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ABSTRACT

Background: Scleroderma renal crisis is a condition that affects approximately 4-6% of
patients with systemic sclerosis, especially with diffuse compromise. Clinical manifesta-
tions are variable, representing a diagnostic challenge.

Objective: The study aims to describe and analyze the different pharmacological treatments
available for the management of scleroderma renal crisis.

Materials and methods: A systematic literature review was done based on observational stud-
ies and clinical trials about the treatment of scleroderma renal crisis, using monotherapy or
combined therapy. The studies were identified using electronic scientific databases, includ-
ing MEDLINE PUBMED and EMBASE, in English, published between January 1990 and August
2019.

Results: Eleven studies were included (ten observational studies and one open clinical trial).
Of them, seven were cohorts, one case series, and two case-control studies. Overall, 1113
patients were included in the analyzed studies. All studies used angiotensin-converting
enzyme inhibitors as exposition, case definition, and/or comparison in the clinical trial.
Regarding the need for dialysis, approximately 53.9% of patients required it temporarily
or permanently. Approximately 6-27% of patients required temporal dialysis, and 19-78%
required permanent dialysis. One-year survival range was between 64 and 84%; two-year
survival was between 53 and 74%,; five-year survival between 40 and 90%, and finally ten-year
survival between 35 and 47%.

Conclusions: Angiotensin-converting enzyme inhibitors continue to be the first line of treat-
ment for scleroderma renal crisis by contributing to a decrease in short-term mortality.

* Please cite this article as: de Zubiria-Maria A, Florez-Suarez B, Mendez-Patarroyo P, Quintana-Lopez G. Tratamiento farmacologico de
la Crisis Renal en Esclerosis Sistémica: una revisién sistematica de la literatura.Rev Colomb Reumatol. 2020;27:111-125.
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E-mail address: g.quintana20@uniandes.edu.co (G. Quintana-Lopez).
2444-4405/© 2020 Published by Elsevier Espaiia, S.L.U. on behalf of Asociacién Colombiana de Reumatologia.


https://doi.org/10.1016/j.rcreue.2020.01.003
http://www.elsevier.es/rcreuma
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rcreue.2020.01.003&domain=pdf
mailto:g.quintana20@uniandes.edu.co

112

REV COLOMB REUMATOL.2021;27(S1):111-125

However, alternative therapeutic options are required as a high percentage of patients still
require dialysis. Future clinical trials are necessary to assess the effectiveness and safety of

different therapeutic options.
© 2020 Published by Elsevier Espaiia, S.L.U. on behalf of Asociacién Colombiana de
Reumatologia.

Tratamiento farmacologico de la crisis renal en esclerosis sistémica: una
revision sistematica de la literatura

RESUMEN

Palabras clave:

Crisis renal por esclerosis
sistémica

Esclerosis sistémica

Falla renal aguda

Inhibidores de enzima
convertidora de angiotensina
Antagonistas de receptor de
Angiotensina

Introduccién: La crisis renal es una condicién que afecta aproximadamente a 4-6% de los
pacientes con esclerosis sistémica, especialmente con compromiso difuso. Las manifesta-
ciones clinicas son variables, representando un reto diagnéstico en la practica clinica.
Objetivo: El objetivo del estudio fue describir y analizar los diferentes tratamientos farma-
colégicos disponibles para el manejo de la crisis renal en esclerosis sistémica.
Materiales y métodos: Una revisién sistematica de la literatura fue desarrollada con base en
estudios observacionales y ensayos clinicos sobre el tratamiento de la crisis renal, utilizando
monoterapia o terapias combinadas. Los estudios fueron identificados utilizando bases de
datos cientificas que incluyeron MEDLINE PUBMED y EMBASE, que estuvieran en inglés, y
publicados entre enero de 1990 y agosto de 2019.
Resultados: Once estudios fueron incluidos (10 estudios observacionales y 1 ensayo clinico
abierto). De estos, siete fueron cohortes, una serie de casos, y dos estudios de casos y con-
troles. En total, 113 pacientes fueron incluidos en los estudios analizados. Todos los estudios
utilizaron inhibidores de enzima convertidora de angiotensina como exposicién, definicién
de caso, y/o comparador en ensayo clinico. Sobre la necesidad de didlisis, aproximadamente
53.9% de los pacientes la requirieron de forma temporal o permanente. Aproximadamente
6-27% de pacientes requirieron didlisis temporal, y 19-78% requirieron didlisis permanente.
El rango de sobrevida al afio fue de 64-84%,; a dos anos 53-74%; a cinco anos 40-90%, y a diez
anos 35-47%.
Conclusiones: Los inhibidores de enzima convertidora de angiotensina contindan siendo
la primera linea de tratamiento de crisis renal en esclerosis sistémica, al contribuir en la
reduccién de la mortalidad a corto plazo. Sin embargo, opciones terapéuticas alternativas
sonrequeridas, al continuar muy elevado el porcentaje de requerimiento de didlisis. Ensayos
clinicos futuros son necesarios para evaluar la eficacia y seguridad de diferentes opciones
terapéuticas.

© 2020 Publicado por Elsevier Espaiia, S.L.U. en nombre de Asociacién Colombiana de

Reumatologia.

Introduction

Scleroderma renal crisis is the primary manifestation of
renal compromise in patients with systemic sclerosis, and it
is considered a medical emergency. It is developed in approx-

Systemic sclerosis is a chronic multi-systemic auto-immune
disease characterized by excessive collagen deposits, vascular
hyperreactivity, and obstructive microvascular phenomena.!
This condition is classified based on the rate of progression,
cutaneous and visceral compromise, into limited or diffuse
disease. Three main processes characterize the pathophysi-
ology of the disease: (1) fibroblast dysfunction that increases
the deposits of extracellular matrix, (2) production of auto-
antibodies, and (3) vasculopathy.”

Manifestations of vascular injury include Raynaud phe-
nomenon, digital ischemia, pulmonary arterial hypertension,
and renal crisis. The last one is developed mainly in
patients with diffuse systemic sclerosis (proximal cutaneous
compromise).!

imately 4.2% of patients with diffuse disease, and in 1.1% of
patients with limited disease; most cases occur during early
phases (first years) of the disease.>*

There is not an accepted standard definition for sclero-
derma renal crisis.” It is characterized by recent onset, rapidly
progressive arterial hypertension (defined as: systolic arte-
rial pressure above 140 mmHg and diastolic pressure above
90 mmHg, or increased systolic pressure by at least 30 mmHg,
or an increased diastolic pressure by at least 20mmHg, or
development of hypertensive encephalopathy) and/or acute
renal failure (defined as an increase of more than 50% from
baseline serum creatinine or 120% above the upper limit
of normal range, or proteinuria >2 + in urinalysis con-
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firmed by protein-to-creatinine ratio above the normal value,
or hematuria >2 + or 10 red blood cells per field) with-
out another cause to explain it, and/or microangiopathic
hemolysis (platelets <100,000/mm?3, schistocytes, increased
reticulocyte count).>>©

The pathophysiology of scleroderma renal crisis remains
unclear. It is believed that it begins in a renal vascular intima
that presents injured endothelial cells, causing a thickening
of the intima and proliferation of arcuate and interlobu-
lar arteries, producing a reduction of the vascular lumen
and renal blood flow. Local vasoconstriction could also be
present, similar to Raynaud’s phenomenon (“Renal Raynaud’s
phenomenon”) that contributes to the reduction of renal
perfusion. Low renal blood flow produces hyperplasia of jux-
taglomerular apparatus, and increased production of renin,
activating the renin-angiotensin-aldosterone pathway. Since
these renal vascular changes and hyperreninemia are present
in patients with systemic sclerosis, not all of them suffer-
ing a renal crisis, other factors should be involved in the
development of a renal crisis. Endothelin-1 is a potent vaso-
constrictor and fibrosis mediator that is involved in vascular
manifestations of systemic sclerosis, and high levels have
been documented in patients with scleroderma renal crisis
and in those with pulmonary arterial hypertension. Increased
expression of endothelin-1 receptors A and B present in
the kidneys of patients with renal crisis has been docu-
mented. The use of cocaine, cyclosporine, and glucocorticoids
(prednisone >15mg/day for more than three months) could
precipitate the development of renal crisis.>’

Approximately, 90% of patients have arterial hypertension
(arterial pressure>150/90 mmHg) with clinical manifesta-
tions given by malignant hypertension with hypertensive
encephalopathy, which is characterized by an acute or sub-
acute beginning, accompanied by lethargy, fatigue, confusion,
headache, visual changes, and seizures (focal or generalized).
11-14% of patients with renal crisis do not develop hyperten-
sion. Patients with normal pressure renal crisis usually have
received treatment with glucocorticoids, two-thirds present
thrombotic microangiopathy, and the prognosis is worse, com-
pared to patients with hypertensive renal crisis.">”

Before the introduction of angiotensin-converting enzyme
inhibitors (ACEI), the prognosis of patients with scleroderma
renal crisis was ominous, and it was the first cause of death
in patients with systemic sclerosis. The introduction of ACEI
in 1979, improved the evolution of patients with scleroderma
renal crisis, based on the reduction of mortality from 76%
to 15%.8 However, despite the fact that treatment with ACEI
improves the outcomes of patients with renal crisis, the
prognosis of patients who present this complication is still
reserved, pointing the need for new therapeutic agents besides
the ACEIL

Nowadays, there is no substantial scientific evidence that
demonstrates the use of other therapeutic agents; however, it
has been documented the use of endothelin receptor antago-
nists and other molecules as potential alternatives.

This study aimed to develop a systematic literature review
regarding the different pharmacological treatment options
available for patients with scleroderma renal crisis.

Methods
Inclusion criteria

e Language: English

o Publication dates: From January 1990 to August 2019

e Types of studies: Observational, descriptive, clinical trials,
and systematic reviews.

e Search: Pharmacological treatment of scleroderma renal cri-
sis as monotherapy or combined therapy in any form of
administration. The pharmacological agents included were:
o Angiotensin-converting enzyme inhibitors (ACEI)

o Calcium channel blockers (CCB)

o Angiotensin receptor II antagonists (ARA)
o Endothelin receptor antagonists

o Renin-inhibitors

o Prostacyclin analogs

o Minoxidil

o Labetalol

Exclusion criteria
o Types of studies: Case reports
Search strategy

The study was designed based on the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-analyses)
guidelines.” The search was done in the following electronic
scientific databases: MEDLINE PUBMED and EMBASE, using as
search terms the following keywords: (“scleroderma renal cri-
sis” OR “Acute renal failure”) and MeSH terms that include
“Scleroderma, Systemic”, “Angiotensin-Converting Enzyme
Inhibitors”, “Angiotensin Receptor Antagonists”, “Calcium
Channel Blockers”, “Endothelin Receptor Antagonists”, and
some specific agents as “Prostacyclin analogues” (Includ-
ing “Epoprostenol”, “Treprostinil”, “Iloprost”, “Beraprost”),
“Labetalol”, “Minoxidil”, and “Aliskiren”. Results were filtered
based on the inclusion and exclusion criteria named before,
including publication dates (January/1990 to August/2019),
study design (descriptive studies such as case reports were
excluded), and publication language (English). After the lit-
erature search was done, a manual search was conducted
by checking the bibliographic references from review papers
about scleroderma renal crisis.

Data collection process

Two researchers (AZ and JF) made the screening of stud-
ies in a separate way. Each one made the selection process
applying the inclusion criteria. After concluding this process,
results from each researcher were compared to identify sim-
ilarities and differences. In the case of disparities regarding
the inclusion of a study, a consensus was made between
the researchers. If an agreement was not reached, a third
researcher with extensive experience in Epidemiology and
research methods (GQ), came to settle it.
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The following information was collected from the selected
studies: information about the characteristics of each study
(publication year, authors, study design), the amount of
patients with scleroderma renal crisis, the exposure and/or
intervention, and the primary outcomes (number of patients
who required temporal and permanent dialysis, and survival
rate).

Quality and risk of bias

All studies included were assessed in order to identify the
methodological quality and risk of bias. The quality of the
studies was assessed according to the design of each ref-
erence. For clinical trials, it was assessed following the
recommendations from the Cochrane Handbook for System-
atic Reviews of Interventions.'® For cohort and case-control
studies, the Scottish Intercollegiate Guidelines Network (SIGN)
checklist was applied.!! Finally, for case-series studies, a criti-
cal appraisal tool developed by the Joanna Briggs Institute from
the University of Adelaide was used.?

Meta-analysis

Based on the quantitative results available and the homogene-
ity of outcomes from the studies included in this systematic
review, the possibility of developing a meta-analysis was
assessed. However, due to the diversity of outcomes reported
and the limited amount of evidence available, it was not pos-
sible to make this kind of statistical treatment to the data.

Results

The search identified 247 studies in MEDLINE PUBMED and
734 in EMBASE. Filters were applied based on the inclusion
and exclusion criteria described before, obtaining 379 studies.
After assessing the references by title and abstract, 21 studies
were selected for full-text assessment. Finally, 11 studies were
included in the review (see Fig. 1). The characteristics of the
studies included are described in Table 1.

The main reasons for excluding studies were: not men-
tioning the pharmacological agent used for the treatment of
scleroderma renal crisis, or not reporting as outcomes the
requirement of temporal or permanent dialysis, or not report-
ingthe survival rate, or preliminary reports with the final study
already published.

A total of 1113 patients were included, the study con-
ducted by Guillevin et al. contributed with most of the patients
(518 patients). The data shows that 824 patients were women
(74.03%), which is consistent with the gender distribution
reported for systemic sclerosis. The mean age at the diagnosis
of scleroderma renal crisis was 52.4 years, with the study of
Walker and colleagues reporting the most extreme ages. More
than half of patients with scleroderma renal crisis had dif-
fuse systemic sclerosis, approximately 56% (data was missing
from the study of Steen and colleagues from 1990, regarding
the proportion of patients with the diffuse form of the disease).

After developing the search and analyzing the information
of 11 studies, it could be concluded that most studies available
are observational, descriptive case-control, or cohort. Only
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Fig. 1 - Flowchart of studies selection, assessment and
inclusion.

one study had a different methodological design as one pilot
study was conducted comparing the effectiveness of Bosen-
tan in the management of patients with scleroderma renal
crisis. All analyzed studies used ACEI as exposition, case defi-
nition and/or comparison in a clinical trial. Primary outcomes
assessed in the studies were the requirement of beginning
dialysis as temporal or permanent treatment, and one, two,
five, or ten-year survival.

In a retrospective, multi-centric case-control study pub-
lished by Guillevin and colleagues, the aim was to describe
the characteristics, treatments, prognosis, and outcomes of
patients with scleroderma renal crisis. They found that renal
crisis was more frequent in women, usually during the first
three years after the diagnosis of systemic sclerosis and was
more frequent in patients with diffuse systemic sclerosis than
in patients with limited diseases (78 patients (85.7%) vs. 145
patients (34%); p>0.001). Regarding the treatment, 83 out of
91 cases (91.2%) were treated with ACEI, and 18 cases (19.8%)
received ARA; 23 patients did receive an ACEI before the begin-
ning of the renal crisis; 9 out of 23 patients (39.1%) that received
an ACEI before the beginning of the renal crisis died vs. 28
out of 68 patients (41.2%) that received Bosentan; 14 out of 23
patients (60.1%) treated with ACEI required dialysis; 7 patients
did not receive ACEI or ARA, and 3 of them died during the fol-
lowing month after the diagnosis of renal crisis; 51 patients
(56%) received both ACEI and ARA. Regarding the control
group, 82 patients (19.2%) received ACEL The clinical out-
come of this group of patients was poor, as 49 patients (53.8%)
required dialysis, which was temporary for 11 patients, while
38 required permanent dialysis or died. 37 patients (40.7%)
died, compared to 46 patients (10.8%) from the control group
(p<0.001). Considering mortality cases, 24 patients were in
renal replacement therapy or did require it at some point dur-



Table 1 - Characteristics of the studies included in the review.

Author

Year of publication

Study design

Number of patients

Exposition/intervention

Results

Guillevin et al.’®

Steen and Medsger**

Penn et al.”®

Teixeira et al.’®

Steen et al.”

Hudson et al.”

Cozzi et al.’®

Walker et al.’®

Codullo et al.?°

Wangkaew et al.”

Penn et al.?!

2012

2000

2007

2008

1990

2014

2012

2003

2009

2017

2013

Observational retrospective
multicentric case-control
study.

Observational, prospective
cohort.

Observational,
retrospective case series.

Observational,
retrospective cohort with
multivariate analysis and
survival analysis (Cox
regression, hazard ratio).

Observational, prospective
cohort.

Observational, prospective
multicentric cohort.

Observational,
retrospective cohort

Observational,
retrospective cohort.

Observational,
retrospective multicentric
cohort.

Observational retrospective
case—control study.

Open non-randomized pilot
clinical trial.

518 patients: 91

cases and 427

controls

145 patients

110 patients

50 patients

108 patients

75 patients

20 patients

16 patients

46 patients

19 patients

6 patients

ACEI and/or ARA

ACEI

ACEI

ACEI, CCB,
beta-blockers,
alpha and beta
blockers,
Urapidil, Iloprost
and
plasmapheresis.
ACEI

ACEI before the
outcome

ACEI and
plasmapheresis

ACEI

ACEI

ACEI

Bosentan (all
treated with
ACEI)

53.8% of patients required dialysis, 11 (22%) patients with
temporal and 38 (78%) with permanent dialysis or died. The
one, two, five, and ten-year survival rates for patients with
scleroderma renal crisis were 70.9%, 66.6%, 60%, and 41.9%,
respectively.

64% of patients required dialysis, 34 patients (23%) with
temporal and 28 patients (19%) with permanent dialysis. The
five-year survival rate for patients with scleroderma renal
crisis was 90%.

64% of patients required dialysis, 24 patients (23%) with
temporal and 44 patients (42%) with permanent dialysis. The
one-year survival rate was 82%, two-year survival was 74%,
three-year survival was 59% and ten-year survival was 47%.
56% of patients required dialysis, 8 patients (16%) with
temporal and 11 patients (22%) with permanent dialysis. The
one-year survival rate was 78% (95% CI 66-90) and the five-year
survival rate was 69% (95% CI 55-83).

ACEI Group: 32% of patients with requirement of temporal or
permanent dialysis. The one-year survival rate was 76% and
the five-year survival rate was 65%. Non-ACEI Group: 9/49 (18%)
of patients with requirement of permanent dialysis. The
one-year survival rate was 15% and the five-year survival rate
was 10%.

27 patients (36%) died during the first year, and 19 patients
(25%) survived but continued with dialysis at the end of the
first year.

11 patients (55%) developed end-stage renal failure at the end
of the first year. At the second year, 2 more patients required
dialysis (65%), 10 patients were treated with plasmapheresis
besides ACEL The five-year survival rate was 50%.

31% of patients required dialysis, 1 patient (6%) with temporal
and 4 patients (25%) with permanent dialysis. The five-year
survival rate for patients with scleroderma renal crisis was
90%.

26 patients (62%) required dialysis, 27% patients with temporal
and 50% with permanent dialysis. The one, two, five, and
ten-year survival rates for patients with scleroderma renal
crisis were 64%, 53%, 40% and 35%, respectively.

15 patients (78.9%) required dialysis, 6 patients (40%) required
permanent dialysis. Ten patients (52.6%) died.

3 out of 6 patients (50%) required dialysis, 2 out of 5 patients
continued with dialysis after 12 months. There was 1 death
(16%) after one year in the Bosentan group.
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ing the disease. Deaths were more frequent in patients who
never recovered renal function. Thirteen patients that never
required dialysis died. One, two, five, and ten-year survival
rates of patients with scleroderma renal crisis were 70.9%,
66.6%, 60%, and 41.9%, respectively. The mean survival time
after the diagnosis of renal crisis was 99 months. The dialysis-
free survival rates after one, two, and five years were 55.3%,
44.4%, and 33.7% respectively. The outcomes were better in
patients with arterial hypertension (73.8%) compared to nor-
motensive patients (58%).'3

Another prospective cohort study published by Steen and
Medsger aims to assess the risk factors, natural history, and
outcomes of patients with scleroderma renal crisis treated
with ACEL They assessed all patients with systemic sclerosis
from the University of Pittsburgh between 1979 and 1996. From
807 patients with diffuse systemic sclerosis, 145 developed
Scleroderma renal crisis and received ACEI (The specific ACEI,
dose, and administration were not mentioned).’* Patients
were divided into 4 groups based on their outcomes:

e Those who did not require dialysis during the first year after
the diagnosis of renal crisis, considered as a favorable out-
come.

e Those who required temporal dialysis (required dialysis and
it was suspended at least for a year).

e Those who required permanent dialysis.

e Those who died early (defined as those patients who died
during the first six months after the diagnosis of renal cri-
sis).

75% of patients had systemic sclerosis symptoms for at
least four years, the mean age of diagnosis was 50 years, 75%
of patients were women, 92% were Caucasian, and 88% had
diffuse systemic sclerosis.*

Consideringrenal function, of the group of patients that did
not require dialysis (55 patients (38%)), two patients presented
progressive worsening of renal function, requiring dialysis
after 4 and 6 years, respectively. All 55 patients continued
receiving ACEI, and one patient developed malignant hyper-
tension and renal failure despite using Captopril. Thirty-four
patients (23%) received temporal dialysis that was suspended
between 2 and 18 months after the beginning of the renal cri-
sis. All 34 patients continued treatment with ACEI. Thirty-two
patients (3 from the non-dialysis group and one from tem-
poral dialysis) received permanent dialysis (9 with peritoneal
dialysis and 23 with hemodialysis). Twenty-eight patients died
from early disease (19%) after a mean period of 3 months from
the diagnosis. Most patients from this group were men (33%),
older (54 years vs. 46 years) and had higher initial levels of
serum creatinine. Of them, 64% required dialysis. Regarding
survival, it was similar in patients from the non-dialysis group
and from the temporal dialysis group. The cumulative survival
rate after five years was 90% and 80-85% after eight years.*

A study developed by Penn and colleagues described the
clinical and pathological characteristics of patients with scle-
roderma renal crisis, and correlated them with renal outcomes
and mortality. A total of 110 patients were included, 24
patients (22%) with limited form and 86 patients (78%) with the
diffuse form of systemic sclerosis. The calculated frequency
of renal crisis in this center was 2% for patients with limited

systemic sclerosis and 12% for patients with diffuse systemic
sclerosis. The mean age at diagnosis was 50.7 years (range
24-80 years); 79% were women; the mean duration of systemic
sclerosis at the diagnosis of renal crisis was 7.5 months (range
0-200 months); 69 patients (66%) developed renal crisis dur-
ing the first year of diagnosis of systemic sclerosis. Patients
with normotensive renal crisis were not included in this study.
Most patients received ACEI, except for two patients (one was
pregnant and treated with Methyldopa and a beta-blocker,
and the other patient was treated with a beta-blocker and a
CCB). In at least 46 patients, intravenous prostacyclin analogs
were given (there was no information about the specific agent,
dose or duration of treatment). Information regarding the need
for renal replacement therapy was available in 106 out of 110
patients. Of them, 38 patients (36%) did not require dialysis.
From this group, only 3 required dialysis later (one due to
nephrectomy for treatment of renal carcinoma after 10 years
of presenting scleroderma renal crisis; other with progressive
worsening of renal function that required dialysis 7 years after
presenting scleroderma renal crisis; the last one with require-
ment of dialysis after 8 years of presenting renal crisis). 24
patients (23%) required dialysis at the moment of the diag-
nosis, with posterior recovery of renal function, allowing the
suspension of dialysis (2 of them required dialysis later on: 1
was in dialysis for 13 months with no dialysis for 6 months
and reinitiated it, and the other was in dialysis for 18 months
and after 7 years from diagnosis of renal crisis required dial-
ysis for 10 days). Forty-four patients (42%) required dialysis
at the moment of diagnosis and never recovered renal func-
tion (43 patients) or refused the renal replacement therapy and
died (3 patients). Nineteen patients died during dialysis, and
three received renal transplant. The mean time for recovery
of renal function (discontinuation of dialysis) was 11 months
(range 1-34 months). After 24 months, it was less frequent the
recovery. 63% of patients required dialysis at the beginning of
renal crisis, and 33% of survivors still received dialysis after
five years. From patients that required dialysis at the begin-
ning of renal crisis, 35% were able to discontinue the therapy.
7% of patients that required dialysis and were able to recover
renal function needed to reinitiate dialysis later on."?

Regarding mortality, 44 patients died after the renal crisis.
The one, two, three, and ten-year survival rates were 82%, 74%,
59%, and 47%, respectively. Deaths were more frequent in the
group of patients who received dialysis and never recovered
renal function.™

The study published by Teixeira and colleagues described
the presentation and outcomes of patients with scleroderma
renal crisis. They included patients with renal crisis defined
as a rapidly-progressive oliguric renal failure without other
explanation, and/or rapidly progressive arterial hypertension
that occurs during systemic sclerosis. Normotensive renal cri-
sis was defined as an increase of more than 50% of baseline
serum creatinine or more than 20% above the top limit of nor-
mal creatinine, and one of the following five characteristics:

e Proteinuria with 2 or more +.

e Hematuria with 2 or more +, or 10 or more red blood cells
per field.

e Thrombocytopenia below 100,000/nm platelets.
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e Hemolysis (anemia, schistocytes, increased reticulocyte
count).
e Renal biopsy with findings suggestive of renal crisis.

Patients were divided into 4 groups based on their out-
comes: no dialysis, temporal dialysis, permanent dialysis, or
death. From 50 patients, the mean age was 53.3 years, the
women:men ratio was 2.5. Forty-three patients had diffuse
systemic sclerosis. Ten patients were receiving low dose ACEI
atthe moment of diagnosis of renal crisis. Forty-seven patients
(94%) received an ACEI Of them, ten were already receiving
ACEI (doses were increased). From 37 patients, 2 had nor-
motensive renal crisis, and 14 died. Only four patients received
ACEI alone, 23 received ACEI+CCB, 5 received ACEI +Beta-
blocker, 2 with ACEI+alpha and beta-blocker. In 5 patients
receiving ACEI + CCB, Urapidil was included. Plasmapheresis
was required in 5 patients. Only one patient needed Iloprost.
After 47 months of follow-up, 28 patients (56%) required dial-
ysis. Temporal dialysis was required in 8 patients (the mean
duration of therapy was nine months), and permanent dialy-
sis was required in 11 patients. A total of 9 patients (18%) died
during dialysis. No patient received a renal transplant. One-
year survival rate was 78% (95% CI=66%-90%), and five-year
survival was 69% (95% CI=55%-83%). The multivariate analy-
sis found that an age >53 years at the moment of diagnosis of
renal crisis, and normotensive renal crisis were independent
predictors of lower chronic dialysis-free survival. A limitation
of this study was the origin of the information, as cases were
obtained from previous reports of renal crisis cases.’®

Another study published in 1990 assessed the outcomes
of patients with scleroderma renal crisis before and after the
introduction of ACEI as treatment, and identified risk factors
associated with poor outcomes. The renal crisis was defined as
an incidental increase in diastolic pressure above 110 mmHg,
accompanied by at least two of the following criteria:

e Keith-Wagener grade III or IV changes in the ocular fundus.
e Seizures.

e Proteinuria.

e Hematuria.

e Microangiopathic hemolytic anemia.

e Azotemia or hyperreninemia.

Patients without diastolic hypertension were included if
they presented rapidly progressive renal failure without other
explanation and at least two of the clinical criteria men-
tioned before. Fifty-three patients with scleroderma renal
crisis did not receive ACEI, and 55 patients received ACEL
47 patients received Captopril, 1 received Enalapril. Seven
patients developed toxicity to Captopril (Rash), requiring a
change to Enalapril. For the analysis, patients were divided
into two groups: those who received ACEI as treatment, and
those who did not receive it. They were also divided based
on the outcomes: favorable (those with a survival of at least
six months after the beginning of the renal crisis, and not
requiring dialysis, or successful recovery of renal function) or
unfavorable (survival lower than six months or requirement
of permanent dialysis), obtaining the following results:

o Received ACEI + favorable outcome: thirty-one patients. Twenty
survived six months or more, and 11 survived and required
temporal dialysis (3-15 months).

e Did not receive ACEI + favorable outcome: four patients. All of
them survived more than six months without dialysis.

e Received ACEI+ unfavorable outcome: twenty-four patients.
Fifteen survived less than six months, and nine required
permanent dialysis.

o Did not receive ACEI + unfavorable outcome: forty-nine patients.
Forty survived less than six months and nine required per-
manent dialysis.

Eighteen percent of patients that were not exposed to ACEI
required permanent dialysis. The other 82% of patients sur-
vived less than six months and did not have a registry of
requiring renal replacement therapy. Of 53 patients that did
not receive ACEI, one-year survival was 15%, and five-year
survival was 10%. Instead, patients that received ACEI had a
one-year survival of 76% and a five-year survival of 65%.%

Hudson and colleagues published a study in 2014 in which
they determined the outcomes of patients with scleroderma
renal crisis and compared the outcomes of patients that
received ACEI vs. those that did not receive ACEI before the
onset of renal crisis. One year after the case was identified, a
follow-up was made to establish if the patient required dial-
ysis, or if the patient died. The final sample included 75 new
cases with scleroderma renal crisis, 70 of them were hyperten-
sive, and five were normotensive. The mean age at diagnosis
was 53 years, 67% were women, 77% were Caucasian, and 75%
had diffuse systemic sclerosis. Sixteen patients (21%) received
ACEI before the onset of renal crisis, and they had higher
probabilities of presenting normotensive renal crisis. Those
exposed to ACEI before the onset of the renal crisis were older
(57 years vs. 51 years), it was less common in women (50%
vs. 71%) and they were exposed to lower doses of glucocorti-
coids compared to patients not exposed to ACEI (9.2 mg/day vs.
18.2mg/day of prednisone). Twenty-seven patients (36%) died
during the first year, and 19 patients (25%) survived and con-
tinued with dialysis at the end of the first year. The cumulative
incidence rate of death during the first year after the onset
of the renal crisis in patients exposed to ACEI was 1.56 (95%
CI=0.68-3.57) compared to those not exposed to ACEL There
were no differences regarding the rate of dialysis during the
first year (cumulative incidence rate =0.94, 95% CI=0.43-2.05).
After adjusting based on the initial prednisone dose, the risk
of death in patients exposed to ACEI before the onset of renal
crisis was more than twice, compared to those not exposed,
and the difference was statistically significant (HR: 2.42, 95%
CIL: 1.02-5.75, p <0.05). The outcomes after the diagnosis of the
renal crisis were poor, with 60% of death, 25% continued to
require dialysis after the end of the first year, and 15% recov-
ered renal function. A possible explanation of the higher risk
of mortality in patients exposed to ACEI could be that the
medication may camouflage the development of the renal cri-
sis. Also, the presence of systemic hypertension and cardiac
comorbidities could contribute to this behavior. It is possible
that patients treated with ACEI for hypertension during the
onset of systemic sclerosis, may present an undiagnosed renal
crisis, and that treatment could have solved it. Renal biopsy
was made in 10 patients. The samples were not examined
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in the same institution; however, all of them were diagnosed
with renal crisis by the pathologist.”

In a study developed by Franco Cozzi and colleagues, they
assessed the prognosis of patients with scleroderma renal cri-
sis. It was a cohort of patients with systemic sclerosis between
1980 and 2005. Of 606 patients with diagnosis of systemic
sclerosis, 20 patients (3.3%) developed renal crisis, defined
as an abrupt onset of rapidly progressive renal failure (two-
fold increase of serum creatinine levels above the baseline
level, without other explanation) and/or malignant hyperten-
sion (systolic pressure above 160 mmHg or diastolic pressure
above 110 mmHg measured in two opportunities). 7 patients
with renal crisis had microangiopathic hemolytic anemia.
After the diagnosis of renal crisis, all patients continued their
established treatment and increasing doses of ACEI (Captopril,
Enalapril, and Ramipril). Three patients did not tolerate high
doses of ACEI and developed hypotension without improve-
ment of renal function. These three patients and other 7
(suffering from microangiopathic hemolytic anemia) required
treatment with plasmapheresis, aside from ACEI. Outcomes
assessed in this study include the development of end-stage
renal failure (requirement of permanent dialysis), survival,
mortality, and mortality due to renal crisis. Of 20 patients who
developed renal crisis, 14 were women, and 6 were men. The
mean age at diagnosis of systemic sclerosis was 45.5+14.9
years, and for the diagnosis of the renal crisis was 49.0+12.1
years. The mean duration of systemic sclerosis at the onset
of renal crisis was 3.7 4.8 years. Sixteen patients had diffuse
systemic sclerosis with a mean Rodnan score of 20.5 (range
15-32), and four patients had limited disease (mean Rodnan
score: 5.5; range: 5-7). Twelve patients had interstitial lung dis-
ease, six patients with cardiac compromise, and 13 patients
with gastrointestinal compromise. At the moment of diagno-
sis of renal crisis, five patients were using D-penicillamine,
4 cyclosporine, 1 cyclophosphamide, 1 azathioprine, and 1
methotrexate. Ten patients were using low-dose glucocorti-
coids (7 with doses below 15mg/day, and 3 with a dose of
25 mg/day). Also, 15 patients used oral vasodilators, and 5 used
intravenous prostanoids. During the first year of diagnosis of
renal crisis, 11 patients (55%) developed end-stage renal fail-
ure, and six patients (30%) died due to complications of renal
crisis. The five-year survival rate was 50%, and renal crisis-
related mortality was 35%. Ten patients were treated with
plasmapheresis and ACEI, due to intolerance to high doses of
ACEI or for development of microangiopathic hemolytic ane-
mia. The duration of plasmapheresis varied between 1 and 10
months, with a mean number of 284+ 12 sessions. After the
first year of diagnosis of renal crisis, 7 out of 10 patients pre-
served or recovered enough renal function to prevent the need
of dialysis, two patients developed end-stage renal disease,
required permanent dialysis and received a renal transplant.
One patient died as a consequence of complications from the
renal crisis. In this group of patients, the five-year survival
since the onset of renal crisis was 70%, and renal crisis-related
mortality was 10%. Two more patients that initially improved
died of cancer after 15 and 18 months, respectively. These
results confirm the poor prognosis of scleroderma renal crisis,
as 55% of patients developed end-stage renal failure, and 30%
died during the first year after the diagnosis. Short-term prog-
nosis has improved, but long term prognosis remains low.'®

Another study published by J.G. Walker and colleagues in
2002, determined the frequency and outcomes of patients
with scleroderma renal crisis. They also determined the mean
duration of the disease since the onset of this complication,
the clinical and serological predictors of the development
of renal crisis, and the pharmacological therapy used. They
found 16 patients; 11 were women; the mean time to the
onset of renal crisis since the appearance of the first symp-
tom of systemic sclerosis was 15 months. At the moment of
the onset of renal crisis, most patients (94%) presented arterial
hypertension, 56% cardiac failure, and 81% microangiopathic
hemolytic anemia. All of them presented rapidly progressive
renal failure with hematuria, proteinuria, and the presence of
cellular cylinders. The mean age of onset of systemic sclerosis
in patients with renal crisis was 54.5 years (range: 47.6-61.3).
Renal biopsy was done in 7 patients, and an autopsy was
done in 3 patients. The outcomes were poor in these patients
despite receiving aggressive anti-hypertensive treatment. In
13 patients, ACEI was given (in 2 patients, it was suspended
due to hypotension). Another patient received Captopril, and
developed a severe cutaneous reaction, requiring the suspen-
sion of the medication. Five patients died within days or weeks
after the development of renal crisis as a direct consequence
of it. The other five patients required permanent dialysis (2
required renal transplant) and serum creatinine returned to
normal levels in 2 patients. One patient was able to suspend
dialysis after six months.’®

Codullo and colleagues developed a multi-centric ret-
rospective study to describe the characteristics of Italian
patients with scleroderma renal crisis, with a special interest
in the serological profile. A total of 46 patients, with 38 being
women and eight men were included. Forty patients presented
a diffuse disease. The mean age at the beginning of systemic
sclerosis was 52.8 years, and the mean age at the diagnosis of
renal crisis was 55.4 years. Renal biopsy was made in 5 patients
with typical findings of renal crisis in the pathology. Patients
were divided into:

e Those with a diagnosis of renal crisis during the first 18
months since the beginning of the disease.

e Those with diagnosis between 18 and 48 months since the
beginning of the disease.

e Those with diagnosis after 48 months since the beginning
of the disease.

62% of cases with renal crisis occurred during the first
18 months, 18% between 18 and 48 months, and 20% after
48 months. Patients with renal crisis before 18 months since
the diagnosis of systemic sclerosis were older compared to
the patients who developed the renal crisis after 48 months.
The treatment strategy used was available for 42 patients.
Thirty-three patients (78%) received an ACEI as soon as the
diagnosis of renal crisis was made, 26 patients (62%) required
dialysis. Dialysis was suspended in 7 out of 26 patients (27%).
Three patients received renal transplant after a mean period
of 140 + 54 months since the onset of renal crisis. One patient
developed pulmonary arterial hypertension and required the
use of a non-selective endothelin-1 receptor antagonist. The
one, two, five, and ten-year cumulative survival rates were
64%, 53%, 40%, and 35% respectively. 80% of patients devel-
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oped renal crisis during the first four years after the diagnosis
of systemic sclerosis.?’

Wangkaew and colleagues published a case-control study
in 2017, determining the prevalence, risk factors, and out-
comes in Thai patients with scleroderma renal crisis. They
included patients with systemic sclerosis that fulfilled the
ACR classification criteria from 1980, by reviewing clinical
records between January 1990 and December 2015. Cases of
scleroderma renal crisis were identified based on the Inter-
national Scleroderma Renal Crisis Study Criteria. Controls
were selected from consecutive patients with systemic scle-
rosis without renal crisis from the database. Controls were
matched based on a disease duration of +1 year. The ratio
of scleroderma renal crisis and control patients was 1:4. Clin-
ical data obtained from the clinical records were: age, gender,
scleroderma subtype, disease duration, organ involvement,
laboratory results, medications used, and outcome. Labora-
tory results and current medications were recorded from the
first date since the diagnosis of scleroderma renal crisis. In
the control group, these variables were recorded and time-
matched for the disease duration of the cases. The definition
of scleroderma renal crisis was based on that of the Inter-
national Scleroderma Renal Crisis Study Group, and patients
were classified into two groups:

e Hypertensive scleroderma renal crisis: presence of any of the
following situations as systolic blood pressure >140 mmHg,
or diastolic blood pressure >90mmHg, or rise in systolic
blood pressure >30mmHg compared to baseline, or rise
in diastolic blood pressure >20 mmHg compared to base-
line, plus one of the following features: increase in serum
creatinine >50% over baseline or serum creatinine >120%
of the upper limit of normal value, hematuria >2+ by
dipstick or >10 red blood cells per field, thrombocytope-
nia <100,000 platelets/mm?, presence of schistocytes or
increase in the number of reticulocytes or hypertensive
encephalopathy.

o Normotensive scleroderma renal crisis: presence of increased
serum creatinine >50% over baseline or serum creatinine
>120% of the upper limit of normal value, hematuria >2+
by dipstick or >10 red blood cells per field, thrombocy-
topenia <100,000 platelets/mm?3, presence of schistocytes
or increase in the number of reticulocytes or hypertensive
encephalopathy.??

A total of 637 patients with systemic sclerosis were
assessed. Nineteen patients (3.13%) developed renal crisis: 12
hypertensive and 7 normotensive. As controls, 76 patients
were included. Considering the renal crisis, nine patients
(47 .4%) were men, the mean age at diagnosis of systemic scle-
rosis was 56.2 +13.8 years, the mean disease duration was
five months (range: 3-22 months), and 17 patients (89.5%)
had diffuse systemic sclerosis. Regarding the control group,
25 patients (32.9%) were men, the mean age at diagnosis
of systemic sclerosis was 50.4+11.2 years, and 61 patients
(80.3%) had diffuse systemic sclerosis. Compared to controls,
patients with renal crisis had a higher proportion of systemic
sclerosis-associated organ involvement, and required higher
doses of glucocorticoids. The results of multivariate condi-
tional logistic regression analysis identified as independent

risk factors for developing renal crisis the following: presence
of digital gangrene, current glucocorticoid dose >15mg/day,
serum albumin <3 mg/dl, and cardiac involvement. Regarding
the outcomes of patients with renal crisis, during a median
follow-up period of one month after the diagnosis, 12 patients
(63.2%) received ACE], and 15 patients (78.9%) required dialysis.
In 3 patients, ACEI was not used due to concurrent hypoten-
sion. From patients that required dialysis, 6 (40%) required
the therapy for more than three months and then required
long-term dialysis. Three patients (20%) that required dialysis
were lost to follow-up within three months after dialysis. Ten
patients (52.6%) with renal crisis died. The median time from
renal crisis diagnosis to death was 17.5 days (range: 3.5-40.2).
Limitations of this study include that the number of patients
with renal crisis was small, affecting the statistical signifi-
cance. Also, the median duration of patients follow-up was
short, affecting the assessment of long-term outcomes.?”

The study published by Penn and colleagues in 2013 is the
only pilot study found. The aim was to measure the expres-
sion of endothelin-1 and endothelin receptors A and B in
patients with scleroderma renal crisis and assess the pos-
sibility and safety of adding the treatment with Bosentan
during six months to an ACEI treatment during the first six
weeks since the diagnosis of renal crisis. The rationale to
use Bosentan as part of the treatment for renal crisis is that
this agent has demonstrated to be effective in the manage-
ment of other vascular complications of systemic sclerosis
including digital ulcers and pulmonary arterial hyperten-
sion. These complications and renal crisis have important
microscopic similarities because of the clinical success of
blocking the activity of endothelin-1 in two of these vascular
manifestations (pulmonary hypertension and digital ulcers).
Scleroderma renal crisis was defined as recent onset arte-
rial hypertension above 150/85 mmHg measured in at least
two opportunities in 24h or the development of renal func-
tion impairment defined as a reduction of at least 30% of
glomerular filtration rate. The following characteristics were
considered as evidence that supports the diagnosis of renal
crisis if they were present: microangiopathic hemolytic ane-
mia, hypertensive crisis retinopathy, recent onset hematuria,
acute pulmonary edema, oliguria or anuria, renal biopsy with
defining changes. The cases included in this study were con-
firmed between 2000 and 2004, in which 27 patients had blood
exams and renal biopsy available, and six more patients were
included in the “Bosentan in Renal Disease-1” (BIRD-1) trial. In
order to be able to include the results from the cases included
in the BIRD-1 trial in the context of other cases of renal crisis
treated in the same center, a comparative analysis of cases of
renal crisis was made, and 49 cases were taken as a compara-
tor. The outcomes assessed were mortality and renal function
at6and 12 months (including the need of dialysis). All patients
were treated with Bosentan 62.4 mg twice a day, and then the
dose was increased to 125mg twice a day during another 5
months along with an ACEL?!

Regarding the six patients included in the study, 100%
were Caucasian. One patient was receiving immunomodula-
tory therapy before the onset of renal crisis (mycophenolate
mofetil). Two patients were treated with glucocorticoids (one
with high doses due to suspicion of glomerulonephritis and
the other with low doses of prednisone). None of the patients



Table 2 - Quality of evidence assessment of cohort studies using the SIGN checklist.

SIGN checklist for critical appraisal of evidence in cohort studies

Studies

Steen, VD (2000)

Teixeira, L (2008)

Steen, VD (1990)

Hudson, M (2014)

Cozzi, F (2012)

Walker, JG (2002)

Codullo, V (2009)

The study addresses an appropriate and clearly focused question.

Selection of
subjects

Assessment

Confounding

Statistical analysis

The two groups being studied are selected
from source populations that are comparable
in all respects other than the factor under
investigation.

The study indicates how many of the people
asked to take part did so, in each of the
groups being studied.

The likelihood that some eligible subjects
might have the outcome at the time of
enrolment is assessed and taken into
account in the analysis.

What percentage of individuals or clusters
recruited into each arm of the study dropped
out before the study was completed.
Comparison is made between full
participants and those lost to follow up, by
exposure status.

The outcomes are clearly defined.

The assessment of outcome is made blind to
exposure status. If the study is retrospective
this may not be applicable.

Where blinding was not possible, there is
some recognition that knowledge of
exposure status could have influenced the
assessment of outcome.

The method of assessment of exposure is
reliable.

Evidence from other sources is used to
demonstrate that the method of outcome
assessment is valid and reliable.

Exposure level or prognostic factor is
assessed more than once.

The main potential confounders are
identified and taken into account in the
design and analysis.

Have confidence intervals been provided?
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Table 3 - Quality of evidence assessment of case-control studies using the SIGN checklist.

SIGN checklist for critical appraisal of evidence in case-control studies Studies
Guillevin Wangkaew, S.
et al. (2012) et al. (2017)
The study addresses an appropriate and clearly focused question. Yes Yes
Selection of subjects The cases and controls are taken from comparable populations. Yes Yes
The same exclusion criteria are used for both cases and controls. Yes Yes
What percentage of each group (cases and controls) participated Not clear Not applied
in the study?
Comparison is made between participants and non-participants No Not applied
to establish their similarities or differences.
Cases are clearly defined and differentiated from controls. Yes Yes
It is clearly established that controls are non-cases. Yes Yes
Assessment Measures will have been taken to prevent knowledge of primary Yes Yes
exposure influencing case ascertainment.
Exposure status is measured in a standard, valid and reliable way. Yes Yes
Confounding The main potential confounders are identified and taken into Yes No
account in the design and analysis.
Statistical analysis Confidence intervals are provided. Yes Yes

received ACEI and ARA before the onset of renal crisis. One
patient receiving Bosentan withdraw from the study, due to
the need for dialysis after ten days of treatment. Another
patient discontinued the Bosentan after five weeks since the
beginning of the treatment.?

Regarding the results, 3 out of 6 patients required dialysis,
and two patients continued on dialysis after 12 months since
the diagnosis. 34 out of 49 patients from the cohort used as a
comparison, needed dialysis at some point during the follow-
up, and 25 patients remained on dialysis after 12 months since
the diagnosis. Regarding the one-year mortality, 1 out of 6
patients (16%) of the group that received Bosentan died, and 6
out of 49 patients (12%) of the cohort of comparison died. Based
on this, the authors concluded that there were no significant
differences in mortality rates or need for dialysis between
the group that received Bosentan and the control group. Plas-
matic levels of endothelin-1 were found increased in those
patients with renal crisis, compared to healthy controls (the
mean level in healthy controls was 0.5 pg/ml vs. 1.48 pg/ml in
patients with renal crisis). The mean levels of endothelin-1
in the BIRD-1 cohort were not significantly different from the
control group. Patients treated with Bosentan had increased
levels of endothelin-1. No significant adverse events were reg-
istered. In conclusion, this study confirms the potential role of
endothelin-1 and its receptor in the pathophysiology of sclero-
derma renal crisis and gives information regarding the safety
of the use of non-selective endothelin receptor antagonists
combined with standard therapy in the context of patients
with renal crisis.?!

The quality of evidence assessment for every study found
the following aspects:

e Regarding clinical trials, the only one available is an open
non-blinded trial, which gives a higher risk of selection, allo-
cation and performance bias due to the design of the study.
There is an unclear risk of attrition bias, as no information
is given about the strategy used in case of loss to follow-up
or withdrawal of participants from the study.

e The quality assessment of cohorts using the SIGN checklist
is presented in Table 2. The overall quality of the studies
shows that they developed an adequate research ques-
tion, and the target populations for the selection of the
participants were adequate. However, they did not give
information regarding the amount of patients they asked
to participate, and the comparison between participants
and no-participants. In general, the studies clearly defined
the outcomes, the methods of measurement, and in some
cases, references to support the reliability of the methods
used. However, no study gives information about the blind-
ness of exposure status. Another weakness identified is that
only few studies take into account the presence of potential
confounders during the design and analysis.

e The quality assessment of case-control studies using the
SIGN checklist is presented in Table 3. In general, the
case-control studies included in the systematic review had
a good quality. The only weakness was that they did not
give information about the percentage of people who par-
ticipated from the overall population that was asked to
participate in the study. Also, no comparison was made
between the participants and non-participants. Also, the
study of Wangkaev and colleagues did not mention that
they considered potential confounders during the design
and analysis.

o The quality assessment of case series made using the crit-
ical appraisal tool developed by the Joanna Briggs Institute
from the University of Adelaide is presented in Table 4. The
only study from this category, in general, meets the crite-
ria to be considered to have an adequate quality. However,
there was no enough information regarding the consecutive
or complete inclusion of participants.

Discussion

Scleroderma renal crisis is a severe and uncommon complica-
tion from systemic sclerosis, that still presents a low survival
rate at one, two, five and ten years, with a high percentage of
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Table 4 - Quality of evidence assessment of case series

studies using the critical appraisal tool developed by the
Joanna Briggs Institute from the University of Adelaide.

JBI Critical Appraisal Checklist for Case Series Study
Penn, H. (2007)

Were there clear criteria for inclusion in the case Yes

series?

Was the condition measured in a standard, Yes

reliable way for all participants included in the

case series?

Were valid methods used for identification of the Yes

condition for all participants included in the

case series?

Did the case series have consecutive inclusion of Unclear

participants?

Did the case series have complete inclusion of Unclear

participants?

Was there clear reporting of the demographics of Yes

the participants in the study?

Was there clear reporting of clinical information Yes

of the participants?

Were the outcomes or follow up results of cases Yes

clearly reported?

Was there clear reporting of the presenting Yes

site(s)/clinic(s) demographic information?

Was statistical analysis appropriate? Yes

patients requiring temporal or permanent renal replacement
therapy.

It was found that approximately 54.9% of analyzed patients
required temporal or permanent dialysis. Approximately,
6-27% of patients required temporal dialysis, and 19-78% of
patients required permanent dialysis. The ranges are wide,
which reflects the insufficient data samples available from the
studies, a situation that does not allow the development of
more accurate statistical analyses. However, the results show
a clear correlation between the development of the renal crisis
and the requirement of permanent dialysis.

Regarding survival, the analysis shows relevant data that
could be synthesized as follows: one-year survival was 64-84%,
two-year survival was 53-74%, five-year survival was 40-90%,
and ten-year survival was 35-47%. It was evident that ten-year
survival was significantly reduced compared to the rest. Dur-
ing the analysis, no specific justification was found in order to
explain this behavior. However, this may be explained by the
type of chronic disease (its progression, organ involvement),
and the natural aging process.

The analysis shows that 91% of the analyzed patients
received pharmacological therapy at the moment of the diag-
nosis. Consistent with the guideline recommendations, the
most frequently prescribed agents were ACEI (88.75% =81.4%
as monotherapy, 7.35% combined with other agents). The most
frequent combination observed was ACEI + ARA (4.6%). All the
references described before, point toward the benefit of apply-
ing ACEI due to the improved survival rates compared to those
patients that did not receive the therapy. This evidence sup-
ports the statement that the introduction of this medication
in the management of renal crisis changed the natural history
of the disease based on short-term survival. However, the use
of this therapy was not enough in all cases to restore or main-
tain renal function without the requirement of dialysis. The

effectiveness of ACEI therapy is associated with the interrup-
tion of the renin-angiotensin-aldosterone system, reducing
the angiotensin-II vasoconstriction, and reducing the degra-
dation of bradykinin, which increases renal vasodilation.?®

Animportant observation was that the previous use of ACEI
before the onset of renal crisis appears to be a risk factor
for mortality. It could be explained by an early camouflage
of the development of renal crisis, which could be initially
misdiagnosed as primary systemic arterial hypertension. This
situation supports the recommendations presented in recent
reviews, in which the prophylactic prescription of ACEI is not
supported, due to increased risk of harm. However, more evi-
dence is required to develop a stronger recommendation.?

Unfortunately, not all studies named the specific ACEI used,
however, the most frequently used was Captopril, followed by
Enalapril. Captopril has been used as ACEI of choice because
it has a rapid onset of action, short half-life, and allows rapid
dose escalation if it is needed.?

Another medication that shows great potential to increase
the survival rate of patients and reduce the requirement of
renal replacement therapy was Bosentan. However, the evi-
dence available is limited, and the number of cases analyzed
in this review was small (0.5% of patients) to be able to give def-
inite conclusions. More studies are required in this field.?»?°

The rest of the pharmacological agents used such as ARA,
CCB, and adrenergic blockers seem to work in the treatment,
but in combination with ACEL In the case of ARA, the benefits
of its use as first-line therapy remain unclear as some authors
reported a limited benefit, while others state that the use of
ARA alone is not able to control the disease and is associated
with a higher risk of renal failure. Initial reports indicate a
benefit of combining ACEI and ARA; however, recent evidence
discourages this combination due to the risk of adverse events
such as hyperkalemia and worsening of glomerular filtration
rate.?

Studies about the use of prostacyclin analogs for the treat-
ment of scleroderma renal crisis were not found. The studies
available aim to establish the effect of the chronic use of these
medications in patients with systemic sclerosis. The evidence
available suggests that the use of prostacyclin analogs had
reduced the incidence of renal crisis in patients with sys-
temic sclerosis.?” This statement is supported by the study
published by Caramaschi and colleagues in 2012, which aims
to evaluate the incidence of severe vascular complications as
scleroderma renal crisis in patients receiving cyclical intra-
venous Iloprost during at least three years. In 115 patients
with systemic sclerosis, none of them developed renal crisis.?®
However, more studies are required to support the use of
prostacyclin analogs as prophylaxis against this severe com-
plication, and also the potential use as treatment in order to
develop a stronger recommendation.

In recent years, no observational or analytical studies have
been published about the use of new therapeutic agents for the
treatment of this entity, in order to be included in the review.
However, a recent review published by Zanetta and colleagues
in 2018, gives information about the role of the complement
system in the pathophysiology of scleroderma renal failure,
as immunofluorescence studies made on kidney biopsies of
patients with this disease show deposits of C1q, C3b, C4d, and
C5b-9 in the endothelium of renal arterioles and glomeruli.?
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Fig. 2 - Pharmacological treatment of scleroderma renal crisis based on the evidence included during the systematic review.
ACEL angiotensin-converting enzyme inhibitors; ARA: angiotensin-receptor antagonist; CCB: calcium-channel blocker.

Okréj and colleagues published a study in 2016 regarding the
expression of complement biomarkers in systemic sclerosis,
observing that patients with scleroderma renal crisis express
a different pattern of complement activation markers com-
pared to patients with systemic sclerosis and absence of renal
involvement. They present higher amounts of C4d and lower
levels of C3bBbP and sTCC. Both C3bBbP and sTCC are markers
of hemolytic activity, indicating that complement activation is
present during a scleroderma renal crisis.?®

Two case reports have been published regarding the poten-
tial use of Eculizumab (a humanized monoclonal antibody
against C5). One report was published by C.P. Thomas and col-
leagues, where they describe a case of a 46-year-old woman
with non-specific interstitial lung disease, who was present-
ing worsening dyspnea over the last year, and one month
with swelling of extremities and proximal muscle weakness.
Physical examination showed arterial hypertension, reduced
breath sounds, and proximal weakness. During admission,
several laboratory tests were performed, showing platelet
consumption, peripheral smear with schistocytes, decreased
haptoglobin, and high levels of LDH consistent with hemoly-
sis. Also, increased serum creatinine levels, urinalysis with the
presence of blood and proteins, positive ANA (>1:2560) with
speckled pattern, positive PM-ScL-100 and RNA polymerase
III antibodies, and hypocomplementemia. The initial diagno-
sis was thrombotic thrombocytopenic purpura, which was
treated with glucocorticoids and plasmapheresis. However,
renal function worsened, and hemolysis was also present.
Finally, given the presence of interstitial lung disease, posi-
tive capillaroscopy for scleroderma pattern, muscle weakness,
and the autoantibodies profile, the suspected diagnosis was
scleroderma polymyositis overlap syndrome, with ongoing
scleroderma renal crisis. As glucocorticoids could worsen the
renal crisis, they were tapered, and Enalapril with Aliskiren
was given, without improvement. Due to consistent com-
plement consumption, 900mg of Eculizumab were given.
After 24h, signs of hemolysis were solving, and after a
week, renal function and blood pressure were improving.?’
Devresse and colleagues reported another case in 2016, where

they describe a case of a 28-year-old pregnant woman (28
weeks) that was admitted in the emergency department
due to severe arterial hypertension, signs of thrombotic
microangiopathy and acute renal failure. She had a pre-
vious diagnosis of systemic sclerosis. Laboratories showed
severe thrombocytopenia, microangiopathic hemolytic ane-
mia, normal liver enzymes levels, increased serum creatinine,
hypocomplementemia, and urinalysis with evidence of gross
proteinuria. Cesarean delivery was performed, followed by
lisinopril, nicardipine, and plasmapheresis. Renal function
was decreased until anuria was present, requiring dialysis.
This behavior ruled out preeclampsia. Ultrasound showed
renal hypoperfusion. Renal biopsy was made, showing severe
vascular changes, necrosis, glomerular ischemia, and com-
plement deposits on vascular endothelium. A diagnosis of
scleroderma renal crisis was made. After 18 days, they
decided to initiate Eculizumab, achieving good control of arte-
rial pressure and recovery of renal function. However, the
patient suffered new-onset cardiac failure followed by acute
pulmonary edema and cardiac arrest. She died despite resus-
citation efforts.?® Both experiences show a potential benefit of
using this agent as therapy for scleroderma renal failure, but
more research is needed.

Based on the results and the discussion presented above,
the following diagram was built regarding the pharmacologi-
cal management of scleroderma renal crisis (see Fig. 2).

All studies that were included had limitations related to the
number of patients included. Most studies found were obser-
vational, descriptive, and retrospective, so these studies are
focused on the description of epidemiological characteristics,
and they do not assess the effectiveness and safety of phar-
macological treatments. Only one clinical trial was included in
the review. In the studies included in this review, most did not
name the specific pharmacological agent used (especially the
ACEI or ARA used), the dose, or the administration route. This
situation increases the necessity of more analytical studies in
order to have solid evidence of the effectiveness and safety
of pharmacological treatments. These limitations represent a
significant challenge in the accomplishment of the objective
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of the review, as no significant conclusions could be stated
with the evidence available.

Conclusions
This review allows the statement of the following conclusions:

e Scleroderma renal crisis is a severe and uncommon compli-
cation of systemic sclerosis.

e Scleroderma renal crisis is the primary renal complication
in this population.

e ACEI agents remain the first line of therapy in scleroderma
renal crisis, especially Captopril. However, prophylactic use
or the use before the onset of renal crisis is associated with
higher mortality rates.

e The short-term prognosis of patients with scleroderma
renal crisis has improved due to the introduction of ACEI
therapy, but long-term prognosis continues to be a chal-
lenge.

e Renal replacement therapy is a common requirement in
the treatment of these patients. This procedure is consid-
ered a high-cost intervention, which may limit the access
of patients to this therapy.

¢ Considering the actual knowledge of the pathophysiology
of renal crisis, new pharmacological agents with different
mechanisms of action should be used in order to increase
the effectiveness of pharmacological therapy.

e More studies about this disease should be promoted in order
to improve the times for the beginning of the treatment.

e More analytical studies and clinical trials are required in
order to have solid evidence regarding the effectiveness and
safety of the different pharmacological options available for
the treatment of scleroderma renal crisis.
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