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Physiological and biological heterogeneity in COVID-19-W ®)

CrossMark

associated acute respiratory distress syndrome

One of the most common causes of hospital admisgi@r clinical characteristics. Furtherrr al
and death in patients with severe acute respiri nof those witt /ID-19-associated  ARDS
syndrome coronavirus 2 (SARS-CoV-2) infectiq@4is] of 297 patients) h
acute respiratory distress syndrome (ARDS), a
syndrome characterised by acute lung inflBamm DS, and the extent of pulmonary o¢
and increased-permeability pulmonary oedema due fmatients with COVID-19, measured by calcu
injury to the alveolar capillary barrier. As cliniciant ts from lung CT scans S
for a surge of patients with ARDS due to COVIR-1Bat of patients wit \RDS. D-dime
two questions arise. F ed28RD@tients with: COVID-19 w iciated .
D- ) 0, which is gatt -SPA6ERespir Meapo
The answer to this question has implications for th 1. A subgroup of patients v lirelishednline
of evidence-based therapies such as lung-protemtiveentration: ter than thelmedian and si? ”f,;tdi?.’ozrg,zl%_mlﬁ,
mechanical ventilation, proning, and conservative e equal to less than 1€ | fakgr600(20)30369-6
management in COVID-19-associated ARDS. S s, W 1C DLC]) had marlﬁgﬂ%?”*f“fl'gsww
-19-associa \RIL I mc i 1an t F rmﬁs.zﬂb(g?zo)e;om.z and
or (can es I iped? Recent clificdigh D-dimers, high complian iDHC); 21%%0‘232’3’33222’0
studies in so-called classical ARDS (a term used Bedénters, low complian: DLC); and low D-dimers,
refer to ARDS unrelated to COVID-19, the causdsgind@ompliance HC). 28 rtality s 56%
characteristics of which are heterogeneous g lgréraf 71 patients) in t DLC g 1p, 27% (18 of 67
sis have sh ¢ 1mpétignts) in th -C graup, 22% (13 of 60 patients)
and iy biolog__________tyg ARDShe C group, ¢ | 35% (22 of 63 patients) in
and emerging evidence indicates that these phenotjee C group. This worse survival in the HDLC
Bnsgroup suggests that tt severe
Identibcation of similar, or new, distinct phenoty 10lysis with
within the scope of COVID-19-associated ARDS rooutlsevere lung injury JVID-19-asst 'd ARDS
shed light on mechanisms of lung injury in COVIB-1eghly us, supportir logical
and have implications for clinical trial design. + for pulmonary microvascular thrombosis in
In The Lancet Respiratory Medi 'S J-19-associat RDS, as has been reported
begin to answer these questions. To address thenk al ARDS. Overall, the Pbndings of this large,
question, Giacorr iselli and colléagiueged systematic, multicentre study provide new evidence
clinical and laboratory characteristics of 301 adultstiath lun ARDS
COVID-19-associated ARDS admitted to intensivas
units (ICUs) in seven lItalian hospitals over a 2

Ben Miners/lkon Images/Science Photo Library

ntrast to previous

period in March, 2020. Lung mechanics were as f ' rts I oups of patients that

in the pbrst 24 h of ICU admission and comparedswghested otherwisés such, these bPndings support

Pndings in historical cohorts of patients with claseécant calls for - 'd ARDS

ARDS. ARDS, the distrit @ such itilation

of values for static compliance of the respire g, in COVID-19-associated ‘ARDS.

system we ad. Although patients COVID-The Article from Pratik Sinha and colléagues

associated ARDS nphddeesses the question of whether the previously

( mL/cm O [IQR 33D52]) than those asslestribec tory natory

ARDS 32 mlL/cm,H [25D43]), this !drence s of classical ARD ore n COVID-19-
1 ir J Jels controlling &wmsociated ARDS. Validated models for phenotype
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classipcatién were applied to 39 patients withut 2 immunological signatures that highly
COVID-19-associated ARDS, using point-of ie, underscoring the need for serial
biomarker measurements at the bedside. Patienmédyses.Despite the limitations, the authors of both

could be classibed into the two phenotypes with adfighese studies are to be commended for applying

degree of certainty, suggesting that riobgin-quality research methods during a surge of
pes ‘obust in this G@WID-19 cases.
patient population. Over; ality OVID-19+he ongoing COVID-19 pandemic reminds physicians
associated ARDS ighe ' [44%] of 39 patiaitysof the importance of clinical investigation as a
had died by day 28 of the study) than in a mat¢hetifor improving the understanding and treatment
cohort of patients wi sical ARDS from the HAGRPu2man disease. Like all good clinical investigations,
study (13: %] of 539). Consistent assiealstudies from Grasselli and colleagudsSinha
S ty int atory phenotypé colleaguegprovide answers that lead to new
(Pve 3%] of eight patients) was substantigligstions. The study by Grasselli and colteagues
higher than in the hypoinlammatory phenotyp®mpts the n of
(12 [39%] of 31). Yet, JVID-19-assc d . up could be use ' enrich
only four %) to eigl  '1%), dependir cu i of empirical therapeutic anticoagulation to
applied, were classibed mattedyice sample size and improve the ratio of benebt
which was consideral____wer than the proportmrrisk. The fact th iority of the
with this phenotype in tt 2-2 matched copattents in the study by Sinha and coll€® 3
(186 [35%] of 539). These bndinc prising, /pe raises the question
the prevalent speculation in the literature seoér nent, which has
mine¢oryshown to be ective in patients with severe
response or so-called cytokine storm. However, a 1€Q)tD-19 disease, wil armly benepbcial acros:s
comparing interleukin-  _-6) levels in patients \ - S« VID-19-assoc ARDS. To
J-19-associat RDS to levels measuradswer these questions and the many others that
al ARDS showe t IL-6 levels, on averagarisem@uring the daily care of patients with COVID-19-
in the patients wit /ID-19 than in those vafisociated ARDS, it is imperative that high-quality
B¥aken together, these bPndings suggdstical investigation proceeds, despite the inherent
that the iciateallenges of implementing research protocols in the
dugtioartain and risky environment of a pandemic.
as, and that there 3neity withie received consulting fees from Merck, Bayer, Boehringer Ingelheim,
J-19 that iilar to th: issical ARDS Cé lfring, Quark, Foresee Pharmaceuticals, and Citius, and research contrac

. 'from Genentech and CSL Behring.
with dieren IS. Lorrai ,
. . orraine are
Although both of these studies provide new .
orralne.ware@vumc.org

information about COVID-19-associated ARDS, Ehere . _—
o . Departments of Medicine and Pathology, Microbiology and Immunology,
are some limitations. The study by Grasselli vat@hbilt University School of Medicine, Nashville, TN 37232-2650, USA

colleaguéswas done over a 2-week period duringcCalfee CS, Delucchi K, Parsons PE, Thompson BT, Ware LB, Matthay MA.

. . . . . Subphenotypes in acute respiratory distress syndrome: latent class analysis
a rapld Splke in COVID-19 cases, which mlght haM%atafromtwo randomised controlled ttiatscet Respir N26d4;

al ected clinical care; and it reRects cases in onI%/ ofet1D20. , _ , ,

. . Calfee CS, Delucchi KL, Sinha P, et al. Acute respiratory distress syndrome
country. The study by Sinha and colléagueatso subphenotypes and diential response to simvastatin: secondary analysis
geographically limited and had a very small sample si2f andomised controlled ttiancet Respir 148486: 691598,

3 . Famous KR, Delucchi K, Ware LB, et al. Acute respiratory distress syndrome

Both studies assessed patients at a single timepoirtpphenotypes respontetently to randomized Ruid management
. . . strategyAm J Respir Crit Car@&d95:331D38.
which mlght not be reRective of the protract;d Grasselli Gorfetti T, Protti A, et al.Pathophysiology of COVID-19-

course of critical illness in many patients with COVIBssociated acute respiratory distress syndrome: a multicentre prospective
observational studyancet Respir 2880; published online Aug 27.

19-associated ARDS. A report NMUNRps://doi.org/10.1016/S2213-2600(20)30370-2.
VID-19 iden tHresattinoni LCoppola S, Cressoni M, Busana M, Rossi S, Chiumello D.
COVID-19 does not lead to a OtypicalO acute respiratory distress syndrome.
ies that were q table over 7 daygm J Respir Crit Car@026@01: 12999300.
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6 Fan E, Beitler JR, Brochard L, et al. COVID-19-associated acute respirat@inha P, Matthay MA, Calfee CS. Is a Ocytokine stormO relevant to

distress syndrome: is!aedént approach to management warranted? COVID-199AMA Intern M2@R0; published online June 30.
Lancet Respir N6a08: 816D21. https://doi.org/10.1001/jamainternmed.2020.3313.

7 Sinha P, Calfee CS, Cherian S, et al. Prevalence of phenotypes of acut® Mathew DGiles JR, Baxter AE, et al. Deep immune probling of COVID-19
respiratory distress syndrome in critically ill patients with COVID-19: patients reveals distinct immunotypes with therapeutic implications.
a prospective observational stualycet Respir Med0; published online Scienc2020; published online July 15. https://doi.org/10.1126/science.
Aug 27. https://doi.org/10.1016/S2213-2600(20)30366-0. abc8511.

8  Sinha P, Delucchi KL, McAuley DF, OOKane CM, Matthay MA, Calfee CS.
Development and validation of parsimonious algorithms to classify acute
respiratory distress syndrome phenotypes: a secondary analysis of
randomised controlled tridlancet Respir N26@08: 247D57.
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Articles

Pathophysiology of C¥D-DB-associated acute respiratory%@'*\ ®™
distress syndrome: a multicentre prospective observational
study

Giaomc i*, Tomaso Teetti*, Aleandro Pitg Thomas baer, ssimo Gidis, Giacomo Bellam ', Gianpaolo Carrabello,

Luca Caana, Géra Rizto, Allerto Zatie, Vitbrio Scavilli, Ga@nto Pidlli, Dorenico Luca @Gogetizia Diddlio, Gaaro de Rade,

Ezio Lara, Fraesco bhteduro, Mamio Zmpatori, Claadrifipini, Frao Loatelli, Maizic Ii, RobeFuragalli, Stafic L

Jea-Louis ient, Masac i, Artlar ¢ +, Atonic , V Marc i, on behalf of the collabogators

Summary

BackgroundPatients with COVID-19 can develop acute respiratory distress syndrome (ARDS), which is associat@ckt Respir Meapo
with high mortality. The aim of this study was to examine the functional and morphological features -19- Ppublishednline
associatet and to compare these with the characteristics of AR ited to COVID-19. August 27, 2020

https://doi.org/10.1016/
.SZ%?,3—2600(20)30370—2
al

MethodsThis 2 observational study was don¢ itals in Italy. We enrolled consecutive, mechanlce ine/Comment
ventilated patients with laboratory-conPrmed COVID-19 and who met Berlin criteria for ARDS, who were admitted {0401 orgr10.1016/
the intensive care unit (ICU) betwee )20l patients were sedated, paralysed, and ventilategr213-2600(20)30369-6
in » with standard ICU ventilators . lespiratory systen e, the ratio of partiakjoint first authors
pressure of arterial oxygen to fractional concentration of oxygen in inspired [ ati ga deglt 1ast authors
2), an I concentrations were measure hof IC n. Lur - 2T scans and CT angiogramqSyjiaporators are listed at the
were done when clinically indicatedA t for unrelated to COVID-19 was create D&nd of the Article
. Survival to da '8 as assessed. Fondazione IRCCS Ca0 Granda
Ospedale Maggiore Policlinico
FindingsBetween March 9 and March 22, 202 101 patients w /ID-19 met the Berlin criteriz RDSL%E??::!&?@ .
participating hospitals. 1 stati e we  4nl/em H O (33D52), which wa N€, zanella MD. v Scaravilli MD,
cohort of patients with D-1' 32 mL/cm B [25D43]; p<04a0001). ) of 297 patiets prof A Pesenti MMepartment
with COVID-19-associate S had compliances greater than tBehercentile of the classical ARDS coho :alof Pathophysiology and
between the two cohorts. CT pulmonary angiograrn ed in  [8%] patients witfgnsplantation(G Grasseli,
, . . A Zanella, Prof A Pesenti)
-19-relate( S) showed tha5 0) of 16 patien tter than the mediaf),arimento di Scienze della
had | areas of hypoperfusion, consistent with thromboembao ase. Patients with D-dimer concentratiasiite(Prof G Carrafiello,
equal to or n ha ) ' ver than those of patients \ limer concentration@i Meglio Mband
“than the median (146@.832D196]vs1490 [1450D2433]; p=040001). Patients iance equal tg°g" " of Anesthesia and
. K . ntensive Care Unit, ASST
i than the median an )r concentratior ter than 1 ian had marke 2edlay Fatebenefratelli Sacco, Luigi
compared with other patient subgroups (4 ] of 71w ers ¢ liams&8 0] of 67 with sacco Hospital, Polo
and 3, 1l %] of 60 wi ars al nce, anc Bof 63 with Universitario(C Rizzuto MD)
high D-dimers ard :, all p=040001). unversity of Nlan, Mlan,

Italy; Dipartimento di Scienze
Mediche e Chirurgiche,

Interpretation Patients with -19-associate JS have a form of injury that, in many aspec ) thagsthesia and Intensive Care
)-19. Notably, patients w "ID-19-rele DS who hi IctiofYigpycine(T Tonetti MD,
respiratory system compliance together wi ed'Ddimer concentrations h tality rates. G Pizzilli MD,

Prof V M Ranieri Mand
Dipartimento di Radiologia
FundingNone. (F Monteduro MD,

Prof M Zompatori MD)
Policlinico di SantOOrsola, Alma
Mater StudiorumNUniversit®

. di Bologna, Bologna, Italy;
Introduction ranges betweer bin patients admitted to Humanitas Clinical and

The COVID-19 pandemic has!acted millions of people hospital and is 100% in mechanicall ad patierits Research CenterNIRCCS, Milan,

and caused hundreds of thousands of deaths worldwide However, few data are available that link the physiologica tfz (’\j\g;ztcti)lr\]/:?v,l;Lanza Vb,

Although most patients have a favourable prognosis,laboratory, and imaging features of these patients. Thi$epartment of Biomedical
pneumonia and severe hypoxaemia associated with sever@formation is important because several studies havesciences, Humanitas

Copyright© 2020 Elsevier Ltd. All rights reserved.

acute respiratory syndromecoronavirus 2 (SRS-@V-2) (suggested that patients wit -19-associated ARDS li"ger;iwﬁMilﬁgtaly _
infection can Ie_ad to acute resfpirato.ry distress_ syndromehgve markedly r lung 's than do patientsgep;ftr:]’enrtoof Megiccfﬁg';nd
(ARDS), which is associated with a high mortality rate.  with | to COVID-19 (so-calle calurgery, University of Milano-
The of patients with -19 who are ), so typical protectivi I gs mighicocca, Monza, ltaly
1 with 5 on the basis on criteriz be i in patients with COVID-19-related(T -anger MD, G Bellani MD,

www.thelancet.com/respiratoBublished online August 27, 2020  https://doi.org/10.1016/S2213-2600(20)30370-2 1
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Articles

Prof R Fumagalli MD)
Dipartimento di Anestesia e
Rianimazione, Grande Ospedal
Metropolitano Niguarda,
Milan, Iltaly(T Langer,
Prof R Fumagall)epartment
of Anesthesia and Intensive
Care, University Hospital of
Modena, Modena, Italy
(M Girardis MPpepartment of
Anesthesia and Intensive Care
Medicine, ASST MonzaN
Ospedale San Gerardo, Monz:
Italy (G BellaniRegenerative
Medicine Institute at CORAM
Centre for Research in Medice
DevicegJ Laffey MD)
Anaesthesia and Intensive Car¢
Medicine, School of Medicine
(J LaffeyNational University of
Ireland Galway, Galway, Ireland
Department of Anatomy and
Histopathology, ASST
Fatebenefratelli Sacco, Luigi
Sacco Hospital, Milan, Italy
(L Carsana MMepartment of
Anesthesiology and Intensive
Care Medicine, Fondazione
Policlinico Universitario A
Gemelli IRCCS, Rome, Ital
(D L Grieco MD, G de Pascale
Prof M Antonelli MD)
Dipartimento di Scienze
Chirurgiche, Universit” di

Torino, Torino, Italy ARDS **Additionally, patients with COVID-19-assciated
(C Filippini Phipepartment of ARDS are thought to have

Pediatric Hemato-Oncology
and Cell and Gene Therapy,
IRCCS Bambino Gese Childre

Research in context

Evidence before this study form ol ARDS,

We searched PubMed on July 8, 2020, with the search terofsaracterised ased lung
OCOVID-190 and OARDSO, for research published in En .. In many patients, this injufZisicomplicated by increased
between March 1 and July 1, 2020. Our search found  (déad’Space, which is probably rel bi

457 PubMed-indexed articles. Limitations of these studies r bed. monary
included small sample size; retrospective design; and 2 occured together dimer concentrations in
single-centre observation. Nevertheless, despite these  our cohor ty w high.

limitations, highly cited studies have spread the knowledge that . . .
: . . . . Implications of all the available evidence
patients with COVID-19 that are diagnosed with ARDS might . . .
e proposal that evidence-based lung-protective ventilatory

not have what we think of as classical ARDS, because theg atve. . . .
o ) - ) rategies might not be recommended for some patients with
Sl R et R ) (G gy Syé:(?)(?lD-lQ-associated ARDS is not backed up by our data, since

compliance. These bndings resulted in the clinical the morphological hallmark of ARDS was essentially similar in

recommendation that suggested abandoning the previous_ )
. . -rel ¢ ARDS. In view of th
proven best practices for lung protection. limitation o Elaielk S ewoft e:;arg?(t)a,

Added value of this study is still recommended. The observafion'of higher

We completed a systematic analysis of clinical and laborafeajies of dead space might suggest the r levels of
features in patients with COVID-19-associated ARDS in a sure, especially in patients in the
(301 patients), unbiased (all consecutive patients prospec rrange nce. Our results also have implications
enrolled in seven Italian hospitals) series, and compared tlier the design of clinical trials, because patients with the
pathophysiology of COVID-19-related ARDS with that of 2 characteriset ' low respiratory mpliance
classical ARDS using two large historical datasets. We preaec____________rs have y high 10rtality
evidence thi 1 ARDS haatea

inclusion criteria in the brst 24 h after admission: (1)
ry presence of all Berlin depbnition criteria for ARDSand

" associated with (2) receiving invasive mechanical ventilation.

levels? If conbrmed, these Pndings could have major

Hospital, Rome, Italy implications in terms of treatment strategies and Procedures

(Prof F Locatelli MD) prognosis_

Department of Clinical,
Integrated and Experimental

All patients were sedated, paralysétt!and ventilated in

The objective of this study was to examine the » with standard ICU ventilators.

Medicine, Respiratory and fUnctional and morphological features of invasively Positive end-expiratory pressure (PEEP) selection was
Critical Care Unit, S Orsolaventilated patients with COVID-19-related ARDS andnot protocolised. Tidal volume, respiratory rate, and
Malpighi Hospital, Ama Mater tg - assess whether the physiological and biological airway pressures were recorded from the ventilator

University, Bologna, Italy
(Prof S Nava MMepartment

Hospital, UniversitZ Libre de

Bruxelles, Brussels, Belgiun\/] ethods
Study design and participants

(Prof J-L Vincent NDpiversit”
Cattolica del Sacro Cuore

characteristics in patients with COVID-19 are similar to monitors.
of Intensive Care, Erasmd0S€ previously described for classical ARDS.

ns
| using ventilator functions i

e and total PEEP were measured
as previously describeé* The most representative set
of measurements of ventilatory and physiological

Rome, ItalyProf M Antonelliy THiS prospective observational study was done at sevemariables was collected within the Prs24 h of ICU
and Keenan Research Centre fdtalian hospitals (Policlinico di SantOOrsola, Bolognaadmission on the basis of the senior attending
Biomedical Science, St Michael@pndazione IRCCS Cad Granda Ospedale MaggioghysicianOs assessment.

(Prof A'S Slutsky MD

Hospital, Toronto, ON, Ca\nada{;I

Correspondence to:

Prof v Marco RanieriMilan; Ospedale San Gerardo, Monza; Humanitas Clinical

oliclinico,

Milan; University Hospital of Modena, E]
odena; Grande Ospedale Metropolitano Niguarda, | as

of the respiratory system was
e/ end-inspirator.u
P), with ing

Dipartimento di Scienze Mediciand Research CenterNIRCCS, Milan; and Fondazione (SD 4)»** Chest CT scans and CT-
e Chirurgiche, Anesthesia argliclinico Universitario A Gemelli IRCCS, Rome). pulmonary angiograms were obtained when clinically
boi Intensive Care Medicine, 1, tit itional review boards at each hospital approvedindicated and technically feasiblé Totalllingweight
oliclinico di SantOOrsola, Alma i

Mater StudiorumRUniversit- sithe study protocol and decided that consent could bewas 1 from standarc st che CT
Bologna, 40138 Bologna, Italyvaived in the context of the COVID-19 pandemic. Wescans (done at clinical levels of PEEP) with a dedicated

m.ranieri@unibo.it enrolled all consecutive patients older thab8 yeas with medical imaging software equipped with a semi
conbrmed COVID-19° who were admitted to intensive automated segmentation algorithm 2.
care units (ICUs) of participating hospitals between Presence of pulmonary intraascular clots was assessed
March 9 and March 22, 2020 with the following by analysing CT-pulmonary angiograms using software

2 www.thelancet.com/respiratoBublished online August 27, 2020  https://doi.org/10.1016/S2213-2600(20)30370-2
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installed on the IntelliSpace Portal relese 11 The done without any imputation for missing data. Analyses
application uses an advanced automatic computerwere done using SAS version 9.R vasion 34.0, and
aided design algorithm for detecting Plling defects?® Graphpad Prism version 8.4.3 software packages.

In addition, to estimate the hypperfused areas of the

lung parenchyma, the application provides :ldRole of the funding source
5 as an experimentalThere was no funding source for this study. ASS, APe,
feature. and VMR had full access to all the data in the study and

Oxygenation was quantiPed as the ratio of partialhad Pnal responsibility for the decision to submit for
pressure of arterial oxygen to fractional concentration ofpublication.
oxygen in inspired air ). » was
calculated and used as a surrogate 3 rac&kesults
Ventilatory ratio=measured minute ventilatiorl measured During the study period of March 9922, 202, 301 mtients
PaCO/(predicted minute ventilation" predicted PaC0Q), fulblled all Berlin criteria for ARDS and were recruited to
where minute ventilation=tidal volume' respiratory rate; the study?® Median time from hospital admission

| minute ventilationis calculated as predicted to intubation was 2 days (IQR 0D4). Median age was

2in (mL/min); | ) 63 yeary55DD), 232 (7%) were men and 69 (%) were
is the C (8785 mm Hy) if the patient women, and all were ventilated according to
is ventilated with the predicted minute ventilation. a conventimal protective ventilatory strategy.D-dimer
Ventilatory ratio is unitless it concentrations in the Prst24 h from ICU admission
) were available for 26 (8%6) patients &ppendixp 2). SeeOnlinefor appendix

Clinical and physiological variables and D-dimer Chest CT scans were obtained for 43 (14%) patients;
concentrations were collected within 24 h of study median time from ICU admission to CT scan waBa5 days
admission. Values of static compliance and results of(IQR 0B§. Quantitative analysis of lung CT scans was
pulmonary CT scans in patients with COVID-19-relateddone in 20 (%6) patients. Analysis of pulmonary CT

were d with a dataset [ ID-19angiograms was done in 2380) patients.
related classice S obtained from the physiological Baseline characteristics of COVID-19 ARDS compared
database r{=269) used in the creation of the Berlin with classical ARDS® were signibcantly dierent with
debnition, and the idyregards to sex, BMI, incidence of mild and severe ARDS,
(n=3022)* To minimise the potential @ ects of and incidence of pneumoniatable 1).
confounding variables in such comparisons, we brst Median static compliance of the respiratory system was
performed a stratiped analysis for gender, body-mas$28% higher in patients with COVID-19 (n=29714nL/cm
index BMI), ARDS severity (RO/FIO, criterig®), and H,O0 [IQR 33Db52]) than in those with classical
presence of pneumonia as the underlying diseaseARDS (r=960; 32 mL/cm HO [25D43], p<04a0001). The
causing ARDS and then built a multivariable linear distribution of static compliance was unimodal in the
model that used COVID-19 ARDS versus classicatwo groups, with a slight shift to the right (ie, towards
ARDS, gender, age, BMI, andd,/Fi O, as independent higher values) in the COVID-19 group (appendix 19.
variables, ad static compliance or lung weight as the Only 17 (6%) of 297 of patients with COVID-19-related

dependent variable. ARDS had compliances greater than the 95th percentile
of the patients with classical ARDS. Static compliance
Statistical analysis decreased as Pa@O, decreased in patients with

Continuous variables were expressed as medians andlassical ARDS and in a pneumonia subset of patients
IQRs.Categorical variables were summarised as numberswith ARDS, while it remained unchanged in patients
and percentages. Comparison of continuous data betweerwith COVID-19 ARDS (appendix p 3)otal lung weight
groups was done using Wilcoxon-Mann-Whitney or did not di! er between patients with COVID-19 ARDS
Kruskal Wallis test and comparison of categorical dataand classical ARDSKgure1).
was done using#$or FisherOs exactse We wsed the  The stratibed analysis showed that!dérences in static
Kaplan-Meier method to estimate survival toay 28from  compliance between COVID-19 ARDS and classical
ICU admission and we assessed !derences in survival ARDS tended to become smaller (at least in some
curves using the log-rank tes#\ Cox proportional hazard subgroups) after controlling for gender, BMI, severity of
model was used to estimate adjusted hazard ratios (HRSARDS, and pneumonia (appendix p 4). Application of the
with 95% Cls and to assess the inBuence of D-dimer andmultivariable linear model showed that static compliance
static compliance on survival. The relevant availablewas dependent on cause of ARDS, sex, and@FiO,
clinical variables in the adjusted model were sequential(appendix p 4), while lung weight was dependent on
organ failure assessent score at ICU admission, sex, sex and RO,/Fi O, but independent of cause of ARDS
age, and RO/FiO, ratio. (appendix p 4).

All statistical tests were two sidedp<Oa® was  Quartile analysis of D-dimer concentrations (n=261;
considered statistically signibcant and analyses werenormal range <500 ng/mL)and compliance (n=297) in

www.thelancet.com/respiratoBublished online August 27, 2020  https://doi.org/10.1016/S2213-2600(20)30370-2
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inBated, poorly aeratedand non-aerated lung tissue in

S = & p value patients with static compliance either greater than or
e equal to or less than the median are shown in the
! 232/301 7al%)  1580/2548 2a0%) <040001 appendix (p 14). Patients with static compliance greater
Women 69/301 (2249%) 968/2548 (3840%) aa than median (n=8) tended to have more hyperinRated
Age, years* 63 (55D70) 63 (49D73) 04943 and normally inRated lung tissue and less poorly aerated
ex, kg/m (25a3b314a1) ) (2249D3044) <040001 and non-aerated lung tissue than patients with static
ARDS severity compliance equal toor less than the median (n=9), but
33/300 1%) 77212634 3%) <040001 none of these di erences was statistically signibcant.
Moderate 163/300 (54a3%) 1263/2634 (47a9%)  0a2254 Based on quartiles of D-dimer concentrations and
e 104/300 %) 599/2634 ‘%) 040005 static compliance, patients were classibed into four
Underlying disease groups. The high D-dimers, low compliance )
Pneumonia 301/301 (1080% 1523/2643 (5746%) <040001 group was patients with D-dimer concentrations greater
-pneumonia 1120/2643 284%) 44 than the median in COVID-19 ARDS (1880 ng/mL) and
Data are n/N (%) or median (IQR). ARDS=acute respiratory distress syndrome. *n=301forCOVID—lQARDS%%tigz&@mp"ance equal to or less than the median
for classical ARDS. n=294 for COVID-19 ARDS and n=2186 for classical ARDS. (41 mL/cm H,O; 71 [2%] patients). The low D-dimers,
high compliance ) group was patients with

Tabld : Baseline characteristics of patients with COVID-19 and classic# ARDS

D-dimer concentrations equal to or less than the
median and satic compliance greater than the median
(67 mtients P6%]). The low D-dimers, low compliance
( ) group was patients with D-dimer concentrations
and static compliance equal to or less than the medians
(60 [23%] patients). The high D-dimers, high copliance

. ( group was patients with D-dimer concentrations

: and static compliance greater than the medians3{24%]

3 patients; appendix p 8).

Patients with D-dimer concentrations equal to or less
than median had normal perfusion scans regardless of
compliance pgure2). 15 (94%) of 16 patients with D-dimer
A concentrations greater than the median had bilateral,
di! use areas of hypoperfusion, consistent with the
presence of thrombi or emboli (appendix p 9); this was the
case in patients with both high and low static compliance.
4000~ 28-day mortality was 36% (93 of 261 patients). The
HDLC group had signibcantly higher 28-day mortality
. than the other three groups (40 %] of 7 in the HDLC
group vs18 [27%)] of 67 in the LDHC group, 13 [22%)] of 60
in the LDLC group, and 22 [35%)] of 63 in the HDHC
i 1 group, all p=040001). Kaplan-Meier analysis of

survival for the four groups is shown inbgure 3. In the
$ Cox model with HDLC as the reference group, the
.:='|tg.: adjusted HRs for B-day mortality were 04420 (95% ClI
0a215b04mB) for the LDHC group, 0a86 (04152D0&%)
for the LDLC group, and 04448 &230D0a&) for the
3-19 ARDS (n=27) al ARDS (n=213) HDHC group (table 2). Biological sex does not appear
to be a risk factor for 28-day mortality.

125+ p<040001

100+

Foocl -

ce (mL/cm H20)
~
o
1

50

Static

254 ceeleg

T 1
-19 ARDS (n=297) al ARDS (n=960)

t(9)

.
.
.
3000+ °
H

Total lun

1000+

Figure : eight
FARDS . .
Boxes show medians and IQRs; whiskers show the tenth to 90th percentil%l.scussmn
ARDS=acute respiratory distress syndrome. Our study provides gs. First, patients

with 5 have lung morphology

patients with COVID-19 is shown in the appendix and respiratory 5 tha | of
(pp 6D7. Patients with D-dimers equal to or less than the-p 5. Second, there i up of patients
(ie, - [OR 820b623); n=131) had with COVID-19-related ARDS who have disease
ventilatory ratios lower than those observed in patientscharacterised b e of the respiratory
with D-dimer concentrations greater than the median system and hi concentration and have a
(n=130; 146 [1432D1&Yvs 1490 [180D24a3], p=0a00a; compared with other
appendix p 6). Distributions of hyperinf3ated, normally patients.
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ARDS is a form of lung injury that occurs in response
to various predisposing events and is characterised by
inBammation, increased pulmonary vascular permea

bility, and loss of aerated lung tissue. TF of
dig
to
i to the ]
rof ARDS is the presence tteg
(hvaline membranes) due t n and
of 21 it
activity in the 1t has been proposed a
the - for n and
has been implicated in the development of ARDS.
Concentrations o r, a proteic fragment present in

the blood resulting from{clot degradation commonly
found in patients with suspected thrombotic disorders,
are dinth na [uid of patients
with 2 Early studies proposed tha ad

#02%gnd increased serum levels of D-dimerand
pulmonary vasaclar endothelialiis, thrombosis, and
angiogenesis’ have been observed in patients with
COVID-19. Furthermore, dysregulation of other factors
related to coagulation (eg, low vitamin K-dependent
protein C and increased plasminogen activator iithitor 1)
has been associated with very high mortality in ARDS.

Although by : 'S, sevel s
have concluded that patients witt D-19 who are
diagnosed with ARDS t actuall st have what we
think of as \ S because of the fact that the
have signibcant hypoxaemia  ut nt

lungs.5#* Mean static e of 32 mL/am H,O
(SD 1443) was reported for6lpaients mechanically
ventilated for COVID-19.
To answer the question of whether patients with Q%L:rr: :rDi:gibu;orI]ior:perfuts)iin through CT angiogram coronal slices of patients representative of each
COVID-19-related ARDShave characteristics found in (A{DD)EEC'T'1 an;n))gr';r?] iﬁepzltjiegtg\j\'/)ith COVA)-AN2-year-old man from the LDLC group (static compliance
I ARDS, we selected reference values from theg mijcm 10: D-dimer 1260 ng/mL; PE® 144). (B) A 70-year-old man from the LDHC group (static
dataset of 9 patients used to empirically assess theompliance 46 mL/crg®4 D-dimer 587 ng/mL; F&I® 114). (C) A 62-year-old man from the HDLC group (static
Berlin dePhition of ARDS and from the 2 patients compliance |3_2 mL/;g?nﬂLs’c'di”;gfﬁgrﬂglrgLé%EfQ 52F)i- (3)6/\ ;iryfflﬂi man uf:lt;m it:;;tDeHSC group
included in the ;?é:'PatlemS with gsg;:giﬁ’o':h(‘g Three-d%rﬁir)‘lensional reconsgucti(;i?)lf tl?e pu)l.mongry vascular arte?ial tree from the patient i
-19-related Shave a median € panel D. Red (arrows) shows thromboembolic lesions. HDHC=high D-dimers, high compliance. HDLC=high
‘than the | in classice S cohorts. D-dimers, low compliance. LDHC=low D-dimers, high compliance. LDLC=low D-dimers, low compliance.
Regardless, % of patients witl |D-19PaQFiQ=ratio of partial pressure of arterial oxygen to fractional concentration of oxygen in inspired air.
related ARDS had static compliance ar than the
S. Notably, have values of static complian ose
published case :s of critically ill patients with .
COVID-19 have reportec In stat ice of Similarly to a previous study,we found that t of
mL/en H,0,3 to those in S. our patients had markedly er concen
In the 2 antrations | ) ng/mL [IQR 820b6®;]), a
static compliancewa 7 mL/cm kD (IQR 22D36; n257), biomarker to increased 1, n
mL/cm H,0O (IQR 23B88; n=267), anc 5 mL/cm HO degradation, and possibly t | ary.
(IQR 245 n=296)3** Furthermore, by quantitative Although we cannot demonstrate a direct link between
analysis of lung CT scans, we found the ng D-dimer concentrations and thrombotic burden, we
'S and wasfound that the ventilatory ratio, a marker of dead space,
virtually to S, when normalised to was *in patients with )-19-relate )S
ARDS severity (appendix p 4). Together, these datavho had r concentration ve
strongly suggest that patients with COVID-19-relatedof the patientsO stat ce. Moreover, we showed
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100~ 1 tha :
COVIL )S, but were
90 - .
5o i S (appendix p 3).
£ 2 We also founq 3 o a
= coneenatons ane o e, The
E 50 28-day mortality in this group wa: 3s
g 404 than in patients who had increases of either
& 304 D-dimer concentration or static compliance individually.
s0d C These data suggest that patients ha is if
10 — LDHC ind
ol — LDLC 1; although we cannot distinguish between
0 2 8 12 16 20 o 28 injury in the pulmonary or systemic vasculature. Our
Number at risk Time since the start of the study (days) bPndings are consistent with data showing th. gs
(number censored) ar
HDHC 63(2) 58(1) 53(3) 47(6) 35(3) 30(4) 25(7) 16(6) , consisting of severe endothelial injury asseci
ESHLS g @ |0 x@  wE 2O #O BO 9@ ated with the presence ( Is and disrupted
(0) 66(4) 58(7) 47(8) 36(12) 22(4) 15(3) 11(11)
LDLC 60(0) 58(6) 50(9 39(7) 29() 22(@3) 18() 12(11)| cell membranes®
Figuret e bgroups The U nature of this study is its maJ:or
HDHC=high D-dimers, high compl compliance. LDHC=low D-dimers, s and kected several aspects of the study. First,
compliance. LDLC=low D-dimers, low compliance. the decision to use the physiological or ventilatory
variables judged as most representative of the patientOs
i status by he senior attending physician might have
Hazard ratio (95% Cl) introduced inconsistencies because Idérent selection
Class criteria were used in the two historical comparators
High D-dimers, low compliance 1 (ref) (ie, temporal criteria for the LUNG-SAFE and protocol-
High D-dimers, high compliance 04448 (04230D04a873) driven criteria for the Berlin debnitiorf). Second, since
Low D-dimers, high compliance 04420 (04215D04818) the number of CT scans and CT angiograms was limited
Low D-dimers, low compliance 04386 (0a152D04985) by the risk of contagioff and since the angiograms
Sex might have beenordered in response to high D-dimer
Female 1 (ref) concentrations, we cannot exclude a selection bias in the
Male 14803 (04679D44788) subset of patients in whom CT scans were done, and
Age 14048 (14002D14095)* they might not have been representative of the entire
PaQFiQ 04996 (04992D14000)* population. However, although quantitative CT scan
PaQFiQ=ratio of partial pressure of arterial oxygen to fractional c:oncemraltionarlalySIS was done In.a subset of.patlents WIFh more
of oxygen in inspired air. *Change in risk of death per one unit increase (| ear§%¥ere ARDS (appendlx p 11)’ stratibed analySIS showed
age and mm Hg BaQFiQ). that lung weight in severe COVID-19-related ARDS
Tablée': Cox proportional risk analysis for mortality was essentia"y idential.to the |UI_‘lg weight in sever?
i classical ARDS (appendix p 4). Third, PEEP levels during

CT scans n COVID-19-related ABRS (clinically set) and
a dosebresponse associatiowith higher values of in classical ABS (protocolised in an experimental
ventilatory ratio at higher D-dimer concentrations settingsf were di erent, thus adding an element of

(appendix p 6). heterogeneity in the comparisons; however, this should
angiogram studies showed g its ornot have & ected measurements of total lung weight.
occlusions of the \ ‘e that were moreFourth, although we did a stratiPed analysis and built a
prominent in patients with concentrations. multivariable model to account for a number of potential
Although limited by the experimental algorithm used to confounding factors, the di erences between COVID-19-
identify clots, this Pnding is " to that observed in related ARDS and classical ARDS could be inuenced by
patients with )S who had amany other factors not captured by our analysisNeg,
signipcantly " incidence o ) n comorbidities and onset of complications during ICU

than patients with ARDS of di erent causes® Although  stay. Moreover, by dePnition, all patients with COVID-19-
increased D-dimer concentrations might be driven by related ARDS had a viral origin for their ARDS, whereas
inBammatory mechanisms and dead-space ventilationclassical ARDS can have various causes. However, our
might be due to mechanisms other than microclots, our stratiPed analysis examining a subgroup of patients with
study suggests that intravascular pathology plays a majoclassical ARDS caused by pneumonia yielded similar
role increasing dead space and causing hypoxaemia imesults. Fifth, physiological values obtained from
COVID-19-related ARDS:This role could explain the previous studies were probably not taken at the same
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timepoints as values obtained from our patients with AW Techndogies and patents U801734847and US201722483 licensed
COVID-19-related ARDS. In fact, this issue might to Fresenius. MC reports personal fees from Edwards Lifesciences,

partially explain the great heterogeneity in classical

Directed Systems, and Cheetah Medical, outside the submitted work.
ASS reports personal fees from Baxter ancbialung’Xenios.

ARDS. Also, not all patients with COVID-19-related ape reports personal fees from Maquet, Novalung/Xenios, Baxter, and
ARDS had all ventilatory and laboratory variablesBoehringer Ingelheim, outside the submitted work. All other authors

assessed.

declare no competing interests.

The major strength of this study is the systematic Data sharing
analysis of physiological, laboratory, and clinical featuresDeidentiDed individual participant data that underlie results reported in

obtained from a large, unbiased, multicentre series of

this Article will be available. Applicants must provide (1) a
methodologically sound approach to achieve scientibPc aims and

patients. As such, it might have important implications (2) formal documents of approval from the ethics committee of the
for the clinical management of patients with COVID-19- applicantOs institution. Data will be made available pending authorisation
related ARDS. The statement that classical protectivé’f the Policlinico di SantOOrsola ethics committee, which will review

ventilatory strategie¥ might not be recommended for

applicantsO requests, and after signing an appropriate data sharing
agreement. Proposals should be directed to the corresponding author.

some* patients with COVID-19-related ARDS is not Data will be available immediately after publication with no end date.
backed_ up by_ our data. U_nder thgse circumstances pcinowledgments
protective ventilatory strategiésare still recommended. The authors would like to thank all the ICU doctors, nurses, and

The
2) in patients wit J
concentrations might suggest the

0s personnel who strenuously fought against COVID-19 and supported this

h research. The authors would also like to thank $go Venturi
(Commissioner for COVID-19 emergency, Regione Hia-Romagna) and

s Marco Salmoiraghi (Direzione Generale Welfare, Regione Lombardia) for

'd, especially in patients in thetheir support of our research.

range of stati €. Furthermore, a meta-
analysis of the use of PEEP in ARDS found that higher1
PEEP was associated with decreased mortality in patients
with a PaO/Fi O, less than 200, possibly related to lower
static compliance’® The an2

2 in patients with

-19 (appendix p 7) suggests that this conclusion,
will have to be 2d in these patients.

Our results also have implications for the design of
clinical trials. When SARS-CoV-2!&cts both the pulmon
ary parenchyma and the coagulation or vasculature
system, the 28-day mortality rate is extremely high.5
Identibcation of this phenotype is important for ongoing
trials of anticoagulants or thrombolytics. 6

In conclusion, this study provides evidence conbrming
that patients with COVID-19-related ARDS have a form of?
injury similar to classical ARDS. When an easily identipPed
phenotype of increased parenchymal damage (low statig
compliance) and increased D-dimer concentrations
occurs together, mortality is extremely high.
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Prevalence of phenotypes of acute respiratory distress 3@'*\@
syndrome in critically ill patients with COVID-19: ”
a prospective observational study

Pratik Sinha, Caro Calfee, Shiney Cherian, David Brealey, Sean Cutler, Charles King, Charlotte Killick, Owen Richards, Yusuf Cheema,
Catherine Bailey, Kiran Reddy, Kevin L Del v 4 Shanka Anthony C Gordon, Murali Shyamsundar, Cecilia M OOKane,
Daniel F McAuley, Tamas Szakmany

Summary
Backgroundin acute respiratory distress syndrome < ed D-;  t ypes, basedLatet Respir MzaR0
the severity of systemic inRBammation ry an xry), have been described. THi@ishednline
" phenotype is known to be associated with increa:s 1 lure i ality. In thﬁ:gu?/tdﬂ 20/2100 Lo16/
= H o S://dol.or .

study, we aimed to identify thes es ID-19-rela DS. 52213_2600?20)30366_0
MethodsIn this prospective observational study done Inits, we recruited patients w, f?};ﬁg;ﬂrgigtlﬁl
ARDS due to COVID-19. Demographic, clinical, and laboratory data were collected at baseline. Plasma samples §yer€2600(20)30369-6
analysed fo ) and solubl tor receptor superfamily member FR1) usifi@sion of Pulmonary, Critical
a novel point-of-care assay. odel was used to calculate the probability fo¢alagallergy, and Sleep
hyperinammatory phenotype in COVID-19 usin - R1,¢ 1ate levels. Data from this coR¢f¢icine, Department of

. . . . . edicing(P Sinha PhD,
was 1 with patients witl S due to caus her tt vID-19 recruited '+ s UK multicenfig; © < caifee MDSpartment
randomised controllec lo n (HARP-2). of AnesthesigP Sinha,

Prof C S Calfeaihd
FindingsBetween March 17 and April 25, 2020, 39 patients were recruited to the study. Median ratio of partial preséEPFf?EmLeS‘ I"f P:’;’:g‘ry
of arterial oxygen to fractional conceration of oxygen in inspired air (PagFiO,) was 18 kpa (IQR 15D21) and acu i?,ersity Oef gim’“a)
physiology and chronic health evaluation Iécore was 12 (10D16). 17 (44%) of 39 patients had died by day 28 ofdherancisco, San Francisco,

study. Compared with survivors, patients wt lerand t » The median probability for CA, USA; Critical Care
the hyperinBammatory phenotype wa8i0403 (IQR 0401D042). Depending on the probability cused to assign Directorate, Royal Gwent
‘ .Hospital, Newport, UK
class, the prevalence of tr ] /pe was between f{ 10%) and ¢ (21%) of 39, Wh'(‘sflb@nan RN, S Cutler, C King,
than the I of patients with the 'y phenotype -2 (L '5%)] of 539). Usiagilick, O Richards, Y Cheema,

the Youden index cutb (04274) to classify phenotype, Pve (63%) of eight patients with the hyperinBammatdrpailey PhD, T Szakmany PhD)
phenotype and 1z__ %) of 31 with the hypoinBammatory phenot  died. Compared with matched patients recruffiégon of Critical Care,

. . L . . National Institute for Health
to -2, Ievel§ ( 6 wer ar in our cohort, where ‘R1 was signibci ower in patients V\Qﬂgeamh University College
-19-associated ARDS. London Hospitals Biomedical

Research Centre, London, UK

ig%l?realeyAPhI]DepaAnmem of
Anaesthesia, Intensive Care
type than gﬂ@&’ain Medicine, Division of

Interpretation In this exploratory analysis of 39 patient:
I and was associated wit

observed in | S data. This bPnding suggests that 1 rtality observe OVID-19-relpdggktion Medicine, Cardiff
ARDS is "to be due to the upregulation of inBammatory pathways described by the parsimonious model. University, Cardiff, UKC King,
C Killick, O Richards, Y Cheema,
. ) X T Szakmanypepartment of
FundingUS National Institutes of Health, Innovate UK, and Randox. Anaesthesiology and Critical
Care, Beaumont Hospital,
Copyright© 2020 Elsevier Ltd. All rights reserved. Dublin, IrelandK Reddy MB)
ICU support offices, St ThomasO
. o6 . . Hospital, GuyOs and St ThomasO
Introduction % However, ) objective  a-driver IC&HS Foundation Trust,
Severe acute respiratory syndrome coronavirus 2 (SARS . this A London, UK
CoV-2) is a novel virus leading to COVID-19 that has Considerable evidence does exist for the presence MShaF‘Ika"Hag Pk.‘s’:g‘_’?' of
resulted in a global pandemic and is associated with high ; of 5 witt 2d inBammation. In'snggﬁzzsogé:gns C“’gﬁ;:e'ion don
mortality and morbidity.**SARS-CoV-2 pneumonia in its secondary analyses of bve ARDS randomised controll@@ndon, uxm Shankar-Hari)
most severe form can lead to profound hypoxia and acuterials, 5, terme ry andpivision of Anaesthetics, Pain
respiratory distress syndrome (ARDS) requiring invasive 1, have been consistently identibedVedicine and intensive Care,
. I . " . Imperial College London,
mechanical ventilation® it using &) The hypemfam- | “° =«

9, though many havematory phenotype (is associated with exaggerategofa c Gordon MD)
speculated that a central pathophysiological abnormalityinBammation evidenced by greatl ed levels oftellcomebwolfson Institute
associated with re D-19 is ¢ atedirculating ' 5 and increasedr Experimental Medicine,

TN . ....QueenOs University Belfast,
inéncidence of < y rates in the phenotype with
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Research in context

Evidence before this study we classibed 39 patients (O)Y ) ARDS into
We searched PubMed and Google Scholar using the sear ya stypes.
terms OCOVID-190, OSARS-CoV20, OinRammationO, OSgdokiaesdwith a matched cohort of patients frc 2 HARP-2
and Oimmune responsesO for research published in 2020stwilly of patients wi DS di s other than
no language restrictions. Additionally, we considered work D-19, the prevalence ¢ matory phenotype
co-authors and colleagues on the subject of ARDS phenotypthe ID-19 cohort was lower, and mortality at day 28 was
Two phenotypes of acute respiratory distress syndrome (AR@I&Y in both phenotypes.
have consistently been identibed in randomised controlledI L . .

. L - - mplications of all the available evidence
trials with divergent characteristics, clinical outcomes, and . .

. The Pndings of this exploratory study suggest that the
treatment responses. The hyperinBammatory phenotypes Jalent in
more severe plasma infammatory responses and worse ning the
outcomes. It has been hypothesised that the cytokine stor g

integral to the pathogenesis of severe COVID-19. The Gl

SeeDnlinefor appendix

For thestudy protocokee

. . )-19. Future studies are needed to
E:}i\;::\?v?lce 16k plris ety e [ e Bl RS T e pndings and to better understand the

pathophysiology driving poor outcomes in patients with
Added value of this study COVID-19-associated ARDS.
Using a previously validated parsimonious model and a

point-of-care biomarker analyser, in this preliminary report,

systemic y responses are ahc 0%the study by the Bromley Research Ethics Committee, UK
ry (reference number 19/LO/0672). The study sites were the
. Further, in three of these randomised Royal Gwent Hospital, a district general hospital in

controlled trials, di erential treatment responses to Newport, Wales, and University College Hospital, a
randomised interventions were observed in the two university hospital serving an inner-city population in
phenotypes® These Pndings suggest the ar London. Both intensive care units (ICUs) were operating at
ic surge capacitjor the duration of the study &ppendixp 1).
. Patients were eligible for recruitment if they were

-derived 's are usually identibPed using for "2 an of
large datasets and the algorithms are dependent or **Patients were excluded from the study if they were
research biomarkers. elsyounger than 18 years; if onset of ARDS was more than

/pes usingl8 h before screening; if they were receiving extracorporeal

a number of variable$? We used these models and membrane oxygenation; or if they had a do not resuscitate
novel point-of-care assa¥go identify ARDS phenotypes order in place. Diagnosis of ARDS was established by the
in patients with COVID-19 in real time. We aimed to attending physicians caring for the patient.
describe the prevalence of ARDS phenotypes in COVID- The study protocol is availablenline.

http://www.nictu.hscni.net/wp- 19-gssociated ARDS; and to compare the clinical and

content/uploads/2020/07/

PHIND-Protocol-v6.0

biological characteristics of patients with COVID-19 and Data collection

Final_29.05.20.paf ARDS to a previously characterised population of patientsComprehensive data were collected at baseline, including

with ARDS due to other causesNthose enrolled in the demographics, chronic health conditions, vital signs,

Hydroxymethylglutaryl-CoA reductase inhibition with and ventilatory and laboratory investigations. In addition

simvastatin in Acute lung injury to Reduce Pulmonary to standard laboratory investigations, data were also

dysfunction (HARP-2) clinical trial** available for acute markers of inRammation widely
described for COVID-19. These were D-dimer, ferritin,

Methods C-reactive protein, procalcitonin, lactate dehydrogenase,

Study design and population bbrinogen, and troponin. Biospecimens were also

This was a prospective observational study done at tweollected at baseline to quantify additional protein

centres in t and n, UK. The study was abiomarker levels. The study was censored at day 28 and

subset of an ongoing multicentre study, clinical evaluation vital status was adjudicated at this point.

of a point of care assay to identify PHenotypes IN the acute

respiratory Distress syndrome (PHIND; NCT04009330). Protein biomarker quantibcation and phenotype

All patients were unable to provide consent themselves, sclassibcation

consent was gained using the appropriate emergencyProbabilities for belonging to the hyperinBammatory

consent mechanisms in line with the ethical approval of phenatype were generated using a novel rapid point-of-care

www.thelancet.com/respiratoBublished online August 27, 2020 https://doi.org/10.1016/S2213-2600(20)30366-0
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platform. In a prespecibed two-step process performed inanalysis permitted comparison of biomarker levels
real time, plasma samples were brst used to quantifyquantibed using the same assay across two independent
interleukin 6 ( and( soluble tumour necrosis factor populations. Of the entire HARP-2 cohort, Multistat
receptor superfamily member 1A (TNFR1) concentrations.biomarker analysis was available in 98 patients. In an

Plasma levels of the two biomarkers were quantibed at the

time of study recruitment using isay|
measured using the Evidence Multistat Analyser (Randox
Laboratories, Country Antrim, UK). Next, as per the
PHIND study protocol? IS
te,
tie
(appendix p 2).Values for
serum bicarbonate were measured in clinical laboratories.
Clinical std at both sites were masked to the biomarker
data and generated probabilities. The point-of-care
platform-generated probabilities have been validated
against probabilities generated using ELISA-based
biomarker quantibcation and the same classiber model.
The study showed good correlation between the
probabilities generated by the two methods, and both
methods classiPed ARDS phenotypes accuratélpetails
of assay-specibc procedures are in the appendix (p 1).
As per the PHIND protocol, patients were classibed
into the ' e using one of
: (1) 0&5 or higher;
and (2) the Youden index generated during model
development { 04274). During previous model validation,
classibcation based on a cutoof 045 led to higher
specibcity, whereas the Youden index clitded to higher
sensitivity? Once classibed, dierences in measured
baseline variables and mortality at day 28 were compare
between the phenotypes.
Previous Pndings from the secondary analysis using
LCA of a phase 2| ‘or
were used as a
2 standard to compare proportions of
phenotypes and clinical outcomes in the COVID-19
phenotypes. aus
}1 quantibe
by the Multistat analyser in a selection of patients and
would allow direct comparison with the studied cohort.
First, phenotype proportions, acute physiology and
chronic health evaluation Il (APACHE II) scores, ratio
of partial pressure of arterial oxygen to fractional concen
tration of oxygen in inspired air (Pa@FiO ), and clinical
outcomes from this study were compared with the entire
HARP-2 cohort (n=539). For HARP-2, phemngpes
described are those derived using LCA. It was nof
possible to use the parsimonious model used in the
COVID-19 cohort in HARP-2 because bicarbonate
was not measured. Next, biomarker levels, phenotype
proportions, APACHE Il scores, and clinical outcomes
in the COVID-19 cohort were compared with an
equivalent number of matched patients from HARP-2
that had IL-6 and soluble TNFR1 levels measured
using the Evidence Multistat Analyser (herein referred
to as the HARP-2 matched cohort). This matched

Total population ~ Survivors Non-survivors p value
(n=39) (n=22) (n=17)

Age, years 57 (52b61) 54 (45D57) 60 (56D64) 08€036
Sex 0®490*

Men 25 (64%) 11 (50%) 14 (82%)

Women 14 (36%) 11 (50%) 3 (18%)
Race 040*

White 19 (49%) 10 (45%) 9 (53%)

Asian 9 (23%) 4 (18%) 5 (29%)

Black 4 (10%) 2 (9%) 2 (12%)

Other 7 (18%) 6 (27%) 1 (6%)
Diabetes 9 (23%) 6 (27%) 3 (18%) 040*
Hypertension 6 (15%) 2 (9%) 4 (24%) 087*
Heart rate, beats per min 103 (81D142) 106 (84D153) 98 (79D130) 084
Mean arterial pressure, mm Hg64 (61D72) 64 (61D69) 65 (61D72) 0860
PaQFiQ, kPa 18 (15D21) 20 (17b24) 15 (11D18) 08040
Minute ventilation, L/min 106 (b1a) 102 (98Db12) 108 (9%8D1®) 080
Plateau pressure, ci®H 31 (27Db34) 30 (27Db34) 31 (26D34) 082
Positive end-expiratory 12 (6D20) 13 (12D15) 12 (10D15) 087
pressure, cm®l
Compliance, mL/crgH 24 (20D28) 24 (21D28) 25 (20D29) 049
White blood cells10' per L 10 (8P12) 8% (78D12) 104 (9¥b12) 025
Lymphocyte$,10' per L 1 (G6b4) 080 (BD4A) 1 (G6b#) 0566
Plateletd, 10" per L 272 (213D330) 285 (236D332) 244 (177D319) 046
Albumin, g/L 23 (20D26) 24 (20D27) 23 (20D25) 0651
Bilirubinpmol/L 10 (6D23) 8 (6D12) 23 (9D40) 08235
Bicarbonate, mmol/L 26 (24D30) 27 (24D31) 25 (23b27) 082
Creatiningimol/L 84 (65D172) 74 (63D165) 94 (74b201) 049
Troponin, ng/L 18 (5B37) 9 (5b21) 23 (12b58) 08549

Lactate dehydrogenase, 458 (336D591) 439 (343D499) 530 (307D732) 024
units per L

Procalcitonin, ng/mL 12 ((4bD) 12 (08DD) 14 (CYD4A) 028
Fibrinogen, g/L 66 (5BDEGB) 64 (5BDEb) 66 (62Dbd) 08520
D-dimer, ng/mL 1622 (888D3742) 1089 (815D2262) 3730 (1604D5640)00187
Ferritinpg/L 1196 (421D2825) 806 (382D1613) 2178 (471D2947) 042
C-reactive protein, mg/L 214 (154D320) 199 (145D322) 277 (205D293) 049
Interleukin-6, pg/mL 192 (112D556) 149 (84D270) 457 (192D1042) 08048
Soluble TNFR1, pg/mL 3150 (2455D4405) 2735 (2323D3705%200 (3030D4590) 0197
Vasopressor use (baseline) 24 (62%) 14 (64%) 10 (59%) 0®9*
Invasive ventilation (baseline) 35 (90%) 21 (95%) 14 (82%) 0a44*
Sequential organ failure 6 (5D8) 6 (4D7) 7 (6D9) 0d9
assessment score

APACH Il score (10D16) (10D15) (11D16) 026

Data are median (IQR) and n (%). The cohort (a COVID-19 subset of the PHIND cohort of patients with ARDS) is
stratiPed into groups of survivors and non-survivors. p values show comparison of survivors versus non-survivors

were calculated by Wilcoxon signed-rank test unless noted otherwise. APACHE ll=acute physiology and
evaluation |l. ARDS=acute respiratory distress syndrgRi€=Paii® of partial pressure of arterial oxygen to
fractional concentration of oxygen in inspired air. PHIND=clinical evaluation of a point of care assay to id
PHenotypes IN the acute respiratory Distress syndrome. TNFR1=tumour necrosis factor receptor superf;
member 1A. *FisherOs exact test. Includes Filipino and Romani.

Table : nort

chronic h

entify
amily
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Spearman's rank correlation toeient
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Figureé : cohort
Increased size of the circles shows stronger correlaticien@oare derived using the SpearmanOs rank corrélaiiemt dhe6=interleukin 6. LDH=lactate dehydrogenase. TNFR1=tumour
necrosis factor receptor superfamily member 1A.
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el ort to compare aetiologically similar groups to ! ! pvalue
COVID-19, only patients with pneumonia as the primary (n=31) (n=8)
risk factor for ARDS were selected for matching from
this subset. Matching of patients to the COVID-19 cohort Age, years 57 (53061) 57 (46060) 02,55
was done on the basis of a logistic regression-deriveq Sex 08,5,9*
score using age, gender, and PabBiO, as predictor Men 19 (61%) 6 (75%) aa
variables (appendix p 2). Women 12 (39%) 2 (25%) aa
Race 088*
Statistical analysis j 117 ) N &
Clinical data from the time of study enrolment were used ] ok - =
for analysis. Given the small sample size in the analyseq  Black 3 (10%) 1 (13%) aa
subgroups, data are presented as median (IQR) for al ~ Other 5 (16%) 2 (25%) s
continuous variables. Characteristics between groups Diabetes 7 (23%) 2 (25%) 0B9*
were compared using Wilcoxon signed-rank test or| Hypertension & (@) 0 081*
FisherOs exact test depending on the nature of the variabl Heart rate, beats per min 98 (77D141) 104 (97D144)  0&4
SpearmanOs rank correlation @beient was used to | Mean arterial pressure, mm Hg 64 (61D71) 70 (60D75) 0854
assess association between biomarkers. All analyses wel PaQFiQ, kPa 18 (16D22) 17 (11b21) 027
done on R Studio, version 1.1.453, using R, version 3.4.1 Minute ventilation, L/min 102 (HD18) 105 (98D1®) 0&5
Plateau pressure, ci®H 31 (26D34) 31 (28b34) 088
Role of the funding source Positive end-expiratory pressure, ,ém H 12 (12D15) 12 (11D15) 083
The funders of the study had no role in study design,| Compliance, mL/crgoH 24 (20D28) 27 (21D29) 068
data collection, data analysis, data interpretation, on White blood cells10' per L 98 (#D12) 106 (94.D14) 080
writing of the report. The corresponding author had full | Lymphocytes 10" per L 08 (WBDA) 14 (DD#H) 086
access to all the data in the study and had Pna Piatelets, 10" per L 272 (216D314) 259 (197D314) 048
responsibility for the decision to submit for publication. Albumin, g/L 23 (20D27) 24 (22D25) 086
Bilirubinpmol/L 10 (6D21) 12 (8D28) 0%55
Results Creatiningmol/L 78 (63D130) 216 (104D275) 040217
39 patients were recruited to the study between March 1] Troponin, ng/L 18 (5D29) 23 (89220) 0434
and April 25, 2020. Of these, 32 were from Royal Gwen{ |actate dehydrogenase, units per L 439 (315D534) 597 (534D758) 040392
Hospital and seven were from University College | procalcitonin, ngimL 08 (CD®) 26 (15D1&) 04l4
Hospital. All samples were collected within 2 h of | gpringgen, gi 6% (60DE) 58 (DE) 0439
enrolment into the study and within 24 h of diagnosis of r, ng/mL 1601 (873D4081) 1643 (1126D3226) 0491
ARDS and meeting study enrolment criteria. The median Ferritinug/L (422D1855) (1229D4225) 0421
time from the onset of symptoms to stud_y enrolment was | ¢ e protein, mgiL (145D304) |(145D348) 0478
.10 da.yS (IQR 7D]j3)' 35 (9.00/(.’) of 39 patients Were recew! Vasopressor use (baseline) 19 (61%) 5 (63%) 04a99*
invasive mechanlcgl ventllatlon_and four pgtlents WETe| | cive ventilation (baseline) 28 (90%) 7 (88%) 0476
non-invasively ventilated at _the time Of_ r_ecrunme_nt to t_he Sequential organ failure assessment score 6 (5P8) 8 (6D10) 0410
sy fable 1) A our patent receing ronamesive ™ s
in the ICU. 24 (62%) of 39 patients were on vasopressor Mortallty at day 28 12 (39%) 5 (63%) 026*
at baseline (median dose 0a0fg/kg per min). The p values calculated by Wilcoxon signed-rank test unless noted otherwise. APACHE lI=acute physiology|and chror
median APACHE Il score was 12 (|QR 10916) and medial heal_th eve_\lu;ati_on II.~B£KIQ=ratio of partial pressure of arterial oxygen to fractional concentration of oxygen in
PaQ/FiOZ was 18 kpa (15921) At day 28, 17 (44%) inspired air. *FisherOs exact test. Includes Filipino and Romani.
39 patients had died. Of the survivors, seven remained in Table': Di erence in baseline characteristics between hypoinBammatory and hyperinBammatory
the ICU on day 28 of the study and have subsequently phenotypes using a probability cutaf 04274 (Youden index) to assign class

been discharged alive. 12 (38%) of 32 died in the Royal

Gwent Hospital cohort and bPve (71%) of seven died in the

University College Hospital cohor{appendix p 4). between many of the measured biomarker$@ure 1).
Median age of survivors at baseline (54 years [IQR 45D5T)}dimer, ferritin, C-reactive protein, lactate dehydro

was signibcantly lower than that of non-survivors (60genase, and procalcitonin showed association with one

years [56D64], p=040036). Of the baseline respiratognother with some correlation cog cients between 0a4

variables, only the PagFiO, was signibcantly dierent, and 0a5 for the more highly correlated variables. The

with lower levels in non-survivors (p=0a0040). Of thehighest correlations were observed between Pbrinogen

baseline biomarkers, IL-6 (p=0a0048), soluble TNFRXnd C-reactive proteinr€0a63) and soluble TNFR1 and

(p=040197), D-dimer (p=040187), and bilirubin (p=0a023%reatinine {=0460).

were all signibcantly higher in non-survivors than in  Applying the parsimonious classiPer model to the

survivors (table 1). Signibcant correlations were notedCOVID-19 cohort resulted in a median probability for the
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A B the di' erence between the two groups was not
p=040217 p=040392 statistically signiPcant (p=04a26; table 2).
. Baseline creatinine and lactate dehydrogenase were
4004 I : . signibcantly higher in the hyperinRammatory than in the
750+ : . hypoinBammatory phenotypelgure 2A, B). Lymphocyte
300- . .
200-

counts were not signibcantly dierent between the
500] . o groups, but were slightly lower in individuals with the
o hypoinBammatory phenotype (Pgure 2C). Values of
2504 . i . D-dimer (1601 ng/mL [873D4081] in the hypoinfammatory
subgroupvs1643 ng/mL [1126D3226] in the hyperinRam
Ll matory subgroup; p=0491) and C-reactive protein
y oy (206 mg/dL [145D304]s 255 mg/dL [145D348]; p=0478)
C $=04059 ARDS phenotype were similar between the phenotypes. Vital signs and
—_— respiratory variables at baseline were also similar between
146 T : . { . the two phenotypes (table 2). In contrast to previous

Creatinine! fnol/L)

100+ J_

Lactate dehydrogenase (units per L)

studies, in which vasopressor use was consistently greater
on the hyperinBammatory phenotyp&*use was similar
. between the two phenotypes: bPve (63%) of eight patients
048 \ in the hyperinBammatory subgroup used vasopressors
— versus 19 (61%) of 31 in the hypoinf3ammatory subgroup
l ) (p=0499).

The entire HARP-2 cohort (n=539) had a similar age
range (median 54 [IQR 42B66]) to the COVID-19 cohort
(57 [52b61]). The median PdEIO, in HARP-2 was
15 kPa (11B21) compared with 18 kPa (15D21) in this study
Figure': esinthe (p=0407). Median APACHE Il score in HARP-2

Comparisons of creatinine (A), lactate dehydrogenase (B), and lymphocytes (Eg)AkssEtz/\?een the hyperinQ3, S 14924]) WaS,Signibcamly .higher. than in this cohort
and hypoinBammatory subgrou.'lps of the COVID-19 subset‘of the PHIND cohort. Phenotypes were assi %16]; p<0a0001). Baseline ﬁao 2 S_ex’ an_d age
the Youden index as the 6u®a274). Boxes show medians and IQRs; whiskers show the full range; andi6e used to match the COVID-19 cohort with patients in
show individual observations. p values were calculated by Wilcoxon signed-rank test. ARDS=acute respifatoliARP-2 cohort (n=39; appendix pp 6D7). Baseline
distr(_-:*ss synd_rome. PHIND=clinical evaluation of a point of care assay to identify PHenotypes IN the acli§aracteristics of the entire HARP-2 cohort and the
fespiratory Distress syndrome. HARP-2 matched cohort are presented in the appendix
(p 7). APACHE Il score (p<04000kgure 3A) and soluble
hyperinBammatory classibcation of 0403 (IQR 0401D04a2JNFR1 (p=0a0258; bgure 3B) were signibcantly higher
suggesting low prevalence of the phenotype in thisin the HARP-2 matched cohort than in our COVID-19
population. Using a probability cutd of 0a5 to assign cohort; IL-6 (p=0435; bPgure 3C) and creatinine (p=04a09;
phenotype, four (10%) of 39 patients were in thebgure 3D) were similar between the two cohorts; and
hyperinBammatory phenotype. With this cutb, mortality  platelets (p=040068; bgure 3E) were signibcantly higher
at day 28 in the hyperinBammatory phenotype was 75%n our cohort than in the HARP-2 matched cohort.
(three of four patients) and 40% (14 of 35 patients) in the Despite the lower APACHE Il score and similar
hypoinfBammatory phenotype(appendix p 5). Using the PaQ/FiO,, mortality at day 28 in our COVID-19 cohort
Youden index cutd (04274) to assign class led to eight(17 [44%] of 39) was signibcantly higher than in the
patients (21%) being classibed as the hyperinR@ammatorHARP-2 cohort (132 [24%] of 539; p=0a0128), and non-
phenotype fable 2). It is worth noting that without LCA- signibcantly higher than the HARP-2 matched cohort
derived phenotypes, it is not possible to ascertain which(11 [28%] of 39; p=0al&ble 3). Using the Youden index
of the two cutd s is more accurate.Given that more to assign phenotype, our COVID-19 cohort had a smaller
patients were in the hyperinRammatory phenotype using proportion of patients classibed in the hyperinBammatory
the Youden index cutb, to enhance interpretability of phenotype (eight [21%] of 39) than both the entire
comparative statistics, for the remainder of the manuscript HARP-2 cohort (186 [35%)] of 539) and HARP-2 matched
only classibcations using this cuto are presented. cohort (11 [28%] of 39). Mortality at day 28 in the
As with previous studies, baseline APACHE Il score hypoinRammatory phenotype in our COVID-19 cohort
was higher in patients with the hyperinBammatory (12 [39%)] of 31) was higher than in the two HARP-2
phenotype (17 [16D18]) than in those with the hypoinRBantohorts (59 [17%] of 353 in the whole cohort and six [21%]
matory phenotype (12 [10D15]; p=040223). Five (63%)aff 28 in the matched cohort; table 3). Notably, the
eight individuals with the hyperinBanmatory phenotype mortality rate in the COVID-19 hypmfammatory
had died at day 28 compared with 12 (39%) ofphenotype was similar to the rate in the hyperinBam
31 individuals with the hypoinRammatory phenotype; matory phenotype in HARP-2 and HARP-2 matched

142

044

Lymphocytes (O4per L)

0 T 1
ry tory
ARDS phenotype
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(table 3). By contrast, the hyperinBammatory phenotype A B
in the COVID-19 cohort had higher mortality rates than p<0&0001 p=040258
all other groups (bPve [63%)] of eight). . 20000+ "
A sensitivity analysis was done by excluding the patients 40 2
from University College Hospital and the Pndings were % g 15000
similar to those presented (data not shown). 2 3 2
w .- S 10000 .
Discussion o e -
To our knowledge, this study is the brst that has sought 10- '_ A U%) 50004 I | | K i — |
to identify the prevalence of previously described ARDS 1 0 S ) l 2
phenotypes in patients with COVID-19-associated ARDS 0 : : 0 : .
The Pndings of this preliminary study of 39 patients with
COVID-19-associated ARDS suggest that | :ng c p=0435 D p=0409
ur — —
) ty rates were ak he 3997 400
e than g
in those with the / phenotype, which is ’_E? 2000+ § 300
to ; 5 for patients with S. |2 T.CT . .
However, although the magnitude of dierence in | ~ £ 20090 I .
mortality between the phenotypes was consistent, the 1000 g - ' c '.
Jly ] == —_
S | —— o T
>I'A second novel feature of the study was the use o ’ ' ' o coviD-19 | 5.2 matched
a — ind E ) Cohort
, the levels of which we rer p=040068
)S than in 500-
patients with yin »-2. - _
The hyperinBammatory phenotype of ARDS is| g 4007 b
associated with higher circulating levels of proinam |5 .. |
matory biomarkers such ¢ 8, ar R1% - ~—5 .
and " levels of e 200+ o —
Further, this phenotype is associated witt ed o0l a o ___|
evidence of 1 » and 1 The low .t ’ 1 !
prevalence of the y phenotype in 04 T 1
-19 ARDS challenges tt sis of | ine p-19 conor -2 matched
in its pathogenesis and suggests that it mig ot be oner
as i as purported, and might b tly Figuret: HARP-2
encounterec ies. oo B
The rate in the Comparisons of APACHE Il score (A) and measures of soluble TNFR1 (B), IL-6 (C), cre_atlnlne (D), and plate
- . - between the COVID-19 subset of the PHIND cohort and HARP-2 matdBereso$tooty medians and IQRs;
phenotype in -19 is le ar /el bnding ofyhiskers show the full range: and dots show individual observations. p values were calculated by Wilcoxon s
this study. In previous studies y in patients with rank test. APACHE ll=acute physiology and chronic health evaluation Il. ARDS=acute respiratory distress sy
the / phenotype was abm_)%%-ls ‘ILT6:interIeukin 6. HARP-2:Hydroxymethylglutaryl-_CpA reducta§e inhibitiop with simvastatin iq Acu_te lung
However. the ' of patients witr 319 and injury to Reduce Eulmonaw dysfunction. PHIND=cI|£1|caI evaluatlon.of a point of care assay to .|dent|fy PHen
L : IN the acute respiratory Distress syndrome. TNFR1=tumour necrosis factor receptor superfamily member 1/
the  phenotype in our study was nearly
that. Coupled with the lower burden of systemic as the > factor for H, whereas in
inBammatory responses measured by IL-6 and TNFR1COVID-19, reports suggest that on of
the Pbndings of )- patients  :because of respiratory failuféa physiological
uggests y of pathogenes otabnormality that might be ‘ 1t of
| by these y rs. The systemic inBammation and subject to more ad

di! erences in mortality compared with patients with
pneumonia in the HARP-2 matched cohort, in which the It is also worth noting that the- | scores in
infective pathogen is more likely to be bacterial, might our 19 population were r than
allude to the pathogenesis of SARS-CoV-2 and an absendbose in the -2 I i
of therapeutic options for source control in COVID-19 our cohort. All patients wit
ARDS. A second factor to consider is whether attributable
mortality in these patients di ers. In b) _ i .

), | vig y encountered Overwhelmed ICU capacity might have an!ect on
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cohort HypoinBammatory v
n | n Mortality n Mortality
HARP-2 539 132/539 4%)  353/539 5%) 59/353 7%) 186/539 5%)  73/186 3%)
HARP- ed 39 11/39  3%) 28/39 (72%) 6/28 (21%) 11/39 (28%) 5/11 (45%)
D-19 39 17/39 (44%) 31/39 %) 12/31  3I%) 8/39 (21%) 5/8 %)

Data are n or n/N (%). In HARP-2 and HARP-2 matched cohorts, the phenotypes were derived from the original latent class analysis studies. In the COVID-19 subse
PHIND cohort, the phenotypes were derived using the parsimonious model using a proluliEFAc(ouden index). HARP-2=Hydroxymethylglutaryl-CoA
reductase inhibition with simvastatin in Acute lung injury to Reduce Pulmonary dysfunction. PHIND=clinical evaluation of a point of care assay to identify PHenotype:
acute respiratory Distress syndrome.

Tablet 28 between ARP-2 c8HaARP-2 matched cohort, ¢ HVID-19 PHIND cohort

outcomes in COVID-19 and veof injury is presumed to be a viral pneumonitis. In two
rerecent case series of autopsies of patients with severe
COVID-19, the ts
' The gz
low Il scores are also in keeping with those However, this theory remains speculative, and it stands to
reported by the 1d reason that before phenotyping, comprehensive typing of
e in 9777 patients admitted to the ICU inCOVID-19 and its biological signature using data is
the National Health Service hospitals in the UR,where needed, preferably from large multinational collaboratives

For more oiSARIC 4&e the Il score in patients with COVID-19 such as - by the International Severe Acute
https:/fisaricdc.net’ \as 4 (IQR 11D18) and the mortality rate was greatRespiratory and Emerging Infection Consortium.
than ). These consistent bnding est that the Another strength of this study has been to show the
Il score might n logistical " of 1g of
in -19. Taken together, the bndings of th  )wpatients in a busy ICU using a er.
Il score and ! / suggest that Precision-based care has been a promising yet elusive
alternative ) approaches might be needed toopportunity in critical care medicine® Although other
biologically and clinically [ rs specialties have more time, in the ICL e-
using 5 that might, in turn e our ly. The time taken
understanding of s an / sti to do ELISA-based assays is prohibitive in the clinical
in COVID-19-related ARDS. implementation of biomarker-driven phenotype&Using

One advantage of specibcally studying the COVID-19his novel solid state-based analysing technology, we were
population is that the heterogeneity of the cause, aable to classify patients into biomarker-driven phenotypes
common feature of ARDS unrelated to COVID-19, isfin less than 1 h from sample acquisitiot ite can
largely negated. Notably, the prevalence of vasopressdie easily measured using standard clinical laboratory
use at baseline was similar between patients with theassays. The availability of such assays has important
hyperinBammatory phenotype and those with th 30 implications for future precision medicine studies in

3, whereas in previous studies ofcritical care.

ARDS 1 to )-19 sor use was Paradoxically, this strength is also a limitation of the
signibcantly “in those with the y study. The larger y, from which this
phenotype®*'This might in part be explained by the fact COVID-19 subset was derived, was designed to further
that in previous studies, tht validate the point-of-care platform. The platform has only
s with sepsi tlybeen validated using stored plasma samples, and its
featuring in the / phenotype. In performance using real samples from patients in the ICU

-19, given the uniformity of cause, it might be is yet to be formally validated. Given this uncertainty, the
that there are additional drivers of vasopressor use thatndings of this study should be interpreted with caution.
are disease specibc and extraneous to inBammatorifhe clinically measured biomarker component of the

phenotypes, such as cardiovascular complicatiofis. model, namely bicarbonate, can often be informative of
It is also known that nt the validity of the distribution of the phenotypes. In a
2 For example, : 5 cohortt in which 1 e

causes ¢ J,suche 3iS, are associate %, tl am

with levels of endothelial /, Wherea: ct /L (SD | ed with
is associated with Is of markers of the " mmol/L (6) in our -1¢ rt. On the basis

2 Biomarkers pertaining to severity of of this comparison, he

epithelial injury and cell death might be more informative 2 betwee )% in

in COVID-19-associated ARDS because the primary sourcthis cohort seems accurate.
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