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RIGINAL INVESTIGATIONS

athogenesis and Treatment of Kidney Disease and Hypertension

Non-Enteropathic Hemolytic Uremic Syndrome:
Causes and Short-Term Course

Alex R. Constantinescu, MD, Martin Bitzan, MD, Lynne S. Weiss, MD, Erica Christen, RN,
Bernard S. Kaplan, MD, Avital Cnaan, PhD, and Howard Trachtman, MD

Background: Nondiarrheal or Streptococcus pneumoniae–related hemolytic uremic syndrome (HUS) represents
heterogeneous group of disorders. This study was performed to: (1) describe the current incidence, causes,

emographic features, hospital courses, and short-term outcomes of non-enteropathic HUS; (2) compare findings
n patients with non-enteropathic HUS with those obtained from a contemporaneous cohort of children with
nteropathic or diarrhea-associated HUS (D � HUS) diagnosed and treated at the same clinical sites; and (3) identify
linical or laboratory features that differentiate these 2 groups and predict disease severity and the short-term
utcome in patients with non-enteropathic HUS. Methods: Data were collected from patients screened between
997 and 2001 for enrollment in a multicenter trial of SYNSORB Pk (SYNSORB Biotech Inc, Calgary, Alberta,
anada) in D � HUS, but who were ineligible because of lack of a diarrhea prodrome. The following features were

ecorded: age; sex; ethnicity; prodromal symptoms; cause; nadir values for hemoglobin, hematocrit, and platelet
ount; use of dialysis; and length of hospitalization. Results: Twenty-seven of 247 children with HUS had
on-enteropathic HUS (11%). Twenty-four patients (15 boys, 9 girls), whose medical records were complete and
vailable for review, comprise the study cohort. Mean age at onset was 4.2 � 0.9 (SE) years. Infection caused by S
neumoniae was diagnosed in 9 patients (38%). Dialysis was performed in 17 patients (71%) for 40 � 27 days.
edian length of hospitalization was 22 days (range, 2 to 71 days). Children with S pneumoniae–related HUS had a

onger hospital stay than those with other causes of non-enteropathic HUS, but all patients with S pneumoniae–
elated HUS recovered kidney function. Dialysis therapy was required more often (17 of 24 versus 59 of 145 children;

� 0.025) and hospital stays were longer (median, 22 versus 9 days; P � 0.002) in children with non-enteropathic
US compared with patients with D � HUS who were enrolled in the SYNSORB Pk clinical trial. Conclusion: (1) The

ncidence of non-enteropathic HUS is approximately one tenth that of D � HUS; (2) patients with non-enteropathic
US require dialysis therapy more often and are hospitalized more than twice as long during the acute episode
ompared with those with D � HUS; (3) infection caused by S pneumoniae accounts for nearly 40% of cases of
on-enteropathic HUS; and (4) although S pneumoniae–related HUS is associated with a less favorable short-term
ourse than other types of non-enteropathic HUS or D � HUS, the long-term prognosis for recovery of renal function
ppears to be good in these patients. Am J Kidney Dis 43:976-982.
2004 by the National Kidney Foundation, Inc.

NDEX WORDS: Hemolytic uremic syndrome (HUS); non-enteropathic; Streptococcus pneumoniae.
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EMOLYTIC uremic syndrome (HUS)
characterized by the triad of microang

athic hemolytic anemia, thrombocytopenia,
cute renal failure. Most cases are caused b
ntecedent infection with Shiga toxin–produc
trains of Escherichia coli (STEC), predomi
antly E coli serotype O157:H7. Although th

erm STEC-related HUS is probably most app
riate in the majority of these episodes, it ofte
ifficult in clinical practice to confirm STE
nteritis at the onset of HUS. This unfortun
ircumstance has hindered widespread adop
f the label STEC-HUS. Instead, these ca
urrently are still classified as enteropathic
iarrhea-related HUS (D� HUS).1 Forty percen

o 50% of children with D� HUS require tempo
�
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ary dialysis support. D HUS is a multisystem
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NON-ENTEROPATHIC HUS IN CHILDREN 977
isease with substantial morbidity and extrarenal
omplications, especially involving the neurologi-
al and cardiovascular systems. The mortality
ate during the acute phase is 3% to 5%, and an
ndetermined number of patients develop long-
erm sequelae.1-3

HUS can be caused by infectious agents other
han STEC and may be associated with malignan-
ies, medications, and autoimmune disorders,
nd it can occur sporadically or in families.4

typical nondiarrheal HUS is less common than
� HUS.5,6 We propose the term non-entero-
athic HUS to categorize these heterogeneous
orms of HUS. The incidence, optimal treatment,
nd prognosis of these rare conditions are un-
nown.
Most reports on non-enteropathic HUS ema-

ate from a single center or a relatively small
umber of clinical sites.7,8 Many multicenter
eports have been from registries or have focused
n a single genetic cause of the disease.9,10 This
ay limit the general applicability of the find-

ngs. For the present report, all patients with
ewly diagnosed HUS were screened as part of a
ulticenter trial of SYNSORB Pk (SYNSORB
iotech Inc, Calgary, Alberta, Canada) in the

reatment of D� HUS.11 The cohort of children
ith non-enteropathic HUS identified during the

ourse of this clinical trial constitutes the subject
f this report. Although many previous publica-
ions have described groups of patients with
on-enteropathic HUS, this report is unique be-
ause it describes all children with non-entero-
athic HUS who were diagnosed at the same
ime because all cases of D� HUS were being
ocumented by a geographically large network
f clinical sites.
In view of this, the aims of this study are to

escribe the incidence, causes, demographic fea-
ures, clinical courses, and short-term outcomes
f patients with non-enteropathic HUS and com-
are this group with a well-defined contempora-
eous cohort of children with prototypical D�

US who were enrolled in the SYNSORB Pk
rial.11 Attempts were made to identify clinical or
aboratory features that could distinguish be-
ween the 2 groups and predict disease severity
nd short-term outcomes of patients with non-

nteropathic HUS. n
METHODS

atients
All children with HUS, defined as anemia with frag-
ented erythrocytes, platelet count less than 140,000 �

09/L, and evidence of renal injury (azotemia, hematuria,
nd proteinuria) who were screened between 1997 and 2001
or participation in The National Institutes of Health–
ponsored multicenter trial of SYNORB Pk and who were
xcluded because they did not have diarrhea within 7 days of
he onset of HUS were eligible for inclusion in this study.
wo hundred forty-seven cases of HUS were identified
uring the 4-year study period. There were 220 children with
�HUS. Of these patients, 37 eligible subjects declined, 7
thers were not offered the opportunity to participate, 26
atients did not satisfy the specific entry criteria for the
YNSORB Pk clinical trial, and 5 patients withdrew after
eing administered 1 or fewer dose of study medication,
eaving 145 patients in a modified intent-to-treat group.
wenty-seven children had non-enteropathic HUS; the 24
atients with complete medical records available for review
re the subject of this report.

linical Survey
A questionnaire was sent to the investigators at the partici-

ating centers who identified children with non-enteropathic
US during pre-enrollment screening. Patients included in

his series were evaluated at the following participating
enters: Schneider Children’s Hospital of Long Island Jew-
sh Medical Center (New Hyde Park, NY), Duke University
Durham, NC), North Shore University Hospital (Manhas-
et, NY), Wake Forest University Medical Center (Winston-
alem, NC), Columbus Children’s Hospital (Columbus, OH),
niversity of Alberta, (Calgary, Alberta), Medical College
f Virginia (Richmond, VA), Westchester Medical Center
Valhalla, NY), University of Virginia Medical Center (Char-
ottesville, VA), Robert Wood Johnson Medical School (New
runswick, NJ), The Children’s Hospital of Philadelphia

Philadelphia, PA), Children’s Hospital of Denver (Denver,
O), and A.I. DuPont Children’s Hospital (Wilmington,
E). Demographic data were tabulated, including age, sex,

thnicity, previous episodes of HUS, and a family history of
US. Signs and symptoms that occurred before the diagno-

is of HUS, duration of symptoms before hospitalization,
ny site of infection, and microbial organisms identified
ere recorded. Data on the course of non-enteropathic HUS,

pecifically, nadir values for hemoglobin, hematocrit, and
latelet count; number of transfusions (erythrocyte and/or
latelet); and renal replacement therapy (type and duration
f dialytic therapy) were tabulated. Information about urine
utput and duration of oligo-anuria in individual patients
as unavailable for review. Finally, the occurrence of other

xtrarenal complications, such as pancreatitis, diabetes mel-
itus, liver dysfunction, neurological symptoms, hyperten-
ion, cardiac involvement, and duration of hospitalization,
as recorded.

tatistical Methods
Incidence, sex, time of year, need for dialysis therapy,
eed for transfusion, and presence of serious extrarenal
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CONSTANTINESCU ET AL978
omplications are summarized by frequencies and compared
cross groups by means of Fisher’s exact test. Age, duration
f hospitalization, and platelet count nadir are summarized
y median and range and compared by using Wilcoxon’s
ank-sum test because they are skewed. Nadir hematocrit
alue is summarized by mean � SEM and compared by
eans of a t-test. P of 0.05 is considered significant. Be-

ause the aim of this study is descriptive and hypothesis
enerating, no correction for multiple comparisons was
pplied.

The sample size for the clinical trial with D� HUS was
ased on the ability to detect differences between 2 treat-
ent groups. The sample size for this study was based solely

n the number of cases identified with non-enteropathic
US while the clinical trial was ongoing. The obtained

ample size of 24 is large enough to detect 60% differences
n proportions within subgroups with non-enteropathic HUS
nd large enough to detect 30% differences between the
on-enteropathic HUS and D� HUS groups at the level of P
ess than 0.05. However, comparisons between patients with

� HUS and those with nonenteropathic HUS were cor-
ected for multiple outcomes by using a Bonferroni correc-
ion, and P less than 0.004 is considered statistically signifi-
ant.

RESULTS

emographic Data and Epidemiological
indings

During the 4-year study period (1997 to 2001),
on-enteropathic HUS was diagnosed in 27 chil-
ren. Of 24 patients with complete documenta-
ion, 17 were white, 2 were black, 2 were Asian-
acific Islander, 1 was Native American, and 2
ere other, an ethnic distribution similar to that
bserved for children in the general population.
here were 15 boys and 9 girls (boy-girl ratio,
.7:1). Age at onset ranged from 4 months to 15
ears, with a median of 2 years. One patient had
xperienced a previous episode of non-entero-
athic HUS, and another patient had a family
istory of non-enteropathic HUS. One child had
eceived a haploidentical bone marrow trans-
lant and developed non-enteropathic HUS 3
onths after tacrolimus was added to the thera-

eutic regimen. Ten cases of non-enteropathic
US occurred in the winter months; 3 cases, in

he summer; 6 cases, in the fall; and 5 cases, in
he spring.

resenting Illness

A prodromal febrile illness occurred in 16
atients (67%) and lasted for an average of 5 � 1
ays. Symptoms of upper respiratory tract infec-

ion were present at the time of diagnosis of r
on-enteropathic HUS in 16 children (67%).
nfectious conditions (�1) identified at the time
f diagnosis of non-enteropathic HUS were pneu-
onia in 9 patients, urinary tract infection in 2

atients, meningitis in 2 patients, and bacteremia
n 5 patients. Streptococcus pneumoniae was
solated from the blood, cerebrospinal fluid, or
leural fluid of 9 patients (38%).

ospital Course

Thrombocytopenia, hemolytic anemia, and re-
al failure were identified within 48 hours of
ospitalization in 22 of 24 patients (92%). Dialy-
is therapy was initiated in 17 patients (71%).
hree children (12.5%) remained on long-term
ialysis therapy at the last follow-up visit. In the
emaining 14 patients, mean duration of dialysis
upport was 40 � 27 days. All patients with S
neumoniae–related disease recovered renal func-
ion. A single patient with non-enteropathic HUS,
ho had presented with an upper respiratory

ract infection prodrome, was treated with plas-
apheresis. Transfusions of packed red blood

ells were administered to 20 patients (83%) for
nadir hematocrit of 16.9 � 4.6 vol%. Fourteen
atients (61%) were administered platelet trans-
usions for a nadir platelet count of 25 � 109/L
range, 3 to 100 � 109/L). The requirement for
ed blood cell transfusion was independent of the
eed for dialysis therapy; 15 of 17 dialyzed
ersus 5 of 7 nondialyzed children (P � 0.55).
A wide spectrum of extrarenal complications

ccurred in these children. Hypertension, the
ost common complication, developed in 17

atients (71%), whereas cardiomyopathy with
ongestive heart failure was seen in 3 patients.
hree patients had seizures, and 2 of these pa-

ients had focal deficits. There were elevated
ransaminase concentrations (alanine aminotrans-
erase and/or aspartate aminotransferase) in 11
atients (46%). Increased serum amylase and
ipase activities were documented in 5 patients.
ne patient developed insulin-dependent diabe-

es mellitus. Median duration of hospitalization
as 22 days (range, 2 to 71 days) in the cohort of

hildren with non-enteropathic HUS.

ubgroup Analysis

Patients with non-enteropathic HUS were ana-
yzed according to the requirement for renal

eplacement therapy. Children with non-entero-
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NON-ENTEROPATHIC HUS IN CHILDREN 979
athic HUS who needed temporary dialysis
herapy were significantly younger than those
ho did not require renal replacement therapy

median, 16 months versus 11 years; P � 0.01).
ean nadir hematocrit (16.3 versus 17.0 vol%;
� 0.76) and median nadir platelet count (27

ersus 11 � 109/L; P � 0.17) were similar in
hildren with and without dialysis treatment. As
xpected, hospitalization duration was pro-
onged in children who required dialysis com-
ared with those who did not (median, 25 versus
days; P � 0.003). Finally, residual hyperten-

ion occurred more often in patients requiring
ialysis therapy; 15 of 17 compared with 2 of 7
hildren who recovered without requiring tempo-
ary renal replacement therapy (P � 0.01).

When patients with infection caused by S
neumoniae versus other forms of non-entero-
athic HUS were compared, the following differ-
nces were noted: age (17 � 10 versus 58 � 54
onths; P � 0.007), length of prodromal illness

efore diagnosis (9.9 � 5.4 versus 4.6 � 4.3
ays; P � 0.03), nadir platelet count (21 � 11
ersus 43 � 36 � 109/L; P � 0.046), duration of
hrombocytopenia with platelet count less than
00 � 109/L (7.0 � 2.1 versus 3.9 � 2.3 days;
� 0.006), and duration of hospitalization (33 �

8 versus 17 � 15 days; P � 0.043). Male-
emale ratio was 2:1 in patients with S pneu-
oniae–related illness compared with 1.5:1 in

hose without infection caused by S pneumoniae

Table 1. D� HUS and Non-Enteropathic

Non-E
HUS

ex (M:F)
ge (y) 2 (0
ematocrit nadir (vol%) 16
latelet count nadir (n/L) 25 (3
atalities
eurological complications
ancreatitis/diabetes
ardiac complications
ther complications
edian length of hospital stay (d) 22 (2
otal serious extrarenal complications 21 (9
ialysis 17 (7

NOTE. Data are reported as median (range), mean �
ichotomous variables and Wilcoxon’s rank-sum test for co
as performed.
P � 0.32). The number of cases of non- o
nteropathic HUS attributed to causes other than S
neumoniae was too small for subgroup analysis.

Comparison between patients with non-entero-
athic HUS and those with D� HUS showed
ome interesting differences, listed in Table 1.
atients with non-enteropathic HUS tended to be
ounger (median, 2 years versus 4 years 2 months;
� 0.015). Moreover, the D� HUS season was

n the summer (May to October), and non-
nteropathic HUS did not occur primarily in
hese months (P � 0.0001). Duration of hospital
tay was significantly longer for patients with
on-enteropathic HUS (P � 0.002). In addition,
he total number of serious extrarenal complica-
ions was greater in patients with non-entero-
athic HUS (P � 0.001), and the spectrum of
hese events was not the same in the 2 groups.
inally, there was a clear clinical trend with a
reater percentage of patients requiring dialysis
herapy in the non-enteropathic HUS group (17
f 24 versus 59 of 145 patients; P � 0.025).
here was no difference observed in platelet
ount nadir and a borderline difference, in the
ematocrit nadir.

DISCUSSION

The screening procedure for the SYNSORB
k clinical trial enabled us to identify all cases of
US seen at the participating centers during the

tudy period.11 This provided a unique opportu-
ity to analyze a heterogeneous unselected group

Clinical Characteristics and Outcomes

thic
4)

D� HUS
(n � 145) P

62:83 0.081
.1) 4.2 (0.68-16.6) 0.015
6 18.7 � 3.9 0.045

30 (4-140) 0.34
4 �0.99
5 0.26

11 0.019
5 0.26
8 �0.0001

9 (2-53) �0.0002
27 (18) �0.0001
59 (42) 0.025

or number (percent). P based on Fisher’s exact test for
s variables, except hematocrit, for which a 2-sample t-test
HUS:

nteropa
(n � 2

15:9
.33-15

.9 � 4.
-100)

0
2
6
2

11
-71)
1)
1)

SEM,
ntinuou
f patients with non-enteropathic HUS and esti-
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CONSTANTINESCU ET AL980
ate the relative incidence and clinical features
f non-enteropathic HUS in comparison to a
ontemporaneous cohort of patients with D�

US at the same locales.
Terms currently used to describe cases of HUS

re a subject of considerable debate. The under-
tanding of the pathophysiological characteris-
ics of diarrhea-associated disease has improved
ramatically in the last decade. Thus, it is increas-
ngly clear that most patients with a diarrhea
rodrome and even some patients without an
bvious antecedent gastrointestinal illness have
isease caused by previous STEC infection. It is
orth noting in this context that the 2 patients
ith non-enteropathic HUS preceded by a uri-
ary tract infection may represent an unusual
anifestation of STEC-mediated disease.12,13 Ide-

lly, the term STEC-related HUS should be
dopted to describe these cases. However, rapid
iagnostic tests for the O157 antigen or free
higa toxin (Stx) in stool are still not widely
vailable for use in clinical microbiology labora-
ories.14 Therefore, the term D� HUS continues
o be used in clinical practice. This is reflected in
he SYNSORB Pk study design, in which the
perational term “diarrhea-associated HUS” was
sed to determine eligibility, rather than confir-
ation of STEC infection.11 Because cases de-

cribed in this report were identified during the
ourse of the SYNSORB Pk clinical trial, by
ecessity, they represent the non-D� cases of
US encountered during the study period.
The smaller group of non–STEC-related HUS

ontinues to represent a heterogeneous assort-
ent of seemingly unrelated disorders that are

inked only by the shared phenotype of throm-
otic microangiopathy.6 The classification scheme
or nondiarrheal-HUS is likely to change as more
nformation emerges about the regulation of en-
othelial cell function and underlying genetic
auses. In the interim, we have introduced the
omenclature non-enteropathic HUS to highlight
hat the gastrointestinal tract is not the primary
ite of disease or that diarrhea is not the precipi-
ating event, in the hope that this term will not
dd to the confusion for investigators working in
his area.

The incidence of D� HUS in pediatric patients
s approximately 1 to 3 cases/100,000 total popu-
ation per year.15 No figure is available for non-
nteropathic HUS. This study is unique because

ll cases of non-enteropathic HUS were identi- b
ed concurrently with and at the same institu-
ions as the cases of D� HUS that were evaluated
or the SYNSORB Pk clinical trial.11 Thus, dur-
ng 1997 to 2001, non-enteropathic HUS cases
epresented 11% of all HUS cases (27 of 247
ases) treated at the participating sites. Thirty-
ight percent of non-enteropathic HUS, or 4.7%
f all cases of HUS, were caused by infection by
pneumoniae. This suggests an annual incidence
f all forms of non-enteropathic HUS of approxi-
ately 2 cases/1,000,000 total population and an

ncidence of S pneumoniae–related HUS of, at
ost, 1 case/1,000,000 total population. The true

ncidence of disease may be greater because not
ll patients with HUS in a geographic region
resented to a participating center during the
YNSORB Pk trial. In addition, it is important to
ecognize that the frequency of isolation of the
esponsible pathogen in patients with pneumococ-
al infection is only approximately 40%.16 In the
bsence of readily available and reliable alterna-
ive diagnostic tests, it remains possible that the
ncidence of S pneumoniae–induced HUS also
as been underestimated in the present study.
owever, there is no a priori reason to assume

hat either of these factors would have altered the
istribution of cases between D� HUS and non-
nteropathic HUS.

The preponderance of non-enteropathic HUS
uring the winter and spring (63%) contrasts
harply with the peak occurrence of D� HUS
uring the summer months.11,17-19 Incomplete
linical information about antibiotic use during
he prodromal illness precludes us from comment-
ng on the potential impact of antibiotic therapy
n the development of non-enteropathic HUS
ompared with D� HUS.15,20 Our data are consis-
ent with previous reports showing that the inci-
ence of S pneumoniae–related HUS is greatest
n children younger than 2 years. D� HUS is
ore prevalent in slightly older children (Table

).11,17 Four of 24 children with non-enteropathic
US identified themselves as black or African
merican, approximately corresponding to the
eneral census data for the US population. This
ontrasts with the significantly lower representa-
ion of black patients with D� HUS in the SYN-
ORB Pk trial; namely, 3%.11 The reason for this
iscrepancy is enigmatic.
We observed that patients with non-entero-

athic HUS developed hemolytic anemia, throm-

ocytopenia, and azotemia within 48 hours of
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NON-ENTEROPATHIC HUS IN CHILDREN 981
ospitalization. In this series, patients not only
apidly reached nadir values for hemoglobin level
nd platelet count, they also had a prolonged
isease course compared with patients with D�

US. This result is consistent with previous
eports.21,22

There were 2 patients with familial or recur-
ent non-enteropathic HUS in our case series
8%). Assays of factor H levels or mutational
nalysis of the factor H or membrane cofactor
rotein genes, 2 complement regulatory proteins,
ere not performed as part of this cohort

tudy.23-25

The majority of cases in this series were the
esult of infectious processes. In 40% of cases, S
neumoniae was isolated from cerebrospinal
uid, blood, or pleural fluid. This underscores

he importance of S pneumoniae as a major
icrobiological cause of non-enteropathic HUS

nd mirrors recent reports from Europe and the
nited States.17,26-31 The risk for S pneumoniae–

elated HUS is increased in patients with inva-
ive disease, primarily meningitis; liver involve-
ent; or empyema.18,19,32,33 The prognosis of S

neumoniae–related HUS is guarded. In 1 report,
of 11 children required dialysis therapy, and 4

hildren died.16 Five patients developed end-
tage renal disease 4 to 11 years later; 1 patient
nderwent transplantation and is well. In our
eries, patients with S pneumoniae–related dis-
ase had a longer prodromal illness and longer
ospital stay than those with other causes of
on-enteropathic HUS, suggesting that this is a
ore severe form of non-enteropathic HUS dur-

ng the acute phase. In contrast to other re-
orts,22,27-29 all patients with S pneumoniae–
elated HUS in our series recovered renal
unction. However, the limited number of pa-
ients in this group should engender caution
efore generalizing these findings.
Treatment of non-enteropathic HUS is support-

ve medical care, including transfusions of red
lood cells or platelets for hemorrhage and renal
eplacement therapy with either peritoneal dialy-
is or hemodialysis for anuric patients. Gener-
lly, there is no convincing evidence to support
he use of “washed” red blood cells or plasma-
heresis, although some familial cases seem to
enefit from the latter treatment modality. Avail-
bility of a national registry for non-enteropathic

US may facilitate case identification and perfor- e
ance of clinical trials to determine the optimal
reatment of patients with this group of diseases.

We could not identify specific risk factors for
ny of the serious extrarenal complications. Hy-
ertension is very common in children with
on-enteropathic HUS, especially those who re-
uire dialysis therapy. It is critical to diagnose
nd treat the elevated blood pressure promptly
nd effectively to avoid its complications. Hyper-
ension has been described as one factor associ-
ted with a relapsing course in patients with
on-enteropathic HUS.2

Younger children with non-enteropathic HUS
eeded dialysis therapy more often than older
hildren, in agreement with recent reviews. A
ubgroup of patients with non-enteropathic HUS
lso appears to have a tendency to follow a
elapsing course. Children requiring dialysis
herapy were hospitalized for longer periods than
ondialyzed patients and were more likely to
ave persistent hypertension. The acute phase of
he illness was more severe, with an increased
requency of serious extrarenal complications;
here was a trend for more patients to require
ialysis therapy; and hospital stays were longer
n children with non-enteropathic HUS than those
ith D� HUS. Interestingly, although 3 patients

12.5%) with non-enteropathic HUS who re-
uired immediate dialysis therapy had not recov-
red kidney function at their last evaluation,
rreversible renal failure was documented in only

children (1.4%) at the final 60-day follow-up
isit during the SYNSORB Pk trial.11 Together,
ndings indicate that children with non-entero-
athic HUS constitute a group with more severe
nderlying disease compared with D� HUS.
owever, we are unable to comment on the

ong-term prognosis of patients with non-entero-
athic HUS because the study was not de-
igned to collect extended follow-up information
bout children who were excluded from the
YNSORB Pk therapeutic trial. Clearly, pro-

onged follow-up of patients with non-entero-
athic HUS will provide much-needed data with
espect to the long-term prognosis.

In conclusion, (1) non-enteropathic HUS is
ess common than D� HUS, but affected patients
equire dialysis therapy more often and are hospi-
alized more than twice as long during the acute
pisode; (2) infection caused by S pneumoniae
ccounts for nearly 40% of cases of non-

nteropathic HUS; and (3) although S pneumoni-
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e–related HUS is associated with a less favor-
ble short-term outcome than other forms of
on-enteropathic HUS and D� HUS, it does not
ave an increased risk for causing chronic renal
ailure.
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