk for humans is unknown.
Gadovist should not be used during pregnancy unless clearly necessary.

Gadovist / 1.0 mmol/ml solution for injection / CCDS/ Version 22 / 11 JUL 2023
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4.6.2 L actation
It is unknown whether gadobutrol is excreted in human milk.

There is evidence from non-clinical data that gadobutrol is excreted into breast milk in very
small amounts (less than 0.1% of the dose intravenously administered) and the absorption via
the gastrointestinal tract is poor (about 5% of the dose orally administered were excreted in
the urine).

At clinical doses, no effects on the infant are anticipated and Gadovist can be used during
breastfeeding.

4.7 Effectson ability to drive or use machines

4.8 Undesirable effects

4.8.1 Summary of the safety profile

The overall safety profile of Gadovist is based on data from more than 6,300 patients in
clinical trias, and from post-marketing surveillance.

The most frequently observed adverse drug reactions (> 0.5 %) in patients receiving Gadovist
are headache, nausea, and dizziness.

The most serious adverse drug reactions in patients receiving Gadovist are cardiac arrest,
acute respiratory distress syndrome/ pulmonary edema and severe anaphylactoid reactions.

Delayed allergoid or other idiosyncratic reactions (hours later up to severa days) have been
rarely observed.

Most of the undesirable effects were of mild to moderate intensity.

4872 Tabulated list of adver sereactions

The adverse drug reactions observed with Gadovist are represented in the table below. They
are classified according to System Organ Class. The most appropriate MedDRA term is used
to describe a certain reaction and its synonyms and related conditions.

Adverse drug reactions from clinical trials are classified according to their frequencies.
Frequency groupings are defined according to the following convention: common: > 1/100 to
< 1/10; uncommon: > 1/1,000 to < 1/100; rare: > 1/10,000 to < 1/1,000. The adverse drug
reactions identified only during post-marketing surveillance, and for which a frequency could
not be estimated, are listed under ‘not known'.

Within each frequency grouping, undesirable effects are presented in order of decreasing
seriousness.

Gadovist / 1.0 mmol/ml solution for injection / CCDS/ Version 22 / 11 JUL 2023
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Table 1: Adverse drug reactions reported in clinical trials or during post-marketing surveillance

in patients treated with Gadovist

System Organ
Class

Common

Uncommon

Rare

Not known

Immune system
disorders

Hypersensitivity /
anaphylactoid
reaction” #(e.g.
anaphylactoid
shock®, circulatory
collapse®,
respiratory arrests,
bronchospasmg,
cyanosist,
oropharyngeal
swelling®,
laryngeal edema®,
hypotension,
blood pressure
increased®, chest
painé, urticaria,
face edema,
angioedema®,
conjunctivitis®,
eyelid edema,
flushing,
hyperhidrosis®,
cough?, sneezing?®,
burning
sensation®, pallor)

Nervous system
disorders

Headache

Dizziness
Dysgeusia
Paresthesia

L oss of
CONSciousness*

Convulsion
Parosmia

Cardiac disorders

Tachycardia
Palpitations

Cardiac arrest*

Respiratory,
thoracic and
mediastinal
disorders

Dyspnea*

Acute
Respiratory
Distress
Syndrome
(ARDS)*

Pulmonary
edema*

Gastrointestinal

Nausea

Vomiting

Dry mouth

Gadovist / 1.0 mmol/ml solution for injection / CCDS/ Version 22 / 11 JUL 2023
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System Organ Common Uncommon Rare Not known
Class
disorders
Skin and Erythema Nephrogenic
subcutaneous Pruritus (including Systemic
tissue disorders generalized Fibrosis (NSF)

pruritus)

Rash (including

generalized,

macular, papular,

pruritic rash)
General disorders Injection site Malaise
and reaction” Feeling cold
a_dminist_rqtion Feeling hot
site conditions

* There have been reports of life-threatening and/or fatal outcomes from this ADR

#None of theindividual symptoms ADRs listed under hypersensitivity / anaphylactoid reaction identified in
clinical trials reached a frequency greater than rare (except for urticaria)

§ Hypersensitivity / anaphylactoid reactions identified only during post-marketing surveillance (frequency not
known)

9njection site reactions (various kinds) comprise the following terms: Injection site extravasation, injection site
burning, injection site coldness, injection site warmth, injection site erythema or rash, injection site pain,
injection site hematoma

49 Overdose

Single doses of gadobutrol as high as 1.5 mmol gadobutrol/kg body weight were tolerated
well.

In case of inadvertent overdosage, cardiovascular monitoring (including ECG) and control of
renal function are recommended as a measure of precaution.

5. PHARMACOLOGICAL PROPERTIES
51 Phar macodynamic properties

52 Phar macokinetic properties

53 Preclinical safety data

Gadovist / 1.0 mmol/ml solution for injection / CCDS/ Version 22 / 11 JUL 2023
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6. PHARMACEUTICAL PARTICULARS

6.1 List of excipients

1 N hydrochloric acid
Calcobutrol sodium
Trometamol

Water for injection

6.2 Incompatibilities
In the absence of compatibility studies, this medicinal product must not be mixed with other
medicinal products.

6.3 Shelf life

After the vial/bottle has been opened or the prefilled syringe or prefilled cartridge has been
prepared for use, Gadovist remains stable for 24 hours at 20 to 25 °C and must be discarded
thereafter.

6.4 Special precautionsfor storage
6.5 Nature and contents of container
6.6 Instructionsfor use/ handling

6.6.1 Visual inspection

This medicinal product should be visually inspected before use.

Gadovist should not be used in case of severe discoloration, the occurrence of particulate
matter or a defective container.

6.6.2 Vials

Gadovist should only be drawn into the syringe immediately before use.

The rubber stopper should never be pierced more than once.

Any contrast medium solution not used in one examination must be discarded.

6.6.3 Prefilled syringes

The prefilled syringe must be taken from the pack and prepared for the injection immediately
before the administration.

The tip cap should be removed from the prefilled syringe immediately before use.

Any contrast medium solution not used in one examination must be discarded.

Gadovist / 1.0 mmol/ml solution for injection / CCDS/ Version 22 / 11 JUL 2023
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6.6.4 L ar ge volume container

In addition, the following applies to use of the 100 ml infusion bottle containing 65 ml:
Instructions of the device manufacturer must be followed.

For further information see also section ‘ Shelf life'.

6.6.5 Prefilled cartridges

Administration of contrast media should be performed by qualified personnel with the
appropriate procedures and equipment.

Sterile technique must be used in al injections involving contrast media.
Instructions of the device manufacturer must be followed.
Any contrast medium solution not used in one examination must be discarded.

Gadovist / 1.0 mmol/ml solution for injection / CCDS/ Version 22 / 11 JUL 2023
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Arute respimtory distress syndrome is o sudden in onset, diffuse inflammatory form of lung
injury which may be asspcinted with a variety of etiologles such as pneumaonia, sepsis, as-
piration, and severe trauma. Frompt recognition and teatment of scute respirstory distress
syndrome 18 critical to reduce the sssocisted high mortality, Serere ung injury presentng as
ucute revpinitory distress syndrome secondary to gedolinium contrust medis (gedobutmod)
s rarely reparted, We describe an interesting case of o 47-yvar-old woman who presented to
the emergency department with scute respiratory failire after gadolinlum adminsiration.
She was diagnosed with acute respirstory distress syndroms, wes sdmitted to the intensive
cate unit due to requiring mechanical ventilation, Her condition tmproved with epinephrine
and sterolds and ghe was successfully sxtubated and discharged from the hospital in one

wapk

© 2021 Thie Author, Published by Clsevier Inc. on behalf of University of Wishington.

Thiy s un open wccess wrticie undes the CC BY-NC-ND license

Introduction

The contrasr agant gadolinium has been in uss for imaging
atudies especially magnetic resonance imaging for mere than
30 yedrs due o fis high relisbility and low rates of adverse
effoeta. Gadobutral in o second-generatlon non-ionde macra-
cyclic gadolinium-bosed contrast agent with high thermeosts-
bility, Adverse meaction due to gadabutrol such as noncardio-
genie pulmanary edems ls extremely rare |||, We present an
Intereating ense of acute respiratary distross syndrare sseo-
ciated with the use of gadabutrol,

* Correspanding aithor,
E-rrinll address:

Case Description

A AT-yerr-old female (weiphted 75.5 idlogram) with previous
medical history of hypathyroidiem on levethyroxine onty, pre-
sented to the emergency department ([ED} for acute short-
nesy of breath end cysnosls of the lips. The patient kad en
ME] of the breast with gadelinium (gadovist T milliliters in-
travenously) done in outpatient clinic two hours before she
presented o the KN, She had no relevant history of drug or
seasoral allergies She was never sxposed to dye or contraat
pienty before this event,

190043308 A The Authors. Published by Elaeder Inc. ot behilf of Universlty of Washingion, This is ah open sécess article under the

O WYNC NI lioe nue
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Fig. 1 - Bilatersl ground glass opacities noted on Chest X-ray at the tfime of sdmission.

Fig. 2 - Renolution of ground glaas opacities on Chest X-ray at the time of discharge.

When she wus Brought to the ED, ahe was short of breath
it rest and on exertion. She was in mild distress, felt nau-
seous, dizey and wis noted (o heve bilateml rales on exum.
Her fsk vital signs included blood pressure (11870 mmHy),
heart rate 128 beatt/minute, temperature (94 9-degree Fahren
heit), resplratory rate 26 and oxygen anturation of 96% on 15
Hier/minute face mask, She roebved intravenous diphenhy-
dramine und methy] prednlsone with partisl relief. Her repeat
paturating polae oxypen in the ED way B0% on 3-liter/minute

aotypen supplementstion. The chest X-rey (Figa 1-2) showed
bilaveral diffuse ground glass opacities, She wes placed on
bilevel positive alrway pressure (BiPap) machine for 1 hour in
the ED for symplomatic rellef. Howover, she continued o be
tnchypneic, hypoxie and beeame hypotensive to systolic blood
pressure 50 mmHg

The patient had to intubated and placed on mechani-
£al ventilation due to worsening respleatory status and was
wtarted on epinephrine drip. She was managed for presumed
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diagnosis of acute respiratory distress syndromse secondary to
anaphylaxis from gadotinium. A full workup was undertaken
to rule out ather possible causes attributing to her condition.
Her ransthoracic echocardiogram and b-natriuretic peptide
were in normal range, She had been afebrile throughout her
hospital stey and pan-tultures were negative for any growth.
Her Covid-159 PCR was negative twice and covid-1% antibodiss
weee dlso negative. Mo ather organ failure was obeerved; there
were no indings sugpesting anaphylaxis such as rash, whees-
ing, or abdominal symptoms. She was kept on epinephrine
drip for about 12 haurs and subseguently weaned off. The pa-
tent eventually got extubated on day foar of the hospita] stay
and was discharged on day seven with epinephrine pen.

Discussion

Gadobutrol is & commonly used second-generation non-
ionic macrocyclic gadolinium-based contrast sgent (GBCA) for
imaging studies. [t has 2 higher ionic concentration then other
MRI contrast agents, which allows testing with smaller doses
1] GBEA sdministersd to patients with decreased renal fune-
tion can trigger nephrogenic systemic fibrosis; thus, use in pa-
tienty with chronie renal failure is not usually ecommended
|4 Although, GBCA is assoctated with lower rates of hypersen-
sitivity reavtions ag compared to other odine-based contrast
agents, there hag been some increase In number of reported
events noted in medical literature likely due to widespread
use of gadolinkum [4,4].

Atverse reactions because of gadabutral administration
are charncterized by their immediate onger; commanly ocour-
ring within the firgt § minutes of administration in 82.4% cuses
and in the frst 10 minutes of administration in 95.7% cases
6], Commonly reported adverse réactiony include nausea,
vomiting, urticaria, flushing, tachycardia, wheals, dizziness,
and dysprea, However, scute respimoory distress gyndrome
(ARDS) and anaphylactic renctions secondary to gadobutrol
administration is a rarely described phenomencon in madical
literature which may result in pulmonary edema. Pulmonary
edema can be cardiogenic or non-eardiogenic; the later oc-
curs g o result of incressed microvescular permeability snd
alveolsr fluid infiltretion. This drug-induced ARDS iz hypoth-
enized to occur through chemicn! injury to the veacular en-
dathelium which results in hypoxria and pulmansry vasculsr
resistance from secumulation ol protein-rich substances in
1he aiveoll | 7], The exact component of gadobutral responsi-
ble for such severs hypersenyitvity resction and ARDS is un-
known. However, the endothelial injury triggers the sctivation
of complement system ag well which play u role in promating
pulmonory edema [5,9),

In our cose, the patient storted having oneet symptoms
approximutely 1-2 Bour after administration of gadolinium,
She was dingnosad with ARDS and treated with epinephrine,
ataraids, snd artificial mechanical ventilation. The hospital
course wus uneventiul, and she was successfully extubated
und dischurged [n 8 week on epinephrineg. pes. There are only
u fuw reported cuses of gadolinium induced severs resctions
|L,710:1%). Some of these reactions are delayod in onaet, sug-
geating that gedobutrol-induced ARDS may occur by & mech-

anism other then an immediate sensitivity reaction, such as
anaphylaxis. Although our patient also showed delayed r=-
activity response to gadobutrol, given the symptoms of cy-
nanogis, profound dyspnes and signibcant respiratory fuilure,
we would include this clinicel cese in spectum of ansphylac-
tic regction.

Conclusion

In this case report, we describe an interesting case of ana-
phylactic reaction to gadobutrol dye used in magnetic reso-
rance imaging. Although gadoliniumn is very safe to use, cau-
thon should be practiced for allerglc reactions and the pa:
tients should be advised abourt the possibility of delayed al-
lergic symptoms which may occur 1-2 hours after its use,
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Disclaimer

Published by g
BioScientifica Pituitary MRI is widely used in endocrine practice, and is regarded as entirely
safe. We report here a life-threatening outcome from a routine pituitary MRI
scan.

A 23-year-old female with a 3-year history of microprolactinoma confirmed by
MRI underwent a routine repeat MRI scan with gadolinium. During injection of
Gadovist she experienced minimal chest tightness which rapidly resolved. Four
hours after the injection she rapidly became very breathless. On admission to
hospital she was shocked, profoundly breathless, with cyanosis, hypotension
and marked hypoxia (HR 162 bpm, BP 72/50 mmHg, PaO,, 7 kPa despite FiO,

60%); there were diffuse crepitations throughout both lung fields and no signs
of cardiac disease or angioedema. CXR showed bilateral perihilar alveolar
shadowing, indicating pulmonary oedema/ARDS.

She was treated with high-flow oxygen, adrenaline, hydrocortisone,
chlorpheniramine and furosemide. She remained critically ill and was
admitted to ITU, where she required inotropes and CPAP non-invasive
ventilation for persistent acute respiratory failure. Echocardiogram confirmed
normal cardiac function. She made a rapid recovery and was discharged home
well 2 days later. She subsequently recalled that she had felt slightly unwell
after her first MRI scan 3 years earlier.

Acute lung injury has not previously been reported after gadolinium
administration. Gadolinium-induced serious adverse reactions are extremely
rare (1-3 per million administered doses). Gadovist is a modern contrast agent
regarded as having a very low potential for anaphylactoid reactions; it
includes a macrocyclic chelate which is thought to give less risk of gadolinium
toxicity than older agents with a linear chelate such as Omniscan. However,
macrocyclic gadolinium agents may be associated with a higher frequency of
allergic reactions.
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Pituitary disease is rarely fatal. Endocrinologists should be aware that
pituitary MRI carries a small risk of iatrogenic adverse reaction which may be
life-threatening.
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Is This Anaphylaxis? ARDS and Shock from Gadolinium Based Contrast

Chua, W.(1); Yaqoob, M.(1)

1) Pulmonary Critical Care, Cedars-Sinai Medical Center, Los Angeles, CA, United States

INTRODUCTION: Adverse reactions to gadolinium-based contrast agents (GBCAs) are rare with
rates as low as 0.01%. They are not well recognized or understood, which can make their
management challenging. Here we describe an unusually severe case of acute respiratory distress
syndrome (ARDS) with shock and disseminated intravascular coagulopathy (DIC) related to a
GBCA. CASE: A 25 year-old woman with a history of Crohn's disease was in her usual state of
health until she presented to the Emergency Department with two episodes of syncope ninety
minutes after an outpatient MR Enterography. Prior to the scan, she received 6ml of Gadavist
(gadobutrol at Immol/ml). In the ED she was hypotensive to 87/59mmHg and wheezing with
progressive hypoxemia requiring HFNC 30L Fi02 100%. Arterial blood gas showed pH 7.34,
PaCO2 23mmHg, PaO2 146mmHg with a PaO2/FiO2 ratio of 146. Chest radiograph showed
bilateral alveolar infiltrates. B-type natriuretic peptide and echocardiogram were normal. She had
nausea and emesis, but did not have rashes or swelling. Epinephrine 0.3mg IM was given twice along
with methylprednisolone 125mg IV followed by an epinephrine infusion. Despite these measures,
she developed worsening hypoxemia, shock, lactic acidosis and DIC requiring intubation,
norepinephrine, vasopressin, and dialysis for metabolic acidosis. Tryptase at this time was normal,
though was drawn about 23 hours after onset of symptoms. She clinically improved, was extubated
on day 4, and discharged home on day 9 without residual complications.

DISCUSSION: Gadobutrol is generally well tolerated with minimal side effects reported in the
literature. ARDS secondary to contrast enhanced MRI is a rare entity. To our knowledge, there are
only seven published case reports, with varying degrees of severity, duration of symptoms and
clinical features. Interestingly, most cases resolved within the duration of days. Two cases
demonstrated anaphylaxis to other MRI contrast agents. These patients were exposed to these agents
for the first time as in our patient. This raises concerns about whether the underlying mechanism of
the response is related to the structure of the molecule rather than an IgE mediated response. No
other case in the literature was complicated by multiorgan dysfunction and DIC. This case highlights
the importance of characterization of the underlying pathophysiology and therefore management of
the disease, as well as being wary of the safety profile of the contrast agent.
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Magnetic resonance imaging contrast agent
related pulmonary edema: a case report
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Abstract. - Gadobutrol is a contrast agent of-
ten used during magnetic resonance imaging
(MRI). The agent has several side effects, some of
which can be serious. It has extremely rare life-
threatening systemic complications, which can
lead to bronchospasm, hypersensitivity reactions
and cardiovascular arrest. However, there is no da-
ta available on the development of noncardiogenic
pulmonary edema following use of gadobutrol.
This paper examines the case of a 37-year-old
male patient reported to have developed noncar-
diogenic pulmonary edema after intravenous in-
jection of gadobutrol during MRI.

Key Words:
Contrast agents, Gadobutrol, Magnetic resonance
imaging, Noncardiogenic pulmonary edema.

Introduction

Gadobutrol has a safety profile comparable to
other Gadolinium-based MRI contrast agents
(MRI-ca). The agent is often preferred as it pro-
vides superior quality MRI conditions?. Its plasma
half-life is about 90 minutes. After intravenous (i.v.)
administration, its plasma level rapidly peaks within
minutes, and it is then excreted renally?.

Although side effects are similar to other
gadolinium-based agents, these are usually a mild
or moderate*. The most common are headache,
dizziness and nausea. Dyspnea, urticaria, and ana-
phylactic reactions rarely occur?. In adults, gadolin-
ium-based MRI-ca related hypersensitivity reac-
tions are seen in 0.07% of patients. Seventy-four
percent of these reactions are mild®. \ery rarely, se-
vere anaphylaxis can be encountered®. Reactions
can occur rapidly (< 1 hour), or slowly (> 1 h)&.

Acute reactions usually manifest themselves as ana-
phylaxis. In such situations, fast and effective treat-
ment can be life saving®. Although gadolinium re-
lated reactions are well known, there are no avail-
able information about gadolinium attributable pul-
monary damage. This paper presents a case of non-
cardiogenic pulmonary edema, developed after i.v.
injection of gadobutrol during MRI.

Case

A 37-year-old male patient with a complaint
of lumbalgia was admitted to our Neurology
Clinic. During the spinal MRI procedure, intra-
venous gadobutrol was given by cephalic vein
(solution Gadovist, Bayer Schering Pharma AG,
Germany) (14 ml).

Following injection of the MRI-ca, the patient
developed severe dyspnea, cyanosis, and loss of
consciousness. Nasal oxygen was initiated.
Methylprednisolone (i.v. 125 mg) was adminis-
tered and the patient was transferred to the inten-
sive care unit (ICU). He had no prior history of
MRI-ca exposure, drug allergies, atopy or sys-
temic disease. He was unconscious upon arrival
to the ICU and had bradypnea, cyanosis, and ab-
sent arterial pulsation.

Airway patency was rapidly secured by tra-
cheal intubation and connected to a manuel bag-
valve system with oxygen at a rate of 10 L/min.
Although monitored heart rate was 110 BPM,
there were no pulses at peripheral arteries and ar-
terial blood pressure could not be measured. Ex-
ternal cardiac compression was started. Adrena-
line 1 mg i.v. was given. An arterial blood gas
analysis was pH 7.16; PaCO,: 69 mmHg; PaO,:
24 mm Hg.
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To correct cardiovascular collapse, fluid replace-
ment and dopamine (10 pg/kg/ min) infusion was
started. Approximately 1500 ml of fluid infusion
was given over a 15 minute period. Following in-
otropic support, an intraarterial line was placed and
the blood pressure was recorded as 65/27 mmHg
and the peripheral arterial saturation was 77%. Car-
diac compressions were terminated and the patient
was connected to mechanical ventilator on SIMV
mode. The ventilator parameters were adjusted as
follows: FiO,: 100%; frequency: 16/dk; PEEP: 5
cm H,0O; and tidal volume: 7 mi/kg.

Despite the maximally used dose of dopamine
and 4 mg of adrenaline, invasive blood pressure
value was not high enough. Staff administered a
10 pg/min infusion of noradrenaline (8 pg/mL).
The ECG showed sinus rhythm and T wave in-
versions in the inferior and lateral leads.
Transthoracic echocardiogram showed normal
left ventricule and valve function. Diffuse rales
were heard during pulmonary auscultation.

A chest radiograph showed an increase in pul-
monary vascularity (Figure 1). Biochemical labora-
tory values were measured in the blood as follows:
CK: 303 U/L; CK-MB: 88 UJ/L; troponin I: 11.4
ng/ml; Ca: 6.9 mmol/L; WBC: 31.7 K/uL; and
NEU: 30.1 K/uL. Serum potassium was 2.4
mmol/L and a potassium infusion was initiated.
Subsequent values indicated 2 mmol/L and 1.6
mmol/L and the concentration of potassium in the
infusion was increased. Arterial blood gas after one
hour on 100% oxygen indicated the chest radi-
ograph showed significant improvement and the t-
wave inversion reversed. CVP was 11 cmH,0, and

there was no urinary output detected within the first
hour of ICU admission. After one hour, urine output
started at a rate of 110 ml/h, and increased over sev-
eral hours to an average rate of 300-400 ml/h. FiO,
was 100% at the end of the first hour. The result of
blood gas analysis at first hour with 100% FiO, as
follows pH: 7.25 mmHg, PaO,: 122 mmHg PaCO,:
53 mmHg. FiO, was gradually reduced according
to the values of repeated blood gas tests.

Four hours after ICU admission, with 60% FiO,,
the results obtained as pH: 7.31, PaO,: 275 mmHg,
PaCO,: 43 mmHg, HCO;: 21.7 mmol/L. Dopamine
and noradrenaline infusions were tapered off as ar-
terial blood pressure stabilized at around 130/75
mm Hg. Control chest X-rays showed almost re-
covery (Figure) and T wave inversion in ECG re-
turned to normal. Recovery of the patient based on
respiratory and hemodynamic parameters necessi-
tated changing the mode of ventilation to CPAP.
The patient was extubated after 12 hours in the
ICU. The control values of serum cardiac markers
(such as creatine kinase myocardial band [CK-MB]
and troponin I) gradually decreased. A day after ad-
mission, the patient was transferred to the Cardiolo-
gy Service and observed for three days for compli-
cations. He was discharged without sequelae.

Discussion

Gadobutrol can have serious side effects, such as
dyspnea, anaphylactic reactions and excessive hy-
potension, but these are very rare’. Despite evi-
dence of anaphylactic shock through the use of

Figure 1. Chest roentge-
nogram. A, The image
shows increased pul-
monary vascularity. The
X ray obtained 30 min af-
ter ICU admission. B,
The X ray after 12 hours
of ICU admission.
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gadobutrol as reported in the literature, we found
no reports of the development of pulmonary edema
with this agent. Therefore, this paper represents the
first case of this complication. Pulmonary edema is
generally seen in two different forms; noncardio-
genic and cardiogenic®. Noncardiogenic pulmonary
edema (NCPE) is leakage of fluid as a result of in-
creased microvascular permeability®. How MRI
contrast agents cause pulmonary edema is not
known. It has been suggested that it is the result of
widespread endothelial damage induced by activa-
tion of the complement system, or as a direct irri-
tant effect of the drug in the lung8°.

Gadobutrol has been used worldwide in approxi-
mately 5.7 million patients between 1998 and 2010.
Of these, 1175 have developed side effects. Serious
reactions were reported in 309 cases. These are car-
diac and respiratory arrest, anaphylactoid shock, and
nephrogenic systemic fibrosis’. Forstinga et al*® pub-
lished an observational study of 14,299 patients. Re-
sults of the study showed nausea and vomiting to be
the most frequent side effect (0.31%), followed by
urticaria (0.08%), and other skin lesions (0.07%).
Only two patients (0.01%) presented serious side ef-
fects, one of which was anaphylactic reaction, while
the other was swelling and itching of the throat.

In our case, rapid development of dyspnea and
cyanosis immediately after administration of i.v.
gadobutrol suggests NCPE. Rales were present in
the lungs, the PaO,/FiO, rate was less than 200,
there was increased pulmonary vascular conges-
tion on chest X-ray, and there was rapid response
to treatment; all supporting NCPE. Gadobutrol
associated skin lesions have rarely been report-
ed*1% In our patient, excessive hypotension, de-
spite the lack of skin lesions, suggests severe
anaphylactic reaction. The patients’ diagnosis
was anaphylactic shock with noncardiogenic pul-
monary edema and provides the first case in the
current literature.

In this case, severe hypokalemia was observed.
There is no information that gadobutrol may cause
this situation. However, in an in vitro study, hERG
(human Ether-a-go-go) mediated dose-dependent
inhibition of potassium current has been reported™.
We observed hypopotassemia rather than hyper-
potassemia, which usually accompanies acidosis.
This phenomenon can be explained by inhibition of
potassium current. This effect can also be thought
to play a role in observed ECG changes in the pa-
tient. We suggest that the raised values of serum
cardiac markers were the result of cardiac massage,
because of normal ventricular wall motion in
transthoracic echocardiography.
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In conclusion, anaphylactic shock with noncar-
diogenic pulmonary edema after the use of
gadobutrol is presented in this paper. As this is the
first case in the literature, we suggest anaphylactic
shock and noncardiogenic pulmonary edema must
be kept in mind during MRI. Additionally, as in
this case, accompanied hypopotassemia requires
analysis and should be investigated in terms of
gadobutrol attributable arrests, and, in particular,
hERG mediated potassium current inhibition.
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REC - 00003562 13 Apr 2010 CCDS 16 3

14th CCDS for Gadovist
REC - 00002518 11 Sep 2007 ! 3
&P GLC priority 3b

REC - 00002040 26 Jun 2006 1st CCDS for Gadovist

CCT-change; the CCT-
chapter 4.4
precautions/warnings was
revised only for Gadovist
1.0 whereas all other
changes refer to both
strengths.

REC - 00001352 08 Jun 2004

REC - 00000539 24 Apr 2002 CCT change

REC - 00000324 25 Apr 2001 CCT change

Criticality Label Impact Types CCDS with Changes Reflected CCPI with Changes Reflected CIFU with Changes Reflected

Minor CCDS, CCPI aCCDS 22 Gadovist (v1.0) aCCPI 22 Gadovist (v1.0)

None

None

None

None

Important

Important
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CCDS/CIFU/Label Change Name
CCDS/CIFU/Label-Change-0007808

CCDS/CIFU/Label-Change-0001055

CCDS/CIFU/Label-Change-0005101

CCDS/CIFU/Label-Change-0005034

CCDS/CIFU/Label-Change-0005291

CCDS/CIFU/Label-Change-0000540

CCDS/CIFU/Label-Change-0001218

CCDS/CIFU/Label-Change-0001788

CCDS/CIFU/Label-Change-0002215
CCDS/CIFU/Label-Change-0004142
CCDS/CIFU/Label-Change-0005178
CCDS/CIFU/Label-Change-0005365
CCDS/CIFU/Label-Change-0006405

CCDS/CIFU/Label-Change-0001012

CCDS/CIFU/Label-Change-0001165

CCDS/CIFU/Label-Change-0001773

CCDS/CIFU/Label-Change-0003763
CCDS/CIFU/Label-Change-0004923
CCDS/CIFU/Label-Change-0005149
CCDS/CIFU/Label-Change-0005352
CCDS/CIFU/Label-Change-0005511
CCDS/CIFU/Label-Change-0006308

CCDS/CIFU/Label-Change-0003577

CCDS/CIFU/Label-Change-0006229

CCDS/CIFU/Label-Change-0000290

CCDS/CIFU/Label-Change-0000739

CCDS/CIFU/Label-Change-0001749
CCDS/CIFU/Label-Change-0003410
CCDS/CIFU/Label-Change-0006132

CCDS/CIFU/Label-Change-0002691

CCDS/CIFU/Label-Change-0004867

CCDS/CIFU/Label-Change-0005431

CCDS/CIFU/Label-Change-0005801

CCDS/CIFU/Label-Change-0002216

CCDS/CIFU/Label-Change-0004189

CCDS/CIFU/Label-Change-0001133

CCDS/CIFU/Label-Change-0001771

CCDS/CIFU/Label-Change-0002202
CCDS/CIFU/Label-Change-0004922
CCDS/CIFU/Label-Change-0005350
CCDS/CIFU/Label-Change-0005508

CCDS/CIFU/Label-Change-0006271

CCDS/CIFU/Label Section
Adverse drug reactions

Dosage and method of
administration

Pharmacodynamic properties

Pharmacodynamic properties

Pharmacokinetic properties

Adverse drug reactions

Dosage and method of
administration

Instructions for use / handling

List of excipients

Other

Pharmacodynamic properties
Pharmacokinetic properties
Warnings and precautions

Dosage and method of
administration

Dosage and method of
administration

Instructions for use / handling

Other

Overdose

Pharmacodynamic properties
Pharmacokinetic properties
Preclinical safety data
Warnings and precautions

Other

Warnings and precautions

Adverse drug reactions

Contraindications

Instructions for use / handling
Other
Warnings and precautions

Other

Overdose

Preclinical safety data

Warnings and precautions

List of excipients

Other

Dosage and method of

administration

Instructions for use / handling

List of excipients

Overdose

Pharmacokinetic properties
Preclinical safety data

Warnings and precautions

CCDS/CIFU/Label Revision
CCDS #22; Inclusion of Acute

(ARDS) and Pulmonary Edema
(PE) to section 4.8 under SOC
‘Respiratory, thoracic and
mediastinal disorders’

CCDS #21; no Priority, GLC
decision date 2021-04-16

CCDS #21; no Priority, GLC
decision date 2021-04-16

CCDS # 20; no Priority GLC
decision date 2019-03-08

CCDS # 20; no Priority GLC
decision date 2019-03-08

CCDS 19; no Priority

CCDS 18 GLC decision date
2012-06-12

CCDS 18 GLC decision date
2012-06-12

CCDS 18 GLC decision date
2012-06-12

CCDS 18 GLC decision date
2012-06-12

CCDS 18 GLC decision date
2012-06-12

CCDS 18 GLC decision date
2012-06-12

CCDS 18 GLC decision date
2012-06-12

Label No. 4998 update to CCDS
18 - split submission of
sections 4.2 upon HA request
in Brazil No priority-4.2
Labeling — Dosage and
administration GLC Decision
date: 2012-06-12

CCDS 16

CCDS 16

CCDS 16
CCDS 16
CCDS 16
CCDS 16
CCDS 16
CCDS 16

14th CCDS for Gadovist, GLC
priority 3b

14th CCDS for Gadovist, GLC
priority 3b

1st CCDS for Gadovist

1st CCDS for Gadovist

1st CCDS for Gadovist
1st CCDS for Gadovist
1st CCDS for Gadovist

CCT-change; the CCT-chapter
4.4 precautions/warnings was
revised only for Gadovist 1.0
whereas all other changes refer
to both strengths.

CCT-change; the CCT-chapter
4.4 precautions/warnings was
revised only for Gadovist 1.0
whereas all other changes refer
to both strengths.

CCT-change; the CCT-chapter
4.4 precautions/warnings was
revised only for Gadovist 1.0
whereas all other changes refer
to both strengths.

CCT-change; the CCT-chapter
4.4 precautions/warnings was
revised only for Gadovist 1.0
whereas all other changes refer
to both strengths.

CCT change

CCT change

CCT change

CCT change

CCT change
CCT change
CCT change
CCT change

CCT change

Document Name
Gadovist Labeling Binder CCDS
Respiratory Distress Syndrome Update version 21 to 22 (v1.1)

Title

Gadovist Labeling Binder
CCDS Update version 21 to
22

Classification
Labeling Binder

EV-PR-0060859

EV-PR-0060858

EV-PR-0018605

EV-PR-0018606

EV-PR-0010660

EV-PR-0010661

EV-PR-0036267

EV-PR-0036268

EV-PR-0031588

EV-PR-0031589

EV-PR-0017020

EV-PR-0025985

EV-PR-0025986

EV-PR-0022672

EV-PR-0022673

EV-PR-0019926

EV-PR-0019927

EV-PR-0008160

EV-PR-0008162

EV-PR-0032979

EV-PR-0032981

EV-PR-0025199

EV-PR-0025201

Gadovist, Solution for
injection, 1 mmol per 1 ml

Gadovist, Solution for
injection in pre-filled syr, 1
mmol per 1 ml

Gadovist, Solution for
injection in pre-filled syr, 1
mmol per 1 ml

Gadovist, Solution for
injection, 1 mmol per 1 ml

Gadovist, Solution for
injection in pre-filled syr, 1
mmol per 1 ml

Gadovist, Solution for
injection, 1 mmol per 1 ml

Gadovist, Solution for
injection in pre-filled syr, 1
mmol per 1 ml

Gadovist, Solution for
injection, 1 mmol per 1 ml

Gadovist, Solution for
injection in pre-filled syr, 1
mmol per 1 ml

Gadovist, Solution for
injection, 1 mmol per 1 ml

Gadovist, Solution for
injection, 1 mmol per 1 ml

Gadovist, Solution for
injection in pre-filled syr, 1
mmol per 1 ml

Gadovist, Solution for
injection, 1 mmol per 1 ml

Gadovist, Solution for
injection in pre-filled syr, 1
mmol per 1 ml

Gadovist, Solution for
injection, 1 mmol per 1 ml

Gadovist, Solution for
injection in pre-filled syr, 1
mmol per 1 ml

Gadovist, Solution for
injection, 1 mmol per 1 ml

Gadovist, Solution for
injection in pre-filled syr, 1
mmol per 1 ml

Gadovist, Solution for
injection, 1 mmol per 1 ml

Gadovist, Solution for
injection in pre-filled syr, 1
mmol per 1 ml

Gadovist, Solution for
injection, 1 mmol per 1 ml

Gadovist, Solution for
injection in pre-filled syr, 1
mmol per 1 ml

Gadovist, Solution for
injection, 1 mmol per 1 ml

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

Gadobutrol

4007819, Gadobutrol

4007819, Gadobutrol

4007819, Gadobutrol

4007819, Gadobutrol

4007819, Gadobutrol

4007819, Gadobutrol

4007819, Gadobutrol

4007819, Gadobutrol

4007819, Gadobutrol

4007819, Gadobutrol

4007819, Gadobutrol

4007819, Gadobutrol
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CCDS/CIFU Event-001073

CCDS/CIFU Event-001081

REC- 00000282

REC- 00000253

REC - 00000228

25 Apr 2000

28 Oct 1999

26 Apr 1999

CCT change

CCT change.

CCT change

CCDS/CIFU/Label-Change-0001488

CCDS/CIFU/Label-Change-0002198

CCDS/CIFU/Label-Change-0003639
CCDS/CIFU/Label-Change-0005121
CCDS/CIFU/Label-Change-0005344
CCDS/CIFU/Label-Change-0005497

CCDS/CIFU/Label-Change-0001104

CCDS/CIFU/Label-Change-0001628
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CCDS/CIFU/Label-Change-0002158

CCDS/CIFU/Label-Change-0003539

Incompatibilities

List of excipients

Other

Pharmacodynamic properties
Pharmacokinetic properties
Preclinical safety data

Dosage and method of
administration

Indication(s)

List of excipients

Other

Pharmacodynamic properties
Pharmacokinetic properties
Warnings and precautions

Incompatibilities

List of excipients

Other

CCT change

CCT change

CCT change
CCT change
CCT change

CCT change

CCT change.

CCT change.

CCT change.
CCT change.
CCT change.
CCT change.

CCT change.

CCT change

CCT change

CCT change

EV-PR-0023400

EV-PR-0023402

EV-PR-0022769

EV-PR-0022771

EV-PR-0021892

EV-PR-0021894

Gadovist, Solution for Gadobutrol
injection in pre-filled syr, 1

mmol per 1 ml

Gadovist, Solution for Gadobutrol
injection, 1 mmol per 1 ml

Gadovist, Solution for Gadobutrol
injection in pre-filled syr, 1

mmol per 1 ml

Gadovist, Solution for Gadobutrol
injection, 1 mmol per 1 ml

Gadovist, Solution for Gadobutrol
injection in pre-filled syr, 1

mmol per 1 ml

Gadovist, Solution for Gadobutrol
injection, 1 mmol per 1 ml

4007819, Gadobutrol

4007819, Gadobutrol

4007819, Gadobutrol
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Late-onset acute respiratory distress syndrome induced by a
gadolinium-based contrast agent

Kazuhike Kato , Shota Fujimoto, Shun Inukai, Hiroki Takatsu, Yu Kone, Kenji Kasai
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ARTICLE INFOD ABRSTRACT

Iy s Rapid deciune of pulmenary functeen i soote resplrasory distress syndreme (ARDS) can make ARDS 3 dangesous
Aaune cespimenry distresy syndrome and potsnrially Lfs threacening condition. Gadolinum based conmest agents ars considersd s alremarives
Gontiest Sy iading baued conoa sgents, with ¢nmpersrively fower sdveme effsr and = lower intidence of warious sdverss
mud events, such ar dyspoes or hypotension. There sre five repored cases of gadalinhum (nduced ARDS.
Gadnk # 5% year old weman with respinsory failure 30 min after gedoliniom sdministration s disgnosed witk
ARDS; she wed admitied o the inténdive care unll Her condlaan improved by snificlal respleition mznagemant
end sdrenaling end stevoids sdmintstration. She wis discharged on dey 15
Congidering ARDS serurred 30 min afrer gadolinivm ddministreton and findings suggesing anaphylais. such
a9 whesying and [aihuve o cogans othes dhan the lungs, wese sbsent, the invalvement of any inumedinte onser
reaction wes excluded; thus, = dizgnosis ol gadelinmm induced ARDS was made.
1. mtroduction contrast agent, end the test was complecad. However, scute onset dys

dicute resplrarory distress syndrome (ARDS) Is 2 dengsrous condirion
thai can resull in death owing 1o rapid decling of the pulmanary fune
tlon. Gadolinlum is a safe eliernative o jodine based contrast agents,
with & lower Incidence of serious adverss events such &s dyspnea and
hypotension [1] and comparatively fewer adverse effeces (1], ws noted in
the study patient There have been five previously reparted cases of
gadalinium indeced ARDE [F 7] howaver, the mechnnism of coset re
malng unknaown,

4. Coge peport

The petienr wes & 59 year old woman with 8 history of rheumatoid
erthritis, She was administered oml methotrenaie 8 mgy day weekly and
bueillaming 150 mg/day. She was nol allergle o drugs, she had no
relevant family history. She experiencod cirewniarentlal abonoomal
sensation In Ber chest thar had been gradually worsening since one
month. She sought medical sttention on the day of admision. Symproms
assoclated with myellths were suspected; confrast enhanced MEI using
gadabutral 1vid obtalngd on the game day. Thess yees 0o eledr abnarmal
findings on the chest radingmph oboined just belore controse-enhanced
MR [Fig. 13 There were no problems immedisely alter receiving the

—m;pmu authot,
E-miail ardres: kanu 4208 emall com (K. Kata)

poea wes vhserved 30 min after sdministering the contraat agent. The
SpO2 level decreused 1o 80%, and arierial blood gas level decremed
(Pa0i2 = 40 mmilg) (room air). Chest augcultation revealed bilaeral
rhonch, and chest rsdiography images showsd infilusnve shadows
(Fig 1). Ches computed tomegraphy scan abso revesled bilaveral infil
trative shadows; these findings suggested pulmonary edema (Fig 1)
Anaphylazis snd pulmonary edema associaied with conlrast enhasced
MA] were suspected, and 0.3 mg advenaline was intramusenlardy injoe
ted; artificial respiraiion management was initiated After intobarion,
breathing was charariesized by cuygenation fallure a1 an arterial partial
presoure of oxygen (pa0s) of B2 mmilg wt 6 om HaD posive end
expirgtory pressuse, with a fraction of inspired orygen (FIO2) st 08,
Heary funerion was normal seeording o che echoeprdiographs obinined
subseguently, The bain natriuretic peptide (BHP) level decreased from
51.7 pg/mL before cmést 10 5.3 pgp/mL alter onset, negatmyg the like
lhond of cardiogenic pulmonesry sdema No othar organ failune vwes
observed; there were no fAndings suggesting snaphylasis such as rash,
wheezing, or abdominal sympioms. Considering the delayed onser 30
min after gadobutrol adminlitration, ARDS associaved with amiphylactic
reactions vl dbo sxcluded. The poanbility of ather dissasss such as
infection causing ARDS wan elso excloded, |esding 1o & dizgnoeis of
gadubutrel induced ARDS.

Neewlved 11 November 2010 Raeceived In vevised foem 17 Decamber 3019 Accepted 35 December 1010

Available anline 26 December 3015
20071 3019 The  Authios,

Publighed by Eeevier L This s an open access amucls under the CC BYNCND ficmnes



WM

Simple chest radwgraph
befure comrast-snhancsd MRT

Fig. I. Simpls chese mdiograph

Semple chest rediegraph ard
CT after the anset of dyspnea

Simple chest radiograph oo
disease day g

b obinesd just before conmrasc enbanced MAL Mo abnormal abnormal findings i de lungs Bilaeral inflzanye shadows on & stmple

chase cadlegraph snd OT after the vaset af dyspnes. Simale cham radlogrigh an dissass day 5 baprovement ln infliative thadows was shasrved.

The patient was (reated through positve pressure ventilation with
an artificial respirator end mathyiprednisolons 1000 mgdey for 3 dags.
Chest rediography images revealed improved pulmonary edema after 5
days, Thest radiograply performed on disease day 5 also sevealed
Improvad pulmeonary edeme (7ig 1) thus, she was situbated on the
same dey, Symptomg did not warsen rhergafier; ghe was discharged an
day 13

A, Discussion

Gadoburrol Is & second generation non-lomic | macrocyelic
gadolinium- based contraze agent {GBCA). It has & higher fonic concen
fration thin other MBI contrasi agents, which allows (esting with
sinnller dosas [5]; 1 s commonly uged I contrast enhanced MBI tests.
However, GBCA administersd to patients with decreased renal fonetion
cen trigger wephrogenic systamic fibrosis; thus, nse In patient with

Table §

FIOONY INATSS Vot OF SUEAUE Lolot busium SRR SN SRS VSN e

:hmmmﬂ_hﬂmlsu wivally recommended [3].

Meverthalzes GECA in posoeiated with loweer eetas of adverse avents
than ioding based contrast egents [27]. With the recent advances in im
aging technalogies, the numbers of MAT machines and images iaken are
Incregsing. The number of reports on adverse effects is also propor
tlonately incressing 10}, Headache, dirriness, neusen and vomiting,
lichiness, rash, redness, and sneesing have also been observed (11,111,

The incidence of serious sdverse #vents, such as dyipees and
anaphylinctic hypotensian, in this patien: was lowe [1§; the mcidencss of
adverse evenis after gadobutrol sdministrarion snd anaphylods are
0.55% and 0.01%, respectively [15].

Andphylactic reactions beewuse of gadobutrol adminisiradon are
characterized by their immedinte onsat; they cocur In the first 5 min of
administration in B2.7% cases and ir the fire 10 min of sdministration
0 95, 7% cases [14],
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ARDS Is & dangerous condition chamcterired by & sudden drop In
pulmonary fenetion; thus, it is pocentizily life thresraning.

Fulmonary edemz can be cardiogenic or non-cardiogenic [15]; the
MWomutruuhﬁmemdnumﬂmdupﬁmabdﬂrym
alveclar fluid inMiration [12], Geaeral drag tnduced ARDS is cansed by
chamicel injury of the vagcular sndothalium and epithaliom, which
tiggers hypoxia and pulmonary vascular vesissance by the accumelation
of prosein rich substances in the alveoli 117,18, The edolugy of MEI
comligstagent indiced pulmonary edema 5 largely unkmoen; however,
some hypothesized mechanisms include endothelial injury triggared by
the activation of the complement system: and divect chemical stimuls-
tiom: of the alvesli [16,17].

T vepurled cases of ARDS lnduced by !.‘.'Tmmmw[!?.ﬁﬂl
mm:hrmﬂmmemtmuidﬂwadwmaﬁummmm
of the conirast agent

To gur knowledge, there are five repurted cases of gedolinium-
Induced ARDS [5 7] (Table 1) The patient was disgnosed with ARDS
followlng sympiams such as dyspnea that occurred 30 50 min after
gadoburrel administretion. The patient was meared by adminiserstion of
adrenaline and steroids a3 well &s artificial ventilation; ARDS followed
good courses. Howeyer, the sympioms were delayed, sceumng 30 90
min  afier  gadobwirol  administeation,  suggesting that
gadoburrnl-indured ARDS oceues by a mechanism ocher then sn im-
mediate reaction, exemplifisd by svmptoms such as anaphylazis.
Delayed mactions am noted in peports on the above mentioned lodi
e based conirast agents, suggesting the invalvement of similar mech
anismg of onget with GRCA sdminimration Similar to the in previoosly
reports, our padent developed delsyed onset ARDS afier gadobutrel
administration and followed a good elinical sourse.

Fravious réports have concluded that an immediate reaction was
unlikely considering rhat ARDS development was delsyed; however, the
peticnts displayed symptoms such fs cyanose, wheering, &nd nausom,
indicative of {allure of organs other than the lungs; this suggests the
invelvement of snashylatis. owever, fallure of orguns other than the
lungs Was not ohserved in the present cage, and ARDS had a delayed
enget, stromgly suggesdng that gedobutrol-induced ARDS onset did not
{nwedve mechanisms of an immediate veaction. )

The effectivensss of subcutaneously injected gadobutro! diluted w
L0 to et for 1gE mediaced GBCA gllergies has been raporied [21], but
iz acroal effecrivensss iy quesrionable because the smudy did not define
any criteria for ARDS and as mentemed previously, the onset of
gadobutrel induced ARDS appears (o ke form of some mechantim
other than an immediate reaction. This st was oot pecformed In this
patient considening the risk of farsl ouwicornas if it wriggered ARDSE
recurrence.

Gt resilis suggsst thal gadobutrol [nduced ARDE gecurs through &
mechandsm othes than ther of an iounediae resction.
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A rare case of acute respiratory distress syndrome caused by
use of gadolinium-based magnetic resonance imaging
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Gadolinium-based magnetic resonance imaging (MRI) contrast is generally
considered to be stable and safe. Adverse reactions due to MRI contrast
agents are classified into allergic-like reactions and physiological reactions.
Acute respiratory distress syndrome (ARDS) caused by gadolinium-based
MRI contrast is extremely rare. Due to the immediate and severe nature of
ARDS, medical practitioners may seek after other aetiologies other than
MRI-contrast-induced ARDS for patients’ clinical manifestations such as
acute-onset difficulty of breathing. It is crucial to keep in mind the possibil-
ity of ARDS after gadolinium injection, as missing the diagnosis leads to a
high mortality. A clear clinical scenario of ARDS induced by gadobutrol
(Gadovist, Bayer Inc., Toronto, Canada) was presented in our patient who
did not develop symptoms of anaphylaxis. We successfully managed the
patient with methylprednisolone and bilevel positive airway pressure venti-
lation and the patient was discharged in stable condition on day 6.

Correspondence

Hsu-Chung Liu, Division of Chest Medicine, Depart-
ment of Internal Medicine, Cheng Ching Hospital,
No. 966, Sec. 4, Taiwan Blvd., Xitun Dist., Taichung
City 407, Taiwan, Republic of China. E-mail: yokoki2
@gmail.com

Received: 18 April 2019; Revised: 9 August 2019;
Accepted: 15 August 2019; Associate Editor: Wei
Shen Lim.

Respirology Case Reports, 7 (8), 2019, e00483

doi: 10.1002/rcr2.483

Introduction Case Report

Since 1988, gadopentetate dimeglumine debuted, GBCAs
have been widely used and account for 30% of all mag-
netic resonance imaging (MRI) procedures up to date [1].
Gadolinium is composed of paramagnetic compounds
that possesses a high magnetic component and is most
stable with unpaired electron. Unlike iodinated contrast
media, MRI contrast agents such as gadolinium have few
side effects, and rarely cause anaphylactoid reactions [2].
To our best knowledge, only two cases of non-cardiogenic
pulmonary oedema induced by gadolinium-based MRI
contrast media have been reported [3,4]. Here, we present
a Taiwanese woman who developed acute respiratory dis-
tress syndrome (ARDS) without anaphylactic symptoms
after the use of gadobutrol and had a successful treatment
with steroids and bilevel positive airway pressure (BiPAP)
ventilation.

© 2019 The Authors. Respirology Case Reports published by John Wiley & Sons Australia, Ltd

on behalf of The Asian Pacific Society of Respirology

A 49-year-old woman (89.9 kg, 167.1 cm, body mass index:
32.3 kg/m®) without any past medical history, including
heart failure, asthma, allergies, or immediate hypersensitiv-
ity reaction to any type of iodinated radiocontrast material,
visited our hospital for a self-paid medical imaging health
check-up-package which includes the MRI-upper abdomen
imaging and low-dose computed tomography (LDCT) of
chest. Her initial non-contrast LDCT of chest showed
unremarkable finding (Fig. 1A). Two hours after LDCT, she
underwent abdominal MRI after an injection of 15 mL
(0.1 mL/kg body weight) of gadobutrol (Gadovist, Bayer
Inc., Toronto, Canada). Ninety minutes after the injection
of gadobutrol, she was found to have dyspnoea and cyano-
sis. Her vital signs were as follows: blood pressure
127/77 mmHg, pulse rate 100 bpm, respiratory rate 35/min,
and oxygen saturation 60% by pulse oximetry.

2019 | Vol. 7 | Iss. 8 | 00483
Page 1
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ARDS after gadolinium contrast

At emergency room, physical examinations showed dif-
fuse wheezes and use of accessory muscles of respiration.
The chest radiograph (Fig. 2A) showed bilateral alveolar
infiltrates and hilar haze suggestive of acute pulmonary
oedema. Laboratory tests showed a serum creatinine of
0.4 mg/dL, a D-dimer of 899 ng/mL, and a Brain Natri-
uretic Peptide (BNP) of 35.4 pg/mL. The repeated chest
computed tomography scan showed multiple ground glass
attenuation and consolidation in bilateral lungs (Fig. 1B).
An echocardiography revealed no impaired left ventricular
function or valvular defect. The initial arterial blood gas
analysis showed a pH of 7.45, a partial pressure of carbon
dioxide of 28.7 mmHg, and a partial pressure of oxygen
(PaO,) of 48.6 mmHg, which was remarkable for severe
oxygenation impairment with a PaO,/FiO, ratio of 121.5
(FiO,: 40%). Under a diagnosis of MRI contrast-induced
ARDS, she was transferred into intensive care unit (ICU)
where BiPAP ventilation with a 15/5 cm H,O pressure
support was administered. Her hypoxaemia improved to a
PaO, level of 85 mmHg after the use of BiPAP ventilation.
In addition, she received intravenous dexamethasone 5 mg
immediately at emergency room and then switched to
methylprednisolone injection with a maintenance dose of

Y. Lee et al.

Figure 1. The chest computed
tomography (CT) findings: (A) low-
dose computed tomography of
health check-up showed normal
attenuation of bilateral lung paren-
chyma; (B) repeated CT scan 4 h later
revealed multiple ground glass atten-
uation and airspace consolidation in
. bilateral lungs.

1.5 mg/kg daily. During the ICU course, the patient got
improvement from respiratory distress and hypoxaemia.
The repeated chest radiograph on day 3 (Fig. 2B) revealed
rapid resolution of airspace infiltrates in bilateral lungs.
The patient was weaned successfully from BiPAP ventila-
tion on day 4 and she was discharged with resolution of
pulmonary infiltrates (Fig. 2C) on day 6.

Discussion

Over the past two decades, since GBCA debuted, its use
has been significantly increased [1]. GBCA are considered
to be stable and well tolerated by patients in clinical use.
Many studies have postulated transmetallation hypothesis
that free gadolinium is an inhibitor of some metabolic
enzymes and the release of which leads to tissue damage
[5]. Awareness of GBCAs toxicity such as nephrogenic sys-
temic fibrosis in chronic kidney disease patients has been
raised. Recent studies strongly suggested gadolinium accu-
mulation in tissue even in those with normal kidney func-
tion. However, adverse effects such as allergic reactions
and non-allergic reactions due to GBCAs based contrast
medium are rarely reported. Regarding GBCA-induced

Figure 2. The serial chest radiographs: (A) breathlessness onset on day 1; (B) under bilevel positive airway pressure ventilation on day 3;

(C) discharge on day 6.

2 © 2019 The Authors. Respirology Case Reports published by John Wiley & Sons Australia, Ltd

on behalf of The Asian Pacific Society of Respirology



Y. Lee et al.

hypersensitivity reactions, Galera et al. reported that
GBCAs of hyperosmolarity in nature may be IgE-mediated
rather than non-specific histamine release comparing to
iodinated contrast media [6]. A recent meta-analysis
reported immediate allergic reactions in nine studies with
a total of 716,978 administrations of GBCA, the overall
rates of GBCA allergic-like adverse events were 9.2 per
10,000 administrations [2].

ARDS is a sequence of an alveolar injury producing dif-
fuse alveolar damage causing release of pro-inflammatory
cytokines, which damage the capillary endothelium and
alveolar epithelium. With a variety of aetiologies and its
acute course of lung injury, successfully identifying and
managing ARDS is critical to reduce the high mortality
rate [7]. To our best knowledge, only two cases of
gadolinium-induced ARDS were reported [3,4]. The two
previous cases were female patients without comorbidities
or allergy history [3,4], which is consistent with our
patient. Park et al. [3] reported a patient who developed
anaphylactic shock, angioedema of the lips, and pulmonary
oedema 50 min after the injection of gadobutrol. Another
case was a patient who also developed swelling of lips and
uvula and pulmonary oedema 30 min after MRI-contrast
administration for a submandibular mass. Due to evident
allergic reactions, both cases were immediately managed
with intramuscular injection of epinephrine and intrave-
nous dexamethasone under a diagnosis of severe allergic
reaction or anaphylaxis. Herein, we present a patient who
developed mild ARDS according to Berlin definition [8]
and was successfully treated with BiPAP ventilation and
intravenous methylprednisolone. Unlike the previous cases,
our patient developed dyspnoea and central cyanosis at
90 min after gadolinium injection without signs of anaphy-
lactic reactions such as skin rash, angioedema, or hypoten-
sion. Cardiogenic pulmonary oedema was excluded in this
patient because of the normal results of BNP level and
echocardiography. Therefore, we hypothesized that the
cause of ARDS after the administration of gadobutrol in
our case is more like idiosyncratic reaction. Following
methylprednisolone administration and BiPAP ventilation,
the patient recovered soon as previously described cases.
For medical professionals in clinical practice, we believe
that awareness should be raised for patients with immedi-
ate respiratory distress without any evident skin reactions
or angioedema after the administration of gadolinium-base
contrast media.

According to a recent retrospective study by McDonald
et al., several risk factors are identified for adverse reac-
tions from gadolinium-based contrast agent including
women, 21-50 years of age, outpatient settings, abdomen
and/or pelvis MRI imaging, and MRI contrast gadobutrol
or gadobenate dimeglumine [9]. Murphy et al. and Hunt
et al. reported that patients who have a prior history of

ARDS after gadolinium contrast

adverse reactions to iodinated contrast media have a
higher frequency of occurrence of adverse reactions to
gadolinium contrast [10,11]; however, this has not been
addressed as a predictive variable in the model proposed
by McDonald et al. [9]. In addition, the mechanism under
the interaction between iodinated contrast media and
gadolinium-based contrast is not well-established. The
reason may be the rarity of the adverse reactions in
patients who had undergone both imaging examinations.
Nevertheless, we strongly recommend that patients with
allergic-like or physiological reactions from gadolinium-
based contrast should avoid both gadolinium-based
contrast media and iodinated contrast media. Primary
prevention such as giving patients alert card or skin test-
ing are also suggested [12].

In conclusion, severe complications related to gadolinium-
based contrast are sparse in healthy population without renal
impairment for its high-safety profile. However, it is crucial
to document severe allergic reaction or idiosyncratic reaction
such as ARDS and provide these patients with appropriate
treatment and prevention methods.

Disclosure Statement

Appropriate written informed consent was obtained for
publication of this case report and accompanying images.
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GADOLINIUM-INDUCED CARDIOPULMONARY ARREST IN A 57-YEAR-OLD FEMALE
CHINAZOR IWUABA ROSTISLAV GORBATOV AND LAUREN BLACKWELL

INTRODUCTION: Magnetic resonance contrast agents are used to better characterize disease processes during Magnetic
Resonance Imaging (MRI). Gadolinium based contrast agents (GBCA) are widely used due to their safety profile. The incidence of
adverse events after receiving GBCAs is less than 2%, most being mild and transient [1,2]. Here, we see a patient who developed
cardiopulmonary arrest after GBCA administration.

CASE PRESENTATION: A 57 year old female with a past medical history of asthma, hypertension, diabetes, hyperlipidemia and
mild COVID19 infection, presented to outpatient brain MRI for evaluation of new hearing loss. After receiving Gadobutrol, she
developed shortness of breath, abdominal pain, and emesis. In the emergency department, the patient was hypothermic,
tachypneic, and hypoxic; no urticaria or rash noted. She was placed on non-invasive ventilation and treated for presumed
anaphylaxis, but remained hypoxic and in respiratory distress. Subsequent intubation (without angioedema visualized) was
complicated by cardiac arrest, requiring six minutes of cardiopulmonary resuscitation. Initial imaging was significant for CT chest
showing diffuse ground glass and consolidative opacities and normal CT head. Despite standard care treatment, the patient's
neurological exam worsened, one week into her admission she was observed to have minimal brainstem reflexes, with head CT
showing findings of anoxic brain injury, cerebral edema and possible uncal herniation. She worsened clinically and expired
thirteen days after admission. Autopsy performed showed clinicopathological correlation attributing anoxic brain injury
secondary to anaphylaxis.

DISCUSSION: Gadobutrol is approved for multiple indications in most ages. It was introduced in 1998, its safety profile has been
studied in patients worldwide. The incidence of adverse events of GBCA has been reported to be 0.32-3.8%, commonly nausea,
vomiting, urticaria and dizziness. Risk factors include patients' history of respiratory allergic disease, asthma, COPD, or prior
history of reactions to iodinated contrast media [1,2]. The incidence of serious adverse drug reactions (ADR) involving the
cardiopulmonary system is reported to be <0.1%; from 1998-2012 there were 614 cases of ADR of which 7.2% were fatal [3]. Our
case presentation shows a severe ADR to gadolinium contrast for MRI. Though the patient's pre-existing history of asthma put
her at slightly higher risk, proven safety of gadolinium contrast significantly weighs towards continued use of contrast enhanced
MRI. Nevertheless, awareness and timely response to possible contrast-induced ADR is important for all clinicians.

CONCLUSIONS: GBCA are widely used agents with good safety profiles. Although severe adverse events are rare, it's important
for physicians to have a high index of suspicion and use caution in patients that are identified with risk factors for adverse
reactions to these agents.
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Anamnese, klinischer Befund
und Diagnostik

Bei einer 20-jihrigen Patientin ohne be-
kannte Allergien oder Vorerkrankungen
und mil normalem Kirpergewicht wur-
de eine ambulante Kernspintomographie
(MET) mit Kontrastmittel Gadobutrol
(0.1mi'kg Kirpergewicht, Gadovist®)
wur Abklirung einer persistierenden
Gonalgie des linken Knies durchgefiihrt.
Im Vorfeld war cine Patelladysplasic
bekannt. [as einvige Davermedikament
war cine kombinierte orale hormonelle
Kontrazeption. Hisher wurde der Pa-
tientin keine Art von Kontrastmitiel
verabreicht.

Die Patientin wurde etwa eine hal-
be Stunde nach der intraventsen Gabe
von Cadolinium plotelich hypoton, kal-
laptisch und zunehmend desorientiert.
In der mdiologischen Proxs erhielt sie
umgehend Prednisolon und Clemastin
(H1-Rereptor- Antagonist)  intravends,
mit pur geringer Besserung der Sympto.
me. Darsuthin wurde die Patientin in
unsere Notaufnahme gebracht.

Hier reigte sich eine hypotone (IR
g8/58mmHg) und leicht tachykarde
(HF 99/min), dyspnoische Patientin. Hei
schwerer Dyspnoe (Sp(; 50%, Atem-
frequenz. 36/min) ohne O zeigle eine
arterielle  Bluigasanalyse ecine schwe.
re partielle Aleminsuffiziens mit phy
40mm Hg, pCO: 30mmHg und 50,
73% bei einem pH von 7,39 und ciner
Temperatur von 37,1 *C. Weilerhin zeig-
te sich eine Hypokalitimie (2,7 mval/l)

Kiinkk fiir Allgemeine Innere Medizin, Kardioiogle und intensivmedizin, Mathilden Hospital, Herford,

Deutschiand

Akutes Atemnotsyndrom nach
Gadoliniumanwendung

bei-ansonsten unautfallipen Leber- und
Nierenwerlen sowie normalem Blutbild
und normwertigem CRP Bei einem
Horowitz-Index von 190 bestand ein
moderates ARDS {Akutes Atemnoisyn-
drom oder Acute respiratory distress
syndrom).

Die Patientin erhielt itber eine Sau-
erstofimaske zundchst 12V min O: und
wurde auf unsere Intensivsiation aufpe-
nommen. Dort zeigten sich radiologisch
bipulmeonale infiltrative Zeichnungsver-
mehrungen, passend zu cinem ARDS
(@Abb. 7). Unter Sauerstoffzufubr, pa-
renteraler kristalloider Infusionstherapie
und Prednisolon konnten die Vitalwer-
te im Verlauf stabilisiert werden. Wenige

414 | Modizinische Kiinik - Intensivmedizin und Notfallmedizin 5 - 2020

Stunden nach Aufnahme produrierte die
Patientin rosafarbenen, schawmigen Ans-
wurf und zeigte sich erneut zunehmend
dyspnoisch. Fine erneute Rontgenkon-
trofle zeigte ein unverindertes Bild Es
erfolpte die Gabe von 40mg Ferosemid
intravends und die Saperstoffufuhr wur-
de auf 15Vmin erhdht. Darunter konnle
eine Stabilisierung der Vitalwerte erreicht
werden.

Um eine kardiale Genese auszuschlie-
Benerfolgte eine transthorakale Echokar-
EVEF mit 60 % bei normaler Funktion al-
ler 4 Klappen und ohne Hinweisauf eine
akute Rechisherzbelastung.

Abb. 1 « Ront-

Thiorax m Liegen
bt Ausfnahime. (Mt
freundiichar Ge-
nehmigung © Prof
L Wiskirchen, K-
nik filr Radiologie,
Franziskus Hospital,



Wie lautet Ihre Diagnose?

») Diagnose: Akutes
Atemnotsyndrom (ARDS) nach
Gadoliniumgabe

Therapie, Verlauf und
Hintergrundinformationen

Unter Fortfithrung der medikamentosen
Therapie besserte sich der Allpemeinzu-
stand langsam, sodass die Patientin am
dritten Tag von der Intensivstation auf
die Normalstation verlegt werden konnte.
Weitere Laborkontrollen zeigten im Ver-
lanfeine deutliche Leukozytose (maximal
18,0 Tsd./pl) sowie einen miBigen CRP-
Anstieg (maximal 65.5mg/l). Erginzend
erfolpte die Bestimmung von Prokalzi-
tonin. Dieses zeigle sich mit 6.0 ng/mi
deutlich erhiht. Bei klinischer und ra-
diologischer Besserung der Lufinol so-
wie klinischfrhlenden Zeichen einer Sep-
sis wurde auf eine antibiolische Therapie
verzichtet. Die Entriindungswerte zeig-
ten sich selbststandig rickliufig, sodass

Abb. 2 & Rénigenuntersuchung Thorax im Liegen an Tag 3. (Mit freund-
licher Ganahmigung © Prod. ). Wiskirchen, Kiinik flr Radiologle, Franziskus
Hospital, Bialefold)

einer immunologisch vermittelten Reak-
tion ausgehen. Die Rontgenkontrolle des
Thorax am dritlen Tag (@ Abb. 2) zeigte
eine deutliche Befundbesserung und am
siebten Tag (0 Abb. 3) eine vollstandige
Rickbildung der Verinderungen, sodass
die Patientin beschwerdefrei in die ambu-
lante Weiterversorgung entlassen werden
konnte.

In der Literatur konnten wir vier wei-
tere-dhnliche Falie mit einem ARDS nach
Gadoliniumgabe finden [2, 3, 5] Ob-
wohl eing Rethe von Nebenwirkungen.
einschlieBlich nephrogener systemischer
Fibrose, bekannt ist. sind schwere allergi-
sche Reaktionen mit Entwicklung eines
ARDS sehr selten.

Lwischen 2004 und 2009 wurden in
den USA insgesamt 40 Todesfalle im Zu-
sammenhang mit auf Gadolinium basie-
renden Wirkstotfen gemeldet, von denen
die meisten anaphylaktischer Genese wa-
ren [1].

Indemvorliegenden Fall fehlen klassi-
sche Xeichen einer allergischen Reaktion
vom Typ | wie Juckreir, Cuaddeln oder

Hospital, Blelefeld)
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Flushund die Latenzzeit von eiwa 30 min
spricht ebenfalls pegen eine IgE-vermit-
telte Allerpie. Eine [gG-vermittelte Typ-
II- odder Typ-ITI-Reaktion ist prinzipiell
miglich, insbesondere im Hinblick auf
die Entwicklung der Lenknaytose, die je-
doch anch kertisonindiesdert sein konn-
te, und das erhohte Prokalritomin. Auf
eine Bestimmung der Immunglobuline
und von Komplementfaktoren wurde je-
doch bewusst bei fehlender rascher Ver-
fizgharkeit sowie fehlenden therapeuti-
schen Konsequenzen verzichlet. Hin me-
dikamentenindurdertes ARDS wie zum
Beispiel nach Salicylsaure, trizyklischen
Antidepressiva und Bleomycin ist fidr Ga-
dolinium bisher nicht hekannt

Ein ARDS wird hiuofiper dorch ei-
pe Sepsis, Aspiration, Lungenembolie,
massive Bhattransfusion, Inhalationsver-
letzangen oder eine akute Pankreatitis
ansgelost als infolge einer Allergie.

In diesem Zusammenhang ist za be-
achten, dass als schwerwiegend einge-
stufie Falle (FOu/pOy< 100) eine sehe
hohe Mortalitht aufweisen. Der in die-
sem Zusammenhang einzige Fallbericht

Abb. 3 & Rontgenuntersuchung Thorax im Stehen an Tag 7. (Mt frevund-
lcher Genahmigung © Prof. | Wiskirchan, Kiinik fiir Radiologie, Franaisioos



von J.-H. Kim im fahr 2012 konnte mit-
hilfe einer ECMO mil einem positiven
Ergebnis behandelt werden [4].

Weitere Untersuchungen zu miedilea-
mentenindurierten  bradykininvermit-
telten Angiobdemen konnten zeigen,
dass eine feste strukiurierie Strategie
hilfreich in der Behandlung von ana-
phylaktischen Reaktionen ist [8].

Fazit fiir die Praxis

= Die Entwickiung eines ARDS Ist elne
seltene Komplikation nach Gadolini-
umgabe, mit jedoch lebensbedrohii-
chen Folgen.

== Bel fehlender Besserung nach antial-
lergischer Theraple sind bel schwerer
Dyspnoe elne rasche Diagnostik
und intensivmedizinische Batreuung
notwendig.
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Acute Respitatoty Distress Syndrome after the Use
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Acule respiratony distess syndrome (ARDS) is 3 medical emergency thal threatens
lifis. Ta this day, ARDS is very rarely repoted by iodine conirast nsedia. and theie is
no repurisd case of ARDS mduced by gadobmiom contrast rosdie, Hers, we present
& case with ARDS after the wse of gadobuiral (Gedovist) 55 » megaetic resonsnce
irnaging (MRI} contrast madinm. A 26 years old female withour any medical histo
v, including elicogc disegsey and without cueni wee of druge, vistisd the emengen-
cy Toon for abdoming] pain. Her abdommopebvic computed tomographry with 1o
dine conlrast mediy showed 3 right ovarian oyst and possible infective colitis,
Eighty-tiwee hours latzr, she undorwen pelvis MBI afier méccoon of 7.3 ml (0.1
mL%g body weight) of gadobuirol (Cadovist) 1o evaloate the ovarisn cyst. Shie soon
pregenped respiramry difficuly, sdemn of the lipe, nauses, gpd vomiting, and vie
could heur wheezing upon suscultation, She was treated with dexsmethasane, epi
nephring, and norepinephrine. Her chest X-my showed bilatemnl central bai-wing
congalidative appenmnce. Managed with mechanical ventilation, she was extuboted
4 days later and discharged without complicanons.

Koy Worda: Gadofingum, gadoboiol, scute respimdory distress synidrome

INTRODECTION

Gndolinium based contrast media have been used sincs 25 wears ago because of
thedr sefety ond low rues of side effects. Gadobutrol is & second-generation extin-
cellular non-ivmic maroeyelic gadalinium bosed cantoast agents with high thamo-
stabllity. Its gadolmiom lon concentration is twice as high as other gadolmmm
agenin. effectively resulting in high-guatity images with low amount”

Adverse reactions due to mdologie contrast naedia sre not rare, but thase acoam
panied with acute resplratory distress synleame (ARDE) by contrast medla are ex
wemely rare, Tu vur best knuwledge, only two cases of noncardiogenic pulmonary
edema lnduced by ionic computed tomagesphy (CT) contrast media, such as disri
zoate and lothalamotemegiomine, have 5o B been reported ™ Also, no cose of
ARDS mduced by magnetic resonance imaging (MR gidolmiem contrast media
hns been reparted vet, Hlere, we present a young waman wiro developed ARDS af
ler (he yge of gudobutrol,

VOLUMESE MumMBER 4 JuLy 2015 1155
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CASE REPORT

A 26 years old fernale without allergic disesises or history of
taking medical image studies by using contrast pisdia wisit

ed the smergéncy room for abdomingl pain, Fer shdorming-
pelvic CT with contrast media showed a mght ovarian cyst
andl possible infective colitis. Fer chest X -ray and blood tests
en the day of admission &d not show anihong significant,
To evaluate the ovarian cyet. she underwent pefvis MRI af

ter injection 0f 7.5 mL (0.1 mLkg body weight) of gadobu-
ol (Gadovist, Bayer Ing... Toromto, Canada) 8% hois afier
the CT examination. Fifty minuies atter the Injection of gado

butrol, she presented respiratony diffiouliy, edeme of tbe lips,
nayees; vomiting, and wheezing upon anscaliztion. Her biood
pressure {E24/75 mm 1g) snd body temperanme (37.2%C)
wire normal. buldhe had wdycandis (pulie e 109/ nmy
ute) and tachypriea (respiratory rate 33imimure), Under the
impression of anaphylaxis, she was given 0.5 my of epl-
nephrone 1: 100G miramusculacky and 5 mg-of dexametha:

some twice iniravenously. While applying 15 Lienin of oy

gen vin mask, arterlal blood gas smalyeis showed poy, of
50.8 mim Hg and PeQ,Fil0, ratio of 63,3, and the chest X-ruy
showed bitateral central bat-wing congolidation (Fig, 1A).
She rupidly developed acute respitulory filure thal meuined
mechamieal vennlxion (Fig LB, Three hours adfter the wjec

tica. she had hypotension (bleod peessose 553% mm i)
anvel nchyesadia (pulse rate 1124w}, Blood pressure did not
recover after adwinisiration of 2 L of crystalloid and norepi

nepliine 10 meg per minuie), Six bows aller the infision,
ABRLYS was improved on the X my, snd tmnsthoracic echo

cardiogram showed pood left ventricular conractility with
felt ventricular gjection fmetiom of 80%. The mtio of mitl
peak velociry of earky filling 1o esrly dinstolic mitral annular
veluclty was 9. Norepinephiing was siopped 16 hours after

1184 YONSEL MED J

mivbanon, snd the pafient was cxiubated 3 days bafer and
dischasged withou complications (Fig. 1C). She was diag

DISCTISSION

A revent siudy shows that gadobumdl is highty safe, with
(.35% of acverse drog reaction and locs then (01% of sed
phylaxis? Besides minor adverse effects such as frefing of
warmih and e altersfion. MRI tontoss could arely in
duee nephrogenie systerme fibmosia® However, we cotld not
find direct sssocistion berween MREI contrasts snd the hmg
adverse reactions, ond this case kas o mesndngful value ae
ihe firtt reported case of ARDS afler the use of gadobutml
Drog induced ARDS is 2 progressive clinical condinon
when 2 drug causes ulveglar degradation and flooding with
proteinerich murenal and cellulor debns with subsequent in-
craases in pulmongry vasoular ressfance A comples sy
of endathelial fnjury, epithelial injury, rewirephil-medised
damags, cytokine-medinted inflammation and injury, o
dant-mediated injury, ventiintor-induced lung injury, and
dysregulution of congulation and fibrinotytic pathways o
all implicated m the development®

Risk of ndverse repctions by MR conirost media have
been reparted to be lovwer than those of CT conimst media,
and cross-teactivity between MR and CT' contrast media has
ot yet been reported. Therefore, MB contiast study has
been Tecogrized as the s2it altematve for iedide conirast
media allongy panents.” However, our parent did not show
edverse regolion fo CT contrust agenl, suggesting the posgi-
biliry of using CT contras: media sz & safe alemative for MR
cuntrast allergy patients.

Fig. 1. Chast ¥ ray features ol the patiuet (&) whun the symatias présanied, (8) mmedatgh: ofer imubetion, (T hebare dscharge from the imand oo jink

VoLume 56 NuMBER A JuLy 2015



AFDE by Gadalingoay Contrast Media

Wi diagnosed aur patient with ARDS. She showed some
clinicel symptoms of anaphylaxis such as dyspnea and
wheezing, but these can be explained by ARDS. Hee clindeal
memifestations were not compatible to snaphylaos: she de
yeloped the symptanie 50 mimites afier te injection of gado-
hutrol, and e bleod pressure was nommal at the carhy phase
of the event and then dropped 3 hours afier the adminisza
tion, Most cases of anaphylaxis afier the use of comrast me-
dia oocur within 15 minetes, and a smdy o gadobustol
states that B2 4% of the side effects oocir within 5 mimites
after the injection and 95.7%% in 10 minutes? The hypoten-
sion episode was niot correited despite epimephrine and mas-
sivie administration of crystallaid fluid. The clinical feature
ol this patient was quite stmilar fo the grevicusly repuried
anaphylacroid pulmonsry edema-induced by jonic iodide
contragt mediz ** Invsdereral skin teof dnd the messirensent
of serum (rypiade 2l the time of the episode mighi have
hefped the diffarentistion of the diagrosis, but they were not
dane. Some invesligators sugpest (he usefulness of 110 di-
Dteef iniradermal skin ted for IeE medisied gadolmmum con
trast media allergy,? but IgE mediated mechanism may not
beerifical for (he development of ARINS. Furtheomore, posi-
tive-and negative predictive vulues of skin test for the ding
nosis of IgE mediated gadalinum allergic diseases nre pel
urknawn,

Beaides gadobutrod, the MBI conrmst media which our
patient used, there gre other gadoliniim-based contrage me.
dig such as gadoteric acid, gadobenale, md gadodizmide
Controversy exists whether the allevgic reactions of gado
linjum conivagt media ape structure dependent. Several in-
vestigators have mported higher rate of eilexgic reaction by
gadomenats dimegluming than other MR contras media,"
suggearing the presence of gpecificities of gadolinium von-
st mdia for provoking adverse reactions.

Recenily, increasad need for health check ups led 1o in-
creased wie of MBI with coniragt media as well. Doctors
and other proctitioness should abways keep in mind the risk
of ARDS after the use of gadolinium contrast media and

Yomsea MED J

conzider the possibiliny of veing CT conizast media as # safe
ehermative,
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I SPECIAL COMMUNICATION

ONLINE FIRST

Acute Respiratory Distress Syndrome

The Berlin Definition

The ARDS Definition Task Force*

ALID AND RELIABLE DEFINI-

tions are essential to con-

duct epidemiological stud-

ies successfully and to
facilitate enrollment of a consistent pa-
tient phenotype into clinical trials.* Cli-
nicians also need such definitions to
implement the results of clinical trials,
discuss prognosis with families, and
plan resource allocation.

Following the initial description of
acute respiratory distress syndrome
(ARDS) by Ashbaugh et al* in 1967,
multiple definitions were proposed and
used until the 1994 publication of the
American-European Consensus Con-
ference (AECC) definition.> The AECC
defined ARDS as the acute onset of hy-
poxemia (arterial partial pressure of
oxygen to fraction of inspired oxygen
[Pa0y/F10,] =200 mm Hg) with bilat-
eral infiltrates on frontal chest radio-
graph, with no evidence of left atrial hy-
pertension. A new overarching entity—
acute lung injury (ALI)—was also
described, using similar criteria but with
less severe hypoxemia (Pa0,/F10,=300
mm Hg).?

The AECC definition was widely
adopted by clinical researchers and
clinicians and has advanced the
knowledge of ARDS by allowing the
acquisition of clinical and epidemio-
logical data, which in turn have led to
improvements in the ability to care
for patients with ARDS. However,
after 18 years of applied research, a
number of issues regarding various
criteria of the AECC definition have
emerged, including a lack of explicit

For editorial comment see p 2542.

2526 JAMA, June 20, 2012—Vol 307, No. 23

The acute respiratory distress syndrome (ARDS) was defined in 1994 by the
American-European Consensus Conference (AECC); since then, issues regard-
ing the reliability and validity of this definition have emerged. Using a con-
sensus process, a panel of experts convened in 2011 (an initiative of the Eu-
ropean Society of Intensive Care Medicine endorsed by the American Thoracic
Society and the Society of Critical Care Medicine) developed the Berlin Defi-
nition, focusing on feasibility, reliability, validity, and objective evaluation of
its performance. A draft definition proposed 3 mutually exclusive categories
of ARDS based on degree of hypoxemia: mild (200 mm Hg <Pao,/Fio, =300
mm Hg), moderate (100 mm Hg < Pao,/Fi0,=200 mm Hg), and severe (Pao,/
Fio,=100 mm Hg) and 4 ancillary variables for severe ARDS: radiographic se-
verity, respiratory system compliance (=40 mL/cm H,0O), positive end-
expiratory pressure (=10 cm H,O), and corrected expired volume per minute
(=10 L/min). The draft Berlin Definition was empirically evaluated using patient-
level meta-analysis of 4188 patients with ARDS from 4 multicenter clinical data
sets and 269 patients with ARDS from 3 single-center data sets containing physi-
ologic information. The 4 ancillary variables did not contribute to the predic-
tive validity of severe ARDS for mortality and were removed from the defini-
tion. Using the Berlin Definition, stages of mild, moderate, and severe ARDS
were associated with increased mortality (27 %; 95% Cl, 24%-30%; 32%; 95%
Cl, 29%-34%; and 45%; 95% Cl, 42%-48%, respectively; P<.001) and in-
creased median duration of mechanical ventilation in survivors (5 days; inter-
quartile [IQR], 2-11; 7 days; IQR, 4-14; and 9 days; IQR, 5-17, respectively;
P <.001). Compared with the AECC definition, the final Berlin Definition had
better predictive validity for mortality, with an area under the receiver operat-
ing curve of 0.577 (95% Cl, 0.561-0.593) vs 0.536 (95% Cl, 0.520-0.553;
P <.001). This updated and revised Berlin Definition for ARDS addresses a num-
ber of the limitations of the AECC definition. The approach of combining con-
sensus discussions with empirical evaluation may serve as a model to create
more accurate, evidence-based, critical illness syndrome definitions and to bet-
ter inform clinical care, research, and health services planning.

JAMA. 2012;307(23):2526-2533

Published online May 21, 2012. doi:10.1001/jama.2012.5669 www.jama.com

criteria for defining acute, sensitivity
of Pa0,/F10, to different ventilator set-
tings, poor reliability of the chest
radiograph criterion, and difficulties
distinguishing hydrostatic edema
(TABLE 1).*

*Authors/Writing Committee and the Members of the
ARDS Definition Task Force are listed at the end of
this article.

Corresponding Author: Gordon D. Rubenfeld, MD,
MSc, Program in Trauma, Emergency, and Critical Care,
Sunnybrook Health Sciences Center, 2075 Bayview
Ave, Toronto, ON M4N 3M5, Canada (gordon
.rubenfeld@sunnybrook.ca).

©2012 American Medical Association. All rights reserved.



For these reasons, and because all
disease definitions should be re-
viewed periodically, the European So-
ciety of Intensive Care Medicine con-
vened an international expert panel to
revise the ARDS definition, with en-
dorsement from the American Tho-
racic Society and the Society of Criti-
cal Care Medicine. The objectives were
to update the definition using new data
(epidemiological, physiological, and
clinical trials) to address the current
limitations of the AECC definition and
explore other defining variables.

Methods

Consensus Process. Three co-chairs
were appointed by the European Soci-
ety of Intensive Care Medicine, who in
turn selected panelists based on their
work in the area of ARDS and to ensure
geographic representation from both Eu-
rope and North America. An overview
of the consensus process used by the
panel is outlined in the FIGURE. In re-
vising the definition of ARDS, the panel
emphasized feasibility, reliability, face
validity (ie, how clinicians recognize
ARDS), and predictive validity (ie, abil-
ity to predict response to therapy, out-
comes, or both). In addition, the panel
determined that any revision of the defi-
nition should be compatible with the
AECC definition to facilitate interpre-
tation of previous studies. After initial
preparations and an in-person consen-
sus discussion, a draft definition was
proposed,” which underwent empiri-
cal evaluation. The definition was fur-
ther refined through consensus discus-
sion informed by these empirical data.
Empirical Evaluation of Draft
Definition.
Cohort Assembly. Through the review
of the literature presented at the con-
sensus meeting, discussions with other
experts, and review of personal files, the
panel identified studies that met the fol-
lowing eligibility criteria: (1) large, mul-
ticenter prospective cohorts, includ-
ing consecutive patients or randomized
trials, or smaller, single-center prospec-
tive studies with unique radiological or
physiological data that enrolled adult
patients with ALI as defined by AECC;

THE BERLIN DEFINITION OF ACUTE RESPIRATORY DISTRESS SYNDROME
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Table 1. The AECC Definition*—Limitations and Methods to Address These in the Berlin Definition

Addressed in

AECC Definition AECC Limitations Berlin Definition
Timing Acute onset No definition of acute* Acute time frame
specified
ALl category All patients with Pao,/ Misinterpreted as 3 Mutually exclusive
Fi0, <300 mm Hg Pao,/Fio, = 201-300, subgroups of
leading to confusing ARDS by severity
ALI/ARDS term ALl term removed
Oxygenation Pao,/Fio, =300 Inconsistency of Pao,/ Minimal PEEP level

mm Hg (regard-

Flo, ratio due to the

added across

less of PEEP) effect of PEEP and/or subgroups
FIo,57 Fio, effect less
relevant in severe
ARDS group
Chest radiograph Bilateral infiltrates ob- Poor interobserver Chest radiograph

served on frontal

reliability of chest

criteria clarified

chest radiograph radiograph Example radiographs
interpretation®® created?
PAWP PAWP =18 mm Hg High PAWP and ARDS PAWP requirement
when measured or may coexist!®! removed
no clinical evi- Poor interobserver Hydrostatic edema
dence of left atrial reliability of PAWP and not the primary
hypertension clinical assesments of cause of
left atrial respiratory failure
hypertension' Clinical vignettes
created? to help
exclude
hydrostatic edema
Risk factor None Not formally included in Included
definition* When none

identified, need to
objectively rule out
hydrostatic edema

Abbreviations: AECC, American-European Consensus Conference; ALI, acute lung injury; ARDS, acute respiratory dis-
tress syndrome; FIO,, fraction of inspired oxygen; Pao,, arterial partial pressure of oxygen; PAWP, pulmonary artery

wedge pressure; PEEP, positive end-expiratory pressure.

2Available on request.

(2) studies collected granular data nec-
essary to apply the individual criteria
of both the draft Berlin Definition and
the AECC definition; and (3) authors
of these original studies were willing to
share data and collaborate. The panel
identified 7 distinct data sets (4 mul-
ticenter clinical studies for the clinical
database'*'" and 3 single-center physi-
ological studies for the physiological da-
tabase'®2°) that met these criteria. Fur-
ther details of these studies are included
in the eMethods (http://www.jama
.com).

Variables. Studies provided data on
hospital or 90-day mortality. Ventilator-
free days at 28 days after the diagnosis
of ALI were calculated as a composite
measure of mortality and duration
of mechanical ventilation. Duration of
mechanical ventilation in survivors was
selected as an indirect marker of sever-
ity of lung injury because this outcome
is not biased by mortality or decisions

©2012 American Medical Association. All rights reserved.

related to the withdrawal of life-
sustaining treatments.?' Progression of se-
verity of ARDS within 7 days was as-
sessed using the longitudinal data
collected within each cohort. We distin-
guished patients with more extensive in-
volvement on the frontal chest radio-
graph (3 or 4 quadrants) from those with
the minimal criterion of “bilateral opaci-
ties” (2 quadrants).

Static compliance of the respiratory
system (Cgs) was calculated as tidal vol-
ume (mL) divided by plateau pressure
(cm H,0) minus positive end-
expiratory pressure (PEEP) (cm H,0).
The corrected expired volume per min-
ute (VEcorr) Was calculated as the mea-
sured minute ventilation multiplied by
the arterial partial pressure of carbon
dioxide (Paco,) divided by 40 mm Hg.*
Total lung weight was estimated from
quantitative computed tomography
(CT) images.*® Shunt was calculated at
one site as previously reported.*
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Figure. Outline of Consensus Process

Premeeting preparations
(May to September 2011)

Selection of panelists by chairs
Precirculation of key topics for discussion

Preparation of background material by
panelists

In-person discussions
(September 30 to October 2, 2011, Berlin,
Germany)

Presentations of key background material

Development of the conceptual model of
ARDS

Draft of Berlin Definition based on informal
consensus discussions

Empirical evaluation of draft definition
(October 2011 to January 2012)

Assembling clinical and physiologic cohorts

Demonstration of patient characteristics
and distribution according to definition
categories

Evaluation of impact of ancillary variables
for severe ARDS subgroup

Follow-up of consensus discussions and
analysis
(February 2012 by multiple teleconferences)

Presentation of empirical evaluation

Final definition created based on further
informal consensus discussions

Decision to present the results of a
post hoc higher-risk subset

Testing of predictive validity

ARDS indicates acute respiratory distress syndrome.

Analytic Framework and Statistical
Methods. The analytic framework for
evaluating the draft Berlin ARDS Defi-
nition was to (1) determine the distri-
bution of patient characteristics across
the defined severity categories; (2)
evaluate the value of proposed ancil-
lary variables (more severe radio-
graphic criterion, higher PEEP levels,
static respiratory compliance, and
VEcore) in defining the severe ARDS
subgroup in the draft definition; (3) de-
termine the predictive validity for mor-
tality of the final Berlin Definition; and
(4) compare the final Berlin Defini-

2528 JAMA, June 20, 2012—Vol 307, No. 23

tion to the AECC definition. In addi-
tion, in a post hoc analysis, we sought
thresholds for Cgs and VEcorg that
would identify a severe group of pa-
tients with ARDS who had more than
50% mortality and include more than
10% of the study population.

We did not evaluate other Pa0o,/F10,
cutoffs or the requirement of a mini-
mum PEEP level (5 cm H,0) as they
were selected by the panel using face
validity criteria and to ensure compat-
ibility with prior definitions. Simi-
larly, we did not explore other vari-
ables that might improve predictive
validity, such as age and severity of non-
pulmonary organ failure, because they
were not specific to the definition of
ARDS.»

To compare the predictive validity of
the AECC definition and the Berlin
Definition, we used the area under the
receiver operating curve (AUROC or C
statistic) in logistic regression models
of mortality with a dummy variable for
the ARDS definition categories.”® Be-
cause this technique requires indepen-
dent categories to create the dummy
variable and the AECC definition for
ARDS is a subset of ALI, we could not
compare the AECC definition as speci-
fied. Therefore, we modified the AECC
definition and divided ALI into the in-
dependent categories of ALI non-
ARDS (200 mm Hg < Pa0,/F10,=300
mm Hg) and ARDS alone (Pao,/
F10,=200 mm Hg). Although the cat-
egory of ALI non-ARDS is not explic-
itly described by the AECC, it has been
used by many investigators.?’*

P values for categorical variables were
calculated with the x? test; P values for
continuous variables were estimated
with the t test, Mann-Whitney, analy-
sis of variance, or Kruskal-Wallis, de-
pending on the distribution and num-
ber of variables. The receiver operating
curve statistical analyses were per-
formed by using MedCalc for Win-
dows version 12.1.4.0 (MedCalc Soft-
ware) and other statistical tests were
performed with SAS/STAT for Win-
dows version 9.2 (SAS Institute Inc).
Statistical significance was assessed at
the 2-sided P<<.05 level.

Results

Draft Consensus Definition.

The ARDS Conceptual Model. The panel
agreed that ARDS is a type of acute dif-
fuse, inflammatory lung injury, lead-
ing to increased pulmonary vascular
permeability, increased lung weight, and
loss of aerated lung tissue. The clini-
cal hallmarks are hypoxemia and bilat-
eral radiographic opacities, associated
with increased venous admixture, in-
creased physiological dead space, and
decreased lung compliance. The mor-
phological hallmark of the acute phase
is diffuse alveolar damage (ie, edema,
inflammation, hyaline membrane, or
hemorrhage).”

Draft Definition Criteria. Following 2
days of consensus discussions, the panel
proposed a draft definition with 3 mu-
tually exclusive severity categories (mild,
moderate, and severe) of ARDS. A set of
ancillary variables was proposed to fur-
ther characterize severe ARDS and these
were explicitly specified for further em-
pirical evaluation.”

Timing. Most patients with ARDS are
identified within 72 hours of recogni-
tion of the underlying risk factor, with
nearly all patients with ARDS identi-
fied within 7 days.>® Accordingly, for a
patient to be defined as having ARDS,
the onset must be within 1 week of a
known clinical insult or new or wors-
ening respiratory symptoms.

Chest Imaging. The panel retained bi-
lateral opacities consistent with pul-
monary edema on the chest radio-
graph as defining criteria for ARDS, but
also explicitly recognized that these
findings could be demonstrated on CT
scan instead of chest radiograph. More
extensive opacities (ie, 3 or 4 quad-
rants on chest radiograph) were pro-
posed as part of the severe ARDS
category and identified for further
evaluation.

Origin of Edema. Given the declin-
ing use of pulmonary artery catheters
and because hydrostatic edema in the
form of cardiac failure or fluid over-
load may coexist with ARDS,'*!! the
pulmonary artery wedge pressure cri-
terion was removed from the defini-

©2012 American Medical Association. All rights reserved.
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Table 2. Exploration of Proposed Variables to Define Severe ARDS?

Mild Moderate Severe
I 1T 1T 1
No. (%) of % Mortality No. (%) of % Mortality No. (%) of % Mortality
Severe ARDS Definition Patients (95% Cl) Patients (95% Cl) Patients (95% ClI)
Consensus panel draft
Pao,/Fio, =100 mm Hg + chest 220 (22) 27 (24-30) 2344 (64) 35 (33-36) 507 (14) 45 (40-49)P
radiograph of 3 or 4 quadrants +
PEEP =10 cm H,0 + (Crs =40 mL/cm
H,O or VEcors =10 L/min)
Consensus panel final
Pao,/Fio, =100 mm Hg 220 (22) 27 (24-30) 1820 (50) 32 (29-34) 1031 (28) 45 (42-48)b.c

Abbreviations: ARDS, acute respiratory distress syndrome; Cgs, compliance of the respiratory system; Fio,, fraction of inspired oxygen; Pao,, arterial partial pressure of oxygen;
PEEP, positive end-expiratory pressure; VEcorg, corrected expired volume per minute.
2The moderate group includes patients with Pao,/Fio,= 200 mm Hg and patients with Pao,/Fi0,=100 mm Hg who do not meet the additional criteria for severe ARDS in the draft
definition. All patients are receiving at least 5 cm H,O PEEP and have bilateral infiltrates on chest radiograph.
bp<.001 comparing mortality across stages of ARDS (mild, moderate, severe) for draft and final definitions.
€pP=.97 comparing mortality in consensus draft severe ARDS to consensus final severe ARDS definitions.

tion. Patients may qualify as having
ARDS as long as they have respiratory
failure not fully explained by cardiac
failure or fluid overload as judged by
the treating physician using all avail-
able data. If no ARDS risk factor (eTable
1) is apparent, some objective evalua-
tion (eg, with echocardiography) is re-
quired to help eliminate the possibil-
ity of hydrostatic edema.

Oxygenation. The term acute lung in-
jury as defined by the AECC was re-
moved, due to the perception that clini-
cians were misusing this term to refer to
a subset of patients with less severe hy-
poxemia rather than its intended use as
an inclusive term for all patients with the
syndrome. Positive end-expiratory pres-
sure can markedly affect Pa0,/F10,%%;
therefore, a minimum level of PEEP (5
cm H,0), which can be delivered non-
invasively in mild ARDS, was included
in the draft definition of ARDS. A mini-
mum PEEP level of 10 cm H,O was pro-
posed and empirically evaluated for the
severe ARDS category.

Additional Physiologic Measurements.
Compliance of the respiratory system
largely reflects the degree of lung vol-
ume loss.” Increased dead space is com-
mon in patients with ARDS and is asso-
ciated with increased mortality.?*
However, because the measurement of
dead space is challenging, the panel chose
minute ventilation standardized at a
Paco, of 40 mm Hg (VEcorr=minute
ventilation X Pac0,/40) as a surro-
gate.”? The draft definition of severe
ARDS included the requirement of either

a low respiratory system compliance
(<40 ml/cm H,0), a high VEcope (>10
L/min), or both. These variables were
identified for further study during the
evaluation phase.

The panel considered a number of
additional measures to improve speci-
ficity and face validity for the in-
creased pulmonary vascular permeabil-
ity and loss of aerated lung tissue that
are the hallmarks of ARDS, including
CT scanning, and inflammatory or ge-
netic markers (eTable 2). The most
common reasons for exclusion of these
measures were lack of routine avail-
ability, lack of safety of the measure in
critically ill patients, or a lack of dem-
onstrated sensitivity, specificity, or both
for use as a defining characteristic for
ARDS.

Empirical Evaluation of the Draft
Definition.

Patients. A total of 4188 patients in the
clinical database had sufficient data to
classify as having ARDS by the AECC
definition. Of these patients, 518 (12%)
could not be classified by the draft Ber-
lin Definition because PEEP was miss-
ing or was less than 5 cm H,O. Pa-
tients who could not be classified by the
draft Berlin Definition had a mortality
rate of 35% (95% CI, 31%-39%), a me-
dian (interquartile range [IQR]) of 19
(1-25) ventilator-free days, and a me-
dian (IQR) duration of mechanical ven-
tilation in survivors of 4 (2-8) days.
These patients were excluded from
analyses of the draft Berlin Definition
and comparisons between the AECC

©2012 American Medical Association. All rights reserved.

definition and the draft Berlin
Definition.

Compared with patients from the
population-based cohorts, patients from
clinical trials and the academic cen-
ters cohorts were younger, had more se-
vere hypoxemia, and had more opaci-
ties on chest radiographs. The cohort
of patients from the clinical trials had
the lowest mortality, likely reflecting the
inclusion and exclusion criteria of the
trials.*! The cohort of patients from aca-
demic centers had the highest mortal-
ity and the lowest percentage of trauma
patients, reflecting the referral popu-
lation (eTable 3).

There were 269 patients in the physi-
ological database with sufficient data to
classify ARDS by the AECC defini-
tion, although the numbers of pa-
tients in each cohort were small. Pa-
tients in the Turin cohort had worse
Pa0,/F10, ratios and had higher mor-
tality than the other studies (eTable 4).

Evaluation of Ancillary Variables. The
draft Berlin Definition for severe ARDS
that included a Pa0,/F10, of 100 mm Hg
or less, chest radiograph with 3 or 4
quadrants with opacities, PEEP of at least
10 cm H,0, and either a Cgs of 40 mL/cm
H,O or less or a VEcorg of at least 10
L/min identified a smaller set of pa-
tients with identical mortality to the sim-
pler severe ARDS category of Pa0,/F10,
of 100 mm Hg or less (TABLE 2). To ad-
dress the possibility that the Cgs and
VEcore thresholds might be different in
patients with higher body weight, we
evaluated weight-adjusted cutoffs for
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these variables in one of the cohorts.
There was no significant difference in the
predictive validity of the weight-
adjusted criteria. The consensus panel re-
viewed these results and considered the
lack of evidence for predictive validity of
these ancillary variables and their po-
tential contribution to face validity and
construct validity and decided to use the
simpler definition for severe ARDS that
relied on oxygenation alone.

The Berlin Definition. The final Ber-
lin Definition of ARDS is shown in
TABLE 3. Twenty-two percent (95% CI,
21%-24%) of patients met criteria for
mild ARDS (which is comparable with
the ALI non-ARDS category of the
AECC definition; TABLE 4), 50% (95%
CI, 48%-51%) of patients met criteria
for moderate ARDS, and 28% (95% CI,

27%-30%) of patients met criteria for
severe ARDS. Mortality increased with
stages of ARDS from mild (27%; 95%
CI, 24%-30%) to moderate (32%; 95%
CI, 29%-34%) to severe (45%; 95% CI,
42%-48%). Median (IQR) ventilator-
free days declined with stages of ARDS
from mild (20 [1-25] days) to moder-
ate (16 [0-23] days) to severe (1 [O-
20] day). Median (IQR) duration of me-
chanical ventilation in survivors
increased with stages of ARDS from
mild (5 [2-11] days) to moderate (7 [4-
14] days) to severe (9 [5-17] days).
Using the Berlin Definition, 29% (95%
CI, 26%-32%) of patients with mild
ARDS at baseline progressed to moder-
ate ARDS and 4% (95% CI, 3%-6%) pro-
gressed to severe ARDS within 7 days;
and 13% (95% CI, 11%-14%) of pa-

]
Table 3. The Berlin Definition of Acute Respiratory Distress Syndrome

Acute Respiratory Distress Syndrome

Timing
symptoms

Within 1 week of a known clinical insult or new or worsening respiratory

Chest imaging?
nodules

Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or

Origin of edema

Respiratory failure not fully explained by cardiac failure or fluid overload
Need objective assessment (eg, echocardiography) to exclude hydrostatic
edema if no risk factor present

tients with moderate ARDS at baseline
progressed to severe ARDS within 7 days.
All differences between outcome vari-
ables across categories of modified AECC
(ALI non-ARDS and ARDS alone) and
across categories of Berlin Definition
(mild, moderate, and severe) were sta-
tistically significant (P<<.001).

Compared with the AECC defini-
tion, the final Berlin Definition had bet-
ter predictive validity for mortality with
an AUROC of 0.577 (95% CI, 0.561-
0.593) vs 0.536 (95% CI, 0.520-
0.553; P<.001), with the difference in
AUROC of 0.041 (95% CI, 0.030-
0.050). To ensure that missing PEEP
data in one of the cohorts did not bias
the results, the regression analysis was
repeated without this cohort and
yielded similar results.

The Berlin Definition performed simi-
larly in the physiological database as in
the clinical database (TABLE 5, eFigure
1, and eFigure 2). Twenty-five percent
(95% CI, 20%-30%) of patients met
criteria for mild ARDS, 59% (95% CI,
54%-66%) of patients met criteria for
moderate ARDS, and 16% (95% CI, 11%-
21%) of patients met criteria for severe

Oxygenation® ARDS. Mortality increased with stages of
Mild 200 mm Hg < Pao./Flo, = 300 mm Hg with PEEP or CPAP =5 cm H,0¢  ARDS from mild (20%; 95% CI, 11%-
Moderate 100 mm Hg < Pao,/Fio, = 200 mm Hg with PEEP =5 cm H,O 31%) to moderate (41%; 95% CI, 33%-
Severe Pao,/FIo, = 100 mm Hg with PEEP =5 cm H,0O 49%) to severe (52%; 95% CI, 36%-

Abbreviations: CPAP, continuous positive airway pressure; FIO,, fraction of inspired oxygen; Pao,, partial pressure of
arterial oxygen; PEEP, positive end-expiratory pressure.

aChest radiograph or computed tomography scan.

Pif altitude is higher than 1000 m, the correction factor should be calculated as follows: [Pa0,/FIO, X (barometric pressure/
760)].

CThis may be delivered noninvasively in the mild acute respiratory distress syndrome group.

68%), with P=.001 for differences in
mortality across stages of ARDS. Me-
dian (IQR) ventilator-free days de-
clined with stages of ARDS from mild

]
Table 4. Predictive Validity of ARDS Definitions in the Clinical Database

Modified AECC Definition?

Berlin Definition ARDS?

[
ALI Non-ARDS

ARDS Mild Moderate Severe
No. (%) [95% CI] of patients 1001 (24) [23-25] 3187 (76) [75-77] 819 (22) [21-24] 1820 (50) [48-51] 1031 (28) [27-30]
Progression in 7 d from mild, 336 (34) [31-37] 234 (29) [26-32] 33 (4) [3-6]
No. (%) [95% Cl]
Progression in 7 d from moderate, 230 (13) [11-14]

No. (%) [95% Cl]
Mortality, No. (%) [95% CI|P
Ventilator-free days, median (IQR)°

Duration of mechanical ventilation in
survivors, median (IQR), d®

Abbreviations: AECC, American-European Consensus Conference; ALI, acute lung injury; ARDS, acute respiratory distress syndrome; FiO,, fraction of inspired oxygen; IQR, inter-
quartile range; Pao,, arterial partial pressure of oxygen; PEEP, positive end-expiratory pressure.

aThe definitions are the following for ALl non-ARDS (200 mm Hg < Pa0,/FIo, =300 mm Hg, regardless of PEEP), ARDS (Pa0,/FI0,= 200 mm Hg, regardless of PEEP), mild Ber-
lin Definition (200 mm Hg < Pao,/Fio,=300 mm Hg with PEEP =5 cm H,0), moderate Berlin Definition (100 mm Hg < Pao,/Fio,=200 mm Hg with PEEP =5 cm H,0), and
severe Berlin Definition (Pao,/FIo,= 100 mm Hg with PEEP =5 cm H,0).

bComparisons of mortality, ventilator-free days, and duration of mechanical ventilation in survivors across categories of modified AECC (ALl non-ARDS and ARDS) and across
categories of Berlin Definition (mild, moderate, and severe) are all statistically significant (P<.001).

263 (26) [23-29]
20 (2-25)
5 (2-10)

1173 (37) [35-38]
12 (0-22)
7 (4-14)

220 (27) [24-30]
20 (1-25)
5 (2-11)

575 (32) [29-34]
16 (0-23)
7 (4-14)

461 (45) [42-48]
1(0-20)
9(5-17)
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]
Table 5. Predictive Validity of ARDS Definitions in the Physiologic Database

Modified AECC Definition?

Berlin Definition ARDS?

[
ALI Non-ARDS

ARDS Mild Moderate Severe
No. (%) [95% CI] of patients 66 (25) [19-30] 203 (75) [70-80] 66 (25) [20-30] 161 (59) [54-66] 42 (16) [11-21]
Mortality, No. (%) [95% CI]P 13 (20) [11-31] 84 (43) [36-50] 13 (20) [11-31] 62 (41) [33-49] 22 (52) [36-68]
Ventilator-free days
Median (IQR) 8.5 (0-23.5) 0 (0-16.0) 8.5 (0-23.5) 0 (0-16.5) 0 (0-6.5)
Missing, No. 10 26 10 25 1
Duration of mechanical ventilation in 6.0 (3.3-20.8) 13.0 (6.0-25.5) 6.0 (3.3-20.8) 12.0(6.0-19.3) 19.0 (9.0-48.0)
survivors, median (IQR), d
Lung weight, mg®
Mean (SD) 1371 (360.4) 1602 (508.1) 1371 (360.4) 1556 (469.7) 1828 (630.2)
Missing, No. 16 48 16 32 16
Shunt, mean (SD), %¢d 21 (21) 32 (13) 21 (12) 29 (11) 40 (16)

Abbreviations: AECC, American-European Consensus Conference; ALI, acute lung injury; ARDS, acute respiratory distress syndrome; FIO,, fraction of inspired oxygen; IQR, inter-
quartile range; Pao,, arterial partial pressure of oxygen; PEEP, positive end-expiratory pressure.

2The definitions are the following for ALI non-ARDS (200 mm Hg < Pao,/Fi0, =300 mm Hg, regardless of PEEP), ARDS (Pa0,/Fio, =200 mm Hg, regardless of PEEP), mild Ber-
lin Definition (200 mm Hg < Pao,/Fio,=300 mm Hg with PEEP =5 cm H,0), moderate Berlin Definition (100 mm Hg < Pao,/Fio,=200 mm Hg with PEEP =5 cm H,0), and
severe Berlin Definition (Pao,/Fio,=100 mm Hg with PEEP =5 cm H,0).

bEight patients are missing in the moderate Berlin Definition ARDS group. P=.001 for difference in mortality across Berlin stages of ARDS.

€ Comparisons of lung weight and shunt across categories of modified AECC (ALI non-ARDS and ARDS) and across categories of Berlin Definition (mild, moderate, and severe)

are statistically significant (P<.001).
Only available at 1 site.

(8.5 [0-23.5] days) to moderate (O [0-
16.5] days) to severe (0 [0-6.5] days),
with P=.003 for differences in ventilator-
free days across stages of ARDS. Me-
dian (IQR) duration of mechanical ven-
tilation in survivors increased with stages
of ARDS from mild (6.0 [3.3-20.8] days)
to moderate (12.0 [5.0-19.3] days) to se-
vere (19.0 [9.0-48.0] days), with P=.045
for differences in duration of mechani-
cal ventilation in survivors across stages
of ARDS.

Using the Berlin Definition, stages of
mild, moderate, and severe ARDS had in-
creased mean lung weight by CT scan
(1371 mg; 95% CI, 1268-1473; 1556 mg;
95% CI, 1474-1638; and 1828 mg; 95%
CI, 1573-2082; respectively) and in-
creased mean shunt (219%; 95% CI, 16%-
26%; 29%; 95% CI, 26%-32%; and 40%;
95% CI, 31%-48%; respectively). Com-
parisons of lung weight and shunt (from
the single site providing these data)
across categories of modified AECC (ALI
non-ARDS and ARDS alone) and across
categories of Berlin Definition (mild,
moderate, and severe) were statistically
significant (P<<.001) (Table 5, eFigure
3, and eFigure 4).

In a post hoc analysis, combining a
Pa0,/F10, of 100 mm Hg or less with
eithera C,, of 20 mL/cm H,O or less or
a VEcorg Of at least 13 L/min identified
a higher-risk subgroup among pa-

tients with severe ARDS that included
15% of the entire ARDS population and
had a mortality of 52% (95% CI, 48%-
56%). Patients with severe ARDS who
did not meet the higher-risk subset cri-
teria included 13% of the entire ARDS
population and had a mortality rate of
37% (95% CI, 33%-41%). The differ-
ence between the mortality of patients
with higher-risk severe ARDS and pa-
tients with severe ARDS who did not
meet these criteria was statistically sig-
nificant (P <.001).

Comment

Developing and disseminating formal
definitions for clinical syndromes in
critically ill patients are essential for re-
search and clinical practice. Although
previous proposals have relied solely on
the consensus process, this is to our
knowledge the first attempt in critical
care to link an international consen-
sus panel endorsed by professional so-
cieties with an empirical evaluation.
The draft Berlin Definition classi-
fied patients with ARDS into 3 inde-
pendent categories but relied on ancil-
lary variables (severity of chest
radiograph, PEEP =10 cm H,0, Cgs
=40 mL/cm H,0, and VEcorg =10
L/min) in addition to oxygenation to de-
fine the severe ARDS group. When the
ancillary variables selected by the panel

©2012 American Medical Association. All rights reserved.

were subjected to evaluation, these
parameters did not identify a group of
patients with higher mortality and were
excluded from the final Berlin Defini-
tion after further consensus discus-
sion. Without this evaluation, a need-
lessly complex ARDS definition would
have been proposed. However, static re-
spiratory system compliance and an un-
derstanding of minute ventilation are
important variables for clinicians to
consider in managing patients with
ARDS, even though those variables were
not included as part of the defini-
tion.*

The Berlin Definition addresses some
of the limitations of the AECC defini-
tion, including clarification of the ex-
clusion of hydrostatic edema and add-
ing minimum ventilator settings, and
provides slight improvement in pre-
dictive validity. Our study presents data
on the outcomes of patients with ARDS
defined according to the Berlin Defini-
tion in a large heterogeneous cohort of
patients including patients managed
with modern approaches to lung pro-
tective ventilation. Estimates of the
prevalence and clinical outcomes of
mild, moderate, and severe ARDS can
be assessed from this database for re-
search and health services planning.

Acute respiratory distress syndrome is
a heterogeneous syndrome with com-
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plex pathology and mechanisms. The
proposed definition does not resolve this
problem. Investigators may choose to de-
sign future trials using 1 or more of the
ARDS subgroups as a base study popu-
lation, which may be further refined
using criteria specific to the putative
mechanism of action of the interven-
tion (eg, IL-6 levels for an anti—IL-6 trial
or more stringent hypoxemia criteria for
a study on extracorporeal membrane
oxygenation). Furthermore, some vari-
ables that were excluded from the Ber-
lin Definition because of current feasi-
bility and lack of data on operational
characteristics may become more use-
fulin the future. We anticipate that clini-
cal research using our model of defini-
tion development will be used to revise
the definition in the future.

There are limitations to our ap-
proach. First, although the Berlin Defi-
nition had statistically significantly su-
perior predictive validity for mortality
compared with the modified AECC defi-
nition, the magnitude of this difference
and the absolute values of the AUROC
are small and would be clinically unim-
portant if the Berlin Definition was de-
signed as a clinical prediction tool. How-
ever, predictive validity for outcome is
only one criterion for evaluating a syn-
drome definition and the purpose of the
Berlin Definition is not a prognostica-
tion tool.”* Although the Berlin Defini-
tion was developed with a framework
including these criteria, we did not em-
pirically evaluate face validity, content
validity, reliability, feasibility, or suc-
cess at identifying patients for clinical trial
enrollment.

Second, it is possible that our results
are not generalizable because of the data
sets we studied. This seems unlikely be-
cause patients from a broad range of
populations, including clinical trials, aca-
demic centers, and community pa-
tients, were included in the analyses.

Third, some variables (eg, Cys and
PEEP) were missing in some patients in
the data sets we used, either due to the
mode of mechanical ventilation that pre-
cluded their measurement or the prac-
ticalities of population-based research.
However, bias due to cohort selection or
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missing data seem unlikely because our
results were robust to sensitivity analy-
ses that excluded individual cohorts.

Fourth, itis possible that the ancillary
variables did not identify a higher-risk
subset because the number of quadrants
on the chest radiograph cannot be as-
sessed reliably, PEEP was not used in a
predictable fashion, or Cgs and VEcorr
were notaccurately measured. However,
if thisis true, itis likely also to be true in
future studies and in clinical practice be-
cause the study database was constructed
from clinical trial, academic, and com-
munity sites reflecting practice in the real
world of clinical research. In addition, we
evaluated PEEP and Cis as used by cli-
nicians in practice and notas a test of pre-
specified ventilator settings that may be
better than the variables evaluated herein,
but may not be practical, particularly in
observational cohort studies.>®

Fifth, because our study was not an
exercise in developing a prognostic
model for ARDS, we only considered
the variables and cutoffs proposed by
the consensus panel. We could not
compare this definition directly to the
AECC definition because the catego-
ries of that definition overlap. It is pos-
sible that the outcomes as well as the
relative proportion of patients within
each category of ARDS will change if
the underlying epidemiology of the syn-
drome evolves due to changes in clini-
cal practice or risk factors.** This is
particularly true for the post hoc higher-
risk subset reported, for which the cut
points were derived from the data sets.

Conclusion

In conclusion, we developed a consen-
sus draft definition for ARDS with an in-
ternational panel using a framework that
focused on feasibility, reliability, and va-
lidity. We tested that definition using em-
pirical data on clinical outcome, radio-
graphic findings, and physiological
measures from 2 large databases con-
structed from 7 contributing sources to
assess the predictive value of ancillary
variables, refine the draft definition, and
compare the predictive validity of the
definition to the existing AECC defini-
tion. This approach for developing the

Berlin Definition for ARDS may serve as
an example for linking consensus defi-
nition activities with empirical research
to better inform clinical care, research,
and health services planning.
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