
Vol.:(0123456789)1 3

Journal of Nephrology (2023) 36:817–828 
https://doi.org/10.1007/s40620-022-01465-z

ORIGINAL ARTICLE

Clinical characteristics and outcomes of a patient population 
with atypical hemolytic uremic syndrome and malignant 
hypertension: analysis from the Global aHUS registry

Jean‑Michel Halimi1,2 · Imad Al‑Dakkak3 · Katerina Anokhina3 · Gianluigi Ardissino4 · Christoph Licht5 · Wai H. Lim6,7 · 
Annick Massart8 · Franz Schaefer9 · Johan Vande Walle10 · Eric Rondeau11

Received: 30 March 2022 / Accepted: 6 September 2022 / Published online: 24 September 2022 
© The Author(s) 2022, corrected publication 2022

Abstract
Introduction Atypical hemolytic uremic syndrome (aHUS) is a rare form of thrombotic microangiopathy (TMA) often 
caused by alternative complement dysregulation. Patients with aHUS can present with malignant hypertension (MHT), 
which may also cause TMA.
Methods This analysis of the Global aHUS Registry (NCT01522183) assessed demographics and clinical characteristics 
in eculizumab-treated and not-treated patients with aHUS, with (n = 71) and without (n = 1026) malignant hypertension, to 
further elucidate the potential relationship between aHUS and malignant hypertension.
Results While demographics were similar, patients with aHUS + malignant hypertension had an increased need for renal 
replacement therapy, including kidney transplantation (47% vs 32%), and more pathogenic variants/anti-complement factor 
H antibodies (56% vs 37%) than those without malignant hypertension. Not-treated patients with malignant hypertension had 
the highest incidence of variants/antibodies (65%) and a greater need for kidney transplantation than treated patients with 
malignant hypertension (65% vs none). In a multivariate analysis, the risk of end-stage kidney disease or death was similar 
between not-treated patients irrespective of malignant hypertension and was significantly reduced in treated vs not-treated 
patients with aHUS + malignant hypertension (adjusted HR (95% CI), 0.11 [0.01–0.87], P = 0.036).
Conclusions These results confirm the high severity and poor prognosis of untreated aHUS and suggest that eculizumab 
is effective in patients with aHUS ± malignant hypertension. Furthermore, these data highlight the importance of accurate, 
timely diagnosis and treatment in these populations and support consideration of aHUS in patients with malignant hyperten-
sion and TMA.
Trial registration details Atypical Hemolytic-Uremic Syndrome (aHUS) Registry.
Registry number: NCT01522183 (first listed 31st January, 2012; start date 30th April, 2012).
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Introduction

Atypical hemolytic uremic syndrome (aHUS) is a rare 
form of thrombotic microangiopathy (TMA) typically 
caused by alternative complement pathway dysregulation, 
that is often classified as a complement-mediated TMA 
(CM-TMA) [1–4]. aHUS is characterized by thrombocy-
topenia, microangiopathic hemolytic anemia, and acute 
kidney injury and can also present as progressive kidney 
damage, or as extrarenal manifestations resulting in dam-
age to other organs [5–7]. Another condition that can 
result in TMA is malignant hypertension (MHT), a severe 
form of arterial hypertension traditionally diagnosed by 
high blood pressure (diastolic pressure > 120  mmHg) 
with papilledema/hypertensive retinopathy [8–12]. More 
recent experience has emphasized the role of multi-organ 
involvement/damage in the diagnosis and prognosis of 
MHT, and MHT with multi-organ involvement has also 
been referred to as hypertensive emergency [10, 13]. The 
kidneys are frequently affected in patients with MHT, and 
patients often present with elevated serum creatinine, pro-
teinuria, hemolysis, low platelet count, and kidney failure, 
all of which are also key markers of TMA [10, 14]. Fur-
ther, complement dysregulation has also been implicated 
in patients with hypertension-associated TMA, with one 
study finding that 87.5% of patient serum samples induced 

formation of abnormal C5b-9 on microvascular endothe-
lial cells in vitro. This has previously been proposed as a 
highly specific assessment of complement dysregulation/
activation in patients with aHUS [15].

Previous studies have suggested that aHUS and MHT 
are common comorbid conditions, although their pre-
cise relationship has often been unclear [16–19]. Recent 
evidence suggests that while MHT is highly prevalent 
in patients with aHUS, among all cases of MHT, aHUS 
remains a marginal cause. There is also evidence of direct 
associations between MHT and development of TMA [8, 
9, 13, 20]. The interplay/overlap between these conditions 
means that establishing causality is often extremely diffi-
cult. Despite the difficulties associated with differentiating 
between MHT and aHUS, establishing a clear and correct 
diagnosis is extremely important as the underlying mecha-
nisms and treatment choices differ significantly. The cur-
rent standard of care in patients diagnosed with aHUS is 
complement C5 inhibitor therapy, while patients present-
ing with MHT will typically be treated with blood pressure 
lowering medications [21, 22]. Due to the substantially 
different pathophysiological mechanisms underlying these 
conditions, delays in diagnosis and sub-optimal treatment 
regimens can have considerable, negative effects on patient 
outcomes. Finally, it is presently unknown whether the 
complement C5 inhibitor eculizumab is effective in treat-
ing patients with aHUS and MHT.
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Using data from the Global aHUS Registry, the largest 
registry of real-world data relating to patients with aHUS, 
this analysis characterized pediatric and adult patients with 
aHUS, both with and without MHT, who were either treated 
or not treated with eculizumab. This study explored the base-
line characteristics of these patient groups and assessed the 
risk of reaching the composite endpoint of end-stage kidney 
disease (ESKD) or death. Clinical characteristics and out-
comes are also presented by adult and pediatric designation.

Methods

This retrospective analysis utilized data from the Global 
aHUS Registry (NCT01522183), an observational, non-
interventional, multicenter registry that retrospectively and 
prospectively collects demographic information, natural his-
tory data, and treatment outcomes of patients with aHUS. 
The registry methodology and initial patient characteristics 
have previously been reported [23]. This analysis included 
patients enrolled into the registry from April 2012 until 26 
October, 2020 [23]. Patients were included if they were 
enrolled in the registry and were followed up for ≥ 90 days 
after initial aHUS presentation or diagnosis date. aHUS 

was diagnosed locally, with no central registry definition of 
aHUS used. Patients in the MHT cohort were also required 
to have a recorded diagnosis of MHT, as defined by the local 
registry investigator/treating physician, and applied crite-
ria usually included diastolic blood pressure > 120 mmHg, 
alongside papilledema, retinopathy and/or exudates. No 
definition of severe hypertension was available within the 
registry. Patients were excluded from this analysis if they 
withdrew consent from the registry or discontinued eculi-
zumab due to a revised diagnosis of any condition other than 
aHUS. To assess the effects of eculizumab on outcomes, 
patients were defined as either treated or not-treated. Patients 
not treated with eculizumab included any patients who were 
never treated with eculizumab, or who received eculizumab 
after reaching ESKD (defined as kidney transplantation or 
chronic maintenance dialysis), or who received eculizumab 
up to and including one month prior to kidney transplanta-
tion. No minimum duration of eculizumab administration 
was required for inclusion in the treated group. Patient dis-
position for this analysis is presented in Fig. 1.

The following variables were extracted for analysis; 
age at aHUS diagnosis, sex, time to eculizumab initiation, 
family history of aHUS, timing of MHT diagnosis (related 
to the time of initial aHUS presentation), new extra-renal 

Fig. 1  Patient disposition. aIncludes all patients enrolled in the 
Global aHUS Registry from April 2012 to 26 October, 2020; bNot-
treated patients included any patients who were never treated with 
eculizumab; who received eculizumab after reaching ESKD, defined 

as kidney transplantation or chronic maintenance dialysis; or who 
received eculizumab up to and including 1  month prior to kidney 
transplantation. aHUS atypical hemolytic uremic syndrome, MHT 
malignant hypertension
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manifestations of aHUS not present at initial diagnosis 
(number and organ system), pathogenic genetic variant sta-
tus and presence of autoantibodies to complement factor H, 
triggering conditions other than MHT, kidney transplant 
status, and baseline serum creatinine, platelet counts and 
lactate dehydrogenase levels. Baseline was defined as the 
closest value to aHUS onset in either direction. The primary 
outcome of interest was the composite endpoint of time to 
ESKD or death. The variables and primary endpoint were 
stratified by treatment status, MHT status, and age group 
(pediatric [< 18 years] vs adult).

Statistical analysis

Continuous data were summarized as median (min, 
max), while categorical data were summarized as num-
ber of patients (%). Laboratory parameters were presented 
using both number of patients with available data (%) and 
median (min, max) for values. No formal statistical com-
parisons were performed on baseline characteristics data. 
Kaplan–Meier survival plots were generated for the com-
posite endpoint, and hazard ratios (HRs) were calculated 
using Cox regression analysis. Both unadjusted and adjusted 
HRs and 95% confidence intervals are reported. HRs for the 
comparison of treated vs not-treated patients with aHUS and 
MHT were adjusted for plasma exchange/plasma infusion 
at the time of initial TMA, dialysis at the time of initial 
TMA, and the presence of any pathogenic genetic variants or 
anti-CFH antibodies. HRs for the comparison of not-treated 
patients with aHUS with vs without MHT were adjusted 
for age at initial onset of aHUS, sex, and the presence of 
any pathogenic genetic variants or anti-CFH antibodies. For 
assessment of the composite endpoint, propensity match-
ing by age at initial onset of aHUS, sex, and presence of 
pathogenic genetic variants was performed. Additionally, 
only those patients with recorded genetic testing results had 
their genetic data included in the analysis. Any missing data 
were excluded from this analysis.

Results

Patient disposition

Patient disposition is presented in Fig. 1. At the time of this 
analysis, a total of 1903 patients were enrolled in the Global 
aHUS Registry. Following application of the inclusion and 
exclusion criteria, 1797 of the 1903 patients were eligible 
for this study. A further 695 patients were excluded due to 
unknown MHT status and five due to unknown eculizumab 
treatment status (1 with MHT, 4 without MHT). This anal-
ysis therefore included 1097 patients; 71 presenting with 
both aHUS and MHT (20 treated and 51 not treated with 

eculizumab) and 1026 presenting with aHUS without MHT 
(429 treated and 597 not treated with eculizumab).

Overall, 20 (28%) patients with aHUS and MHT were 
treated with eculizumab, compared to 429 (42%) patients 
without MHT. Of the 72 patients with aHUS and MHT, 23 
(32%) had a recorded onset of aHUS prior to 2011, while of 
the 1030 patients with aHUS without MHT, 323 (31%) had 
a recorded onset of aHUS prior to 2011. Eculizumab was 
granted marketing authorization in 2011.

Patient demographics

Key patient demographics are presented in Table 1 and 
patient demographics stratified by age group are presented 
in Supplementary Table S1. Age at aHUS diagnosis, sex, 
and family history of aHUS were all similar between 
patients with aHUS both with and without MHT, irrespec-
tive of treatment status. Patients with aHUS and MHT had 
a slight numerical increase in the percentage of new extra-
renal manifestations of aHUS across all organ systems. 
Genetic screening for at least one pathogenic complement 
variant was conducted in 61 (86%) patients with aHUS and 
MHT, and in 742 (72%) patients with aHUS without MHT. 
Of these, 34 (48%) with aHUS and MHT had their results 
recorded in the registry, compared to 300 (29%) patients 
without MHT. Testing for anti-CFH antibodies was per-
formed in 11 (16%) patients with aHUS and MHT and in 
91 (9%) patients with aHUS without MHT. Among patients 
whose genetic screening results were entered in the registry 
database, those with aHUS and MHT had a higher propor-
tion of pathogenic genetic variants or anti-CFH antibodies 
compared to aHUS patients without MHT (40 [56%] vs 382 
[37%]). Further, patients with aHUS and MHT who were not 
treated with eculizumab were found to have a much higher 
proportion of pathogenic genetic variants or anti-CFH anti-
bodies (33 [65%]) than those with aHUS and MHT who 
were treated with eculizumab (7 [35%]), or those with aHUS 
without MHT regardless of treatment status (treated, 152 
[35%], not-treated, 230 [39%]).

A greater proportion of patients with aHUS and MHT 
received a kidney transplant compared to patients without 
MHT (33 [47%] vs 324 [32%]). However, the proportion of 
patients with aHUS requiring a kidney transplant was higher 
in those not treated than in those treated with eculizumab, 
regardless of whether they had comorbid MHT or not (with 
MHT, 33 [65%] vs 0 [0%]; without MHT, 304 [51%] vs 20 
[5%]). Of the 33 not-treated patients with aHUS and MHT 
who required a kidney transplant, two had a transplant at the 
time of aHUS diagnosis, two prior to a diagnosis of aHUS, 
and two had no date of transplantation recorded in the reg-
istry; all other patients had a transplant after receiving a 
diagnosis of aHUS.
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Aside from patients with aHUS and MHT treated with 
eculizumab—who reported no triggering conditions other 
than MHT—similar, small proportions of patients reported 
triggering conditions other than MHT in all other patient 
cohorts (Table 1).

Time to ESKD or death

Kaplan–Meier plots and HRs for the combined endpoint of 
ESKD or death are presented in Fig. 2, and full HR analyses 
are available in Supplementary Table S2. Figure 2a presents 
a comparison of treated and not treated patients with aHUS 
and MHT. Treated patients had a significantly reduced risk 
of reaching ESKD or death compared to not-treated patients 
(unadjusted HR [95% CI], 0.04 [0.01–0.30], P = 0.002; 
adjusted HR [95% CI], 0.11 [0.01–0.87], P = 0.036). Fig-
ure 2b presents a comparison of patients with aHUS both 
with and without MHT who were not treated with eculi-
zumab. Not-treated patients with aHUS and MHT were not 
at a significantly increased risk of ESKD or death compared 
to not-treated patients without MHT (unadjusted HR [95% 
CI], 1.18 [0.82–1.68], P = 0.373; adjusted HR [95% CI], 
1.15 [0.80–1.64], P = 0.451).

Kaplan–Meier plots for the combined endpoint of ESKD 
or death in patients with aHUS and MHT, stratified by age 
groups (adult or pediatric), are presented in Fig. 3. Figure 3a 
presents a comparison of adult and pediatric patients with 
aHUS and MHT who were treated with eculizumab, while 
Fig. 3b presents a comparison of adult and pediatric patients 
with aHUS and MHT who were not treated with eculizumab. 
Adult patients were at greater risk of ESKD or death than 
pediatric patients, and not-treated patients had worse out-
comes than treated patients in both age groups.

Discussion

This study presents data from the largest comparison of 
patients with aHUS with and without comorbid MHT to 
date. In the study population, MHT was reported as occur-
ring at the same time as aHUS symptoms in ~ 2/3 of patients 
presenting with comorbid aHUS and MHT, irrespective of 
treatment status, and more patients with aHUS and MHT 
possessed pathogenic genetic variants or anti-CFH antibod-
ies than patients with aHUS alone (40 [56%] vs 382 [37%]). 
Further, a much higher proportion of non-treated patients 
with aHUS and MHT had pathogenic genetic variants or 
anti-CFH antibodies (33 [65%]) compared to their treated 
counterparts (7 [35%]). Considering these data, and that 
these patients were diagnosed with aHUS, it is perhaps sur-
prising that 51 (72%) patients with aHUS and MHT were 
not treated with eculizumab. However, this may partially 
be explained by 23 (32%) patients with aHUS and MHT 

and 323 (31%) patients with aHUS without MHT having 
a recorded onset of aHUS prior to eculizumab obtaining 
marketing authorization in 2011. Other possible explana-
tions include 20 (61%) of the 33 not-treated patients with 
aHUS and MHT who required a kidney transplant reaching 
ESKD (a criterion for designating patients as not-treated 
in this study) prior to eculizumab availability, and some 
patients may also have been treated with eculizumab post-
ESKD (another criterion for not-treated designation in this 
study). Furthermore, while eculizumab treatment status 
itself is not directly related to the prevalence of pathogenic 
genetic variants or anti-CFH antibodies, the results suggest 
that many of the patients listed as not-treated may either 
have reached ESKD before eculizumab became available 
or were not initially identified as patients with aHUS prior 
to ESKD. Indeed, diagnosis of aHUS may often occur late 
in the disease course, following TMA recurrence, a require-
ment for long-term dialysis, or kidney transplantation [13]. 
It is important to note, however, that this study only reports 
genetic analyses in patients who were screened and had a 
result reported in the registry; some patients were recorded 
as having been screened but no subsequent results were 
reported.

When the combined outcome of time to ESKD or death 
was assessed, both uni- and multi-variable analyses showed 
that significantly fewer patients with aHUS and MHT who 
were treated with eculizumab reached the composite end-
point, compared to not-treated patients. Further, the multi-
variable analyses also highlighted that patients who pre-
sented with pathogenic genetic variants and/or anti-CFH 
antibodies, and patients who were adults at the time of 
aHUS onset, were generally at a higher risk of ESKD or 
death. However, many other clinical features were similar 
between these patient groups. As anticipated, patients from 
both age groups who were not-treated had worse outcomes 
than their treated counterparts. These results, combined with 
higher proportions of pathogenic genetic variants and kidney 
transplants in patients with aHUS and MHT—particularly 
those not treated with eculizumab—reiterate the importance 
of establishing an early and accurate diagnosis, as treating 
the correct patients with C5 inhibitors has been shown to 
substantially reduce morbidity and mortality [24–27]. How-
ever, in this analysis, fewer patients with aHUS and MHT 
were treated with eculizumab than patients without MHT, 
despite the potentially counter-intuitive increased incidence 
of complement gene variants in this patient population. This 
raises the possibility that clinicians may be continuing to 
regard TMA as secondary to MHT and proceed with MHT-
specific treatment regimens, without considering this as a 
potential presentation/manifestation of aHUS/CM-TMA [9, 
13, 16, 28].

One patient who presented with aHUS and MHT and was 
treated with eculizumab progressed to ESKD. This patient 
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Fig. 2  Kaplan–Meier plots for time to ESKD or death from initial 
onset of aHUS for a patients with aHUS and MHT who were treated 
vs patients with aHUS and MHT who were not-treated; b untreated 
patients with aHUS and MHT vs untreated patients with aHUS with-
out  MHTa. a71 subjects with ESKD prior to initial onset of aHUS 

were excluded from this analysis. aHUS atypical hemolytic uremic 
syndrome, ESKD end-stage kidney disease, HR hazard ratio, MHT 
malignant hypertension, mo month, PE plasma exchange, PI plasma 
infusion, TMA thrombotic microangiopathy
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Fig. 3  Kaplan–Meier plots for time to ESKD or death from initial 
onset of aHUS for adult and pediatric patients with aHUS and MHT 
who were a treated with eculizumab or b not treated with eculi-

zumab. aHUS atypical hemolytic uremic syndrome, ESKD end-stage 
kidney disease, MHT malignant hypertension, mo month
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began treatment with eculizumab in September 2018 and 
reached ESKD in October 2019, with an interval between 
initiation and ESKD of 13.01 months.

In their review, Fakhouri and Frémaux-Bacchi stated that 
while aHUS remains, globally, a rare cause of MHT, MHT 
frequently complicates aHUS disease course, adding that 
genetic screening may not be suitable for diagnosis of aHUS 
as not all patients carry complement gene variants [13]. 
However, they commented that TMA rarely complicates 
the course of MHT (5–15% of cases), with the low preva-
lence limiting assessments of complement gene variants in 
patients with comorbid severe hypertension and TMA [13]. 
Our data are therefore important as all patients in the current 
analysis were diagnosed with both MHT and aHUS/TMA 
and were seen to have a greater prevalence of pathogenic 
genetic variants or anti-CFH antibodies. These results sug-
gest that clinicians should explicitly consider genetic screen-
ing in this specific patient population. Also, while our results 
agree with Fakhouri and Frémaux-Bacchi that patients with 
aHUS can often present with MHT [13], they further suggest 
that a differential diagnosis of aHUS/CM-TMA should be 
considered in patients presenting with both MHT and TMA. 
This is particularly important as, in our analysis, patients 
with aHUS responded well to eculizumab in the presence 
of MHT, making an early and correct diagnosis integral to 
improving patient outcomes [24–27, 29]. This agrees with 
the paper by Karoui et al., who found that the 5-year renal 
survival rate was substantially lower in patients with aHUS 
with identified complement variants and/or hypertensive 
emergency than their counterparts without these complicat-
ing factors [30].

There are several potential limitations to this study—
mainly in relation to the nature of registry-derived data, as 
previously described [23]—leading to missing/incomplete 
data, particularly around the recording of dates, genetic 
screening results, blood pressure measurements, and con-
comitant medication. Specifically relating to blood pres-
sure, these data were not necessarily recorded at the time of 
MHT and had large variances, making conclusions difficult. 
Furthermore, the Global aHUS Registry only collects data 
on patients with a local clinical diagnosis of aHUS (not a 
centrally defined diagnosis) which may potentially limit the 
generalizability of these findings to proven CM-TMA popu-
lations. While the lack of a central definition of MHT may 
be a potential limitation of this study, the general clinical 
characteristics of MHT used for diagnosis are easily assess-
able and well defined.

This analysis of patients with aHUS and MHT using 
data from the Global aHUS Registry shows a higher prev-
alence of pathogenic complement variants or anti-CFH 
antibodies, alongside a high proportion of kidney trans-
plantation, in patients with aHUS and MHT (particularly 

in not-treated patients) indicating a potential lack of early/
correct diagnosis and high severity of disease in these 
patients when left untreated. Indeed, patients who were 
positive for pathogenic variants or anti-CFH antibodies 
were at greater risk of ESKD or death than patients with-
out them. However, in not-treated patients with aHUS, the 
concurrent presence of MHT did not appear to significantly 
impact the risk of reaching ESKD or death, compared to 
not-treated patients without MHT. Moreover, MHT did not 
appear to affect the effectiveness of eculizumab, or baseline 
demographics and characteristics, compared to patients 
without MHT, although no formal statistical assessment 
of this comparison was conducted. This study also dem-
onstrates that while clinical characteristics in patients with 
aHUS and MHT are similar in both pediatric and adult 
patients, with comparable demographics and baseline clini-
cal measures, patients who were adults at the time of aHUS 
onset were at greater risk of ESKD or death than patients 
who were below 18 years of age at the time of aHUS onset. 
Lastly, the significant difference in the composite endpoint 
of ESKD or death between patients who were treated with 
complement C5 inhibition and those who were not-treated 
highlights the importance of an early and accurate diagno-
sis in these patients, to allow for the correct use of these 
therapeutics. Alongside a reiteration of the importance of 
complement C5 inhibitor therapy in patients with aHUS, 
the results of this study provide evidence that, in patients 
presenting with MHT and comorbid TMA, complement 
genetic screening and consideration of a differential diag-
nosis of aHUS are warranted to allow for prompt and cor-
rect treatment decisions.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40620- 022- 01465-z.
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