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Abstract Acute renal failure in children requiring dialy-
sis can be managed with a variety of modalities, includ-
ing peritoneal dialysis, intermittent hemodialysis, and
continuous hemofiltration or hemodidfiltration. The
choice of dialysis modality to be used in managing a spe-
cific patient isinfluenced by several factors, including the
godls of dialysis, the unique advantages and disadvantag-
es of each modality, and institutional resources. This re-
view will examine these aspects of acute rena failure
management, with the goa of providing practical guid-
ance regarding modality selection to the physician in-
volved in the management of pediatric acute renal failure.

Keywords Acute renal failure - Hemofiltration -
Hemodialysis - Peritoneal dialysis

Introduction

Today a wide variety of dialysis modalities are available
for management of patients with acute rena failure
(ARF). The recent development of continuous therapies,
including hemofiltration and related techniques, has facil-
itated the provision of dialysis to more-complicated and
unstable patients than in the past [1, 2, 3, 4, 5, 6]. Indeed,
such therapies are finding increasing use in the treatment
of ARF, asillustrated by recent surveys[7, 8].

However, it isimportant to recognize that these newer
therapies may not be necessary for al patients with ARF.
Similarly, these therapies may not be available in all
clinical settings. This review will assess the advantages
and disadvantages of available dialysis modalities for
ARF and will guide the practitioner to make informed,
rational choicesin the management of ARF.
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Pediatric ARF

The etiologies of ARF in infants and children are well
known and have been reviewed elsewhere [9, 10, 11, 12,
13, 14]; representative published series from several cen-
ters are summarized in Table 1. Variationsin etiology will
be seen according to the type of institution surveyed, with
units in more-specialized centers seeing a greater propor-
tion of ARF related to surgery or sepsis than those in
less-specialized centers [15, 16, 17, 18, 19]. However, as
advanced medical technology becomes more widely
available across the globe, it is likely that the type of pa-
tient with ARF will continue to become more complex
and difficult to care for than in the past. This will clearly
have a significant impact not only on the need for dialysis
in the management of their rena failure, but also on the
ultimate outcome of such children.

It should be stated at the outset that, despite the ad-
vances in the ability to provide dialysis to children with
AREF discussed later in this paper, the outcome of pediat-
ric ARF remains surprisingly poor overal, with reported
mortality rates for children requiring dialysis ranging be-
tween 35% and 73% in recent series [15, 16, 17, 18, 20,

Table 1 Etiology of pediatric acute renal failure (ARF)2

Cause n %
Hemolytic-uremic syndrome 108 21.0
Glomerulonephritis 65 12.6
Acute tubular necrosis® 120 23.3
“Intrinsic renal disease’b 44 85
Urinary obstruction 17 33
Postoperative 35 6.8
Sepsis 32 6.2
Ischemic/Prerenal 23 4.5
Otherc 71 13.8
Tota 515 100

aCompiled from references [15, 16, 17, 18, 20, 22, 26]

b Specific causes not specified

¢ Including metabolic disorders, renal venous thrombosis, hepato-
renal syndrome, complications of organ transplantation, and other
miscellaneous causes
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21, 22]. These mortality rates are higher than those re-
cently reported for ARF in adults, which have ranged
from 22% to 47% [23, 24]. Mortality was increased in
children with sepsis, who were status post cardiac sur-
gery, who had multiple organ failure, or who experi-
enced a delay in referral for care. Other important pre-
dictors of outcome from ARF that have been highlighted
in recent reports include hypotension and the need for
vasopressor therapy, the need for mechanical ventilation,
and young patient age. Some of these factors probably
also explain the failure of improvement in outcome from
ARF despite the introduction of new dialysis modalities,
as extremely ill patients are now receiving dialysis who
would not have received it in the past. Unfortunately,
there are few data available regarding the survival of
children with uncomplicated ARF not requiring dialysis,
who most likely have better outcomes than those who re-
quired dialysis.

The long-term outcome of children who survived
ARF has also received little study. Data that are available
seem to indicate that even those children who required
dialysis for ARF have reasonably good outcome in terms
of renal function, but these reports are limited by rela-
tively small patient numbers, and by center effect [20,
21, 22, 25]. In addition, other series have indicated that
these children may have a significant incidence of chron-
ic renal sequelae [26]. Idedly, multi-center studies in-
volving larger numbers of patients should be conducted
in order to generate more-reliable information on the
long-term outcome of survivors of pediatric ARF.

Factors influencing dialysis modality choice

From a clinical standpoint, the two most-important fac-
tors that influence choice of a dialysis modality are the
indication for dialysis and the overall clinical status of
the patient. Indications for dialysis are well known and
are summarized in Table 2. Each of these problems can
be managed to some extent by conservative measures,
but dialysis will become necessary when conservative
measures fail to keep these problems under adequate
control [10, 27, 28]. In addition, occasional patients may
benefit from the institution of dialytic support in order to
provide the necessary nutrition to aid in their recovery
from ARF or its underlying cause [29, 30, 31]. Further-
more, dialysis will also be indicated in patients with cer-
tain inborn areas of metabolism, or who are suffering
from certain intoxications [32, 33, 34].

The second major determinant of both the need for di-
alysis and the choice of dialysis modality is the overall
clinical status of the patient. The status of major organ
systems should be assessed. From a respiratory stand-
point, such assessment would include whether or not the
patient is receiving mechanical ventilation, and whether
or not there is pulmonary edema present. Pertinent car-
diovascular factors would include blood pressure, the
need for inotropic support, and the presence or absence
of arrhythmia. From a rena standpoint, whether or not

Table 2 Indicationsfor dialysisin ARF

Fluid overload with pulmonary edema and/or respiratory failure

Uremia with encephalopathy or bleeding

Metabolic derangements: hyperkalemia, acidosis,
hyperphosphatemia

Intoxications: lithium, methyl alcohol, salicylate

Inborn errors of metabolism: urea cycle defects

Nutritional support (?)

there is urine output present, and the quantity of such
output, are important considerations. Other aspects of the
patients' condition, including their mental status and the
presence or absence of dysfunction of other organ sys-
tems (including the skin and gastrointestinal tract),
should be assessed.

These clinical factors interact in important ways. For
example, the patient who is mildly fluid overloaded, but
not experiencing respiratory compromise or significant
pulmonary edema, may not require rapid fluid removal,
and therefore, might be able to be managed with a gradu-
al modality such as peritoneal dialysis (PD). On the oth-
er hand, a patient with significant metabolic acidosis and
hypotension requiring inotropic support would likely be
a poor candidate for intermittent hemodialysis (HD), but
could potentially be managed by either hemofiltration or
PD. The goa of such a comprehensive patient assess-
ment, therefore, would be to determine the major need to
be filled by dialysis for that patient (i.e., ultrafiltration
vs. solute clearance), as well as what is feasible or possi-
ble given the overall clinical status of the patient. Institu-
tional considerations may also play a part in determining
dialysis modality. These will be addressed |ater.

A final important issue is the timing of initiation of
dialysis. While the indications for dialysis are well un-
derstood, there are essentially no data regarding when to
intervene with dialysis: should the physicians caring for
the child with ARF wait for symptoms or complications
of renal failure to occur, or should dialysis be initiated
prior to the appearance of symptoms? Would earlier ini-
tiation of dialysis result in improved outcome? This may
be especialy important with respect to continuous rena
replacement modalities, which are essentially still in
their infancy. It is possible that earlier initiation of hemo-
filtration, for example, might result in better survival
than that reported recently [35]. This is an important is-
sue that clearly is ripe for further study. In the absence of
data, it is probably advisable to consider initiating dialy-
sis at the earliest sign that it may be needed.

Advantages and disadvantages
of specific dialysis modalities

Peritoneal dialysis
PD has long been considered an effective dialysis modal -

ity for children with ARF, and continues to be employed
in the management of these patients at many centers [15,



Table 3 Cost of dialysis equipment (in U.S. dollars)
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Modality Manual Manual Automated Intermittent Continuous
peritoneal peritoneal peritoneal hemodialysis hemofiltration
diaysis diaysis dialysis

Device Dialy-Nate Ultra Set Freeedom C3 Prisma
Manual PD set (Y-set) Cycler

Manufacturer Utah Medical Baxter Fresenius Gambro Gambro
Products

Cost per unit2 $88.75° $6.95¢ $12,295.00 $18,000.00 $25,000.00

Cost of additional 1.5% Dianeal Peritoneal Pediatric 100HG dialyzer M®60 hemofilter set

supplies (Baxter) dialysate tubing set $50.00 each; (includes filter and
$24.43/2.0L as at left $32.00 each pediatric bloodlines bloodlines)
$11.40 each $160.00 each
Peritoneal Normocarb dialysate
dialysate concentrate
as at left (Dialysis Solutions)
$20.00/3.0L

aManufacturer'slist price
b New set required every 24-72 h
¢New unit required for each exchange

16, 17, 18, 21, 22, 36, 37, 38, 39, 40]. Magjor reasons for
this are the technical simplicity and therapeutic advanta-
ges of this modality. For the most part, access for PD can
be achieved quite easily and quickly. Even in the most
unstable patients, a percutaneous PD catheter can usually
be placed at the bedside in a short period of time [41].
While such catheters do have in disadvantages, including
the tendency to leak, their use makes PD possible even
in those patients who are too unstable to undergo a surgi-
cal procedure. For patients who are more stable, it is
probably advisable to arrange for a surgical PD catheter
placement. This may even be the optimal approach in
unstable patients, if appropriate surgical support is avail-
ablein theinstitution [37, 42, 43].

Similarly, dialysate for PD is widely available from
commercia vendors. For those patients who have a con-
traindication to the use of standard, lactate-buffered dial-
ysate (for example, patients with severe lactic acidosis or
hepatic failure), a “custom,” bicarbonate-based dialysate
can be easily prepared in the hospital pharmacy [6, 40,
44, 45]. Once access has been established, little other
specialized equipment is absolutely necessary to provide
PD. If an automated cycler is not available, then manual
PD can be performed, utilizing either the common two-
bag, so-called Y-set (Baxter Healthcare, Deerfield, I11.,
USA), or the Dialy-Nate system (Utah Medical Products,
Midvale, Utah, USA) for infants. Because of these mini-
mal technical requirements, PD can usually be instituted
within a short time of the decision to do so. From a price
standpoint, PD is fairly inexpensive compared with other
modalities (Table 3), and does not require additional
nursing personnel other than intensive care unit (ICU)
nurses.

PD aso has severa therapeutic advantages. One of
the most important of these is that PD can be successful-
ly performed even in patients who are hypotensive. This
was recently demonstrated in a retrospective study per-

formed at the University of Michigan in which several
dozen children with ARF who were also significantly
hypotensive and requiring vasopressor support were suc-
cessfully managed with PD despite the expected poor ef-
ficiency of PD in such patients because of compromised
circulation [40]. The ability to perform PD in such pa-
tients, as well as those with multiple organ system failure
[46], is an important factor to consider when choosing a
dialysis modality for unstable patients.

Other important advantages of PD from a therapeutic
standpoint include the continuous and gradual provision
of both ultrafiltration and solute clearance. This mimics
to some extent the function of the kidney itself, and is
clearly one of the major contributing factors to the suc-
cess of PD in patients with cardiovascular instability. Fi-
nally, the dialysate can also act as a source of supple-
mental calories for the patient undergoing PD, and can
therefore enhance the patients' nutritional support [47,
48].

The gradual nature of PD, however, while providing
the benefits alluded to above, is also one of its major
drawbacks. The fact that both ultrafiltration and solute
clearance occur rather slowly in patients undergoing PD
means that it may not be the optimal modality for pa-
tients with severe volume overload who require rapid ul-
trafiltration, or for patients with severe life-threatening
hyperkalemia who require rapid reduction of their serum
potassium. In such patients, PD would be a poor modali-
ty choice, especially when compared with the rapidity of
both ultrafiltration and solute removal provided by inter-
mittent HD. These factors also make PD a poor choice
for treatment of intoxications.

In addition, certain underlying medical conditions can
prevent the use of PD, or prevent it from being used ef-
fectively. A good example of this would be a patient
with somewhat tenuous pulmonary function, who may
not tolerate large volumes of dialysate in the abdomen
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because of the resultant increased intra-abdominal pres-
sure, which may inhibit pulmonary function [49, 50]. A
history of extensive abdomina surgery may also be a
contraindication to PD, although such patients need to be
assessed on a case-by-case basis in conjunction with a
surgeon. On the other hand, the presence of a ventriculo-
peritoneal shunt, or the underlying diagnosis of prune-
belly syndrome should not be considered contraindica-
tions to the use of PD, as PD has been successfully re-
ported in children with these problems. Patients with se-
vere lactic acidosis may not be good candidates for PD,
especialy if a bicarbonate-based dialysate solution can-
not be prepared. Such patients would probably benefit
from intermittent HD with bicarbonate-based dialysate.
Finally, although the dextrose used as the osmotic agent
in peritoneal dialysate can be a source of additional calo-
ries, hyperglycemia has been reported as an occasiona
complication of PD [36], necessitating correction with
insulin.

Intermittent HD

The major advantage of intermittent HD in the treatment
of ARF is its rapid rate of both solute clearance and ul-
trafiltration. This hasits clear advantages, not only in the
examples cited earlier, but also in situations such as the
patient with a urea cycle defect who is admitted with se-
vere hyperammonemia. In such situations, intermittent
HD is clearly the optimal method of ammonia clearance
[51, 52]. Other advantages of intermittent HD include
the ability to adjust the composition of the dialysate in
order to treat certain electrolyte abnormalities such as
hypernatremia [53]. Furthermore, the HD machine can
be adjusted to provide isolated ultrafiltration for patients
who require additional ultrafiltration, or ultrafiltration
without solute clearance.

From a technical standpoint, HD access is usually
quite easy to achieve. Utilizing the Seldinger technique,
a double-lumen HD catheter can almost always be insert-
ed at the bedside in a relatively short amount of time.
Such catheters can aso be inserted in the operating suite
if surgical support is available, or can be inserted by in-
terventional radiologists under fluoroscopic guidance. A
variety of catheter types are available [54], allowing for
provision of HD even to small infants. In addition to the
ease of achieving access, equipment for HD is usually
widely available in larger hospitals, in contrast to hemo-
filtration, where equipment may not be available because
of cost considerations (Table 3) or inexperience.

Of course, while these technical aspects of HD usual-
ly do not present major obstacles, in some cases they
will. For example, in small infants it may be difficult to
achieve adeguate access to provide optimal dialysis
[55]. In addition, while the necessary equipment for HD
may be widely available, some centers may not have
this technology available because of the cost of HD ma-
chines (Table 3). Finally, provision of HD does repres-
ent a level of technological specialization that may not

Table4 Complications of dialysis by modality

Modality Complication

All Volume depletion

Removal of drugs and nutrients
Electrolyte imbal ance
Accessinfection

Access malfunction (leak/hemorrhage,

obstruction/thrombosis)

Peritoneal dialysis Hyperglycemia

Hydrothorax

Infection (exit site, peritonitis)
Hypothermia

Hyponatremia

Hemodialysis Disequilibrium syndrome

Membrane bioincompatibility

Continuous
hemofiltration

Hyperglycemia

(if peritoneal dialysate used)
Hypothermia

Membrane bioincompatibility

be present in some centers, especialy with respect to
the specialized staff required (dialysis nurses, support
technicians).

From a patient management standpoint, treatment of
ARF with intermittent HD usually necessitates some de-
gree of fluid restriction because many patients will not
tolerate removal of large volumes of fluid over the short
treatment times typically utilized in intermittent HD.
Daily intermittent HD may help in this regard, but will
not completely eliminate the need for fluid restriction,
which in turn will frequently lead to limitations on the
amount of nutritional support that a patient may receive,
particularly if they are receiving large volumes of other
intravenous fluids such as inotropic agents or antibiotics.
(A potential method of avoiding fluid restriction isto uti-
lize prolonged intermittent HD [56], a modality that has
not yet been reported in children). Finaly, the capacity
of intermittent HD for ultrafiltration will be further limit-
ed if the patient is significantly hypotensive. In such pa-
tients, HD may need to be terminated early or may not
be able to be provided at al. In such patients, either PD
or hemofiltration may be superior options because of the
more gradual fluid removal provided by these modalities.

Unigue complications of intermittent HD to be con-
sidered in patients with ARF include both disequilibrium
syndrome and membrane bioincompatibility (Table 4;
[57, 58]). Disequilibrium syndrome can occur because of
the rapid osmolar shifts that may occur during HD.
Without careful monitoring of the patient and perhaps
provision of osmotically active substances such as man-
nitol during the HD treatment, these osmolar shifts can
produce cerebral edema, leading to a variety of compli-
cations, including mental status changes and seizures
[57, 59].

The topic of membrane bioincompatibility in patients
with ARF has received much attention [58] in recent
years, with some studies demonstrating that choice of di-
alysis membrane may affect outcome, and other studies



demonstrating no effect [60, 61]. Certain dialysis mem-
branes do result in complement activation, which may
lead to cytokine release and other adverse effects that
can worsen the patient’s overall status, perhaps aso pro-
longing their ARF [58]. At present, although this issue
has not been completely resolved in the literature, it is
probably wise to use only biocompatible membranes
such as cellulose acetate in children with ARF.

Continuous hemofiltration

Continuous hemofiltration! has a number of distinct ad-
vantages in the management of patients with ARF. Chief
among these is that it provides continuous solute clear-
ance and ultrafiltration, thereby mimicking to some ex-
tent the functions of the normal kidney [1, 3]. The gradu-
a nature of fluid removal provided by hemofiltration
makes it an ideal modality for many patients with cardio-
vascular instability and hypotension. Furthermore, since
fluid is removed on a continuous basis, fluid restriction
is usualy unnecessary in patients being treated with he-
mofiltration, which provides much greater freedom than
HD to provide large volumes of nutritional support, ei-
ther enteral or parenteral. On the other hand, at least one
study has demonstrated increased losses of amino acids
in patients undergoing hemofiltration [62]; increasing the
amino acid content of the total parenteral nutrition
(TPN) solution can usually minimize this problem.

Hemofiltration may also have specific metabolic ad-
vantages compared with other dialysis modalities. Be-
cause the composition of the dialysate is adjustable in
many hemofiltration systems, a wide variety of metabol-
ic derangements can be easily corrected with hemofiltra-
tion, including severe metabolic acidosis, lactic acidosis,
and electrolyte abnormalities such as hyperkalemia. It
has been reported that hemofiltration provides superior
control of uremia than intermittent HD [63]. Hemofiltra-
tion can also be adapted to gradually correct hyperosmo-
lar states [64], and may be less likely to lead to cerebral
edema than intermittent HD [58]. In addition, several au-
thors have recently begun to explore the possible bene-
fits from hemofiltration with respect to removal of medi-
ators of inflammation [65, 66]. Such substances, which
contribute to the pathogenesis of the sepsis syndrome,
appear to be cleared to some extent by hemofiltration,
due to the relatively small size of these molecules and
the properties of the membranes used for hemofiltration.
The studies exploring this topic have by no means pro-
vided definitive data [66], but early promising reports
[67] may eventually lead to a specific application for he-
mofiltration in the care of patients with sepsis, perhaps
in combination with immunoadsorption [68].

From a technical standpoint, hemofiltration has
unique requirements. As with HD, access to the central
circulation is necessary to achieve adequate blood flow.

11n this paper, the term “hemofiltration” is used to refer to al of
the many forms of continuous renal replacement therapy
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Establishment of such access should be straightforward
in centers that are used to performing HD. This may be
more difficult in infants, but this is not an insurmount-
able barrier [41]. It should be noted that venovenous
techniques of hemofiltration are now used nearly exclu-
sively in pediatrics because of the more-predictable
blood flows and clearances achieved compared with the
older approach of arteriovenous hemofiltration. One
unique drawback of hemofiltration in the care of infants
with ARF is the relatively large extracoporea circuit
volume, which necessitates the use of a blood prime be-
fore initiating treatment (a smaller circuit has been de-
veloped and should soon be widely available). Case re-
ports have emerged of a severe hypotensive reaction to
the AN-69 membrane found in some hemofilters in in-
fants treated with hemofiltration when a blood prime is
used [69]. However, a method of preventing this reaction
has been developed [69], which should hopefully reduce
the complications of hemofiltration in this age group.

A more significant drawback to the use of hemofiltra-
tion is the technological complexity and high cost of this
therapy. The equipment is amongst the most expensive
on the market as far as dialysis equipment is concerned
(Table 3), and some centers may not be able to afford to
establish hemofiltration programs for this reason. In ad-
dition to the expensive equipment, a specialized nursing
staff is usually required, with dialysis nurses initiating
the hemofiltration treatments in most pediatric centers,
and ICU nurses taking over once the patient has been
stabilized on the hemofiltration circuit. This increases
the labor cost for hemofiltration compared with other
modalities [70], as not only is a skilled ICU nurse re-
quired, but also a skilled dialysis nurse. However, the di-
alysis nursing time may be less with hemofiltration com-
pared with HD, potentially resulting in a cost savings
compared with daily HD. Finaly, until recently, many
hemofiltration programs required extensive support from
their hospital pharmacies to prepare large volumes of
custom dialysate [71]. With the recent development of
commercially available dialysate solutions for hemofil-
tration [72], this requirement has been alleviated to some
extent.

It is important to note that despite the technological
advance represented by hemofiltration, this modality has
yet to improve the outcome of children with ARF [15,
35, 73, 74]. Although this may reflect the fact that hemo-
filtration is being applied to patients who are more com-
plex and critically ill than those dialyzed in the past [74],
it may also be a reminder that older dialysis modalities
remain appropriate for many patients. In addition, the is-
sue of timing of initiation of hemofiltration may also
play arolein the failure of improvement in outcome.

Guidance from the literature

Ideally, it should be possible to turn to the medical litera-
ture to obtain guidance regarding the choice of dialysis
modality. However, few studies have been performed
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that have compared different dialysis modalities in chil-
dren with ARF. For example, there have been no studies
comparing PD with intermittent HD in pediatric ARF.
Thisis most likely because prior to the advent of hemo-
filtration, almost every paper on diaysis in pediatric
AREF utilized PD, probably because of a perception in the
past that HD was technically difficult in infants and
young children. Although successful HD in infants has
subsequently been reported [75], and may now be con-
sidered routine in many centers, no pediatric study com-
paring these modalities in ARF has been conducted.

Since the advent of hemofiltration, however, severa
studies have appeared in the pediatric ARF literature that
have compared hemofiltration with other dialysis modal-
ities. Before reviewing selected papers from this litera-
ture, it is important to point out that all of these studies
suffer from significant limitations, including retrospec-
tive, single-center study designs, small patient numbers
(some studies), and homogeneous patient populations
that do not alow for generalization of study results.
Despite these flaws, however, these studies do provide
useful insights.

Fleming et a. [76] performed an important compari-
son of PD and hemcfiltration in 1995. They retrospec-
tively compared 42 children who required renal replace-
ment therapy (RRT) following repair of congenital heart
disease. Indications for RRT in the study included olig-
uria, fluid overload, hyperkalemia, and provision of
TPN. Twenty-one patients received PD and 21 patients
received hemofiltration, with 9 of those receiving arte-
riovenous hemofiltration and 12 venovenous, 34 patients
received RRT for more than 24 h. Time of initiation of
RRT was not standardized, and consequently varied sig-
nificantly among the patients. Of the 42 patients in the
study, 90% required inotropic support, 36% required re-
peat operation for their congenital heart disease, and
18% had sepsis. Survival was identical for patients treat-
ed with PD compared with those treated with hemofiltra-
tion (38%). However, fluid removal, urea and creatinine
clearance, and caloric intake were superior in the hemo-
filtration groups compared with the group who received
PD. From these data, the authors concluded that hemofil-
tration was superior to PD in this clinical setting. While
this conclusion may be true for children who develop
oliguria following open-heart surgery, these results may
not apply to patients with other underlying diagnoses. In
addition, although caloric intake and solute clearance
were superior in the group that received hemofiltration,
the data did not indicate that these benefits conferred any
survival advantage. Thus, as indicated in other recently
published series [39, 77, 78], PD remains a viable mo-
dality option for this type of patient.

A comparison of HD and hemofiltration in pediatric
ARF was published by Maxvold et a. in 1997 [74]. They
retrospectively studied 122 children with ARF, 58 who
underwent intermittent HD, and 64 who underwent he-
mofiltration. Clinical characteristics of the two groups
were similar in terms of patient age and patient weight.
There was a higher percentage of children with primary

renal disease in the HD group, compared with a higher
percentage of patients with sepsis in the hemofiltration
group. Similarly, hypotension and the need for vasopres-
sor support were more common in the hemofiltration
group, suggesting a greater severity of underlying illness
in those children. This was reflected in the patient sur-
vival, which was much greater in the HD group (83%)
than in the hemofiltration group (48%). Most dramatical-
ly, survival was 96% for patients with primary renal dis-
ease treated with HD compared with 31% for sepsis-re-
lated ARF treated with hemofiltration, again reflecting
the greater severity of illness in the hemofiltration group.
Other aspects of the modality comparison included a
similar rate of complications in patients treated with HD
and hemofiltration, the most common of which was hy-
potension. Patients underwent RRT longer in the HD
group, most likely because of the greater survival in this
group. The authors concluded from this study that al-
though survival was somewhat better in the HD group,
provision of hemofiltration most likely contributed to the
survival of many patients who might not have survived
had hemofiltration not been available.

Finally, there has been one study that has directly
compared all three dialysis modalities in children with
ARF. This was a retrospective review, again by investi-
gators at the University of Michigan, of 279 children
who received RRT over a 7-year period for treatment of
ARF and/or inborn areas of metabolism; 59 of the chil-
dren received PD, 140 hemofiltration, and 80 intermit-
tent HD. Overall patient survival was 53%, with some
variation in survival among modalities for certain diag-
noses. For example, while overall surviva in patients
with ARF following bone marrow transplant was 42%,
such patients treated with intermittent HD had a survival
of 78% compared with survivals of 33% for those treated
with PD and 21% for those treated with hemofiltration.
Conversely, patients with ARF following repair of con-
genital heart disease had an overall survival of 39%,
with 100% survival for those treated with intermittent
HD, 33% survival for those treated with PD, and 50%
survival for those treated with hemofiltration. Hemody-
namic instability was felt to not only affect patient out-
come, but also was predictive of modality choice: pa-
tients who were the most hemodynamically unstable
were usualy treated with either hemofiltration or PD,
whereas stable patients were usually treated with inter-
mittent HD.

The importance of underlying diagnosis and severity
of illness as determinants of outcome was confirmed in a
recent analysis of RRT in adult ARF [79]. In this study,
350 patients with ARF treated with either intermittent
HD or hemofiltration were retrospectively reviewed.
While initial analysis seemed to demonstrate a greater
risk of death in patients undergoing hemofiltration, mul-
tivariate analysis controlling for severity of illness actu-
ally demonstrated that outcome for the two modalities
was similar.

The common themes from these studies appear to be
that severity of illness (especialy hemodynamic stabili-
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Goal of dialysis Hemodynamic status

Modality

Ultrafiltration Normotensive
Hypotensive

Urea clearance Normotensive
Hypotensive

Treatment of hyperkalemia

Normotensive
Hypotensive

Correction of metabolic acidosis?

Treatment of hyperphosphatemia

Either normotensive or hypotensive

Either normotensive or hypotensive

Intermittent hemodialysis (with isolated ultrafiltration)
Continuous hemofiltration or peritoneal dialysis

Intermittent hemodialysis or peritoneal dialysis
Continuous hemofiltration or peritoneal dialysis

Intermittent hemodialysis

Any
Continuous hemofiltration or peritoneal dialysis

Any; continuous hemofiltration possibly superior

aBicarbonate dialysate preferred in patients with hepatic failure and/or lactic acidosis

ty), the specific indication for RRT, and the underlying
cause of ARF are the most important factors to consider
when choosing a modality for RRT in children with ARF.
This approach is summarized in Table 5, which provides
guidelines for modality choice for the various types of
patients with ARF commonly seen in modern ICUs. For
example, the hemodynamically stable patient with signif-
icant fluid overload requiring ultrafiltration only would
best be treated by intermittent HD (with isolated ultrafil-
tration). However, the hemodynamically unstable patient
with severe metabolic acidosis would be best treated with
hemofiltration. In settings where hemofiltration is not
available for financial or technological reasons, carefully
performed PD would certainly be a viable therapeutic op-
tion in the hemodynamically unstable patient.

Conclusions

The physician involved in the care of children with ARF
has numerous options available when RRT is indicated.
Since there are few data available at present comparing
the outcomes achieved with different dialysis modalities,
the choice of modality to be used in a specific patient
will have to be empirical, taking into consideration the
patient's underlying illness, severity of illness, and the
advantages and disadvantages of the various modalities
available locally. Further studies should be conducted to
better define the outcome of ARF in children, to further
delineate the advantages and disadvantages of the avail-
able RRT modalities, and also to better define the costs
involved with specific dialysis modalities.
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