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مدیریت محترم درمان تامین اجتماعی استان اصفهان 

مدیر محترم شبکه بهداشت و درمان شهرستان ........................(کلیه شبکه ها) 

روسای محترم مراکز آموزشی درمانی/ بیمارستانهای دانشگاه علوم پزشکی اصفهان 

روسای محترم بیمارستانهای خصوصی، خیریه  و وابسته با سازمانها و نهادها 

با سلام و احترام

به پیوست نامه شماره ۶۵۸/۸۳۱۲۵ مورخ ۱۴۰۳/۰۸/۳۰ سرپرست محترم دفتر نظارت و پایش فرآورده های سلامت 

در خصوص اطلاع رسانی بروزرسانی اطلاعات فراورده دارویی گادوویست جهت بارگذاری در بولتن خبری دفتر نظارت و پایش 

مصرف فراورده های سلامت جهت استحضار و اطلاع رسانی به حضور ارسال میگردد. 

رونوشت :

معاون محترم درمان جناب آقای دکتر خوروش جهت استحضار و اقدام لازم

رئیس محترم دانشکده پزشکی جهت استحضار و دستور اقدام لازم 

رئیس محترم دانشکده داروسازی و علوم دارویی جناب آقای دکتر مصطفوی جهت استحضار و دستور اقدام لازم 

ریاست محترم انجمن داروسازان استان اصفهان جناب آقای دکتر آذربایجانی: جهت استحضار و اطلاع رسانی لازم

رئیس محترم شورای هماهنگی نظام پزشکی جناب آقای دکتر کاشفی: جهت استحضار و اطلاع رسانی لازم

رئیس محترم انجمن شرکتهای پخش استان اصفهان: جهت استحضار و اطلاع رسانی لازم

رئیس محترم داروخانه های آموزشی دانشکده داروسازی و علوم دارویی جناب آقای دکتر حسینی: جهت استحضار و اقدام لازم

سرپرست محترم اورژانس پیش بیمارستانی و مدیر حوادث دانشگاه جناب آقای دکتر زمانی جهت استحضار و اقدام لازم 

مسئول محترم روابط عمومی معاونت غذا و دارو جناب آقای فرزین: جهت بارگذاری در صفحه اصلی سایت معاونت
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۶۵۸/۸۳۱۲۵

۱۴۰۳/۰۸/۳۰

دارد
جهش تولید با مشارکت مردم

۱۰:۱۲

معاونین محترم غذا و دارو دانشگاه/دانشکده های علوم پزشکی، خدمات بهداشتی و درمانی سراسر کشور

موضوع: اطلاع رسانی تغییرات اطلاعات فراورده دارویی گادوویست جهت بارگذاری در بولتن خبری دفتر نظارت و پایش مصرف 

فراورده های سلامت - معاونتهای غذا و داروی سراسر کشور

با سلام و احترام؛

   عطف به نامه شماره۱۶۸/۶۰۱۹۶ مورخ ۱۴۰۳/۸/۱۹ شرکت بایر پارسیان، به استحضار می رساند، تغییرات اعمال شده در اطلاعات 

فرآورده دارویی (CCDS) داروی گادوبوترول با نام تجاری گادوویست، شامل افزوده شدن عوارض ناخواسته (ARDS) سندرم دیسترس 

تنفسی حاد و ادم ریه در بخش عوارض ناخواسته فراورده مذکور( فایل پیوست)، خدمتتان ارسال می شود.   

      خواهشمند است دستور فرمایید، مراتب به اطلاع کلیه مراکز درمانی و دارویی تحت پوشش آن معاونت ارسال شود.

رونوشت :

جناب آقای دکتر غلامحسین صادقیان سرپرست محترم اداره کل امور دارو و مواد تحت کنترل
جناب آقای دکتر غلامحسین صادقیان سرپرست محترم دفتر ریاست سازمان غذا و دارو: جهت استحضار و دستور بارگذاری بر روی 

تارنمای سازمان در بخش بولتن خبری دفتر نظارت و پایش 
جناب آقای قربانی متصدی محترم امور دفتری

https://fda.gov.ir/
mailto:info@fda.gov.ir
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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 is for diagnostic use only. 

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

 Contrast enhancement in cranial and spinal MRI 

 Contrast enhanced MRI of the head and neck region 

 Contrast enhanced MRI of the thoracic space  

 Contrast enhanced MRI of the breast 

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

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

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

 Contrast enhanced MRI of the extremities and musculoskeletal system 

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

 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 

4.2.1 Method 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 arterial first pass for CE-MRA and within a period of about 
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15 minutes after injection of Gadovist for other indications (time depending on type of 
lesion/tissue). 

4.2.2 Dosage regimen 

Adults: 

A single intravenous 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 (equivalent 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 one field 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 all 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)’. 
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4.2.3.2 Geriatric patients 

4.2.3.3 Patients with hepatic impairment 

4.2.3.4 Patients with renal impairment  

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 
‘Special warnings and precautions for use’). 

4.3 Contraindications 

There are no absolute contraindications to the use of Gadovist. 

4.4 Special warnings and precautions for use 

4.4.1 Hypersensitivity 

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. 

The risk of hypersensitivity reactions is higher in case of: 

- previous reaction to contrast media 

- history of bronchial asthma 

- history of allergic disorders 

In patients with an allergic 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 several days) have been rarely observed (see section 
‘Undesirable effects’). 

4.4.2 Impaired renal function 

Prior to administration of Gadovist all patients should be screened for renal dysfunction by 
obtaining a history and/or laboratory tests. 
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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. Usually, complete recovery in the urine was seen in patients with mild or 
moderate renal impairment within 72 hours. In patients with severely impaired renal function 
at least 80 % of the administered dose was recovered in the urine within 5 days. 

Gadovist can be removed from the body by hemodialysis. 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/1.73m2) or 

- acute renal insufficiency of any severity due to the hepato-renal 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 Seizure disorders 

As with other gadolinium-chelate-containing contrast media, special precaution is necessary 
in patients with a low 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 

4.6.1 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. 
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4.6.2 Lactation 

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 Effects on 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 trials, 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 several days) have been 
rarely observed. 

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

4.8.2 Tabulated list of adverse reactions 

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. 
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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 arrest§, 
bronchospasm§, 
cyanosis§, 
oropharyngeal 
swelling§, 
laryngeal edema§, 
hypotension, 
blood pressure 
increased§, chest 
pain§, urticaria,  
face edema, 
angioedema§, 
conjunctivitis§, 
eyelid edema, 
flushing, 
hyperhidrosis§, 
cough§, sneezing§, 
burning 
sensation§, pallor§) 

  

Nervous system 
disorders 
 

Headache Dizziness 

Dysgeusia  
Paresthesia 

Loss 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  
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System Organ 
Class 
 

Common Uncommon 
 

Rare 
 
 

Not known 

disorders   

Skin and 
subcutaneous 
tissue disorders 

 Erythema 

Pruritus (including 
generalized 
pruritus) 

Rash (including 
generalized, 
macular, papular, 
pruritic rash) 

 Nephrogenic 
Systemic 
Fibrosis (NSF) 

General disorders 
and 
administration 
site conditions 

 Injection site 
reaction0 

Feeling hot 

Malaise 

Feeling cold 

 

* There have been reports of life-threatening and/or fatal outcomes from this ADR 
# None of the individual 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) 
0 Injection 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 

 

4.9 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 

5.1 Pharmacodynamic properties 

5.2 Pharmacokinetic properties 

5.3 Preclinical safety data 
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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 precautions for storage 

6.5 Nature and contents of container 

6.6 Instructions for 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. 
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6.6.4 Large 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 all injections involving contrast media. 

Instructions of the device manufacturer must be followed. 

Any contrast medium solution not used in one examination must be discarded. 
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Life-threatening adverse reaction 
following pituitary MRI 
Katerina Achilleos, Tehmina Irani & James Ahlquist 

Southend Hospital, Westcliff on Sea, Essex, UK. 

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, PaO2 7 kPa despite FiO2 

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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LETTEROF APPROVAL

Product Name MAH Product Number
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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 1mmol/ml). In the ED she was hypotensive to 87/59mmHg and wheezing with 
progressive hypoxemia requiring HFNC 30L FiO2 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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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)1. The agent is often preferred as it pro-
vides superior quality MRI conditions2. 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 renally3.

Although side effects are similar to other
gadolinium-based agents, these are usually a mild
or moderate4. The most common are headache,
dizziness and nausea. Dyspnea, urticaria, and ana-
phylactic reactions rarely occur4. 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 mild5. Very rarely, se-
vere anaphylaxis can be encountered6. Reactions
can occur rapidly (< 1 hour), or slowly (> 1 h)6.

Magnetic resonance imaging contrast agent
related pulmonary edema: a case report
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Acute reactions usually manifest themselves as ana-
phylaxis. In such situations, fast and effective treat-
ment can be life saving6. 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; PaCO2: 69 mmHg; PaO2:
24 mm Hg.

2012; 16(4 Suppl): 110-112
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Magnetic resonance imaging contrast agent related pulmonary edema: a case report

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.

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. FiO2

was 100% at the end of the first hour. The result of
blood gas analysis at first hour with 100% FiO2 as
follows pH: 7.25 mmHg, PaO2: 122 mmHg PaCO2:
53 mmHg. FiO2 was gradually reduced according
to the values of repeated blood gas tests.

Four hours after ICU admission, with 60% FiO2,
the results obtained as pH: 7.31, PaO2: 275 mmHg,
PaCO2: 43 mmHg, HCO3: 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 rare7. Despite evi-
dence of anaphylactic shock through the use of

To correct cardiovascular collapse, fluid replace-
ment and dopamine (10 µg/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: FiO2: 100%; frequency: 16/dk; PEEP: 5
cm H2O; and tidal volume: 7 ml/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 µg/min infusion of noradrenaline (8 µg/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 U/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 cmH2O, and
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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 cardiogenic8. Noncardiogenic pulmonary
edema (NCPE) is leakage of fluid as a result of in-
creased microvascular permeability9. 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 lung1,8,9.

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 fibrosis7. Forstinga et al10 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 PaO2/FiO2 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-
ed4,10. 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 reported11.
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.

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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CCDS/CIFU/Label-Change-0007808 Adverse drug reactions CCDS #22; Inclusion of Acute 

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

Gadovist Labeling Binder CCDS 
Update version 21 to 22 (v1.1)

Gadovist Labeling Binder 
CCDS Update version 21 to 
22

Labeling Binder EV-PR-0060859 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

EV-PR-0060858 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0001055 Dosage and method of 
administration

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

EV-PR-0018605 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0005101 Pharmacodynamic properties CCDS #21; no Priority, GLC 
decision date 2021-04-16

EV-PR-0018606 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0005034 Pharmacodynamic properties CCDS # 20; no Priority  GLC 
decision date 2019-03-08

EV-PR-0010660 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0005291 Pharmacokinetic properties CCDS # 20; no Priority  GLC 
decision date 2019-03-08

EV-PR-0010661 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0000540 Adverse drug reactions CCDS 19; no Priority EV-PR-0036267 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

EV-PR-0036268 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0001218 Dosage and method of 
administration

CCDS 18 GLC decision date 
2012-06-12

EV-PR-0031588 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0001788 Instructions for use / handling CCDS 18 GLC decision date 
2012-06-12

EV-PR-0031589 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0002215 List of excipients CCDS 18 GLC decision date 
2012-06-12

CCDS/CIFU/Label-Change-0004142 Other CCDS 18 GLC decision date 
2012-06-12

CCDS/CIFU/Label-Change-0005178 Pharmacodynamic properties CCDS 18 GLC decision date 
2012-06-12

CCDS/CIFU/Label-Change-0005365 Pharmacokinetic properties CCDS 18 GLC decision date 
2012-06-12

CCDS/CIFU/Label-Change-0006405 Warnings and precautions CCDS 18 GLC decision date 
2012-06-12

CCDS/CIFU Event-000581 REC -  00018441 12 Jun 2012

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

None None

CCDS/CIFU/Label-Change-0001012 Dosage and method of 
administration

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

EV-PR-0017020 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0001165 Dosage and method of 
administration

CCDS 16 EV-PR-0025985 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0001773 Instructions for use / handling CCDS 16 EV-PR-0025986 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0003763 Other CCDS 16

CCDS/CIFU/Label-Change-0004923 Overdose CCDS 16

CCDS/CIFU/Label-Change-0005149 Pharmacodynamic properties CCDS 16

CCDS/CIFU/Label-Change-0005352 Pharmacokinetic properties CCDS 16

CCDS/CIFU/Label-Change-0005511 Preclinical safety data CCDS 16

CCDS/CIFU/Label-Change-0006308 Warnings and precautions CCDS 16

CCDS/CIFU/Label-Change-0003577 Other 14th CCDS for Gadovist, GLC 
priority 3b

EV-PR-0022672 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0006229 Warnings and precautions 14th CCDS for Gadovist, GLC 
priority 3b

EV-PR-0022673 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0000290 Adverse drug reactions 1st CCDS for Gadovist EV-PR-0019926 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0000739 Contraindications 1st CCDS for Gadovist EV-PR-0019927 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0001749 Instructions for use / handling 1st CCDS for Gadovist

CCDS/CIFU/Label-Change-0003410 Other 1st CCDS for Gadovist

CCDS/CIFU/Label-Change-0006132 Warnings and precautions 1st CCDS for Gadovist

CCDS/CIFU/Label-Change-0002691 Other CCT-change; the CCT-chapter 
4.4 precautions/warnings was 
revised only for Gadovist 1.0 
whereas all other changes refer 
to both strengths.

EV-PR-0008160 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0004867 Overdose CCT-change; the CCT-chapter 
4.4 precautions/warnings was 
revised only for Gadovist 1.0 
whereas all other changes refer 
to both strengths.

EV-PR-0008162 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0005431 Preclinical safety data CCT-change; the CCT-chapter 
4.4 precautions/warnings was 
revised only for Gadovist 1.0 
whereas all other changes refer 
to both strengths.

CCDS/CIFU/Label-Change-0005801 Warnings and precautions CCT-change; the CCT-chapter 
4.4 precautions/warnings was 
revised only for Gadovist 1.0 
whereas all other changes refer 
to both strengths.

CCDS/CIFU/Label-Change-0002216 List of excipients CCT change EV-PR-0032979 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0004189 Other CCT change EV-PR-0032981 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0001133 Dosage and method of 
administration

CCT change EV-PR-0025199 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0001771 Instructions for use / handling CCT change EV-PR-0025201 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0002202 List of excipients CCT change

CCDS/CIFU/Label-Change-0004922 Overdose CCT change

CCDS/CIFU/Label-Change-0005350 Pharmacokinetic properties CCT change

CCDS/CIFU/Label-Change-0005508 Preclinical safety data CCT change

CCDS/CIFU/Label-Change-0006271 Warnings and precautions CCT change

Event (15) CCDS/CIFU/Label Change (58) Document (1) Event Product (29)

CCDS/CIFU Event-001235 REC-00031825 11 Jul 2023

Gadovist CCDS/CIFU 
Update Version 22
Inclusion of Acute 
Respiratory Distress 
Syndrome (ARDS) and 
Pulmonary Edema (PE) to 
section 4.8 under SOC 
‘Respiratory, thoracic and 
mediastinal disorders’

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

CCDS/CIFU Event-000828 REC -  00015015 08 Mar 2019
CCDS # 20; no Priority  GLC 
decision date 2019-03-08

None None

CCDS/CIFU Event-000706 REC -  00019854 16 Apr 2021
CCDS #21; no Priority, GLC 
decision date 2021-04-16

None None

CCDS/CIFU Event-000489 REC -  00004998 12 Jun 2012
CCDS 18 GLC decision date 
2012-06-12

CCDS/CIFU Event-000996 REC -  00006850 13 May 2014 CCDS 19; no Priority None None

CCDS/CIFU Event-000108 REC -  00002518 11 Sep 2007
14th CCDS for Gadovist, 
GLC priority 3b

3 Important

CCDS/CIFU Event-000084 REC -  00003562 13 Apr 2010 CCDS 16 3 Important

CCDS/CIFU Event-000791 REC -  00001352 08 Jun 2004

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

CCDS/CIFU Event-000902 REC -  00002040 26 Jun 2006 1st CCDS for Gadovist

CCDS/CIFU Event-000423 REC -  00000324 25 Apr 2001 CCT change

CCDS/CIFU Event-001058 REC -  00000539 24 Apr 2002 CCT change

https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I00000007Y006
https://bayer-brave.veevavault.com/ui/#doc_info/2258230/1/1
https://bayer-brave.veevavault.com/ui/#doc_info/2258230/1/1
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK0000000E1012
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK0000000E3014
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000002057
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000J623
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006107
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000J624
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006040
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000B670
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006297
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000B671
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000001540
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK000000011528
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK000000011529
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000002220
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000W844
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000002790
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000W845
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000003218
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000005147
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006184
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006371
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000007412
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z000000007245
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L000000005611
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000002014
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000I037
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000002167
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000R236
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000002775
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000R237
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000004767
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000005928
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006155
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006358
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006517
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000007315
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000004581
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000N694
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000007236
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000N695
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000001290
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000K945
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000001740
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000K946
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000002751
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000004414
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000007139
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000003694
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK000000009168
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000005872
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK000000009170
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006437
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006807
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000003219
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000Y237
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000005194
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000Y239
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000002135
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000Q449
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000002773
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000Q451
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000003205
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000005927
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006356
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006514
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000007278
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z0000000BN001
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L0000000BJ005
https://bayer-brave.veevavault.com/ui/#doc_info/2258245/1/0
https://bayer-brave.veevavault.com/ui/#doc_info/2258254/1/0
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z00000000A496
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L000000007382
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z000000008696
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L00000000A242
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z000000006497
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L000000006371
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z00000000C499
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L000000001689
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z000000002243
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L000000003768
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z000000002024
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L000000003580
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z000000009970
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L000000003794
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z00000000B425
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L000000009847
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z000000005576
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L00000000B768
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z00000000D149
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L00000000A011


CCDS/CIFU/Label-Change-0001488 Incompatibilities CCT change EV-PR-0023400 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0002198 List of excipients CCT change EV-PR-0023402 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0003639 Other CCT change

CCDS/CIFU/Label-Change-0005121 Pharmacodynamic properties CCT change

CCDS/CIFU/Label-Change-0005344 Pharmacokinetic properties CCT change

CCDS/CIFU/Label-Change-0005497 Preclinical safety data CCT change

CCDS/CIFU/Label-Change-0001104 Dosage and method of 
administration

CCT change. EV-PR-0022769 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0001628 Indication(s) CCT change. EV-PR-0022771 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0002177 List of excipients CCT change.

CCDS/CIFU/Label-Change-0003582 Other CCT change.

CCDS/CIFU/Label-Change-0005115 Pharmacodynamic properties CCT change.

CCDS/CIFU/Label-Change-0005333 Pharmacokinetic properties CCT change.

CCDS/CIFU/Label-Change-0006233 Warnings and precautions CCT change.

CCDS/CIFU/Label-Change-0001464 Incompatibilities CCT change EV-PR-0021892 Gadovist, Solution for 
injection in pre-filled syr, 1 
mmol per 1 ml

Gadobutrol

CCDS/CIFU/Label-Change-0002158 List of excipients CCT change EV-PR-0021894 Gadovist, Solution for 
injection, 1 mmol per 1 ml

Gadobutrol 4007819, Gadobutrol

CCDS/CIFU/Label-Change-0003539 Other CCT change

CCDS/CIFU Event-001073 REC -  00000253 28 Oct 1999 CCT change.

CCDS/CIFU Event-000690 REC -  00000282 25 Apr 2000 CCT change

CCDS/CIFU Event-001081 REC -  00000228 26 Apr 1999 CCT change

https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000002490
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000O423
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000003201
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000O425
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000004643
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006127
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006350
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006503
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000002106
https://bayer-brave.veevavault.com/ui/#object/event_drug_product__rim/OPK00000000N791
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
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https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000006339
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https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002448
https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
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https://bayer-brave.veevavault.com/ui/#object/drug_product__v/0DP000000002057
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https://bayer-brave.veevavault.com/ui/#object/product__v/00P00000002R012
https://bayer-brave.veevavault.com/ui/#object/product_detail__v/0PD000000001422
https://bayer-brave.veevavault.com/ui/#object/ccds_cifu_change__c/V3I000000004543
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z00000000D278
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L00000000A144
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z000000008609
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L000000003979
https://bayer-brave.veevavault.com/ui/#object/event__rim/A0Z00000000D288
https://bayer-brave.veevavault.com/ui/#object/regulatory_event_code__c/V5L00000000B764
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|��\ŷ_�|�xy\z~�̂��̂�����|��\]�|��\~��}|_|��

�



��������	
��
������������������������
	
���	��
	�����

�	
������	
�
��� ���
������!�
�������	
���
���"�#�

$�%�&%�'����(�����))�
��
	!)�������)*�����������%���

��+���
	�,#�+�-
�.
��/��0(
���
��0�
���������

����
	
���	��
	�����	
������	
�
��(
�
	����
1����
��

"�#� $����2�&'�2$$�(�����))�
��
	!)�������)*���������

2&&%�

%�#��
����"��3���43�5
�-
���
�������%�����


�� 
	�

 
���.
��
6��!!��
�������-��
��
��	����!
��

��������	���
��� ���!�
��
��
		
�	
��
��� 
 ����� 
.

���%72��*
���
���+���
�
!���%��&��'&���(�����))�
��
	!)

�����7�)	���
�����%����$7�

���#�	�(�5"��	��-
	!"�����4
(��+3��%%&��� 
	�


	
����
���
!��
�������
��	����
�����	
 �
6
.$&���
��

�"+���"�+

��!
�
���&���7�'�7%�(�����))�
��
	!)���

���7)�*	��&��7����%$&%�

���3���43�3�	����+8����3
��
�/5����%��	
9�
���

����
 
	���
.�� 
	�

..
���
.�
�����
����!��
������

�
��	������
	�����	
�	
��
��� 
	
 �
6
.72&�%$��
�
��

�"+���"�+

��!
�
���%$����7'�����(�����))�
��
	!)���

���7)�*	��%��2���

����
�����	��8�:���
	������6��8�����������
����!��

!��
���������
	!������
	
�
	���"����
	!�4����;����
��

&��&�'�&7�
��(�����))�
��
	!)������&)*�*����������7��7��

<=>?@ABCDE@FGHIJIKLMGJBD@NB OPQRRRSTUP

V WXYZ[\]R̂ _S]̀abPcdefghijiklmnedcdfihoep_qUrb]Rsqtù]vwrURtxỳvb̂ _bSaTUrTzQSs

v̀qR]TU{̀{\]R̂ brTv|T}r~}ỳ}rRSt̀ {�RbpràÙ�t
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Acute Respiratory Distress Syndrome
The Berlin Definition
The ARDS Definition Task Force*

VALID AND RELIABLE DEFINI-
tions are essential to con-
duct epidemiological stud-
ies successful ly and to

facilitate enrollment of a consistent pa-
tient phenotype into clinical trials.1 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 al2 in 1967,
multiple definitions were proposed and
used until the 1994 publication of the
American-European Consensus Con-
ference (AECC) definition.3 The AECC
defined ARDS as the acute onset of hy-
poxemia (arterial partial pressure of
oxygen to fraction of inspired oxygen
[PaO2/FIO2]�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 (PaO2/FIO2�300
mm Hg).3

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

criteria for defining acute, sensitivity
of PaO2/FIO2 to different ventilator set-
tings, poor reliability of the chest
radiograph criterion, and difficulties
distinguishing hydrostatic edema
(TABLE 1).4

*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).

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�PaO2/FIO2�300
mm Hg), moderate (100 mm Hg�PaO2/FIO2�200 mm Hg), and severe (PaO2/
FIO2�100 mm Hg) and 4 ancillary variables for severe ARDS: radiographic se-
verity, respiratory system compliance (�40 mL/cm H2O), positive end-
expiratory pressure (�10 cm H2O), 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% CI, 24%-30%; 32%; 95%
CI, 29%-34%; and 45%; 95% CI, 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% CI, 0.561-0.593) vs 0.536 (95% CI, 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
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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,13 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;

(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
database14-17 and 3 single-center physi-
ological studies for the physiological da-
tabase18-20) 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

related to the withdrawal of life-
sustaining treatments.21 Progressionof 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 (CRS) was calculated as tidal vol-
ume (mL) divided by plateau pressure
(cm H2O) minus posi t ive end-
expiratory pressure (PEEP) (cm H2O).
The corrected expired volume per min-
ute (V̇ECORR) was calculated as the mea-
sured minute ventilation multiplied by
the arterial partial pressure of carbon
dioxide (PaCO2) divided by 40 mm Hg.22

Total lung weight was estimated from
quantitative computed tomography
(CT) images.23 Shunt was calculated at
one site as previously reported.24

Table 1. The AECC Definition3—Limitations and Methods to Address These in the Berlin Definition

AECC Definition AECC Limitations
Addressed in

Berlin Definition

Timing Acute onset No definition of acute4 Acute time frame
specified

ALI category All patients with PaO2/
FIO2 �300 mm Hg

Misinterpreted as
PaO2/FIO2 = 201-300,
leading to confusing
ALI/ARDS term

3 Mutually exclusive
subgroups of
ARDS by severity

ALI term removed

Oxygenation PaO2/FIO2 �300
mm Hg (regard-
less of PEEP)

Inconsistency of PaO2/
FIO2 ratio due to the
effect of PEEP and/or
FIO2

5-7

Minimal PEEP level
added across
subgroups

FIO2 effect less
relevant in severe
ARDS group

Chest radiograph Bilateral infiltrates ob-
served on frontal
chest radiograph

Poor interobserver
reliability of chest
radiograph
interpretation8,9

Chest radiograph
criteria clarified

Example radiographs
createda

PAWP PAWP �18 mm Hg
when measured or
no clinical evi-
dence of left atrial
hypertension

High PAWP and ARDS
may coexist10,11

Poor interobserver
reliability of PAWP and
clinical assesments of
left atrial
hypertension12

PAWP requirement
removed

Hydrostatic edema
not the primary
cause of
respiratory failure

Clinical vignettes
createda to help
exclude
hydrostatic edema

Risk factor None Not formally included in
definition4

Included
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; FIO2, fraction of inspired oxygen; PaO2, arterial partial pressure of oxygen; PAWP, pulmonary artery
wedge pressure; PEEP, positive end-expiratory pressure.

aAvailable on request.

THE BERLIN DEFINITION OF ACUTE RESPIRATORY DISTRESS SYNDROME

©2012 American Medical Association. All rights reserved. JAMA, June 20, 2012—Vol 307, No. 23 2527



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
V̇ECORR) 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-

tion to the AECC definition. In addi-
tion, in a post hoc analysis, we sought
thresholds for CRS and V̇ECORR 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 PaO2/FIO2

cutoffs or the requirement of a mini-
mum PEEP level (5 cm H2O) 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.25

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.26 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�PaO2/FIO2�300
mm Hg) and ARDS alone (PaO2/
FIO2�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.27,28

P values for categorical variables were
calculated with the �2 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).29

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.13

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.30 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,10,11 the
pulmonary artery wedge pressure cri-
terion was removed from the defini-

Figure. Outline of Consensus Process
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(May to September 2011)

Selection of panelists by chairs

Precirculation of key topics for discussion

Preparation of background material by 
panelists

In-person discussions
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Evaluation of impact of ancillary variables 
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analysis
(February 2012 by multiple teleconferences)

Presentation of empirical evaluation
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ARDS indicates acute respiratory distress syndrome.
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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 PaO2/FIO2

5,6;
therefore, a minimum level of PEEP (5
cm H2O), 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 H2O 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.2 Increased dead space is com-
mon in patients with ARDS and is asso-
ciated with increased mortality.24

However, because the measurement of
deadspace is challenging, thepanel chose
minute ventilation standardized at a
PaCO2 of 40 mm Hg (V̇ECORR=minute
ventilation � PaCO2/40) as a surro-
gate.22 The draft definition of severe
ARDS included the requirement of either

a low respiratory system compliance
(�40 mL/cm H2O), a high V̇ECORR (�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 H2O. 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

definit ion and the draft Berl in
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.31 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
PaO2/FIO2 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 PaO2/FIO2 of 100 mm Hg
or less, chest radiograph with 3 or 4
quadrants with opacities, PEEP of at least
10 cm H2O, and either a CRS of 40 mL/cm
H2O or less or a V̇ECORR of at least 10
L/min identified a smaller set of pa-
tients with identical mortality to the sim-
pler severe ARDS category of PaO2/FIO2

of 100 mm Hg or less (TABLE 2). To ad-
dress the possibility that the CRS and
V̇ECORR thresholds might be different in
patients with higher body weight, we
evaluated weight-adjusted cutoffs for

Table 2. Exploration of Proposed Variables to Define Severe ARDSa

Severe ARDS Definition

Mild Moderate Severe

No. (%) of
Patients

% Mortality
(95% CI)

No. (%) of
Patients

% Mortality
(95% CI)

No. (%) of
Patients

% Mortality
(95% CI)

Consensus panel draft
PaO2/FIO2 �100 mm Hg � chest

radiograph of 3 or 4 quadrants �
PEEP �10 cm H2O � (CRS �40 mL/cm
H2O or V̇ECORR �10 L/min)

220 (22) 27 (24-30) 2344 (64) 35 (33-36) 507 (14) 45 (40-49)b

Consensus panel final
PaO2/FIO2 �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; CRS, compliance of the respiratory system; FIO2, fraction of inspired oxygen; PaO2, arterial partial pressure of oxygen;
PEEP, positive end-expiratory pressure; V̇ECORR, corrected expired volume per minute.

aThe moderate group includes patients with PaO2/FIO2�200 mm Hg and patients with PaO2/FIO2�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 H2O PEEP and have bilateral infiltrates on chest radiograph.

bP� .001 comparing mortality across stages of ARDS (mild, moderate, severe) for draft and final definitions.
cP=.97 comparing mortality in consensus draft severe ARDS to consensus final severe ARDS definitions.
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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 [0-
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-

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
ARDS. Mortality increased with stages of
ARDS from mild (20%; 95% CI, 11%-
31%) to moderate (41%; 95% CI, 33%-
49%) to severe (52%; 95% CI, 36%-
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 3. The Berlin Definition of Acute Respiratory Distress Syndrome

Acute Respiratory Distress Syndrome

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

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

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

Oxygenationb

Mild 200 mm Hg � PaO2/FIO2 � 300 mm Hg with PEEP or CPAP �5 cm H2Oc

Moderate 100 mm Hg � PaO2/FIO2 � 200 mm Hg with PEEP �5 cm H2O

Severe PaO2/FIO2 � 100 mm Hg with PEEP �5 cm H2O
Abbreviations: CPAP, continuous positive airway pressure; FIO2, fraction of inspired oxygen; PaO2, partial pressure of

arterial oxygen; PEEP, positive end-expiratory pressure.
aChest radiograph or computed tomography scan.
b If altitude is higher than 1000 m, the correction factor should be calculated as follows: [PaO2/FIO2� (barometric pressure/

760)].
cThis may be delivered noninvasively in the mild acute respiratory distress syndrome group.

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

Modified AECC Definitiona Berlin Definition ARDSa

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,
No. (%) [95% CI]

336 (34) [31-37] 234 (29) [26-32] 33 (4) [3-6]

Progression in 7 d from moderate,
No. (%) [95% CI]

230 (13) [11-14]

Mortality, No. (%) [95% CI]b 263 (26) [23-29] 1173 (37) [35-38] 220 (27) [24-30] 575 (32) [29-34] 461 (45) [42-48]

Ventilator-free days, median (IQR)b 20 (2-25) 12 (0-22) 20 (1-25) 16 (0-23) 1 (0-20)

Duration of mechanical ventilation in
survivors, median (IQR), db

5 (2-10) 7 (4-14) 5 (2-11) 7 (4-14) 9 (5-17)

Abbreviations: AECC, American-European Consensus Conference; ALI, acute lung injury; ARDS, acute respiratory distress syndrome; FIO2, fraction of inspired oxygen; IQR, inter-
quartile range; PaO2, arterial partial pressure of oxygen; PEEP, positive end-expiratory pressure.

aThe definitions are the following for ALI non-ARDS (200 mm Hg�PaO2/FIO2�300 mm Hg, regardless of PEEP), ARDS (PaO2/FIO2�200 mm Hg, regardless of PEEP), mild Ber-
lin Definition (200 mm Hg�PaO2/FIO2�300 mm Hg with PEEP �5 cm H2O), moderate Berlin Definition (100 mm Hg�PaO2/FIO2�200 mm Hg with PEEP �5 cm H2O), and
severe Berlin Definition (PaO2/FIO2�100 mm Hg with PEEP �5 cm H2O).

bComparisons of mortality, ventilator-free days, and duration of mechanical ventilation in survivors across categories of modified AECC (ALI non-ARDS and ARDS) and across
categories of Berlin Definition (mild, moderate, and severe) are all statistically significant (P� .001).
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(8.5 [0-23.5] days) to moderate (0 [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 (21%; 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
PaO2/FIO2 of 100 mm Hg or less with
either a Crs of 20 mL/cm H2O or less or
a V̇ECORR 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 H2O, CRS

�40 mL/cm H2O, and V̇ECORR �10
L/min) in addition to oxygenation to de-
fine the severe ARDS group. When the
ancillary variables selected by the panel

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.32

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-

Table 5. Predictive Validity of ARDS Definitions in the Physiologic Database

Modified AECC Definitiona Berlin Definition ARDSa

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]b 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
survivors, median (IQR), d

6.0 (3.3-20.8) 13.0 (5.0-25.5) 6.0 (3.3-20.8) 12.0 (5.0-19.3) 19.0 (9.0-48.0)

Lung weight, mgc

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), %c,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; FIO2, fraction of inspired oxygen; IQR, inter-

quartile range; PaO2, arterial partial pressure of oxygen; PEEP, positive end-expiratory pressure.
aThe definitions are the following for ALI non-ARDS (200 mm Hg�PaO2/FIO2�300 mm Hg, regardless of PEEP), ARDS (PaO2/FIO2�200 mm Hg, regardless of PEEP), mild Ber-

lin Definition (200 mm Hg�PaO2/FIO2�300 mm Hg with PEEP �5 cm H2O), moderate Berlin Definition (100 mm Hg�PaO2/FIO2�200 mm Hg with PEEP �5 cm H2O), and
severe Berlin Definition (PaO2/FIO2�100 mm Hg with PEEP �5 cm H2O).

bEight patients are missing in the moderate Berlin Definition ARDS group. P=.001 for difference in mortality across Berlin stages of ARDS.
cComparisons 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).
dOnly available at 1 site.
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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-
ful in 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.33 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-
cessat identifyingpatients forclinical 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, CRS 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

missing data seem unlikely because our
results were robust to sensitivity analy-
ses that excluded individual cohorts.

Fourth, it ispossible that theancillary
variables did not identify a higher-risk
subsetbecause thenumberofquadrants
on the chest radiograph cannot be as-
sessed reliably, PEEP was not used in a
predictable fashion, or CRS and V̇ECORR

werenotaccuratelymeasured.However,
if this is true, it is likely also to be true in
future studiesand inclinicalpracticebe-
causethestudydatabasewasconstructed
from clinical trial, academic, and com-
munitysitesreflectingpractice inthereal
worldofclinicalresearch. Inaddition,we
evaluated PEEP and CRS as used by cli-
nicians inpracticeandnotasa testofpre-
specified ventilator settings that may be
betterthanthevariablesevaluatedherein,
but may not be practical, particularly in
observational cohort studies.5,6

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.34 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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