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Abstract

Background: Scleroderma Renal Crisis (SRC) is characterized by malignant hypertension and
acute kidney injury. The absence of a gold standard or fitasisin criteria for SRC has

hindered research in this field. The Scleroderma Clinical Trials Consortium (SCTC) SRC
Working Group was created to develop consensus andldaén classification criteria for SRC.
This project was undertaken to generatera set of itemsising consensus methodolomgybe

consideredn thedevelopnent ofclassification criteria for SRC.

Methods: A survey using items identified by a scoping review was developed (REDCap
platform, Vanderbilt University, Nashville, Tennesse¥).international, multidisciplinary panel

of experts from the SCTC, European Scleroderma Trials and Research Group (EUSTAR),
Canadian Scleroderma Research Group (CSRG), and Australian Scleroderma Interest Group
(ASIG) were invited to participate in arBund Delphi exercise. In Round 1, participants were
asked to identify omissions and clarify ambiguities regarding the items in the survey. In Round
2, participants were asked to rate the validity and feasibility of the items usingtyjgerscales
rangingfrom 1-9 (1= very invalid/unfeasible, 5 = uncertain, 9 = very valid/feasible), and to
provide comments. In Round 3, participants reviewed the results and comments of Round 2, and
were asked to provide final ratings. Items rated as highly valid and f#sdih median scores

O Yin Round 3 were selected as the provisional core set of items. A nominal group discussion

meeting followed the Delphi exercise to achieve final consensus on the core set of items.

Results:Overall, 216 experts were invited and 99 from 16 countriesegigio participatan the

Delphi exerciseOf the 31 items in the survey, consensus was achieved on 13 items pertaining to
hypertension, renal insufficiency, proteinuria and hemolysis. Eleven experts took part in the
nominal group discussion, where consenwas achieved for 5 domains: blood pressure, kidney
injury, microangiopathic hemolytic anemia, target organ dysfunction, and histopathology.

Conclusions:A core set oftems defining SRQvas identified using consensus methodology.

Future datadriven phaes of the project are plannedd&velop classification criteria for SRC.
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CHAPTER 1. Introduction:

Scleroderma renal crisis (SRC) is a4ifeeatening complication of systemic sclerosis

(SSc) characterized by malignant hypertension and acute kidoey. iwith a high mortality

rate, SRGemains deading cause of death among patients with @¥dndividuals who are
diagnoseg@romptlymayhavebetter survivaldue toearlyinitiation oftreatment with

angiotensin converting enzyme (ACiBhibitors (27 4). Nevertheless, outcomes remain poor and
there is an urgent need to identify novel therapeutic opi{dhs

One of the major hurdles in the study ofGR the absence of a gold standard
validated classification criteridhelatterare essentiab facilitaterobustresearchidentify novel
treatmers andultimately improve th@utcomeof patients with SRE6).

This research project was designed to develop a core set otdtdmsonsiderem the
development otlassifcation criteria forSRC, usig consensus methodologin Phase 1, an
online modified Delphsurveywas used to achieve initial consensus on a core set of items. In
Phase 2, a Nominal Group Technique (NGT) meeting was held to discusautteakthe
Delphi surveyand to achieve fa consensus on the core set.

This thesis project is a stepping ston¢hia development of classification criteria for
SRC.Previously, a scoping revielad beertonducted to compile definitiord SRC proposed
to date.Thatwork wasused to inform tis thesisresearch projectonsistingof a Delphiexercise
followed by an NGT meetingp generata coresetitemsto define SRCThese items will be

moved into futurelatadrivenphasedo develop and validate classification criteria



CHAPTER 2. Study Background and Literature Review:

2.1 Systemic Sclerosis

Systemic sclerosiéSS9, also known as scleroderms an autoimmune disease
characterized by vasculopathy, fibrosis of the skin and internal organs, and immune
abnormalities including the production diseasespecific autoantibodied). The 2013
American Collegeof Rheumatology and European League against Rheumatism (ACR/EULAR)
classificationcriteria for SScnclude the 6llowing items:skin thickening of the fingers of both
hands extending proximglto the metacarpophalangeal joinBaynaud's phenomenon, SSc
related autoantibodies, fingertip lesions, telangiectasia, abnormal nailfold capillaries and
pulmonary arterial ypertension and/or interstitial lung diseg8g

Across numerous studies, incidencesdte SSc appear to be relatively consistent, with
approximately 20 new cases per million individuals per y@aiPrevalence has been estimated
at about 240 per millioadults in the United States. Systemic sclerosis is more prevalent in
females and in middiaged adult$10). Female to maleatiosrangingfrom 4:1to 7:1 have been
documented with an increase in such ratios during child bearing years. This increase in
prevalenceamong females of chilbearing agés thought to be associated with hormones and/or
pregnancyrelated events, howey, research regarding thismains limited9,11) Various
genetic risk factors for the developmehS&c have been documented and include HLA
associated alleld®).

Systemic sclerosis oftencategorizeds either limited cutaneous systemic sclerosis
(IcSSc) or diftise cutaneous systemic sclerosis (dcSSc). In IcSSc, skin involvement is restricted
to the distal limbs and the face, while in dcSSc, skin involvement can extend to the proximal
limbs and the trunk.cSSc is thought to be associated with a more indolemsepwhile dcSSc
tends to progress more rapidly and be associated with higher mortality. Approximately 40% of
individuals with SSc have dcS$¢,12)

2.2 Scleroderma Renal Crisis

2.2.1Clinical signs and symptoms of SRC
Scleroderma renal crisis (SRC) is aifeeatening complication &Sc(13). It is usually

characterized by malignant hypension and acute kidney injury. Howey#re clinical spectrum



of SRC is broad, ranging from felllown disease presenting msw onset of accelerated arterial
hypertension and rapidly progressive oliguric renal fajltmemore modest elevations in btbo
pressure and renal dysfunction, and at times, normotensive present@mftisee other hand,
hypertension without uraemiandurinary abnormalities and/or mild uraemia attributable to other
factors (e.g., concomitant comorbidities such as diabetegosere to nephrotoxic medications)
are common in S§d4,15) These conditions should not be confused with SRC

Existing definitions of SRC were compiled in a scoping revieihe literature
conducted by Hoa et alable 1 provides a summary of the results (see full table in Appehdix 1
(16). Itemsused in these definitiongere grouped into 1domains hypertension; renal
insufficiency; proteinuria; hematuria; thrombocytopenia; hemolysis; encephalopathy;
retinopathy; hyperreninemia; cardiac dysfunction; and abnormal kidney biopsy. Typically, in
hypertensive SRC, hypertension in addition to at least one of the items listed in Tiable 1 a
required for diagnosis. In normotensive SRC, elevated serum creatinine levels in addition to at

least one other item, again listed in Table 1, are required for diadh6¥is

Table 1. SRC domains in current literature identified by scoping review16)

Domain Items

Hypertension Increased systaliblood pressure (SBP) and/or diastolic bloo
pressure (DPB)

Renal Insufficiency Reduced kidney function, measured by serum creatinine le

Proteinuria Excess of protein in urine, measured by urine dipstick,
protein:creatinine ratio, or 2dour collecton

Hematuria Presence dbloodin urine, measured by dipstick or microsco

Thrombocytopenia Low levels of platelets in blood

Hemolysis Destruction ofed blood cellsidentified by blood smear and
supported by various lab tests

Encephalopathy Alteredmental statuand seizures

Retinopathy Damage to the retina

Hyperreninemia Elevated plasma renin levels

Cardiac Dysfunction Flash pulmonary edema and/or pericardial effusion

Abnormal Kidney Biopsy  Abnormalities in arteries

2.2.2Epidemiology of SRC
Scleroderma renal crisis is a rare complication of, 8&wuring in about 5% of SSc

patients overal{13). SRC is more common in patients with rapidly progressing dcSSc (11%) as



compared to patients with IcSSc (4@aY). Historically, SRC was the leading cause of death in
SSc(1). However, with the advent of ACE inhibitors, epear mortality rates have decreased
significantly(2,3). Despite this decline, SRC remains a severe complication, often resulting in
the need for dialysi€l8). Hesselstrand et al. notaanortality odds ratioof 4.39 (95% CI 2.10,
9.26)for SSc patients withiersus without SRE19). Oneyear outcomes remain poor, with over
30% mortaliy and 25% of patients remaining dialysispenden(b).

SRC commonly occurs early in the course of §&an one to four years after diagnosis
of SSc)(14,19,20)andaverage age of onsstapproximatelyp0 yearq2,3,20,22,23)About
80% of SRC patientarefemale(2,20'23).

Otherrisk factors for SRC include rapidly progressing dc2®6-RNAP 1l antibodies
(22,24,25) exposure to corticosteroid3) (26), presence of select HLA (Human leukocyte
antigen) allele$27) and presnce of membrane protein CD1#B).

2.2.3Hypertensive SRC

Approximately 90% of patients with SRC have increased blood pre&8)69)
Previous studies have shown the importance of high blood pressure imgeERE as
hypertension is one of the earliest signs in many qadésHowever, definitions of increased
blood pressure vary, includingystolic blood pressure (SBBreater than 14@80 mmHg
diastolic Bood pressure (DPByreater than 9020 mmHg and increases in SBP 830 mmHg
andin DPB of >20 mmHg over baseline measuremda®). The varied definitions of

increased blood pressunghlight thechallengan identifying hypertensiveSRC

2.2.4Normotensive SRC

About 10% of patients with SRC have a normotensive f(#i32), characterized by
acute kidney dysfunction in the absence of hyperter{&€@r82). Lack of hypertension may be a
result of cardiac dysfunctigin particular, decreased function of the left ventricle may limit the
ability to increase blood pressufé9,31,33) Some studies have shown that normotensive SRC
patients may experience microangiopathic hemolytic anemia (hemolysis) and thrombocytopenia
more commonly thanypertensive SRC patien{32,34)

Normotensive SRC is associated with worse outcomes than hypertensive SRC, including
lessrecovery of renal function and higher mortaligy13,29,33,34)It is possible that these
pooreroutcomes may be explained, at least in part, by delayed diagnosis (in the absence of



hypertension) or by poor cardiac functi®@xposure to corticosteroids may bgraaterpotential
risk factor for normotensive SRiGan for hypertensive SR@lthough eviénce from the current
literatureis limited (13,29)

2.2.5Treatment of SRC

Since the advent @ngiotensin converting enzyme (ACE) inhibitds&RCis no longer
the leading cause of death among patients with($&cHypertension in SRC is mediated by
hyperreninemiaand ACE inhibitors specifically target this pathwé32). ACE inhibitors also
indirectly reduce hypertension through decreased production of angiotensin. Exposure to ACE
inhibitors causes blood vessels to dijasel.cing blood pressure leve30,36) Thus, ACE
inhibitors can helgontrolhypertensionn SRC(29). However, in order to substantially improve
survival rates, it isgsential @ administelACE inhibitors promptly(2i 4).

In addition to ACE inhibitors, dialysis is frequently requireRC patientslf patients
undergoing dialysis do not recover from renal failtineir mortality rate is highwith survival
rates of less thm60% after ongear, dropping to 20%after eightyears(3,31)

Another possible treatment for SRC is kidney transplantaBimte renal recovery can
continue up to 2 years after SR@splantatioms delayed until thei§32). Unfortunately, in
addition to potential complications of the transplantation itself, patienist be aware that SRC
can recur following a kidney transplahteverthelessf the transplanted kidney is not rejected,

survival rates are hig{19).

2.3 SRC criteria proposedto date

Current researcbn SRC typically usead hoccriteria for defining this disease. The lack
of consistent criteria hinders our understanding of SRC, due to the inability to compare and
generalize research surrounding this rare disease.

To datetwo key efforts have been matdevards developing classification criteria for
SRC. The following sections (2.2.1 and 2.2.2) discuss the relevant studikgh criteria were

proposed29) and partlly validated(5).



2.31 ANCONA criteria proposed by Steen et al(29)

The first efforts towards developimgpssification criteridor SRC were made by Steen et

al. in 2003(29). Through expert consensus, Steen and colleagues clarified the involvement of the

kidney in SRC and SS@he projectvent on to addredbe inconsistency in how renal

abnormalities were used to define SR how kidneysignsand symptomsould result from

othe complicationsOverall,a core set othree items for detection of renal disease in SSc

patients vasidentified: 1) blood pressure, both systolic and diastolic, 2sereatinine, and 3)

urinalysis, bothdipstick and microscopic. In addition, 13 otltems were identified for their

association with SRC. These items were classifiell as Hue to éheiindirectinvolvement

with alternative conditions, rather than a direct relationship to SSc and Stieén et al.

concludedhat SRC should beassifed primarily by specific SRC abnormalities, and proposed

the following criterigknown as thNCONA criteria,for hypertensive and normotensive SRC

A) Hypertensive scleroderma renal crisis

New onset hypertension; defined as any of the following:

a)Systol ¢ bl ood pressure O 140 mg Hg

b) Diastolic blood pressure O 90 mg Hg
c) Rise in systolic blood pressure O 30
d) Rise in diastolic blood pressure O 2

And one (1) of the following five (5) features:

a) Increase in serum creatinine by 50+%ov b asel i ne OR serum c
120% of upper limit of normal for local laboratory

b) Proteinuria O 2+ by dipstick

c) Hematuria O 2+ by dipstick or O 10 R

d) Thrombocytopenia: < 100,000 plts/mm3

e) Hemolysis defined as anemia not due to atheses and either of the

following:

(1) Schistocytes or other RBC fragments seen on blood smear

(2) increased reticulocyte count

B) Normotensive scleroderma renal crisis



|l ncrease in serum creatinine >50% over bas
limit of normal for local laboratory
And one (1) of the following five (5) features:
a) Proteinuria O 2+ by dipstick
b) Hematuria O 2+ by dipstick or O 10 R
¢) Thrombocytopenia: < 100,000 /mm3
d) Hemolysis defined as anemia not due to other causksither of the
following:
(1) Schistocytes or other rbc fragments seen on blood smear
(2) Increased reticulocyte count
e) Renal biopsy findings consistent with scleroderma renal crisis
(microangiopathy)
There was no attempt to validate the proposedra.

2.3.2 Criteria proposedby Hudson et al (5)

More recently, a study by Hudson et @014)produed the first set of SRC criteria to be
partially validatedIn a prospective cohort study of incident SRC patightsmain objective of
this studywas todetermire if ACE inhibitors administered prior to SRC onset would result in
worse health outcomémortality rates and dialysis during the first yealtdwing SRC onsét
Among the75 incident SRC cases include2ll% were previously exposed to ACE inhibitors.
The overall one year mortality rate was 36%, and 25% of patients remained on dialysis.
Exposureto ACE inhibitors prior to SR@iagnosisvas associated with a greater thefol@ risk
of death compared to patients not exposed to ACE inhibitors prior to SRC diagbpsis

Nested within the studyhe investigators attempted to validate criteria for SRC. They
proposedhe followingcriteria, which are different from th®NCONA criteria in 2 key respects,
namely inclusion of an item for hypertensive encephalopathy anéhotusion of renal biopsy
findings for normotensive SRC:

A) Hypertensive SRC

Any one of the following:

a) Systolic blood pressureI¥0 mmHg, or
b) Diastolic blood pressure30 mmHg, or



¢) Rise in systolic blood pressure3® mmHg compared to baseline, or
d) Rise in diastolic blood pressure2® mmHg compared to baseline
And me of the following features:
a) Increase in serum creatinin83% ove baseline OR serum creatinin&20%
of uppe limit of normal for local laboratory
b) Proteinuria: >2-by dipstick and confirma by protein:creatinine ratio tpper
limit of normal
¢) Hematuria: >2+ by dipstick orl® RBCs/HPF (without menstruation)
d) Thrombocytopenia: 00,000 platelets/mm3
e) Hemolysis: by blood smear or increased reticulocyte count
f) Hypertensive encephalopathy
B) Normotensive SRC
Increase in serum creatinin®0% ove baseline OR serum creatining20% of
upper limit of normal for local laboratory
And one of the following feattes:
a) Proteinuria: 42p by dipstick and confirmed by protein:creatinine ratio 4 upper
limits of normal
b) Hematuria: >2+ by dipstick 6r10 RBCs/HPF (without menstruation)
¢) Thrombocytopenia: 00,000 platelets/mm3
d) Hemolysis: by blood smear or inaszd reticulocyte count
e) Hypertensive encephalopathy
In the absence of a true gold standard, Hudson et al. used the physician diagnosis of SRC
as the reference standard. Theynd that 70/7®ypertensive SRC patientset theproposed
criteria for hypetensive SRC whereas only two of the frvermotensive patientsetthe criteria
for normotensive SR he results were the same when they used the ANCONA criteria.
However, kdney biopsiesvere not available for any of thpatientswith normotensive SRC
Whether this would have resulted in better performance AN@ONA criteria for
normotensive SRC remains unknown.
The main limitations of the criteria in this study therefore include a set of criteria
generated in aad hocmanner by the study investigas, an imperfect gold standard, and

inability to correctly classify normotensive SRC with the proposed crifBnese limitations



highlight theneed to develop and validate classificatoiteriafor SRC using robust
methodology

2.3.3 Scoping reviewby Hoa et al (16)

The Scleroderma Clinical Trials Consortium identified the need to develop and validate
classification criteria for SRC as a priority in 2016. Thus, the SRC Working Group was created.
The first effort of the working group was perform a scoping revievo identify definitions of
SRC that have been used in the published literature toTdasereview included an extensive
searchin three online databasededline, Embase and nd@wid PubmedA &nowball
techniquéand search of reference lists contributed gbarch of tevant material to be
included Articles written in English and specifically addressing SRC were considered. Articles
were excluded if they did not use human da6).

The search identified, 58 articlesof which415met inclusiorcriteria Forty original
definitions of SRC, with significant heterogeneity,reédentified from 36 studies, nine reviews
and twoeditorials. All noted items weliacludedas candidate items folefiningSRC. The final
list consisted ofl1 domains and8items(16).

The 11domainswere: hypertension, reniisufficiency, proteinuria, hematuria,
thrombocytopenia, hemolysis, hypertensive encephalopathy, hypertensive retinopathy,
hyperreninemia, abnormal kidney biopsy, and flash pulmonary edganhdomain, except
flash pulmonary edema, had a variable numlbé&ems:renal insufficiency had 14, hypertension
had 12, hemolysis had five, proteinuria and hematuria each had four, abnormal kidney biopsy
had three, hypertensive retinopathy had @wathrombocytopenia, hypertensive
encephalopathy and hyperrenineraéch had ongl6). Forthe complete list olomainsand
items seeAppendix 1.The scoping reviewaid key ground work for tils thesisproject by

providing astartinglist of possible itemso include in the Delphi exercise

2.3.4 Definitions ofAcute Kidney Injury a s well asMicroangiopathic Hemolytic Anemia
and Thrombocytopenia

Various itemddentified in the scoping review have beafined and validated in settiag
outside of SRCThe Kidney Disease Improving Global Outcomes (KDIGO) is a global
organization that works towds developing guidelines for Kidney Disease. These guidelines are



developed for preventing and managing various kidney diseases, including Acute Kidney Injury
(AKID) (37). In this setting, they have defined Acute Kidney Injury (AKI) as follows:
(1) Increase irserum creatinine by0.3 mg/dl £26.5 Imol/l) within 48 hours; or
(2) Increase irserum creatinine t81.5 times baseline, which is known or presumed to have
occurred witln the prior 7 days; or
(3) Urine volume ©.5 ml/kg/h for 6 hours.
Microangiopathic hemolytic anemgand thrombocytopenidAHAT) has been defined
by thelnternational Working Group on thrombotic thrombocytopenia purpura (TTP) and
associated thrombotic microgiopathies (TMAshNd the American Society of Hematolodty
includes MAHAT defined asnew or worsening anemia not due to other causes, schistocytes or
other RBC fragments on blood smear, laboratory evidence of hemolysis that includes elevated
lactate dehgrogenase (LDH) and reticulocytes and/or low/absent haptoglobin anatveeg
direct antiglobulin test. Additionally, it includea platelet count of 100,000 confirmed by
blood smeafor thrombocytopeni§38,39)
These dehitionswereusedin final stages of this projetd inform thedefinitions of
items retained in theore set.

2.4 Assesmg validity

As this study focuses on the conceptvorking towards developingossible
classificatian criteria,validation of such criteria should be discussealidity in this context
refers to the ability for such criteria to actually classify the disebsgerest

Measurement validity reflects the extent to which an instrument truly measurei$ what
was intended to measu0). Face validity looks at whether, on the surface, the instrument
being tested appears to measure the construct of intét@¢sContent validityalso termed logic
and rational validity, examines the extent to which an instruoreset of criteriancorporates
the relevant construct or domdi40,42,43) Construct validity looks atow well an instrument
actuallymeasures what it claims to meas(#4). This can be assessed in a number of ways.
When a previous instrument exists, then the comparison of old and new instruments through the
administration of both can hetfemonstratealidity. Further comprisons of specificity and
sensitivity can also be used to test the new instrument agaisihg criteria If no other

instrument exsts, observing the relationshighat arise from administration of the instrument

10



compared to general anticipated outesncan also helgstablish validity The use oflifferent
populationscan also be usdd assess an anticipated hypothdsithe expected relationship
found the instrument can beferredto be measuring what it is intended to mea¢diié
Finally, criterion validity examines how well a certain instrument measheesonstruct
compared tahe gold standar@45). However, since there is no gathndard for SRC, thisvel
of validationis challengingn this setting

This thesis project will explore face and content validity on a core set of itém®s
judgement of experts can support the face or content validity of critenangdexperts gcuss
and develogriteria can furthecontribute towards validatiogiven that theyhave the greatest
working knowledge on the subject at haf@®). Achieving content validity can be done in a two
stage process, where 1)canstrucis identified anddomainspertaining to thisonstructare
produced and organized into an instrument, and then 2) a panel of experts discuss, modify and
agree ordomains and items within each domain to develop an ovesalimentfor measuring
the construct of intere$40,42) Consensus agreementdosmains andtems is necessary for

contentvalidation(43).

2.5 Consensus lilding methods

This thesis project was conducted using consensus methodinldhig section, arious
types of consensus methatiatexist will be discussk Through the exploration of the various
methods includingher respective strengths and limitations, this sectwdhprovide rationale
for the methodology used for this project.

Different techniques can be used for decision making and reaching consensus in
healthcare research. These techniques include brainstprfocus groups, nominal group
technique (NGT) meetings, and the Delphi method. Brainstorming groups feature several
individuals discussing a topic at hand. Although brainstorming is a good practice for preliminary
steps in research, this method doeswark towards achieving consensus but rather bringing
aboutideas(46i 48). A focus group, typically consisting of several participants, works with a
moderator to discuss a common aséaterest or topic at hand. Analyzing results, drawing
conclusions and assessing consensus can be challenging, due to the qualitative, free discussion
nature of the process. Further issues can arise when there is pressure to conform due to limited

numbes of participants and hierarchies that may exist within the groups.
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A similar approach is an NGT meeting which comprises grenson gathering of a small
group of individuals, specifically, experts in the field of interest. A moderator typically fleads
discussion. In addition to the qualitative data that arises from discussion, NGT members vote on
topics discussed. This approach can suffer from pressure to conform, similar to focus groups. In
contrastthe Delphi method provides a more quantitatippraach to decision making. This
technique consists of multiple rounds of almost identical surveys distributed to a variety of
individuals. Participants are asked to rank items within the survey and are provided with results
from prior rounds to inform rduing, as they work towards consensus on items.

Other methods have been used in previous research for consensus building but are more
specific to their respective applications. For example, the National Institute of Health (NIH)
works at providing consenswn safety and appropriateness of medical practices, devices and
drugs. Consensus development conferences follow a structured format, beginning with a
literature review, followed by presentations by investigators, an open discussion to allow for
guestionand comments, then ending with closed deliberations by a smaller group of
individuals. Everyone must agree on the final decision for consensus to occur. Another example
i s Glaserodos approach t o dGwmcrObdructivgPulomary r ent kn
DiseasgCOPD) and developing COPD guidelines (42,45). Glaser himself reached out to a small
group of individuals, who were in turn encouraged to contact others. A report was developed and
then circulated to all participants for opinions/commentsagoptovals before the completion of
a final draft.

Overall, the combination of a Delphi exercise and a NGT meeting is what we believe to
be the most appropriate and rigorous approach to achieve the objective of this study. These
approaches complement eaclother; some limitations of one are strengths of the other. The
additional combination of both quantitative and qualitative data collection will contribute to the
strength of the combination of these methodologhéighin this thesis research projediet
results of théelphi provide the starting point for the NGT meetifige inperson NGT meeting
seekgo further elaborate on the Delphi res@dtslfurther strengthen agreememhus, by
conducting both the Delphi and NGT, th@sethod aimto achiee overall, well-acknowledged

agreemat.
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2.6 RAND/UCLA Appropriateness Methods (RAM)
2.6.1 Delphi Exercise

The Delphi exercise was designed and developed by RAND Corpoiratios 1950s and
is best outlined in the RAND/UCLA Appropriateness Methods (RAM) mafig9l The Delphi
exercise can be used for a variety of purposes and has been adopted by medical and health
professiona in numerous sattgs. The process can act as an initial stage of research to identify
key items/opinions around a topic of inter@#,51) Prior to conducting the Delphi surveys, a
literature review should be carried out to compiailableworking knowledge.

The Delphi exercise consists of a series of surveys that are administered in rounds, with
each round presenting a new survey that has been adapted based on results fromubke previo
round. Typically, results are anonymoaad summarized after eablelphi round is completed
The summarized results are sent back to participants and used to facilitate the nexthimind
consists of a similar survey from the prior round with sliglodifications based on feedback and
comments provided. The process is repedteslowly reach agreement answers to survey
guestions. The entire process is iterative and continues until opinions begin to align and/or
agreement is achieved, such asghtfor low) median score on a Likert scale rating syg#mm
When only minimal changes in answers are noted between rounds, consenisesrhreached
and the process stgpternatively, a preletermined criterion, such as a set number of rounds
can be achieved to end the Delphi process. The incorporation of summary statistics provides
each participant with a perspective on other padittopinions. The analysis of group
statistics encourages participants to mdy @onsider their own perspective, but also the views of
others, in order to then+@valuate an answer to the same queshkaitding towards consensus.

The use of a Delp exercise has many advantages. It allows multiple people to
participate without physical barriers. As everything is conducted online, participants can be in
differentcountries or even continents, and can complete the survey rounds when convenient for
them. The procedure is cesind timeeffective. Additionally, the onlineanonymous format
provides participants with equal opportunity to voice opinions and helps peesergle,
particularlycompellingor powerful voice frondetermining theend results.

Furthermore, outcome measumesheumatology (OMERACT) is an organization of
rheumatologists, epidemiologists and biostatisticians whose work focuses on improving

measurements for rheumatic diseg&2y. OMERACT has published a suggested checldist
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Delphi processes used in determining core sets for rheumatasdms well as the OMERACT

filter for developing core outcome measurement S¢tschecklistproposed includes the use of
clinicians and patients, asking open questions in initial phases and minimising attrition
throughout the proce$S53). The incorporation of this checklist when conducting a Detphbe

used to strengthen thisethodfor achieving consensushe filter further suggests that truth

(validity), discrimination and feasibility all be considered in such development stages and should

be followed when developing outcome measurersets for research in rheumatoladéy,55)

2.6.2 Measuring disagreement

As a part of the RAM process, methods for calculating disagreement have been
developed and testéd9). A typical measurement of disagreement uses the Interpercentile range
(IPR). Through observation of limitations presented when using IPR to measure the spread of
votes in panelike scale rating exeises, the IPRAS method was developed by RAM. This
method uses the interpercentile range adjusted for symmetry (IPBR#dpposed to the IPR
alone, and further allower increasedensitivity to symmetric rating systemidie IPRAS
smooths the rating skeafor values between® and 34, creating a better measure of dispersion.
Additionally, the IPR is centered at 5 on-8 $cale, whereas the IPRAS is centered more
proportionally to the ratings obtainemteating a better measure of dispersion for eask ased
in relation to the ratings presentddhe formula for IPRAS is as follows:

IPRAS = 2.35 + [Asymmetry Index x 1.5]
where the asymmetry index is the difference between the central point on the rating scale used
(such as 5 on &9 Likert scale) anthe central point of the IPR. The interpercentile range
required for disagreement when perfect symmetry exists is a set value of 2.35. The correction
factor for asymmetry is also a pdetermined set value of 1.5. All of these factors make up the
IPRAS egation for calculating disagreement.

When the IPRAS for an individual rating is smaller than the IPR, disagreement exists. In
testing this method, IPRAS received a sensitivity ratingngfand noted good 6 speci fi ci
although no numerical value pgovided. Teing of the method was noted by RAND to have
occurred in sidata sets with well over 5,08@riables ratedit proved to have several
advantages, including providing a better measfidispersion, and is thus beneficial when
ratings on a scale aseattered. Since developmethte IPRAS method for disagreemént
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documented to havaeen tested in over 16 0&heoretical cases and over@5eal cases with

high success ratemd is thusa welldeveloped method for calculating consen@®s.

2.6.3 Nominal Group Technique (NGT) meeting

Similar to the Delphi exercise, a nominal group technique (NGT) meeting is intended to
build consenus on a specific issue/topic. Although the aims of the Delphi exercise and NGT
meeting are similar, the approaches to achieving consensus are different. An NGT meeting
consists of an kperson gathering where experts share opinions and thoughts. Thhaagired
discussion led by a moderator, agreemeatfigevedn a relatively short timeframe, normally
within 1-2 hours. Typically, the moderator will pose a specific question or topic and each
participant is directed to write down or discuss his/hemiopi The moderator will ensure
inclusiveness of each participant throughout the process. Discussion occurs for each
guestion/topic to clarify any ambiguities or provide additional feedback. Finally, after all
guestions are posed, answered and discusegdg\on each idea takes plgdd,56) To finalize
results, a majority is required. To help avoid a split vote there may be ranking or rating of items
from mostimportant to leasimportant(47,48,56) alternatively, rewording anevisiting of
items can occur until the vote is no longer S{@it).

The structured NGT meeting has numerous strengths. It enables discussion and feedback
to occur simultaneousljeading to better decisiemaking (48). Time constraints are minimal
and it is both efficient and cosffective(56). There are also disadvantages to this pro@Eds
Although discussion is encouraged, due to the procedure and time consipamdss may not
be shared to thaiflest extent, and sonpea r t i @pinpoasmay Heovershadowed lye

opinions of the more senior, more powerful, or more articulate members of the group

2.7 Summary

The absence of classification criteria is an important challenge for researBComtg
overall goal of the SCTC Scleroderma Renal Crisis Working Group is to develop classification
criteria for SRC. To date, the Working Grol@s completed a scoping review of the literature
The detailed results of the scoping review can be viewégpendix 1 and in the supporting
literature by Hoa et al. 201(Z6). This thesis project builds on the scoping review, @mtucts
a threeround Delphi exercise, follovaeby a NGT neeting
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CHAPTER 3. Objectives:

For this thesis projeciilomairdis an umbrella term referrintg a distinct area of focus of
an individual 6s h edem®dne the gpedfitindicatoesahatmeaduoeraldi n |,
assess these health areas. The ultimate aingeneratea concise list of domains and items that
will be used talevelop clasification criteria foSRCin future researchlhe classification
criteriawill beusedto facilitateresearchincludingboth clinical trials and observational studies
Such research willn turn, provide further insighinto SRC diagnosis, treatmemaprevention.

We aim to create items to be considered for classification criteria specifically.
Classification criteria are developed for clinical research purposes. They are developed to
encompass a variety of individuals with a specific disease, hoytbegrare not broad enough
to include everyone. Diagnostic criteria differ in that they tend to be much broader, typically
consist of associated signs and symptoms and are mainljougedient car€6). The items to
be considered for SRC criteria will be used for future research purpodese thus

classification criteria.
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CHAPTER 4. Method Overview:

4.1 Overview

Althoughvarious definitions 06RC have been proposed, none has been developed and
validated usingobust consenswend evidencédasedmethodologyThe aim of this projeavas
to create a core set of items to devedtgssification critea for scleroderma renal crisis (SRC)
using consensus methodologhis wasdone in two phases, in which consensus @amitially
achieved on a preliminary list of iterasinga Delphiexerciseand ther) further achieved
through refinement of the lisf demsin a structured NGT meetinghe Delph exercise
consisted ofhree rounds The surveys used in Round 1 and Rourdr2be found in Appendix 2
and Appendix 3, respectivelYhis projectrepresentpart ofalarger program of research
Previously, ascoping review wasonducted to inform the development of this project. Future
phases of work will occur following this project to further develop the core set of items to
produce classification criterfar SRC The overall process involved in the deyetent of SRC

classification criteria can be seen in Figure 1.

3 condocren
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methods
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Figure 1. Flow chart of the overall process for the development of classification criteria of
SRC
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4.2 Role of the thesis author

As part of my personal contribution to this research projeeas responsible for the
entire Delphi process outlined below. Within the process, | developed the surveys, contacted the
participants, analyzed and drafted the results. These results were then distributed to participants
of the NGT meeting. | was not @ent at the meeting and therefore my supervisor, Dr. Hudson,
was responsible for delivering the Delphi results and writing up the results from the NGT.
Neverthelesshie NGT meeting was audio recordmutll wasable to listen and become
completely familiawith that part of the projecfdditionally, | was a part of all communication
through email correspondence with NGT participants, both prior to and following the NGT. |
was then responsible for anailyg participant characteristi@nd forfurther documeting and

summariing all NGT results.

4.3 Ethics
Ethics approval for this project was obtained from the Jewish General Hospital Research
Ethics Board, Montal Quebec, Canada (Ethics Protocol # COENMBM -17-104). Prior to the

start of Round 1 of the D@hi exercise, all participants provided informed consent.
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Abstract

Objective: This project was undertaken to generate a core set of items to develop classification
criteria for scleroderma renal crisis (SR€)ng consensus methodology.

Methods: An international, multidisciplinary panel of experts was invited to participate in a 3
round Delphi exercise developed based on items identified by a scoping review. In Round 1,
participants were asked to identify @sions and clarify ambiguities regarding the items in the
survey. In Round 2, participants were asked to rate the validity and feasibility of the items using
Likert-type scales ranging from-4 (1= very invalid/unfeasible, 5 = uncertain, 9 = very
valid/feasible). In Round 3, participants reviewed the results and comments of Round 2, and were
asked to provide final ratings. Items rated as highly valid and feasible (both median(g3ones
Round 3 were selected as the provisional core set of.i®@mensensus meeting using nominal
group technique (NGT) followed to further reduce the core set of items.

Results Ninety-nine experts from 16 countries participated in the Delphi exefafdbe 31 items

in the survey, consensus was achieved on 13, including hypertension, renal insufficiency,
proteinuria and hemolysis. Eleven experts took part in the NGT discussion, where consensus was
achieved in 5 domains: blood pressure, acute kidrjagyirmicroangiopathic hemolytic anemia,
target organ dysfunction, and renal histopathology.

Conclusions: A core set of items thatharacterize SRC was identified using consensus
methodology. This core set will be used in future dhteen phases of thigroject to develop

classification criteria for SRC.
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Scleroderma renal crisis (SRC) is a {ifgeatening complication of systemic sclerosis
(SSc)(13,14,33,34)lt is usually charactezed by malignant hypertension and acute kidney injury
(13). However the clinicalspectrum of SRC is broad, ranging from follbwn disease presenting
asnew onset accelerated arterial hypertension and rapidly progressive oliguric renal tfailure
more modest elevations in blood pressure and renal dysfunction, and, moren@rabyensive
presentationgOn the other handhypertension without uraemia, urinary abnormalities and/or mild
uraemia attributable to other factors (e.g., concomitant comorbidities such as diabetes or exposure
to nephrotoxic medications) are common in §8E15) These conditions should not be confused
with SRC.

Scleroderma renal crisis is relatively ravecurringin about 5% of all SSc patient$3).

It is more common in patients with rapidbyogressing diffuse cutaneous SSc (dcSSc) (11%) as
compared to patients with limited cutaneous SSc (IcSSc) (%)) SRC can be further sub
categorized into hypertensive or normotensive forms, represayprgximately 90% and 10%

of SRC cases, respeatly (29,30) Historically, SRC was the leading cause of deatSSc(1).
However, with the advent of angiotensin converting enzyme (ACE) inhibitors, mortality rates have
decreased significantly2,3). Neverthelesspneyear outcomes remain poor, with over 30%
mortality and 25% of patients remaining dialydependent(5). There is an urgent need to
undertake research to identify novel treatments and to improve SRC outcomes

In addition to heterogeneity and rarity, the absence of a consensus classificationgriteria
animportant challenge for research on SRC. To date, most studies of SRC haae lngedtiteria
that have varied considerably from study to study. In aisgapview of the literature, 40 original
definitions of SRC, with significant heterogeneity among them, were iden{if@d Only one
study to date has partially validated criteria for B

The Scleroderma Clinical Trials Consortium (SCTC) SRC Working Group was created to
develop consensus classification criteria for SRI@& objective of this phase of the study was to
generag a core set of domains with corresponding itemslassify SRC using consensus
methodology. Future studiesill be required to develop and validate classification criteria for
SRC.
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Methods

A scoping review of the literature to identify domains andesponding items used to
classify SRChas been publishgd6). The results of this review were used to inform this project,
which consisted of two phases: 1) a modified online Delphi survey to develop provisional
consensus on a core set of domains with corresponding itemssycBRC and 2) a consensus
meeting using nominal group technique (NGT) to further reduce the coEglses approval for
this project was obtained from the Jewish General Hospital Research Ethics BoaréaMont
Quebec¢Canada (Protocol # CODWVBM-17-104).

Phase 1: Delphi

To develop initiatonsensus, a modified, online, thireeind Delphi survey was conducted
(58,59) We identified two hundred and sixteen experts identified through the SCTC, European
Scleroderma Trials and Research Group (EUSTAR), Canadi@no@erma Research Group
(CSRG) and Australian Scleroderma Interest Group (ASIG) and we sent a letter of invitation via
email to participatdn addition, pathologists and nephrologists known through these organizations
with interest in SRC were invited foarticipate to provide additional perspective on key items
pertaining to SRC and are included in the 216 expert count provided.

All individuals interested in participating in the online Delphi survey were asked to
explicitly accept the invitation by reta email All individuals who accepted were then considered
study participants, and thereby constituted the denominator for the participation rates.

The online Delphi survey was developed and managed through the REDCap platform
(Vanderbilt University, Naskille, Tennessee) he survey consisted of 31 items identified by the
scoping review, grouped in 11 domains: hypertension; renal insufficiency; proteinuria; hematuria;
thrombocytopenia; hemolysis; encephalopathy; retinopathy; Hgparemia; cardiac
dysfunction; and abnormal kidney biopsy.

The Delphi survey consisted of three rounds. At the start of Round 1, consent to participate
was obtained ancbntact, demographic apersonal information was collected for all participants.
Subsequently, Round 1 askedrticipants to consider the domains and corresponding items
identified in the scoping review and requested them to clarify ambiguities, identify omissions and
to provide comments. Items were modifiedwerded and r@rganizedaccording to the feedback

from Round 1.
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In Round 2, participants were asked to rate the validity and feasibility of the items using
Likert-type scales ranging from-4 (1= very invalid/unfeasible, 5 = uncertain, 9 = very
valid/feasible) and to provide comments. Participants wenaged links to fulltext copies of the
scoping review and all of the papers included therein addressingsspudviding SRC definitions
or classification criteria, totaling 24 total pape®sientificvalidity was defined as items supported
by publishel literature on SRC anempirical validity was definethy personal experience and
knowledge of SRC content. Feasibility was defined in terms of whether the item could be
performed/tested in an easy or convenient matter. In addition, specific questidestify icut
offs or clinical values were included, usingultiple-choice question format. These questions
pertained to blood pressure, serum creatinine, proteinuria, hematuria and thrombocytopenia.

In Round 3, the results of Round 2 were presented ssimgnary statistics, including
medians and interquartile ranges, &ad graphs. Participants were also shown their answers and
anonymized comments from other participants in Rour&ft2r reviewing the results of Round
2, participants were then asked toyade their final rating oscientific validity, empirical validity
and feasibility of the items

Participants were informed of the timeline for the Delphi survey and given 2 weeks to
complete the first round. Upon completion of Round 1, participantsprengpted with a reminder
of the upcoming rounds. After closing Round 1, results were analyzed and the survey modified
accordingly during a-2veek period. If an individual had agreed to participate, but did not complete
Round 1 in the allotted time, theyeve still allowed to participate in Rounds 2 and 3, as the first
round primarily gathered input and comments for a more structured second and third round.
However, given the links between Rounds 2 and 3, only those who participated in Round 2 were
presentd with their answers. If an individual did not complete Round 2 in the allotted time, they
were only provided with group summary statistics and comments in Round 3.

Consensus was defined as items rated highly scientifically valid and feasible (both median
scores>7) in Round 3, and for which there wa® disagreement, calculated using the
RAND/UCLA Appropriateness Method formula. Disagreement existed when theperezntile
range (IPR: difference between thé"2thd 78" percentiles) was larger than tiRR adjusted for
symmetry (IPRAS), calculated as follows:

IPRAS = 2.35 + [Asymmetry Index x 1.5]
Derivation of the formula is shown in the RAND/UCLA Appropriateness Method handidépk
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Phase 2: NGT meeting

The second phase of this study wasductedo further reduce the number of items and
achieve consensus using N@D). International experts, including rheumatologists, internists and
nephrologists, were invited to participate in-adur faceto-face meeting held in November 2017
in San Diego (@lifornia, USA). Dr. Dinesh Khanna moderated the discussion based on expertise
and previous experience in the fields of SRC and NGT techn{Qe&l)

For the purposes of the NGT meeting, the 11 domains from the Delphi surveyewer
organized and collapsed into figere domains (hypertension, renal dysfunction, microangiopathic
hemolytic anemia with thrombocytopenia, target organ dysfunction [encephalopathy, retinopathy
and cardiac dysfunction] and renal histopathology). Eaamaiftowas discussed in turn with each
panelist invited to provide comments. At the end of the discussion, the panelists were asked to vote
by a show of hands if the items corresponding to the core domains should be included. A simple
majority was requiredodtinclude the item.

During the NGT meeting, it became clear that some items required content expertise
beyond rheumatology, internal medicine and nephrology. Thus, some items were conditionally
included, pending further review with content experts. Bspan hematology, neurology,
ophthalmology, and cardiology were then contacted and asked to provide input and published
evidence to define items in those domains.

A final list of core domains and corresponding items (and their definitions and/or
descriptims) was compiled and circulated among the participants of the NGT meeting for final
approval.

Secondary objectives of the NGT were to define a ligliséases with similar clinical
presentations t&SRC (to improve the specificity of the criteria) and thscuss how the
classification criteria for hypertensive and normotensive SRC should be different. Although the
former was achieved, the panel decided that distinction between hypertensive and normotensive

SRC should be based on data collected in futuasgshof this project.
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Results

Phase 1: Delphi

We contacted 216 professionals with an interest in,SR@hom99 agreed to participate
in themodified online Delphi surveyOf those, 77 (78%), 60 (61%) and 69 (70%) participated in
Rounds 1, 2 and 3, resgtively, and 49 (49%) completed all three rounds oktlreey

Participant chacteristics are shown in TableaBd the geographical distributioh those
participants in Table .3Participants were mainly rheumatologists (86%) with some internists,
nephologists and pathologists. Most participants worked as clinicians for >11 years, with only a
few having less than 10 years of experience (13%). The majority of participants were from the
United States (35%) followed by Canada (11%); 16 other countriesalgereepresented.

The Delphisurvey consisted of threeunds in which Round 1 allowed participants to
provide feedback on the content of the survey, Round 2 allowed participants to rate items for
validity and feasibility, in addition to providing optial comments, and Round 3 allowed
participants to review their own and theups ratings fromRound 2 anda provide final ratings
for validity and feasibility A total of 31 items in 11 domains were included in the Delphi survey.
The 11 domains included hypertension; renal insufficiency; proteinuria; hematuria;
thrombocytopenia; hemolysis; encephalopathy; retinopathy; Hhgparemia; cardiac
dysfunction; and abnormal kidney biopsy. tBese, 13 items in four domains (five items in
hypertension, two imenal insufficiency, one in proteinuria and fikems in hemolysis) achieved
consensus in Round 3 (median ratirg3 on validity and feasibility with no disagreement).
Disagreement on feasibility, calculated with the IPRAS formula, was only presenyder h
reninemia. In any case, that item had not achieved consensus on feasibility either. &lifitentes
that reached consensus in Round 2, also reached consensus in Round 3 with no additional items
reaching consensus in Round 3. However, the IQR fonthjority of items became smaller in
Round 3, demonstrating growing consen3ine median ratings and IQR for each item for Rounds
2 and 3 are presented in Table 4

After completion of the Delptsurvey only scientific validity and feasibilitynot
empiical validity) were used in calculating consensus. This slight modification allowed for the
inclusion of one additional itemeticulocyte count above noal range for local laboratory

under the category of hemolysihis approach was used an effort tabe as inclusive as
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possible and tenhance content validity, by produciragings based on literature and research to
date while minimizing personal opinion and bias.

In addition to the rating of items, questions pertaining teoéfst for blood pressure
creatinine, proteinuria, hematuria and thrombocytopenia were includ®alimds 2 and 3 (Table
5). Under hypertension, six questions pertaining to blood pressudfsuincreases in SBP and
DBP as well as the frequency and timing of blood pressursuneraents were addressed. Two
guestions addressing serum creatinine level increases for renal insufficiencgosedeFour
guestions under proteinurdgaldresed dipstick measurements andngi protein ratios. Similarly,
four questions for hematuria agdsing dipstick levels and RBC counts were @ddressed
Finally, one question regarding platelet count for thrombocytopenia was indludeel Delphi
survey All questions weraduplicatedin Rounds 2 and 3The results showed considerable
variability, emphasizing the need to identify uniform-odits supported by evidence.

Phase 22NGT meeting

Seventeen international experts, including rheumatologists, internists and nephrologists,
were invited to participate in the fateface NGTmeeting Six were ot available. Thus, the panel
consisted ofl1 partigpants, 10 rheumatologists and amephrologist, from the USA, Canada,
United Kingdom, France, Netherlands and Austrath but one of the NGT participants were
also participants in the prior Delphi sey. Prior to the NGT meeting, the 11 domains from the
Delphi survey were r@rganized into fivedomains (hypertension, renal dysfunction [renal
insufficiency, proteinuria, hematuria and hypeninemia], microangiopathic hemolytic anemia
with thrombocytognia, target organ dysfunction [encephalopathy, retinopathy and cardiac
dysfunction] and renal histopathology). Prior to and at the meeting, it was agreed that items should
be defined as much as possible according to evidence and/or international guideline

After discussion, the participants at the NGT agreed that hypertension shoulddrelee
asRise in blood pressurand defined according to international guidelines usingpffatof 140
mmHg for systolic blood pressure and 90 mmHg for diastoliccbfyessur€62i 64). Sincefrise
in blood pressux@s a concept that is intrinsic to SRC and is mearmclude patients with blood
pressure within normal ranges but with clinigaignificant rise over baseline and for which there
are no established guidelines,-afits of 30 mmHg above normal for rise in systolic blood pressure
and 20 mmHg above normal for rise in diastolic blood pressure were retained based on the

consensus the Delphi exercisel@ble 5).
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Similarly, the participants at the NGT agreed that renal dysfunction shouléwmded
asAcute Kidney Injuryand defined according to the Kidney Disease Improving Global Outcomes
(KDIGO) guidelines(37). These guidelines define acute kidney injury as follows: increase in
serum creatinine by > 26.5 umol/L (> 0.3 mg/dl) within 48 hours; increase in serum creatinine to
>1.5 times baselinayhich is known or presumed t@ave occurred within the prior sevdays;
andurine volume < 0.5 ml/kg/h for sixours.

The panel discusseMicroangiopathic hemolytic anemia and thrombocytopearal
Target organ dysfunction (encephalopathy, retinopathydioenyopathy) It was agreed that these
domains could be retained in the core set but that specific item definitions should be finalized after
consulting with content experts in hematology, neurology, ophthalmology, and cardiology.
Following these consulti@ns, the items were defined as follows:

Microangiopathic hemolytic anemia and thrombocytopenia (MAHAA3 defined as new or
worsening anemia not due to other causes, schistocytes or other RBC fragments on blood smear,
laboratory evidence of hemolysisathincludes elevated lactate dehydrogenase (LDH) and
reticulocytes and/or low/absent haptoglobin and a negative directglahtilin test.
Thrombocytopenia was defined as a platelet courtl®0,000 confirmed by blood smg88,39)

There was discussion about including a specifieofutor schistocytes, such as >1@®65)or >

2 per high powered fiel(66). However, this was not retained because automated quantification is
not widely available, manual quantification is subjective and neghthese cubffs have been
validated.

Encephalopathywas defined asieadache, altered mental status, seizures, visual disturbances
and/or other focal or diffuse neurologic signs not attributable to other cause. In the absence of an
evidencebased defiriion of hypertensive encephalopathy, the definition proposed by Lamy and
Mas(67)was felt to describe the syndrome best and was retained.

Retinopathywasdefined atiemorrhages, hard and soft (cotton wool) exudates, and/or disc edema,
not attrikutable to other causes and confirmed by an ophthalmologist. This definition was based
on key items in th&eith-WageneiBaker and Modified Scheie classification critg)6&,69) and
required confirmation by an ophthalmologists because it has been shown that the reliability of
these criteria is low when ophthalmoscopic exampearformed by other physicia(g9).
Cardiomyopathyvas divided intoAcute heart failureand Acute pericarditis. Acute heart failure

is a syndrora and its definition was based on the US and Canadian guidelines for the management
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of heart failureg(70i 72). It is characterized by typical symptoms including breathlessness, ankle
swelling and fatigue that may be accompanied by signs such as elevated jugular venous pressure,
pulmonary crackles and peripheeslemaAcute pericarditisvas defined according to the 2015
European Society of Cardiology Guidelines for the diagnosis and management of pericardial
diseaseslt is diagnosed with at least two of the fdotlowing criteria: 1) chest pain due to
pericardtis; 2) pericardial rub; 3) new widespread -8€vation or PR depression on
electrocardiogram; 4) pericardial effusion (new or worsening) on cardiac echocardio@iaphy

A detailed description of the renal histopathological changes in SRC was prepared by an
experienced pathoffist and can be found in TablgE3).

The final core set of items (and definitions) to develop classification criteria for SRC is
presented in Table 6. It was approved by the participants at theAltgiTthe NGT and
consultation with contergxperts, some items that reached consensus in the Delphi exercise were
not retained in the core s@the domain of renal insufficiency was discussed and agreed to be
replaced with kidney injury to meet KDIGO guidelines and definition for £&4I). This resulted
in the removal of the corresponding item of serum creatmiti20% (or 1.2 times) the upper
limit of normal for local laboratory as this is not part of KDIGQOdgiines. Proteinuria was
discarded after NGT discussion as #®wvel proteinuria was believed to be too common, dipstick
urine protein to creatinine ratio was not reliable. Additionally, when turning to KDIGO
guidelines, proteinuria is not included astpdrAKI definitions. Othelitemsthat did not achieve
consensus in the Delphi exerciseg(¢hrombocytopenia < 100,000 platelets/mm3 and elevated
serum lactate dehydrogenaas part of the definition for microangiopathic hemolytic anemia)
were includedn the final core setn an effort to be as inclusive as possible in the core set of
domains with corresponding items, domains and items that did not reach consensus during the
Delphi were retained after NGT discussion. Although hemolysis as a domaioisehsus on
all but one item during the Delphi, all items were retained, specifically serum LDH and/or
indirect biirubin above normal rangeasit was agreed thalAHAT guidelines were agreed to
be followedi thus modificationsto meet these guidelinessulted in item retentio{88,39)
Additionally, thrombocytopenia was retained to meet MAHAT guidelines. The domains of
retinopathy, encephalopathy and cardiac dysfunction with all respectiv@didmot reach
consensus during the Delphi but were retained during the NGT meeting in an effort to defer to

neurologists and cardiologists to provide supportive evidence. Finally, abnormal kidney biopsy
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was also retained and modified to include histoplathy to meet the expert definition proposed

by Agnes Fogo (Vanderbilt) for inclusion in order to once again be as inclusive as pd$sble.

final core set was then distributed to all participants of the NGT meeting and the Delphi exercise
for final approal.

Finally, as a secondary objective of the NGT, a list of SRC mimickers was compiled an
approved by the panel (Tabl¢. Indeed, kidney injury in SSc is not always due to SRC and
mimickers can also occur in SSc. In addition, mimickers of SRC maysht®@ other clinical
features with SRC, such as hypertension and MAHAT, and renal histopathology may overlap
(16,74,75) Excluding patients with these conditions will improve the specificity of the future

classification criterig76).

Discussion

In this study, we generated core set of items to classifyRE using consensus
methodologyThis core set includes fivdmains and 1Bems. The definitions for each item were
evidencebased or, in the absence of evidence, determined in consultation with content experts.

The progress made to date to develop diaation criteria for SRC demonstrates the
importance of using the best evidence available. A scoping review of the literature identified 40
heterogeneous definitions of SRC using more than 40 items with variable defigit&)n$he
Delphi exercise led to consensus on 1dheske items. However, the need to go beyond consensus
in the rheumatology community and to get the input of content experts emerged as a critical factor
at the NGT meeting. Thus, the input from content experts was sought to finalize the core set.
Proteinura is a perfect example of how this approach allowed the core set to evolve. lodeed,
level proteinuria is common in S§&4), dipstick and urine proteito-creatinine ratio are not
reliable in AKI, proteinuria is not part the KDIGO fdgtion of AKI, and proteinuria would
compromise specificity of SRC criteria. Thus, despite the fact that there was consensus to include
proteinuria in the core set after the Delphi exercise, this item was excluded after the NGT meeting
and discussion witnephrologists.

A core set of variables to define SRC was proposed by experts in(280% included
items for systolic and diastolic blood pressure, serum creafirproteinuria, hematuria,
microangiopathic hemolytic anemia and renal histopathology. These are knowrAAEIO&IA

criteria for SRC. Our core set has similarities to ANCONA criteria in particular with respect
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to blood pressure. However, there algoanotable differences in defining acute kidney injury
(including the exclusion of proteinuria and hematuria). In addition, our core set includes target
organ dysfunction and a detailed histopathological description of SRC.

In 2016, the UK Sclerodermausty Group proposed criteria for the diagnosis of SR
The criteria were divided into categories: diagnostic criteria (essential) and supportive evidence
(desirable) with blood pressure and AKI as the former, MAHAT, hypertensive retinopathy,
hematuria, oliguria or anuria, renal biopsy comsistwith SRC features and flash pulmonary
edema as the latter. Discrepancies with our proposed criteria are found in the slightly modified
cut-off values for blood pressure (150/85 mmHg versus 140/90 mmHg) and additionally, there is
no noted rise in diagtio blood pressure, onlg20 mmHg for systolic blood pressure which is
lower than>30 mmHg proposed in this study. Further, the UK criteria included hematuria.
Additionally, oliguria and flash pulmonary edema were proposed as-akamel items whereas in
our list, these items are grouped into the AKI and acute heart failure definitions, respectively. Our
core set provides a more-depth detailed definition for each item, specifically for AKI, MAHAT
and renal histopathology.

Only one study to date hasatipted to validate thr@NCONA criteria and another slightly
different set of criteria for SRC that included encephalop@hyn that studya diagnosis of SRC
confirmed by a study physician was used as the gold standard for SRC. Compared to the gold
standard, the two sets of criteria identified 70/70 subjects with hypertensive, but only 2/5 subjects
with normotensive SRCWe believe that our core set, which was developed using robust
consensus methodology and evidebhesed content, represents a significant advancement over
these definitions. In addition, it defines target organ involvement and provides ileddeta
histopathological description to define the téfindings consistent with SRLC.

This study has some limitations. First, only 99/216 experts invited to participate accepted
and 77 (78%), 60 (61%) and 69 (70%f these participated in Rounds31lof the Delphi,
respectively. We cannot exclude some response bias. Part of the reason for the low response rates
may have been that the Delphi exercise was conducted during the summer and early fall in the
Northern hemisphere. Numerous out of office replieseweturned. On the other hand, to mitigate
this source of bias, reminder emails were sent to optimize participation rates and the final sample
was still substantial and representative. Second, there are large gaps in knowledge on SRC. Hence,
participantsm the Delphi may have rated validity based more on empirical, rather than on scientific
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evidence. Nevertheless, we provided the Delphi participants with the scoping review and all of the
original papers included therein in every Round for easy access avdlfilable literature. Third,
recruitment of participants with a broad range of expertise is critical to the success of a censensus
building exercise. Although there were a few specialists other than rheumatologists who
participated in the Delphi, it becee clear at the NGT meeting that content expertise in
hematology, neurology, ophthalmology, and cardiology was lacking. We therefore recruited
experts in all of these fields to help finalize the relevant items.

This study has substantial strengths. The leas{s on evidence andput from content
experts ensured that the final core set had face and content V@&Jitfhe geographic range of
participants contributed to the generalizability of the results. There was important complementarity
in the use of both a Delphi exercise and a s&mictured NGT corensus meeting. The Delphi
provided a coseffective approach to survey a larger sample of international experts working
anonymously. The NGT meeting allowed for a tiafcient, faceto-face discussion of a smaller

sample of experts led by an experienoestlerator.

Conclusion and future steps

In conclusion, using consensus methodology, we generated a core set of items, and the
definition of those items, to be used in the development of classification criteria for SRC. To
determine if and how these itersisould be incorporated intoadsification criteria for SRC, two
future phases of this research project are now in planning. The first, modeled merthational
Scleroderma Renal Crisis Survés), will be to recruit an inception SRC cohort and collect the
items in the core set. A comparison cohort consisting of subjects witlitioms that mimic SRC
(Table7) will also be assembled. These data will be used to develop and validate classification
criteria for SRC. The second will be a forced choice study using-oritkria decision analysis
methodg79)to assign weights to the items in the criteria and to set probabilitys/éor definite,
probable and possible SRC. The resulting classification criteria will facilitate rigorous research in
SRC.
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Table 2. Characteristics of @rticipants in the Delphi exercise

N (%)
Rheumatologist 61 (85.9)
Nephrologist 2 (2.8)
Specialty Pathologist 1(1.4)
Internist 5(7.0)
Other 2(2.8)
1-10 years 9 (12.7)
11-20 years 22 (31.0)
Years as a clinician
21-30 years 24 (33.8)
>30 years 16 (22.5)
1-30 patients 10 (14.1)
Unique systemic sclerosis patients 31-60 patients 8 (11.3)
seen each year 61-100 patients 12 (16.9)
>100 patients 41 (57.7)
0 patients 4 (5.6)
New scleroderma renal crisis 1-2 patients 45 (63.4)
patients seen each year 3-5 patients 16 (22.5)
>5 patients 6 (8.5)
0 patients 5 (7.0)
1-5 patients 26 (36.6)
Returning scleroderma renal
6-10 patients 23 (32.4)
crisis patients seen each year
11-15 patients 14 (19.7)
>15 patients 3(4.2)
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Table 3 Geographical distribution of participants in the Delphi exercise

N (%)
Argentina 1(1.4)
Australia 6 (8.5)
Belgium 2(2.8)
Canada 8 (11.3)
Denmark 1(1.4)
France 3(4.2)
Germany 2(2.8)
Israel 1(1.4)
Italy 5(7.0)
Japan 3(4.2
Mexico 1(1.4)
Netherlands 2(2.8)
Spain 2(2.8)
Switzerland 2 (2.8)
United Kingdom 6 (8.5)
United States of America 25 (35.2)
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Table 4. Results from Rounds 2 and 3 of the Delphi exercise andrgensus achieved after Round 3

Round 2 Round 3
Criteria Category Question Consensus
Validity Feasibility  Validity Feasibility
Hypertension New onset or Systolic blood pressu® 140 mmt 7(2)* 8(2) 7(1) 8(1) yes
deterioration of pre Diastolic blood pressu® 90 mmH  7(2) 8(1) 7(0.5) 8(1) yes
existing hypertension, . . A
defined as any of the Rfse .|n s'ystollf: blood pressm'?a 30 n 72 8(1) 7(1) 8(1) yes
following: Rise in diastolic blood pressute 20 n  7(2) 8(2) 7(1) 8(0) yes
Increase in both systolic and diastolic blood pressure should be pre 6(3) 8(2) 6(2) 8(0.5) no
In the absence of signs and symptoms, blood pressure meeesis 7(3) 8(1) 7(1) 8(1) yes
should be measured on at least 2 occasions.
Renal insufficiency Increase in serum creatini®5 0 % over basel in e 7(2) 8(2) 7(1) 8(1) yes
availabl e, serum creatinine O1
normal for local labor@ry (with measurement repeated if necessary
rule out lab error).
Proteinuria New proteinuria defined @8 1 +10Q rBgldL range) by urine dipstic ~ 5(2) 7(2) 5(1) 7(1) no
or worsening proteinuria defi|
urne(* to O 2+, 2+ to O 3+, etc)
New proteinuria defined a® 2 + -3Q01ntydL range) by urine 7(2) 8(1) 7(1) 8(1) yes
dipstick or worsening proteinuria defined a©a 1 poi nt
protein on urine (2+ to O 3+,
Proteinuria should be confirmed by urine protein:creatinine ratio. 7(2) 8(2) 7(1) 8(0) yes
Proteinuria should be confirmed by-Béur urine collection. 6(4) 6(3) 6(2) 6(2) no
Hematuria New hematuria defined 8 1 + by urine di ptara 6(3) 8(1) 6(1) 8(1) no
defined as a a O 1 point incr
3+, etc).
New hematuria defined a® 2 + by wurine d 6(3) 8(1) 6(1) 8(1) no
hematuria defined as a O 1 poi
3+toO 4+, etc) .
New hematuria defined@ 10 red bl oo dredfield | 6(2) 7(2) 6(2) 7(1) no
on urine microscopy or worsening hematuria defined as a doubling
baseline hematuria on urine microscopy.
Thrombocytopenia O 100, 000 platelets/ mm3 6(3) 8(1) 6(1) 8(1) no
Thrombocytopenia should be confirmed by manual blood smear. 6(2) 6(2) 6(2) 6(1) no
Hemolysis Microangiopathic hemolytic Schistocytes or other red blood 8(1) 8(1) 8(0) 8(0) yes
anemia defined as new or cell fragments on blood smear.
worsening anemia not due to Reticulocyte count above normal  7(3) 7(1) 7(1) 7(1) yes
other causes and supported by tl range for local laboratory.
presence of one of the following: Serum lactate dehydrogenase 6(2) 8(2) 6(1) 8(1) no
and/or indirecbilirubin above
normal ranges for local
laboratory.
Serum haptoglobin below norma  7(2) 8(2) 7(1) 8(1) yes
range for local laboratory.
Microangiopathic hemolytic anemia defined as new or worsening 8(1) 8(1) 8(0) 8(0) yes
anemia not due to other causesl supported by the presence of at
least two lab abnormalities (red blood cell fragments, elevated
reticulocyte count, elevated serum lactate dehydrogenase/indirect
bilirubin, low haptoglobin).
A direct antiglobulin test shouléhe documented to rule out 73) 7(2) 7(0) 7(1) yes

autoimmune hemolytic anemia.

* Median values (intequartile range)
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Table 4. Resuls from Rounds 2 and 3 of the Delphi exercise and consensus achieved after Rourid 3

Continued

Criteria Category

Question

Round 2

Validity

Feasibility

Round 3

Validity

Feasibility

Consensus

Encephalopathy

Retinopathy

Hyperreninemia

Cardiac
dysfunction

Abnormal kidney
biopsy

Encephalopathgefined by the American Academy of Neurology as
follows: 'Any diffuse disease of the brain that alters brain function o
structure. The hallmark of encephalopathy is an altered mental stai
Depending on the type and severity of encephalopathy, common
neuological symptoms are progressive loss of memory and cogniti
ability, subtle personality changes, inability to concentrate, lethargy
and progressive loss of consciousness. Other neurological symptol
may include myoclonus (involuntary twitching of a sale or group of
muscles), nystagmus (rapid, involuntary eye movement), tremor,
muscle atrophy and weakness, dementia, seizures, and loss of abi
swallow or speak'.

Retinopathy typical of malignant hypertension

Grade Il (flameshaped hemorrhages and/or "cottenol" exudates)
or IV (papilledema) retinopathy, according to Keittagener
classification

Elevation of plasmareninactiviy 2 t i mes the wup

Presence of flash pulmonary edema based on all available informa
and clinical judgement.

Presence of symptomatic pericardial effusion based a@vailable
information and clinical judgement.

Findings consistent with scleroderma renal crisis (microangiopathy

Accumulation of mucoid (myxoid) in interlobular arteries
(indistinguisable from accelerated hypertension) and/or fibrinoid
necrosis of arteries

Histopathological findings on kidney biopsy consistent with SRC m.
include the following: small vessel (arcuate and interlobular arteries
changes predomatte over glomerular alterations. Early vascular
abnormalities include intimal accumulation of myxoid material,
thrombosis, fibrinoid necrosis, sometimes resulting in cortical necrc
Narrowing and obliteration of the vascular lumen lead to glomerula
ischemia. Juxtaglomerular apparatus hyperplasia, while relatively r:
(10%), can be observed. Late changes are manifested by intimal
thickening and proliferation (which lead to characteristic vascular
"onion-skin" lesions), glomerulosclerosis and interdtiiilarosis. Since
none of these findings are specific for scleroderma renal crisis, the
pathological diagnosis must be supported by appropriate clinical ar
serological data.

6(3)"

72

7(3)

7(3)

6(2)

6(2)

8(2)
7(2)

8(2)

7(2)

6(3)

6(3)

4(4)

702)

6(2)

6(4)
6(4)

6(3)

6(1)

7(1)

7(1)

7(1)

6(1)

6(1)

8(0)
7(1)

8(0)

7(1)

6(1)

6(2)

5(2)

7(0)

6(1)

6(2)
6(2)

6(2)

no

no

no

no

no

no

no
no

no

* Median values (intequartile range)
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Table 5 Results from the Delphi exercise for questions pertaining to ctdffs

Domain Questions Round 2 Round 3

140 mmHg 16* 13
150 mmHg 16 40
160 mmHg 9 7
170 mmHg 1 0
180 mmHg 1 0
Other 2 0
What are the most appropriate cutoffs for high bloc gg mmHg

pressure? Absolute DBP 100 mmHg

110 mmHg
120 mmHg
130 mmHg
Other
What are the mostppropriate cutoffs for high blood 10 mmHg
pressure? Increase in SBP 20 mmHg
30 mmHg
40 mmHg
Other
What are the most appropriate cutoffs for high bloc 10 mmHg
pressure? Increase in DBP 20 mmHg
30 mmHg
40 mmHg
50 mmHg
Other
What are the most appropriate frequency and Only once is enougt
intervals for repeated measurements? 2 times
3 times
4 times
Other
What are the most appropriate foegcy and 12 hours apart
intervals for repeated measurements? 24 hours apart
48 hours apart
72 hours apart
1 week apart
Other

Hypertension What are the most appropriate cutoffs for high bloc
pressure? Absolute SBP

N
i
w
(o]

= P ol [&)] [¢)] N
MOCOCOWHOO®® L FPOOOO [ ;WOO [ U1OO OO X

Renal What are the most appropriate cutoffs for increase 20%
Insufficiency serum creinine? - Increase above baseline 30%
40%
50%
60%
70%
80%
90%
100% (doubling)
Other
What are the most appropriate cutoffs for increase 120%
serum creatinine?Increase above uppémit of 130%
local laboratory 140%
150%
175%
200%
Other

= N N N = W w w =
l—‘l\JOow\IHOI\JOOOI—‘m\I\II\) U'IOI\)I\)\IQI—‘OOJOI—‘OOO-bm(DOle_\ONOOHOD

NOoow~NRrooorrHo~o

* Count of number of responses
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Table 5. Results from the Delphiexercise for questions pertaining to cubffs - Continued

Domain Questions Round 2 Round 3
o . 1+ 3* 2
Proteinuria What_are_ the most appropriate cutoffs for new o4 20 56
proteinuria? Dipstick 34 0 0
4+ 0 0
Other 0 1
What are the most appnogte cutoffs for new O 0.15 g/ ds 3 2
proteinuria? urine protein:creatinine ratio O 0.5 g/day 28 57
O 1.0 g/day 10 0
O 2.0 g/day 1 0
Other 1 0
What are the most appropriate cutoffs for worsenir aO pbint increase 18 6
proteinuria? Dipstick aO pointincrease 25 51
Other 0 2
What are the wst appropriate cutoffs for worsening Doubling 37 51
proteinuria? urine protein:creatinine ratio Tripling 4 1
Quadrupling 0 0
Other 2 6
H : : 1+ 4 3
ematuria What are the most appropriate cutoffs for new
hematuria? Dipstick 2+ 37 55
3+ 2 0
4+ 0 0
Other 0 1
What are the most appropriate cutoffs for new O 10 RBE€s/ F 28 50
hematuria? Microscopy © 20 RBCs/ F 9 6
O 30 RBCs/ } 4 0
O 50 RBCs/}t 1 1
Other 1 2
What are the most appropriate cutoffs for worsenir 3¢ ppint increase 20 8
hematuria? Dipstick a® pdintincrease 22 48
Other 1 3
What ae the most appropriate cutoffs for worsenini doubling 34 50
hematuria? Microscopy tripling 7 2
quadrupling 1 0
Other 1 7
Thrombocytopenia What is the most appropriate cutoff for 50 000 platelets/mn 1 1
thrombocytopenia?Range from 50,000 to 140,000 60 000 platelets/m#n 2 0
platelets/mm3 70 000 platelets/mn 2 0
80 000 platelets/mn 0 1
90 000 platelets/mn 1 3
100 000 platelets/mrh 29 47
110 000 platelets/min 0 2
120 000 platelets/min 7 3
130 000 platelets/min 1 0
140 000 platelets/min 0 0
Other 0 0

* Count of number of responses

A Grams per

day

§ Red blood cell per high power field
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Table 6. Final core set of items to develop classification criteria for SRC

Domain

Iltem

Blood pressure

Kidney injury

Microangiopathic
hemolytic anemia
and
thrombocytopenia

Target organ
dysfunction

Renal
histopathology

Acute rise in Systolic blood pressure 140 mmHg

blood pessure  Diastolic blood pressure 90mmHg

defined as any  Arrise in systolic blood pressure30 mmHg above normal
of the following: A rise in diastolic blood pressure20 mmHg above normal

Blood pressure meamment should be taken twice separated by at least 5 minutes. If bloox
pressure readings are discordant, repeat readings should be obtained until 2 consistent re
are obtained.

Acute kidney Increag in serum creatinine by26.5 umol/L & 0.3 mg/dl) within 48 hours

injury defined as |ncrease in serum creatinine .5 times baseline, which is known -

any of the presumed to have occurred within the prior 7 days
following:

Urine volume < 0.5 ml/kg/h for 6 hours

New or worsening anemia not due to other causes.
Schistocytes or other red blood cell fragments on blood smear.

Thrombocytopenia 100,000, confirmed by manual smear.

Laboratory evidence of hemolysis, including eltad lactate dehydrogenase, reticulocytosis
and/or low/absent haptoglobin

A negative direct antjlobulin test.

Hypertensive retinopathhemorrhages, hard and soft (cotton wool) exudates, and/or disc e
not attributable t@ther causes), confirmed by an ophthalmologist.

Hypertensive encephalopathsharacterized by headache, altered mental status, seizures,
disturbances and/or other focal or diffuse neurologic signs not attributable to other causes

Acute heartdilure, characterized by typical symptoms (e.g. breathlessness, ankle swellir
fatigue) that may be accompanied by signs (e.g. elevated jugular venous pressure, pu
crackles and peripheral edema).

Acute pericarditisdiagnosed with at least 2 tine 4 following criteria: 1) pericarditis chest pai
2) pericardial rub; 3) new widespread -8lEvation or PR depression on electrocardiogram
pericardial effusion (new or worsening) on cardiac echocardiography.

Histopathologichfindings on kidney biopsy consistent with scleroderma renal crisis which
include the following: small vessel (arcuate and interlobular arteries) changes that predc
over glomerular alterations. Glomerular changes of thrombotic microangiopathgenmaesent,
with acute changes including fibrin thrombi and endothelial swelling, red blood cell fragi
and mesangiolysis, and chronic changes including double contours of the glomerular be
membrane. Nonspecific ischemic changes with corrugatd the glomerular basemel
membrane, and even segmental or global sclerosis of glomeruli may occur. Early v
abnormalities include intimal accumulation of myxoid material, thrombosis, fibrinoid neci
fragmented red blood cells, sometimes réssglin cortical necrosis. Narrowing and obliterati
of the vascular lumen lead to glomerular ischemia. Juxtaglomerular apparatus hyperplasi
relatively rare (10%), can be observed. Late changes are manifested by intimal thicken
proliferation(which lead to characteristic vascular "onigkin" lesions), glomerulosclerosis ar
interstitial fibrosis. Nonspecific tubular changes may also occur, including acute tubular in|
the early stage of injury, and later interstitial fibrosis and tubafieophy. Since none of thes
findings are specific for SRC, the pathological diagnosis must be supported by appropriate
and serological data.
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Table 7. Scleroderma renal crisis mimickers and signs and symptoms that differentiate the
mimickers

Signs and symptoms

Prerenal causes (e.g. volume Volume loss (vomiting, diarrhea, bleeding), fever, hypotension, low
depletion, sepsis) urinary fractional excretion of sodium and response to fluid repletic
Renal artery stenosis Chronic hypertensioracute kidney injury unusual except after

initiation of angiotensin converting enzyme inhibitor or angiotensin
receptor blocker, patient with diffuse atherosclerosis, asymmetry ir
renal size, unilateral small kidney, recurrent episodes of flash
pulmonary edma

Drugs affecting glomerular Documented drug exposures
hemodynamics (e.g. nesteroidal anti

inflammatories, calcineurin inhibitors,

angiotensin converting enzyme

inhibitors, radiocontrast)

Acute tubular necrosis (eg. renal Muddy brown granular casts, epithelial cell casts, and free renal tu
ischemia, sepsis, and neptuxins) epithelial cells

ANCA* -associated glomerulonephriti Distinct upper and lower airway features, microscopic hematuria, r
blood cell casts and dysmorphic red cells on Uysia

Other vasculitides (e.g. polyarteritis  Rash, neuritis, nephritic sediment, pulmonary hemorrhage
nodosa, cryoglobulinemia, anti

glomerular basement membrane

antibody syndrome)

Thrombotic thrombocytopenic purpuri Fever, gastrointestinal symptoms, purpura, profound thrombocytoy
and other primary thrombotic
microargiopathies

Membranous nephropathy
Nephrotic syndrome, severe hypertension less common, acute kid
injury uncommon, hypoalbuminemia and hyperlipidemia, oval fat
bodies, lipid dropletsrad fatty casts on urinalysis, microscopic
hematuria without red blood cell casts possible

Membranoproliferative nephropathy  Nephritic syndrome, hypocomplementemia, monoclonal gammopa

Oxalate nephropathy Recurrent calcium stones, oxalate crystals énutine sediment,
patients at risk for calcium oxalate precipitation

Preeclampsia/eclampsia May be difficult to distinguish preclampsia/eclampsia in a pregnan
woman with SSc, although renal function is usually normal in pre
eclampsia/eclampsia antbeated liver enzymes may orient the
diagnosis towards the HELLP syndrome (hemolysis, elevated liver
enzymes and low platelets)

Isolated renal abnormalities 5% of diffuse cutaneous SSc patients have unexplained renal
abnormalitieg14)
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CHAPTER 6. Discussion:

In this discussion, we willeviewthe final core set proposed in this thesis project and

discuss it§ace andcontent validity. We will then revisit the literatuoe definitions and criteria
for SRCproposed thus faandcompae our core set to these previalefinitions Limitations
and strengths of this stuaill be presentedFinally, we will outline how this core set will be
used to complete the development and validation of classification criteria for SRC

6.1 Overview of findings

Scleroderma renal crisis (SRC) is a serious complication of systemic sclerosis (SSc) that
lacks a gold standar@®efinitions of SRC reported to date are theserogeneouasnd none has
been validatedA scoping review of the literature identifid® heterogeneous definitions of SRC
using 48 itemg16). To address this deficiencye have undertaken a mufthase pragct to
develop and validate classification criteria for SRC. Using consensus methqdiodbggying an
online Delphi survey and a nominal group discusdios purpose of this phase of the study was
to generate a core set of items to define SRGmM an initial poobf 31 items 13 reached
consensus durinipe Delphiexercise anfive domains withl3 items each with standardized
definitions, emerged from theominal group discussioifhe domains consisted of rise in blood
pressure, acute kidney injury, microangiopathic hemolytic anemia and thrombocytopenia, target
organ dysfunction (encephalopathy, retinopathy, cardiomyopathy) and histopatilbgshed
evidence and consultation with experts were used to generate the standardized definitions of the
itemsin the core set

This projectmade some progress towakddidation namelyface andcontent validity of
SRC classification criteridContent validity isdefined as the extent an instrument, such as a core
set of items, incorporates the relevant construct being examined, such §&0243) In
Round 1 otheDelphiexerciseexperts were asked to identify omissa@amd clarify ambiguities
and, in Rounds 2 and 3, they were aske@ud the validity of itera. In addition the NGT
meetingallowed a structured discussion to address issues with any of the ged®uhelping
define SRC to ensure the corewas as inclusive as possibléhe ability to reword, reclassify,
remove and add items throughout the procksscantributed to the validity of the criteria.

Finally, the use oéxpertsan fields outside brheumatology allowed for items specific to
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hematology, neurology, cardiology, ophthalmology, and pathology itacbeporategoroviding

furthervalidity to items and definitions included in the core set

6.2 Comparisonwith previously proposedcriteria

Previousdefinitions anctriteriafor SRC were introduceith Chapter 2In this section,
we compareand contrast our core set to IBCONA criteria for SRC (5)thecriteria proposed
by Hudson et al. (6)and the UK Scleroderma Study Group criteria (73)

A set of variables to define SR@own as théANCONA criteriawas proposed by
experts ina study by Steen et al. #003(29). The variables includeslystolic and diaslic blood
pressure, serum creatinine, proteinuria and hematuria. In addition, criteria for SRC including
findings of microangiopathic hemolytic anemia and renal histopathology were proposed. Our
core set has similarities to tA&NCONA criteria, particulaly with respect to blood pressure.
However, there are also notable differences in defining acute kidney injury (soeh as
exclusion of proteinuria and hematuria). In addition, our core set includes target organ
dysfunction, definitions of variables aadietailed histopathological description of SRC.

To date, aly Hudson et al(2014)attempted to validate tt&NCONA criteria and
another slightly different set of criteria for SRC, that included encephalof@thyhis study
proposed criteria for SR@vhere hypertensivBRCwas defined by hypertension in addition to
at least one of the following items: incseain serum creatinine, proteinuria, hematuria,
thrombocytopenia, hemolysis and encephalopathy. When normotensive, hypeneassimmt
included in the characteristics but rather serum creatinine in addition to either proteinuria,
hematuria, thrombocytopen hemolysis and encephalopathgs required for classification
Although the criteria for hypertensive SRC performed well compared to physician judgement
the criteria for normotensive SRC, which did not include renal biopsy findirdjeptiperform
well for this subset of SRGn comparison, our core set does not include eitheemuria
(which is nonspecific in SScpr hematurigwhich suggests the presence of a mimicker, rather
than true SRC)Serum creatinine has been regrouped into the domakiKbéand further
redefinedusing a validated definition.ifombocytopenia has also been regrouped with items
from hemolysis to create a new domain of MAHADain using validated definitiond/e
believe that our core set represents a significant advancenarhesearlierdefinitions. In
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addition, it defines target organ involvemeuttich further includes encephalopatiryd provides
a detailed histopathological description to define the féimdings consistent with SR

More recently,m 2016, the UKScleroderma Study GroKSSG)proposediiagnostic
criteria for SRQ(77), whichvary in purposdrom our classification criteriaOverlap between
items presented in diagnostic and classification criteria can;dumwever, diagnostic criteria
typically aremuchbroader with afocuson patientcare whereas classification criteriand to be
morespecificallydefined andareused for research purpos&swus,classification criteria should
not be directly used as diagnostic critefibe UKSSGcriteria weredivided into diagnostic
criteria (essetmal) and supportive evidence (desirabBpod pressure and AKbere categorized
as essential diagnostic criteria, WWAHA T, hypertensive retinopathy, hematuria, oliguria or
anuria, renal biopsy consistent with SRC features and flash pulmonary egeeneonsidered
supportive evidenceéDiscrepancies with our proposed critarieludedifferentcut-off values for
blood pressure (150/85 mmHg versus 140/90 mmHg}lanthck of antem for rise inblood
pressureFurther.the UKSSGncorporate hematuriaOliguria andflash pulmonary edemaere
both proposed as stafadbne itemswhereas in our core set these items are grouped into the AKI
and acute heart failure domains, respectively. Finally proposed core set provides detailed

definitions for all items presented

6.3 Limitations

This study is not without limitations. First, only 99/216 experts invited to participate
accepted and 77 (78%), 60 (61%) and 69 (70%) of these experts participated in RBwfds 1
the Delphi, respectively. Response biasimegyve occurred as a result o
selection to participate. Part of the explanation for the observed response rates may have been
that the Delphi exercise was conducted during the suranteearly falin the Northern
hemisphereNumerousut-of-office replies were returned. On the other hand, to mitigate this
source of bias, reminder emails were sent to optimize participation rates and the final sample was
still substantial and representative.

Second, there are large gaps in knowledg8RE. Due to the nature of the Delphi, a
further form of response bias can occur through judgeivesed bias or participant bias of
individuals when responding to the Delphi questions and ratings. Participants in the Delphi likely

ranked validity based stewhat on experiential, rather than on purely literabased scientific
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evidence. Nevertheless, we provided the Delphi participants with the scoping review and all of
the original papers included therein in every Round for easy access to the aviédediled. In
addition, this phase of the project will be followed by a future,-deten phase.

Third, recruitment of participants with a broad range of expertise is critical to the success
of a consensubuilding exercise. We recruited subjects for Erephi exercise and NGT
meeting through scleroderma research groups and established networks. However, it became
clear at the NGT meeting that content expertise in certain items pertaining to histopathology,
hematology, neurology, ophthalmology, and calaly was lacking. We therefore recruited
experts in all of these fields to help finalize the relevant it&kisle recruitment of these
individualslate in the procesd$dllowing the NGT exercisgprovided valuable information,
including these experts participants in earlier phases of the stathy haveallowedbetter
contribution of their knowledge during the developmaithe core set and promoted further
discussion of the items involved. Howevieshould be noted thail finalized results were
ageed upon by all participaniis this study.

Fourth, the core items presented do not includeltaosnarkerdor this disease.
Biomarkerssuch agapidly progressive diffus8Scandthe pesence of arRNA 11l antibodies
are knowrrisk factos for SRC. Thee biomarkers may help improve the performance of
classification criterinandshould beconsideredn future research phases.

A final possible limitation for this thesis project focuses on the participants of the study,
for both the Delphi and NGT meegnAll participants for this research project were clinicians
with interest in SRC and content expe@IERACT recommendthatthese individual®e
included toobtain the validation of the core set presented, since experts should have the greatest
working knowledge in the field of SRC. However, there was no input from patightsh is
also recommended by OMERACPatients have different viewpoints and knowledge, based on
their experience living with SRC. Incorporating patients into this type of reseagheveal key
items not identified by clinicians, such as how a patient may feel prior to diagnosis or throughout
the early stages of SRC ondeatients living with the disease may have different experiences.
Their signs and symptoms may present diffédyeto them tlan to the diagnosing physician.
Physicians may miss these possibly relevargincesinformationand input from patientsould

benefit the development of classification criteria and may be of interest in future studies.
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6.4 Strengths

The stuly hasmany strengths. The research methodology, consisting of a paired Delphi
exercise and faem-face structured NGT meeting, allowed both quantitative and qualitative data
collection. The Likert scale ratings from the Delphi provided median and |QRs/#iat later
allowed for the calculation afisagreemernit thequantitative data. The NGT meeting allowed
for participants to vote on items, providing quantitative data, but additionally allowed for
discussion on defining items, thus providing quak&tlata.

This study provided validatiothirough the weldeveloped methods aparticipationof
many experts in the field of SSc and S&Owell as content experts suchamatologists,
neurologists, cardiologists, ophthalmologists, and pathologisésinput fromtheseexperts
helped ensure that the final core set had face and content validity.

The extensive geographic range of participants is another strength, helping to ensure that
the core set will be generalizable the broad spectrum of SR, well as internationally.

Finally, the rigorous process followed for this project, including a previous scoping
review of the literature, followed by the complementary consebased and datdriven
components will help ensure the usefulness of tresifieation criteria for future randomized
trials and epidemiologic research of SRC. These methods complemented each other well. The
Delphi provided a costffective approach, allowed for international expert participation with the
ability to provide honddeedback in a confidential mann&he online platform for the Delphi
exercise was flexible and allowed for a welfanized, visually pleasing and engaging process.
The NGT meeting allowed for a highly structured, feméace discussion of internatiodnexpert
participants led by an experienced moderator that wasdffisgent. These approaches allowed
opinions to be thoroughly shared in multiple formats to arrive at consbasesd classification
criteria for SRC.

6.5 Future steps

Thegeneration offtecore set is onlypart ofa biggemroject As discussed, previous
research presentéarough a scoping review by Hoa et @017) laid out ground work foour
Delphi and NGT meeting to achieve consensus on a core set of items.fhatses of resedrc
will be needed to develop, weight and validate the classification criteria forv@Reh are

already in planning phasddoreover,a few additional elements that arose during this project
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will need to be addressetihese include SRC mimickers that sltbnbt be confused with SRC
and differentiation betweeseparatdypertensive and normotensiggteria

Theconcept of SRC mimickers became a secondary objective for the NGT meeting. The
definitions used in research to date surrounding 8RRGeterogenaas and broadvith few or
no definitive indicatorsThe resultingoroad criteria items can factbe indications of another
disease and vice versa. After the NGT meeting, it was agreed that there are some mimickers of
SRC that should be excluded priomb@king a diagnosis. These mimickers of SRC share similar
clinical presentationto SRCand are also associated with AHB6,74) They are found in many
SScpatients but alsgoresent in individualgvith otherrenatlisordersThey are presented in
Table 7 in Chapter five of this thesiEhe knowledge of SRC mimickers will benefit future
studies cohorts inclusive of SRC mimickers will provide information ongpecificity of the
criteria, thusfurther strengthening the developmehtore items for SRC classification

Finally, the differentiatiorof criteria fornormotensivers. hypertensive forms of SRC
should also be studied in future phases of researthislthesis project, SRC wasnsidered
broadly to ensure that the online surveys could be designed in a manner that encouraged
increased participation rates and minimized incomplete survagsconcept of separate criteria
for normotensive and for hypertsive forns of SRCwas discussed in the NGT meeting and
circulated to experts outside of the rheumatology scope. It was found that the additional item of
renal biopsy recommended by a physician for normotensive SRC should be included. However,
distinctionof SRC classification criteria for these two forms was deferred for future phases when
supporting data can be collected.

Two future phases of this research are bemgplanred The first, modeled on the
International Scleroderma Renal Crisis Surygy; will be to recruit an inception SRC cohort
and collect the items in the core set. A comparison cohoristimgsof subjects with conditions
that mimic SRC will also be assembled. These data will be used to further develop and validate
classification criteria for SRC. The second will be a forckdiceexperimenusing multt
criteria decision analysis methobsassign weights to the items in the criteria, and to set
probability values for definite, probable and possible SRC.
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6.6 Summary

This discussion hasxplored the core set developed in this thesis project andaoew
andcontent validity vereestabli©ied Previously introduced research to date on $iR@the
definitionsused in the current literatuveere further explored in comparison to the core set
proposed in this project. The limitations and strengths of this study and futureveteps
discussedUsing literature on current SRC definitions and criteria and, where appropriate,
incorporatingexisting guideline$or select itemss the foundation for our study, we were
successful at achieving consensus onraset of domains and items for SR@ith all of these
factors explored, we believe ththe proposed core set is the maatid list to date and
recommend that future work be conduciath this core seto develop and validate
classification criteria for SRC
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CHAPTER 7. Conclusion

In conclusia, using consensus methodolodjyis study developed@re sebf items to
be considereth the development aflassification criteria for SRGuturephases of this
research are nobeingplanred The resulting classification criteria are expected tdifate
rigorous research in SRG the meantime, SSc researchers who are designing new studies
(either observational or trials) are encouraged to colleatdteset oftemsfrom the current
projectin their datasets. Thaclusion of these itemwill be useful for future validation of the

criteria.
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Appendix 1

o Fesponsive to ACE-inhibitors
+  Renal insufficiency (or Azotemia)
Serum creatinine >120% of upper limit of normal for local laboratory
Serum creatinine =2 0 mg/day
Creatinine clearance =50 mlmin
Fall in creatinine clearance to <60 mlimin
Fall in estimated glomerular fltadon rate (eGFR) by »30%
Increase in serum cTeadning >50% over baseline
Increase in serum cTeatnine by =1.5 tmes baseline, known or presumed to
have pecurred within the prior 7 days, of IncTease in seTum creatinine by
=0.3 me/dL (>26.5 pmol/L) within 48 hours (ie. acute Kidney infury
gocording to EDIGO definitons)
o Doubling of semm creatinine above the value at baseline
Rapid incTease in semam cTeabinine
‘When possible, a repeat setum creatinine and recalculation of eGEFR. should
be obtained to commoborate the indtal results
Rapid detericration of renal function (within a period of <1 menth)
FRapidly progressive oliguric renal insufficiency
Oliguria or anuria
Ahbsence of other defined cause
+  Proteimara
o =2+ by dipstick
o = 1+ by dipstick
o Protein; creatinine ratio > upper limit of normal
o »500 mg in 24 hours
+  Hematuria
o >1s by dipstick
o =10 RBCs/HPF
o New onset of urinary RBCs (excluding other canses)
o Without mensouation

L

(= a]

00 o0

+  Thrombocyiopenia
o <100000 platelets/mm3
+  Hemolysis {or Microangicpathic hemelytic anemiz)
o Schistocytes or other RBC fragments seen on blood smear
o Increased reticulocyte count
o Increase in LDH and indirect bilimubin
o Haptoglobin consumption
o Anemia not becanse of other causes
+  Hypertensive encephalopathy
o Seizures
+  Hypertensive retinopathy
o Grade IO (flame-shaped hemorrhages and'or "cotton-woel” exudates) or IV
(papilledema) retinopathy, according to Keith-Wagener classification
o Betinopathy typical of acute hypertensive cTisis
+  Hypemeninemia
o Elevation of plasma renin activity to twice the upper limit of normal or
higher
+  Abnormal Eidney biopsy
o Typical’characteristc changes of SEC (not further defined)
o Findings consistent with SRC {microangiopathy) (not further defined)
o Accumulation of muein in interlobular arteries (indistinguishable from
accelerated hypertension) and fibrinoid calcinesis of arteries
#  Flash palmonary edema

Items from pre-existing definitions Predictors of SRC
+  Hypertension +  Patient-specific characteristcs
o Systolic blood pressure (=140, 150, 160 or 180 mmHg) (new onset) o Blackrace
o Diastolic blood pressure (=83, 90, 100, 110 or 120 mmHeg) (new onsat) o Male sex
o EBise in systolic blood pressure »>30 mmHg compared with baseling *  (Clinical characterisdcs
o Fdse in diastolic blood pressure =20 mmHg compared with baseline o Shorter disease durabdon
o Abmupt onset of aggravation o Diffuse cutaneons subset
o Measured on at least 2 occasions o Skin score (>14 or 20)
= Minimum of 12 hours apart o Laree joint conmacnmes
= Owera 24-hour period o Tendon fricton rubs
o Measured within 3 days of first event-associated observation o Digital pitting scars
o New onset of blood pressure >150/85 mmHg obtained at least twice over a o Cadiopulmonary invelvement
24-h period (i.e. significant hypertension as defined by the New York =  Cardiac insufficiency
Health Association) = Pericarditis
o Independent of concommitant anthypertensive medicaton nse = FVC<T5%

=  Lower DLCO
o Muscle involvement
= Muscle wekaness
=  High creatine kinase
= Mpyalgias and myopathy
o Arthralgias
+  Medicatdon history
o Prednisone (prior or simultaneous use;
higher dose; within prior 1 or 3 months;
=15me/d in prier & months)
o Absence of calcium channe] blocker
+  Prednisone Serclogies, Biomarkers and Genetics
Anti-FNA polymerase I positivity
Anti-FNA polymerase LTI positvicy
ELISA anti-ENA polvmerase I =157
Absence of and-cenmomers
Anti-nENP posigvity
Specklsd ANA
Anti-ScI70 positvity
+  Biomarkers and Genefics
High lipocalin-2 levels
High sCD147 levels
High angiogenin lavels
High endothelin-1 levels
HLA-DEE1*0407
HLA-DREB1*1304

000 00 00

[ s A e

Differential diagnoses to exclude

ANCA-associated glomerulonephrits

Thrembotc thrombocytopenic purpura /hemolytic wemic
syndrome

Membranous nephropathy

Dmuz-induced nephropathies (e_g. cyclosporin A)
Other vasculitides (e.g. polyaneritis nodosa, mized
cryoglobulinemia, Goodpasture syndrome)

Ozalate nephropathy

Eenal artery stenosis

Membranoproliferative neghropathy

Pre-renal causes (g.g. sepsis, dehydration, cardiac or
pulmonary vascular involvement)

Isolated renal abnormalities

Other considerations

Hypertensive vs. Nomotensive SEC

Definite vs. Probable (or Suspected or Possible) SR.C
Classic vs. Subacute presentation of SEC

Resticted to 55c vs. expanded to 55c-specinum of
connecive tissue diseases
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Appendix 2

Confidential
Page 1 0f18

Development of a consensus definition for scleroderma
renal crisis (SRC)

Thank you for showing interest in this research study. Below is relevant information pertaining to the study. Please
read all information before proceeding. If you have any questions, contact Dr Marie Hudson at
marie.hudson@mcgill.ca.

Who is conducting the study?

The study is led by two principal investigators, Dr Marie Hudson, Jewish General Hospital and McGill University,
Montreal, Canada, and Dr Christopher Denton, Royal Free Hospital, London, UK, under the auspices of the
Scleroderma Clinical Trial Consortium (SCTC) Working Group on Scleroderma Renal Crisis.

Who is funding the research?
The study is being funded by a Scleroderma Clinical Trials Consortium (SCTC) grant to the Scleroderma Renal Crisis
Working Group.

Why is the study being conducted?

Currently, there is no gold standard definition of SRC thereby allowing for important knowledge gaps in the
understanding of this disease. Outcomes have been reported to vary widely but different studies have used different
criteria to define SRC. Criteria for this disease have been proposed but none have been validated. We wish to
develop and validate classification criteria for SRC and improve systematic research in this condition. This phase of
the project aims to identify a core set of variables to be considered for these criteria.

What is expected of you as a research participant?

Participants are expected to complete all three online rounds of the Delphi exercise. Participants are expected to
provide an answer to each question for the survey to be complete and are encouraged to provide feedback and
comments when asked. Participants can take part in other studies during the course of this study. The Delphi
exercise will consist of 3 rounds held approximately 6 weeks apart. Each round will be open for 7-14 days. Each
survey should take approximately 20 minutes to complete.

Risks:
There are no risks associated with this study.

Benefits:

The direct individual benefits for participation in this study are minimal. Nevertheless, having a working definition will
facilitate future research in SRC. In addition, participants who complete all 3 rounds of the survey will be included as
investigators of the SCTC SRC working group.

Voluntary participation/withdrawal:

Your participation is voluntary, you may choose to withdraw from this study at any time. If you choose to withdraw,
any information that has been collected up to the date of withdrawal may still be used for the study. You may be
withdrawn from the study if you do not follow the instructions for participation in the study.

Confidentiality:

During your participation in the research study, we will collect and store personal identifiable information about you
in a password protected account in a REDCap database. Only information necessary for the research study will be
collected and it will remain confidential.
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Marie Hudson and her research staff assigned to this project will have access to the REDCap account. Although your
identity will be shared with other participants, your personal information and responses will remain confidential
towards other participants.

After completion of each round of the Delphi exercise, summary statistics for each question will be returned to you in
addition to your responses. However, no other participant will be given your responses; only summary data will be
shared.

The aggregate results of the study may be printed/published or shared with other people in the scientific community.
Aside from being acknowledged as an investigator of the SCTC SRC working group, your personal information and
your responses to the survey will remain confidential.

Costs and compensation:
You will not be paid for your participation in this study. There will be no costs to you for participating in the 3 online
rounds of the Delphi exercise.

Ethics

Ethics approval for this project was obtained from the Jewish General Hospital Research Ethics Board, Montréal,
Quebec, Canada (Ethics Protocol # CODIM-MBM-17-104).

If you would like to read the research protocol for this research study, follow the link attached.

[Attachment: "Research protocol.pdf']

Consent to Participate:

* | confirm that | have read the project based on the information provided and if | have any questions
| can contact the principal investigators.

* My participation is voluntary and | am free to withdraw at any time without providing a reason and without any sort
of penalty.

* Any data | provide will be treated securely and kept confidential.
* | agree to take part in the survey.
By continuing and completing this survey, you are providing consent and agreeing to the above statements.

It is recommended that you save a copy of this page for your records.

Demographic information

First name

Last name

Where are you from?

((City, Country))

What are your institutional affiliations? Please
provide an address and postal code
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What are your academic degrees?

What is your specialty?

What organization(s) are you affiliated with?

How many years have you been working as a clinician?

How many unique scleroderma patients do you see each
year?

How many new scleroderma renal crisis (SRC) patients
do you see each year?

How many returning SRC patients do you see each
year?

Comment field:

Page 3 of 21

O Rheumatologist

O Nephrologist

O Pathologist

O Internist

O Lab Scientist

O Other (Please specify)

[] Scleroderma Clinical Trials Consortium (SCTC)

[] Canadian Scleroderma Research Group (CSRG)

[] European Scleroderma Trials and Research (EUSTAR)
[] Australian Scleroderma Interest Group (ASIG)

[] Other (Please specify)

1-10

11-20

21-30

>30

I am not a clinician

1-30
31-60
61-100
>100

WII—‘O

0000 0000 00000

\
(8]

(Please specify)

'
= U

U b o

o

5
(Please specify)

OO000O
VEOREO

Below you will find the published scoping literature review on definitions for SRC, and the related papers discussing

two sets of criteria for SRC that have been proposed to date.

[Attachment: "Hoa et al. 2017.pdf"]

[Attachment: "Steen et al. 2003.pdf"]

[Attachment: "Hudson et al. 2014.pdf"]

02/07/2018 3:18pm
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Page 4 of 21

If you would like to review the literature pertaining to various definitions and classification criteria used for SRC
identified in the above scoping review (Hoa et al. 2017) please download the attached zip file.

[Attachment: "Literature to be reviewed.zip"]

02/07/2018 3:18pm www.projectredcap.org fE DCap
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Page 5 of 21

Introduction to Delphi Round 1

Please read the following carefully.
We have compiled the items that have been used to define SRC to date from a scoping review of the literature. This
first round of the exercise is aimed at identifying items that may have been omitted or clarifying items that may be

ambiguous. We have also included a few additional questions to explore alternative definitions. Please make
comments in the spaces provided.

Of note, we are NOT YET interested in building consensus on validity or feasibility. In addition, there may be apparent
redundancies. However, consensus and item reduction will be pursued in subsequent rounds of the exercise.

02/07/2018 3:18pm www.projectredcap.org fE DCap
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1.1

1.2

1.3

1.4

15

1.6

1.7

Page 6 of 21

Hypertension

Please comment on ambiguities, inaccuracies or oversights of the following items to define hypertension in SRC.

New onset of high blood pressure =150/85 mmHg

obtained at least twice over a 24-hour period

1.1 comment

New onset of systolic blood pressure (SBP) =140
mmHg or rise in SBP 230 mmHg compared with
baseline

1.2 comment

New onset of diastolic blood pressure (DBP) =85
mmHg or rise in DBP =20 mmHg compared with
baseline

1.3 comment

Blood pressure changes in both SBP and DBP

1.4 comment

Abrupt onset or aggravation of hypertension

1.5 comment

Blood pressure changes independent of concomitant

antihypertensive medication use

1.6 comment

Blood pressure changes responsive to ACE-inhibitors

1.7 comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment O No comment

1.8 What do you think would be appropriate cutoffs for high blood pressure?

1.8.1Absolute SBP

02/07/2018 3:18pm

O = 150 mmHg
O = 160 mmHg
(O = 180 mmHg
(O No comment
O Other (Please specify)

www.projectredcap.org
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1.8.1 comment

1.8.2Rise in SBP

1.8.2 comment

1.8.3Absolute DBP

1.8.3 comment

1.8.4Rise in DBP

1.8.4 comment
1.9 Blood pressure changes should be measured:
1.9.10n at least 2 occasions a minimum of 12 hours apart

1.9.1 comment

1.9.20n at least 2 occasions over a 24-hour period

1.9.2 comment

1.9.3within 3 days of the first event-associated
observation

1.9.3 comment

Comment field:

02/07/2018 3:18pm
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O = 20 mmHg
O = 40 mmHg
(O No comment
O Other (Please specify)

0 comment
ther (Please specify)

O=
O=
O=
O=
ON
Oo

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

www.projectredcap.org

NEDCap
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2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

Page 8 of 21

Renal Insufficiency (or Azotemia)

Please comment on ambiguities, inaccuracies or oversights of the following items to define renal insufficiency in SRC.

Note: creatinine clearance is not, whereas estimated glomerular filtration rate (eGFR) is, adjusted for body surface
area. eGFR estimates can therefore be applied to determine level of kidney function, regardless of a patient's size.

Increase in serum creatinine by =1.5 times

baseline, known or presumed to have occurred within
the prior 7 days, or increase in serum creatinine by
=0.3 mg/dL (=26.5 umol/L) within 48 hours

2.1 comment

Increase in serum creatinine =50% over baseline

2.2 comment

Doubling of serum creatinine above the value at
baseline

2.3 comment

Serum creatinine =2.0 mg/dL (177 umol/L)

2.4 comment

Serum creatinine =120% (or 1.2 times) the upper
limit of normal for local laboratory

2.5 comment

Rapid increase in serum creatinine

2.6 comment

Fall in creatinine clearance to =60 mL/min

2.7 comment

Fall in estimated glomerular filtration rate (eGFR)
by =230%

2.8 comment

02/07/2018 3:18pm

64

O Comment (O No comment
O Comment (O No comment
O Comment (O No comment
O Comment (O No comment
O Comment (O No comment
O Comment (O No comment
O Comment (O No comment
O Comment (O No comment

www.projectredcap.org REDCHP
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2.9 Are there more suitable cutoffs for serum creatinine,
creatinine clearance or eGFR than those proposed
above?

2.9 comment

2.10 Rapid deterioration of renal function (within a
period of = 1 month)

2.10 comment

2.11 Rapidly progressive oliguric renal insufficiency

2.11 comment

2.12 Presence of oliguria or anuria

2.12 comment

2.13 A repeat serum creatinine and recalculation of renal
function should be obtained to corroborate the
initial results

2.13 comment

2.14 Absence of other defined cause of Acute Kidney Injury
(AKI)

2.14 comment

Comment field:

02/07/2018 3:18pm

65

O Comment (O No comment

Page 9 of 21

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

www.projectredcap.org
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Page 10 of 21

Proteinuria

Please comment on ambiguities, inaccuracies or oversights of the following items to define proteinuria in SRC.

3.1 =2+ (100-300 mg/dL range) by dipstick O Comment (O No comment
3.1 comment

3.2 =1+ (30-100 mg/dL range) by dipstick O Comment O No comment
3.2 comment

3.3 Protein:creatinine ratio > upper limit of normal O Comment O No comment

(= 150 mg/day)

3.3 comment

3.4 =500 mg of albumin concentration in 24 hours O Comment O No comment

3.4 comment

Comment field:

02/07/2018 3:18pm www.projectredcap.org fE DCap
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4.1

4.2

4.3

4.4

Page 11 of 21

Hematuria

Please comment on ambiguities, inaccuracies or oversights of the following items to define hematuria in SRC.

= 2+ by dipstick

4.1 comment

= 10 RBCs/HPF

4.2 comment

New onset of urinary RBCs (excluding other causes)

4.3 comment

Without menstruation

4.4 comment

Comment field:

02/07/2018 3:18pm
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O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

www.projectredcap.org
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Page 12 of 21

Thrombocytopenia

Please comment on ambiguities, inaccuracies or oversights of the following items to define thrombocytopenia in SRC.

5.1 =< 100,000 platelets/mm3 O Comment (O No comment

5.1 comment

Comment field:

02/07/2018 3:18pm www.projectredcap.org fE DCap
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Hemolysis (or Microangiopathic Hemolytic Anemia)

Please comment on ambiguities, inaccuracies or oversights of the following items to define hemolysis in SRC.

6.1 Presence of schistocytes or other RBC fragments on O Comment (O No comment
blood smear
6.1 comment

6.2 Increased reticulocyte count O Comment (O No comment
6.2 comment

6.3 Increase in LDH and indirect bilirubin (to show O Comment (O No comment

breakdown of RBC)

6.3 comment

6.4 Haptoglobin consumption O Comment O No comment

6.4 comment

6.5 Anemia not because of other causes O Comment O No comment

6.5 comment

Comment field:

02/07/2018 3:18pm www.projectredcap.org fE DCap
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Page 14 of 21

Encephalopathy

Please comment on ambiguities, inaccuracies or oversights of the following items to define encephalopathy in SRC.
7.1 Encephalopathy manifested by the presence of seizures O Comment (O No comment

7.1 comment

Comment field:

02/07/2018 3:18pm www.projectredcap.org fE DCap
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8.1

8.2

Page 15 of 21

Retinopathy

Please comment on ambiguities, inaccuracies or oversights of the following items to define retinopathy in SRC.

Grade Il (flame-shaped hemorrhages and/or
"cotton-wool" exudates) or IV (papilledema)
retinopathy, according to Keith-Wagener
classification

8.1 comment

Retinopathy typical of acute hypertensive crisis

8.2 comment

Comment field:

02/07/2018 3:18pm
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O Comment

(O No comment

O Comment

O No comment

www.projectredcap.org
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Hyperreninemia

Please comment on ambiguities, inaccuracies or oversights of the following items to define hyperreninemia in SRC.

9.1 Elevation of plasma renin activity = 2 times the O Comment (O No comment
upper limit of normal

9.1 comment

Comment field:

02/07/2018 3:18pm www.projectredcap.org fE DCap
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Cardiac Dysfunction

Please comment on ambiguities, inaccuracies or oversights of the following items to define cardiac dysfunction in
SRC.

10.1 Presence of flash pulmonary edema O Comment O No comment

10.1 comment

Comment field:

02/07/2018 3:18pm www.projectredcap.org fE DCap
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Page 18 of 21

Abnormal Kidney Biopsy

Please comment on ambiguities, inaccuracies or oversights of the following items to define abnormal kidney biopsy

in SRC.

11.1 Mucoid (myxoid) change in interlobular arteries and
fibrinoid necrosis of arteries

11.1 comment

11.2 Typical/characteristic changes of SRC

11.2 comment

11.3 Findings consistent with SRC (microangiopathy)

11.3 comment

11.4 Proposed definition for "typical findings of SRC" as
follows:

Small vessel (arcuate and interlobular arteries)
changes predominate over glomerular alterations.
Early vascular abnormalities include intimal
accumulation of myxoid material, thrombosis, and/or
fibrinoid necrosis. Intimal thickening and

endothelial cell proliferation lead to

characteristic vascular "onion-skin" lesions.
Narrowing and obliteration of the vascular lumen
lead to glomerular ischemia. Juxtaglomerular
apparatus (JGA) hyperplasia, while relatively rare
(10%), can be observed. Late changes are manifested
by glomerulosclerosis and interstitial fibrosis.

11.4 comment

Comment field:

02/07/2018 3:18pm
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O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment
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Page 19 of 21

Normotensive versus Hypertensive SRC

Except for hypertension, do you think that the items used to define hypertensive SRC should be defined differently

for normotensive SRC?

12.1 Hypertension

12.1 comment

12.2 Renal insufficiency

12.2 comment

12.3 Proteinuria

12.3 comment

12.4 Hematuria

12.4 comment

12.5 Thrombocytopenia

12.5 comment

12.6 Hemolysis

12.6 comment

12.7 Encephalopathy

12.7 comment

12.8 Retinopathy

12.8 comment

12.9 Hyperreninemia

12.9 comment

12.1CCardiac dysfunction

02/07/2018 3:18pm
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O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

O Comment (O No comment

www.projectredcap.org
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12.10 comment

12.11Abnormal kidney biopsy O Comment (O No comment

12.11 comment

02/07/2018 3:18pm www.projectredcap.org fE DCap
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Comments

Please add any other comments that you feel would be
helpful to define SRC

02/07/2018 3:18pm www.projectredcap.org fE DCap
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Development of a consensus definition for SRC - Round 2

Thank you participating in the second round of this Delphi exercise.

The goal of this round is to begin to build consensus on a core set of items that could be used to develop
classification criteria for SRC. The items in this survey have been identified from a scoping review of the literature
(which is appended herewith, along with the original papers included in the review). Items that are identified as valid
and feasible will be used to inform future data-driven development of the classification criteria.

Although the items included in this survey were identified from a scoping review of the literature, most have not
been formally validated. Thus, for the purposes of this exercise, you will be asked to rate scientific (based on the
literature provided) and empirical (based on your experience and knowledge of professional consensus) validity
separately. In addition, since optimal cut-offs for several items (eg. blood pressure, azotemia) are not known,
additional questions have been added to allow you to express your opinion on these.

You will also be asked to rate feasibility, based on whether the information necessary to identify the item is possible
to find in an average medical record and is likely to be reliable.

The validity of items will be rated using Likert-type scales ranging from 1-9 with labeled endpoints (1= very
invalid/unfeasible, 9 = very valid/feasible). Note that the midpoint of 5 is labelled “uncertain”, and may be used if
you don’t know or are unsure of an item.

Finally, note that all items proposed in this survey assume that the findings are not explained by other medical
conditions.

Below you will find the published scoping literature review on SRC, and two papers that have, to date, proposed
criteria for SRC.

Below you will find the published scoping literature review on SRC, and two papers that have, to date, proposed
criteria for SRC.

[Attachment: "Hoa et al. 2017.pdf"]

[Attachment: "Steen et al. 2003.pdf"]

[Attachment: "Hudson et al. 2014.pdf"]

In addition, if you would like to review the literature pertaining to various definitions and classification criteria used
for SRC identified in the scoping review (Hoa et al. 2017) please download the attached zip file.

[Attachment: "Literature to be reviewed.zip"]
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Page 2 of 18

Hypertension

Please rate the scientific validity (based on the literature provided), empirical validity (based on your experience and
knowledge of professional consensus) and feasibility (based on whether the information can be found in an average

medical record and is likely to be reliable) of the following items.

1.1 New onset or deterioration of pre-existing hypertension, defined as any of the following:

1.1.1A) Systolic blood pressure = 140 mmHg

Invalid/Unfeasible Uncertain

1 2
Scientific Validity O O
Empirical Validity @) O
Feasibility O O

1.1.2B) Diastolic blood pressure = 90 mmHg

Scientific Validity
Empirical Validity
Feasibility

CRONON
OO0OOw

1.1.3C) Rise in systolic blood pressure = 30 mmHg

Scientific Validity
Empirical Validity

ONONON
OO O~

Feasibility

1.1.4D) Rise in diastolic blood pressure = 20 mmHg

Scientific Validity
Empirical Validity

OO0~
OO Ow

Feasibility

OO0 O0Ow OO0OOQOw OO0 O0Ow

OO0 Ow

Valid/Feasible

1.2 Increase in both systolic and diastolic blood pressure should be present.

1 2
Scientific Validity @) O
Empirical Validity O O
Feasibility @) O

3
O
O

O

4 5 6 7
O O O O
O O O O
O O O O
4 5 6 7
O O O O
O O O O
O O O O
4 5 6 7
O O O O
O O O O
O O O O
4 5 6 7
O O O O
O O O O
O O O O
4 5 6 7
O O O O
O O O O
O O O O

1.3 In your opinion, what are the most appropriate cutoffs for high blood pressure?

1.3.1Absolute SBP

02/07/2018 3:19pm
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O 140 mmHg
(O 150 mmHg
O 160 mmHg
(O 170 mmHg
O 180 mmHg
O Other
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Page 3 of 18
1.3.10ther
1.3.2Absolute DBP O 90 mmHg
(O 100 mmHg
O 110 mmHg
O 120 mmHg
(O 130 mmHg
O Other
1.3.20ther
1.3.3Increase in SBP O 10 mmHg
O 20 mmHg
O 30 mmHg
O 40 mmHg
O 50 mmHg
O Other
1.3.30ther
1.3.4Increase in DBP O 10 mmHg
O 20 mmHg
O 30 mmHg
O 40 mmHg
O 50 mmHg
O Other
1.3.40ther
1.4 In the absence of signs and symptoms, blood pressure should be measured on at least 2 occasions
Invalid/Unfeasible Uncertain Valid/Feasible
1 2 3 4 5 6 7 8 9
Scientific Validity @) O O O O O O @) O
Empirical Validity O O O O O O O O O
Feasibility O O O O O O O O O
1.5 In your opinion, what are the most appropriate frequency and intervals for repeated measurements?
1.5.1Frequency (O Only once is enough
O 2 times
O 3times
O 4 times
O Other
1.5.10ther
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1.5.2Intervals (O 12 hours apart
O 24 hours apart
(O 48 hours apart
(O 72 hours apart
O 1 week apart
O Other
1.5.20ther
Comments:
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Renal Insufficiency (or Azotemia)

Please rate the scientific validity (based on the literature provided), empirical validity (based on your experience and
knowledge of professional consensus) and feasibility (based on whether the information can be found in an average
medical record and is likely to be reliable) of the following items.

2.1 Increase in serum creatinine =50% over baseline or, if no baseline available, serum creatinine = 120% (or 1.2 times)
the upper limit of normal for local laboratory (with measurement repeated if necessary to rule out lab error).

Invalid/Unfeasible Uncertain Valid/Feasible
1 2 3 4 5 6 7 8 9
Scientific Validity @) O O O O O O @) O
Empirical Validity @) O O O O O O @) O
Feasibility O O O O O O O O O
2.2 In your opinion, what are the most appropriate cutoffs for increase in serum creatinine?
2.2.1lIncrease above baseline O 20%
O 30%
O 40%
O 50%
O 60%
O 70%
O 80%
O 90%
(O 100% (doubling)
O Other
2.2.10ther
2.2.2Increase above upper limit of normal for local O 120% (1.2 times)
laboratory O 130% (1.3 times)
O 140% (1.4 times)
(O 150% (1.5 times)
O 175% (1.75 times)
O 200% (double)
QO Other
2.2.20ther
Comments:
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Proteinuria

Please rate the scientific validity (based on the literature provided), empirical validity (based on your experience and
knowledge of professional consensus) and feasibility (based on whether the information can be found in an average
medical record and is likely to be reliable) of the following items.

3.1 New proteinuria defined as = 1+ (30-100 mg/dL range) by urine dipstick or worsening proteinuria defined asa = 1
point increase in protein on urine dipstick (1+ to = 2+, 2+ to = 3+, etc).

Invalid/Unfeasible Uncertain Valid/Feasible

1 2 3 4 5 6 7 8 9
Scientific Validity @) O O O O O O @) O
Empirical Validity @) O O O O O O @) O
Feasibility O O O O O O O @) O

3.2 New proteinuria defined as = 2+ (100-300 mg/dL range) by urine dipstick or worsening proteinuria defined asa = 1
point increase in protein on urine dipstick (2+ to = 3+, 3+ to = 4+).

1 2 3 4 5 6 7 8 9
Scientific Validity @) O O O O O O @) O
Empirical Validity O O O O O O O O O
Feasibility @) O O O O O O @) O
3.3 Proteinuria should be confirmed by urine protein:creatinine ratio
1 2 3 4 5 6 7 8 9
Scientific Validity @) O O O O O O @) O
Empirical Validity @) O O O O O O @) O
Feasibility @) O O O O O O @) O
3.4 Proteinuria should be confirmed by 24-hour urine collection
1 2 3 4 5 6 7 8 9
Scientific Validity O O O O O O O O O
Empirical Validity O O O O O O O @) O
Feasibility O O O O O O O O O
3.5 In your opinion, what are the most appropriate cutoffs for new proteinuria?
3.5.1Dipstick O 1+
O2+
O3+
O a4+
QO Other
3.5.10ther
3.5.2Urine protein:creatinine ratio O = 0.15 g/day
O = 0.5 g/day
O = 1.0 g/day
O = 2.0 g/day
O Other
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3.5.20ther
3.6 In your opinion, what are the most appropriate cutoffs for worsening proteinuria?
3.6.1Dipstick (O a =1 pointincrease in protein on urine

dipstick (1+ to = 2+)
(O a = 2 point increase in protein on urine
dipstick (1+ to = 3+)

O Other
3.6.10ther
3.6.2Urine protein:creatinine ratio O Doubling
QO Tripling
(O Quadrupling
O Other
3.6.20ther
Comments:
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Hematuria

Please rate the scientific validity (based on the literature provided), empirical validity (based on your experience and
knowledge of professional consensus) and feasibility (based on whether the information can be found in an average
medical record and is likely to be reliable) of the following items.

4.1 New hematuria defined as = 1+ by urine dipstick or worsening hematuria defined as a = 1 point increase on urine
dipstick (14 to = 24, 2+ to = 3+, etc).

Invalid/Unfeasible Uncertain Valid/Feasible

1 2 3 4 5 6 7 8 9
Scientific Validity @) O O O O O O @) O
Empirical Validity @) O O O O O O @) O
Feasibility O O O O O O O @) O

4.2 New hematuria defined as = 2+ by urine dipstick or worsening hematuria defined as a = 1 point increase on urine
dipstick (2+ to = 3+, 3+ to = 4+).

1 2 3 4 5 6 7 8 9
Scientific Validity @) O O O O O O @) O
Empirical Validity O O O O O O O O O
Feasibility O O O O O O O @) O

4.3 New hematuria defined as = 10 RBCs/HPF on urine microscopy or worsening hematuria defined as a doubling of
baseline hematuria on urine microscopy.

1 2 3 4 5 6 7 8 9
Scientific Validity O O O O O O O O O
Empirical Validity @) O O O O O O @) O
Feasibility @) O O O O O O @) O
4.4 In your opinion, what are the most appropriate cutoffs for new hematuria?
4.4.1Dipstick O 1+
O2+
O3+
Qa4+
QO Other
Other
4.4.2Microscopy (O = 10 RBCs/HPF
(O = 20 RBCs/HPF
(O = 30 RBCs/HPF
(O = 50 RBCs/HPF
O Other
Other
4.5 In your opinion, what are the most appropriate cutoffs for worsening hematuria?
02/07/2018 3:19pm www.projectredcap.org REDCap
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4.5.1Dipstick (O a =1 point increase in protein on urine
dipstick (1+ to = 2+)

(O a = 2 point increase in protein on urine
dipstick (1+ to = 3+)

O Other
Other
4.5.2Microscopy O Doubling
O Tripling
O Quadrupling
O Other
Other
Comments:
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5.2

5.2.1Range 50,000 to 140,000 platelets/mm3

5.3 Thrombocytopenia should be confirmed by manual blood smear.

Page 10 of 18

Thrombocytopenia

Please rate the scientific validity (based on the literature provided), empirical validity (based on your experience and
knowledge of professional consensus) and feasibility (based on whether the information can be found in an average

medical record and is likely to be reliable) of the following items.

< 100,000 platelets/mm3

Invalid/Unfeasible

Valid/Feasible

Scientific Validity
Empirical Validity
Feasibility

OO0OOw

3
O
O

O

In your opinion, what is the most appropriate cutoff for thrombocytopenia?

Other

Invalid/Unfeasible

Valid/Feasible

Scientific Validity
Empirical Validity
Feasibility

Comments:

02/07/2018 3:19pm
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4 5 6 7 8 9

O O O O @) O

O O O O O O

O O O O @) O

(O 50 000 platelets/mm3

(O 60 000 platelets/mm3

(O 70 000 platelets/mm3

O 80 000 platelets/mm3

(O 90 000 platelets/mm3

(O 100 000 platelets/mm3

(O 110 000 platelets/mm3

(O 120 000 platelets/mm3

(O 130 000 platelets/mm3

(O 140 000 platelets/mm3

O Other

4 5 6 7 8 9

O O O O O O

O O O O O O

O O O O @) O
www.projectredcap.org REDCap
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Hemolysis (or Microangiopathic Hemolytic Anemia)

Please rate the scientific validity (based on the literature provided), empirical validity (based on your experience and
knowledge of professional consensus) and feasibility (based on whether the information can be found in an average
medical record and is likely to be reliable) of the following items.

6.1 MAHA defined as new or worsening anemia not due to other causes and supported by the presence of one of the
following:

6.1.1A) Schistocytes or other RBC fragments on blood smear.

Invalid/Unfeasible Uncertain Valid/Feasible
1 2 3 4 5 6 7 8 9
Scientific Validity @) O O O O O O @) O
Empirical Validity O O O O O O O @) O
Feasibility @) O O O O O O @) O
6.1.2B) Reticulocyte count above normal range for local laboratory.
1 2 3 4 5 6 7 8 9
Scientific Validity O O O O O O O O O
Empirical Validity @) O O O O O O @) O
Feasibility O O O O O O O @) O
6.1.3C) Serum LDH and/or indirect bilirubin above normal ranges for local laboratory.
1 2 3 4 5 6 7 8 9
Scientific Validity O O O O O O O O O
Empirical Validity @) O O O O O O @) O
Feasibility @) O O O O O O @) O
6.1.4D) Serum haptoglobin below normal range for local laboratory.
1 2 3 4 5 6 7 8 9
Scientific Validity O O O O O O O @) O
Empirical Validity O O O O O O O O O
Feasibility @) O O O O O O @) O

6.2 MAHA defined as new or worsening anemia not due to other causes and supported by the presence of at least two
lab abnormalities (RBC fragments, elevated reticulocyte count, elevated serum LDH/indirect bilirubin, low

haptoglobin).
1 2 3 4 5 6 7 8 9
Scientific Validity @) O O O O O O @) O
Empirical Validity O O O O O O O O O
Feasibility O O O O O O O O O
6.3 A direct Coombs test should be documented to rule out autoimmune hemolytic anemia.
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1 2 3 4 5 6 7 8 9
Scientific Validity @) O O O O O O @) O
Empirical Validity O O O O O O O O O
Feasibility O O @) @) @) @) O @) O
Comments:
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