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Hydration in hemolytic uremic syndrome

Manuel D. Bilkis, M.D." and Pablo Bonany, M.D."

ABSTRACT

Diarrhea-associated hemolytic uremic
syndromeis preceded by gastroenteritis due to
Shiga toxin-producing Escherichia coli. Support
measures are recommended, specifically, fluid
restriction to avoid cardiopulmonary overload.
However, in the prodromal period or with
established hemolytic uremic syndrome,
volume expansion with isotonic fluids is safe
and effective, and reduces the need for dialysis,
the length of hospital and intensive care stay,
neurological events, and hyponatremia.
Therefore, when nephrological monitoring is
available and/or short-term access to a tertiary
care hospital is guaranteed, it is suggested to
hydrate patients withnosigns of cardiopulmonary
overload, regardless of their renal function, with
initial volume expansion. Afterwards, if an
adequate urine output is achieved, the patient
should not be dialyzed (except if they have a
medically intractable metabolic/electrolyte
disorder)and hydrationshould be continued with
an isotonic solution containing 5 % dextrose for
adequate hydration and urine output.
Keywords: hemolytic uremicsyndrome, dehydration,
fluid therapy, extracellular fluids.
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INTRODUCTION

Shiga toxin-producing
Enterobacteriaceae, especially Shiga
toxin-producing E. coli (STEC), are
responsible for causing systemic
damage through thrombotic
microangiopathies. This may affect
several organs, such as the liver,
pancreas, skin, heart, brain, and
particularly the kidneys. In addition
to microangiopathy, dehydration and
lower renal blood flow may worsen
prognosis in this condition known as
hemolytic uremic syndrome (HUS).!

Diarrhea-associated hemolytic
uremic syndrome (D+HUS) is defined
as the presence of gastroenteritis
followed by thrombocytopenia
(less than 150 000 platelets/ mm?),

microangiopathic hemolytic anemia
(hematocrit below 30 %), and acute
renal failure with blood creatinine
levels above the upper limit for age.
D-+HUS has no specific treatment. In
much of the world, E. coli O157: H7 is
the major cause of D+HUS.
Support measures are
recommended for treatment, which
traditionally include fluid restriction
to avoid cardiopulmonary fluid
overload in the acute phase.? This
volume restriction measure should be
reviewed considering the correlation
between dehydration, low isotonic
fluid intake, and poor course in HUS.

Hemolytic uremic syndrome and
dehydration

The progression from STEC
infection to HUS, which occurs in
10-15 % of cases, used to be assumed
as an unavoidable fatality. HUS can
be categorized as either oligoanuric
or non-oligoanuric. Children with
oligoanuric HUS generally require
dialysis, have more complicated
courses, and have a higher risk for
chronic sequelae. However, it was
not known whether the events that
occurred early in STEC infections,
particularly dehydration and
measures to expand circulating
volume, affected the likelihood of
experiencing oligoanuria and acute
renal failure in D+HUS.

J. A. Ake et al.’ retrospectively
compared 2 groups of patients with
D+HUS, an oligoanuric group and a
non-oligoanuric group, and observed
that the volume and sodium content
of intravenous fluids administered
early in illness had affected the risk
for developing oligoanuric HUS after
E. coli O157:H7 infections. Patients
with oligoanuric HUS had received
less fluid volumes and sodium at the
beginning of the disease and had a



poorer course: a greater percentage of patients
who required dialysis and a longer length of
stay in the hospital. The authors proposed
that patients with bloody diarrhea (BD) due to
STEC would benefit from intravascular volume
expansion with isotonic solutions at 20 mL/kg
plus intravenous maintenance according to basal
requirements, before D+HUS is diagnosed and
develops.® C. A. Gianantonio et al.* described
a better long-term prognosis in patients with
shorter initial oligoanuria.

Initial dehydration in D+HUS is a
predisposing factor for an increased prevalence
of dialysis, as described by Balestracci et al.,> who
reviewed the data of 137 children with HUS and
divided them into two groups according to their
hydration status at admission: normally hydrated
(n: 86) and dehydrated (n: 51). The dehydrated
group had a higher need for dialysis (70.6 %
versus 40.7 %, p = 0.0007).° They concluded
that dehydration at hospital admission might
represent a concomitant factor aggravating
the intrinsic renal disease in D+HUS patients.
Therefore, they encouraged the early recognition
of patients at risk of D+HUS to guarantee a well-
hydrated status with isotonic fluids.

J. M. Ojeda et al.® studied 36 patients with
D+HUS; 21 of them required dialysis (58 %;
95 % confidence interval [CI]: 40.8-75.8) and
13 (36.1 %; 95 % CI: 19.0-53.1) did not attain a
complete recovery of renal function. In a model of
bivariate analysis, the only significant risk factor
was dehydration, defined as the loss of more than
5 % of body weight (odds ratio [OR]: 5.3; 95 % CI:
1.4-12.3; p = 0.0220). In a multivariate model
(Cox regression), dehydration was marginally
significant (hazard ratio: 95.823; 95 % CI: 93.175-
109.948; p = 0.085). Results suggested that
dehydration before hospital admission might
increase the risk for an incomplete recovery of
renal function in the long term in children who
had D+HUS.

In patients with D+HUS, Ardissino et al.”
retrospectively analyzed the presence of factors
associated with dialysis and/or neurological
involvement. This group proposed that
hemoconcentration and hypovolemia, associated
with dehydration, may be responsible for more
severe ischemia and organ damage both in the
short and long term. At disease onset, these signs
should be considered risk factors for a more
severe course. Therefore, they recommended that
hydration status should be actively monitored
in HUS patients and that dehydration should be
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promptly corrected.”

In a retrospective, multicenter, observational
study from our setting, L. Alconcher et al.®
reported a mortality rate of 3 % in D+HUS,
which was statistically related to hyponatremia,
hemoconcentration, and/or central nervous
system (CNS) involvement. Other authors
described combinations of initial ancillary tests
in D+HUS which determined that dehydration
was a predictor of poor course.®'?

Hemolytic uremic syndrome and hydration

The search of medical care for children with
a suspected or confirmed STEC infection before
HUS occurs is a potential opportunity to mitigate
subsequent renal failure. Hickey et al.”® conducted
a prospective, multicenter, observational study
on the effects of isotonic volume expansion
in patients with diarrhea due to STEC before
developing D+HUS. Out of 50 participants, 68 %
were oligoanuric. It is striking that, in the group
of patients who did not receive intravenous
fluids (without expansion), in the first 4 days
of illness, the oligoanuric rate was 84 %. The
researchers suggested that intravenous volume
expansion (VE) was an underused intervention
that could decrease the frequency of oligoanuric
renal failure in patients at risk of HUS."

D. Loconsole et al.'* established an operating
protocol for BD in a pediatric population as
a rapid response to a public health threat
represented by an excess of pediatric D+HUS
cases in the Apulia region (Italy) starting from
2013. Positive STEC cases underwent vigorous
VE. Of them, 7.5 % evolved into HUS, all with
favorable outcome.

In a multicenter study conducted in
38 children’s hospitals from the United States
and Canada, R. McKee et al.”® studied 927 STEC-
infected children; 41 (4.4 %) had HUS at
presentation; of the remaining 886, 126 (14.2 %)
developed HUS. Predictors of HUS included
younger age (OR: 0.77; 95 % CI: 0.69-0.85/
year), leukocyte count > 13.0 x 10%/uL (OR:
2.54; 95 % CI: 1.42, 4.54), higher hematocrit
(OR: 1.83; 95 % CI: 1.21, 2.77/5 % increase),
higher serum creatinine (OR: 10.82; 95 % CI:
1.49, 78.69/1 mg/dL increase), platelet count
<250 x 103/ uL (OR: 1.92; 95 % CI: 1.02, 3.60),
lower serum sodium (OR: 1.12; 95 % CI: 1.02,
1.23/1 mmol/L decrease), and intravenous
fluid administration initiated > 4 days following
diarrhea onset (OR: 2.50; 95 % CI: 1.14, 5.46). The
identified risk factors highlighted the importance
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of avoiding dehydration through early VE in
BD and performing close clinical and laboratory
monitoring.

G. Ardissino et al.'® hydrated patients with
isotonic solutions at D+HUS onset until reaching
a weight 10 % greater than the reference working
weight. The objective was to restore circulating
volume and reduce ischemic or hypoxic tissue
damage. The short- and long-term outcomes
of these patients were compared with a group
of historical patients, from a period when the
indicated treatment was fluid restriction. Patients
had significantly better short-term outcomes
with a lower rate of CNS involvement (7.9 %
versus 23.7 %, p = 0.06), had less need for dialysis
(26.3 % versus 57.9 %, p = 0.01) or a shorter length
of stay at the intensive care unit (2.0 versus
8.5 days, p = 0.02), and needed fewer days of
hospitalization (9.0 versus 12.0 days, p = 0.03).
Long-term outcomes were also significantly better
in terms of renal and extrarenal sequelae (13.2 %
versus 39.5 %, p = 0.01). In this way, this group
concluded that patients with D+HUS had great
benefit from early VE. They also suggested that
early and generous fluid infusions may reduce
thrombus formation and ischemic organ damage,
thus having positive effects on both short- and
long-term disease outcomes. '

In adults, an outbreak of D+HUS was studied,
for which VE was used as an early strategy before
the clinical manifestation of the disease, and 30 %
of cases required dialysis (5/15),"” which was
lower than the 54 % (160/298) observed in another
outbreak where VE was not used.®

Recently, the Pediatric Nephrology'® published
a retrospective study that we conducted, in
which 35 D+HUS patients were analyzed: 16
received VE with isotonic fluids and 19 were
patients who received conventional fluid
restriction (FR). Neither group presented
evidence of fluid overload upon admission or
during treatment. Only 12.5 % of patients in the
VE group required replacement therapy versus
47.4 % in the FR group. In addition, VE corrected
initial hyponatremia, and serum sodium was
maintained within normal ranges

Regarding neurological complications and
mortality, fewer or no events were observed
in the VE group, although they did not show
statistical differences, which is probably related
to the small size of the sample.” For this reason,
when nephrological monitoring is available and /
or short-term access to a tertiary care hospital is
guaranteed, it is suggested to initially hydrate

D+HUS patients with no signs of fluid overload,
regardless of the status of their renal function, by
infusing a 0.9 % saline solution at 10 mL/kg/h
over a 3-hour period. Afterwards, if urine output
is higher than 0.5 mL/kg/h, the patient should
not be dialyzed (except if they have a medically
intractable metabolic or electrolyte disorder) and
hydration should be continued, according to their
needs, with an isotonic saline solution containing
5 % dextrose for 48 hours, in order to maintain an
adequate hydration and urine output (Table 1).

Volume expansion in hemolytic uremic
syndrome

C. Ahn et al.®**2 advocate for VE in the BD stage
due to Shiga toxin-producing Enterobacteriaceae:
first with a 0.9 % saline solution expansion at
20 mL/kg and then with maintenance fluids with
potassium if its concentration is normal or low.
This therapy is continued until symptoms improve
or platelets are maintained above 150 000/ mm?®.
A daily blood count monitoring is required,
including platelet count, electrolytes, blood urea,
and blood creatinine.

S. Grisaru et al.” conducted a review and meta-
analysis on intravenous fluid administration,
hydration status, and progression before
developing D+HUS. They found that a hematocrit
value greater than 23 % as a measure of
dehydration status at presentation with HUS was
associated with the development of oligoanuric
HUS (OR: 2.38 [95 % CI: 1.30-4.35]; I* = 2 %), need
for renal replacement therapy (OR: 1.90 [95 %
CI: 1.25-2.90]; I* = 17 %), and death (OR: 5.13
[95 % CI: 1.50-17.57]; I? = 55 %). Intravenous fluid
administration up to the day of HUS diagnosis was
associated with a decreased risk for renal failure
and dialysis (OR: 0.26 [95 % CI: 0.11-0.60]).%

Diarrhea-associated hemolytic uremic
syndrome and hyponatremia
Hyponatremia is a common initial
presentation in patients diagnosed with D+HUS
(between 30 % and 50 % of cases, according to
published series). Two concomitant conditions
are its pathophysiological root. First, a strong
non-osmotic stimulus to antidiuretic hormone, as
a consequence of dehydration, vomiting, anemia,
intestinal inflammation, and abdominal pain; and
second, the attempts to hydrate patients by oral
administration of hypotonic solutions during the
prolonged and progressive prodromal period.
Hyponatremia is related to CNS complications,
such as seizures and encephalopathy, and is
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1) Inclusion criteria: every patient diagnosed with D+HUS, who is normotensive, with a normal cardiac silhouette on chest
X-ray and no signs of fluid overload, regardless of their renal function.

2) Dose: infusion of a 0.9 % NaCl solution at 10 mL/kg/h over a 3-hour period.
Afterwards, if the patient achieved a urine output higher than 0.5 mL/kg/h, treatment should be continued with an
isotonic saline solution (130-154 mEq/L) containing 5 % dextrose according to basal requirements, as per the Holliday-Segar
formula: 0-10 kg, 100 mL/kg/day; 10-20 kg, 50 mL/kg/day; and more than 20 kg, 20 mL/kg/day.

also a strong predictor of death risk in D+HUS
patients.*?

In our study, the initial hyponatremia was
corrected in 24 hours, and blood sodium was
kept within normal ranges in the VE group.
After 48 hours, the number of patients with
hyponatremia was statistically and significantly
higher in the FR group (p = 0.014).”

CONCLUSIONS

VE with isotonic fluids is safe and effective
in patients with diarrhea due to Shiga toxin-
producing Enterobacteriaceae and once the HUS
diagnosis is established. It improves and mitigates
HUS progression. B
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