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Background: Acute renal failure (ARF) is a common com- 
plication in critically ill children. It is known as an important 
predictor of morbidity and mortality in this population. Data 
on the factors affecting the choice of renal replacement 
therapy (RRT) modality and its impact on mortality of children 
with ARF are limited. 
Objectives: We retrospectively studied 115 children with ARF 
necessitating RRT during the period 1995–2005 to evaluate 
the effect of several prognostic factors as well as RRT type on 
their immediate outcome. 
methods: The data collected from charts included demo-
graphics, primary disease, accompanying medical con- 
ditions, use of vasopressor support, indications for dialysis, 
RRT modality, and complications of dialysis. Categorical 
variables were analyzed using chi-square or Fisher’s exact 
tests. Variables associated with mortality (P < 0.1) at the 
univariable level were studied by a multivariable logistic 
regression model. 
results: The most common cause of ARF was congenital 
heart disease (n=75). RRT modalities included peritoneal 
dialysis (PD) (n=81), hemodialfiltration (HDF) (n=31) and 
intermittent hemodialysis (IHD) (n=18). Median RRT duration 
was 4 days (range 1–63 days). Overall mortality was 52.2%. 
IHD was associated with the best survival rate (P < 0.01 vs. 
PD and HDF), while children treated with HDF had the worse 
outcome. Hemodynamic instability and systemic infections 
were associated with greater mortality, but the rate of these 
complications did not differ between the study groups. 
conclusions: Our results suggest that IHD when applied to 
the right patient in an appropriate setting may be a safe 
and efficient RRT modality in children with ARF. Randomized 
prospective trials are needed to further evaluate the impact 
of different RRT modalities on outcome in children with ARF.
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a cute renal failure is a significant contributor to morbidity 
and mortality among critically ill pediatric patients [1]. 

The extent of the need for renal replacement therapy varies 
considerably from 7% to more than 40% of patients accord-
ing to differences in population selection [2-4]. With experi-
ence increasing in pediatric dialysis, all RRT modalities are 
currently available for children. These include intermittent 
hemodialysis, peritoneal dialysis and continuous hemodi-
alfiltration, although peritoneal dialysis is still preferred in 
young children. The choice of RRT modality is influenced by 
the patient's age, clinical condition, indication for dialysis, 
as well as availability of resources and clinical expertise of 
the medical staff [5]. Data on the correlation between RRT 
modality and outcome of pediatric patients with ARF are 
scarce and it is not known whether one modality is superior 
to another. We conducted a retrospective study of pediatric 
patients with ARF necessitating RRT and examined the effect 
of RRT modality choice on their short-term outcome. 

Patients and metHOds

The medical files of all patients with ARF necessitating RRT who 
were treated at the Schneider Children's Medical Center of Israel 
during a 10-year period (1995–2005) were retrospectively sur-
veyed. Patients were hospitalized in various intensive care units 
(general pediatric intensive care unit, pediatric care unit for 
patients after cardiac surgery, and neonatal intensive care unit). 
Dialysis was performed by dialysis nurses with supervision of 
pediatric nephrologists. Peritoneal dialysis was performed with 
manual exchange systems using either commercially available 
(lactate-based) or pharmacy-made (bicarbonate-based) solu-
tions. Choice of the dialysis buffer was based on the degree of 
metabolic acidosis and hepatic function of the patient.

The initial PD exchange volume was 10 ml/kg, increasing 
to 50 ml/kg. Glucose and sodium concentration was adjusted 
as needed. Hemodialysis was performed using the Gambro 
machine with appropriate neonatal, pediatric or adult blood 
tubing. Blood flow, ultrafiltration rate, and HD session dura-
tion and frequency were adjusted to the patient's needs. 
Hemodialfiltration was performed as continuous veno-venous 
HD by an adapted hemodialysis machine (Gambro AK-100, 
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Lakewood, CO, USA). Blood flow rate was targeted to 5 ml/
kg/min. Follow-up was resumed at the end of hospitalization. 
Clinical data collected from the charts included age, gender, 
primary disease, accompanying medical conditions, use of 
cardiac pressor support, indications for dialysis, RRT modal-
ity (PD, IHD and/or HDF), overall duration of RRT, com-
plications during the course of dialysis, the cause of death in 
deceased patients, and renal function at the end of follow-up. 
Hemodynamic instability was defined as a drop in blood pres-
sure necessitating cessation of the dialysis session. 

statistical analYsis

Categorical variables were analyzed using a chi-square test 
or Fisher’s exact test as appropriate. Multivariable logistic 
regression was performed to examine associations of various 
characteristics of interest and mortality. Variables that were 
associated (P < 0.1) with mortality at the univariable level 
were included in the multivariable model.

results

The study population consisted of 115 patients (62 boys and 53 
girls) with a median age of 9 months (range 0–198 months). 
The patients’ primary illnesses are presented in Table 1. 

The most common cause of ARF was congenital heart 
disease and cardiac surgery (75 patients, 65%). Seventy-four 
patients (64%) required cardiac pressor support prior to ini-
tiation of RRT. The most common indications for RRT were 
fluid overload due to oliguria/anuria and hyperkalemia. The 
most prevalent modality was PD (81 patients, 70.4%); in 18 
patients (15.6%) IHD was used and in 31 patients (26.9%) 

HDF was applied. Sixteen patients were treated with more 
than one modality. The choice of RRT modality depended 
on the clinical condition of the patient, the age (younger 
children were treated more frequently with PD and HDF), 
and the indication for dialysis. The most common reasons 
for switching to another modality were peritonitis and access 
failure in PD patients. In 42 patients PD was performed by 
short-term catheter and in 41 by a surgically placed cuffed 
Tenckhoff catheter. In two patients the temporary catheter 
was replaced by a Tenckhoff catheter due to exit-site leak. 
Intermittent HD and HDF were carried out by short-term 
double-lumen central venous catheters placed in the internal 
jugular, the subclavian or the femoral veins. 

The median duration of RRT was 4 days (range 1–63). 
Complications during the course of dialysis included access fail-
ure (8 patients, 7%), exit-site leak (6 patients, 5.2%), peritonitis 
(5 patients, 4%), systemic infection (8 patients, 7%), throm-
bosis of access (2 patients, 1.7%), hemodynamic instability (9 
patients, 7.8%), and excessive bleeding (3 patients, 2.6%). 

Overall mortality was 52.2% (60 patients). Most of the 
patients (90%) died due to complications of their primary 
disease. The vast majority of survivors had complete recovery 
of renal function. Only two patients (3.6%) had persistent 
renal failure necessitating RRT at the end of follow-up. 

The association between specific RRT modality and sur-
vival was studied in the 99 patients who were treated by a 
single RRT modality. A statistically significant association 
was found between RRT modality and mortality rate [Figure 
1]. Intermittent hemodialysis was associated with improved 
survival rate (8.3%), while hemodialfiltration was related to 
the worst prognosis with a mortality rate of 83.3%. Peritoneal 
dialysis was associated with an intermediate mortality rate 
of 52.2% (P < 0.001). Hemodynamic instability and systemic 
infection in the course of RRT were associated with increased 
mortality (P < 0.01 and P = 0.038, respectively); however, the 
prevalence of these complications did not differ among the 
RRT modality groups. 

To study the associations of various parameters and mor-
tality, a multivariable logistic regression analysis was con-
structed using the following parameters: age, gender, primary 
disease, use of vasopressor support, and RRT modality. IHD 

diseases
no. of 
patients (%)

Hemato-oncological 12 (10.4)

Congenital heart disease 75 (65.2)

Sepsis 29 (25.2)

Liver disease 5 (4.4)

Trauma 2 (1.7)

Asphyxia due to preterm birth 5 (4.4)

Hemolytic uremic syndrome 7 (6.1)

Post-infectious glomerulonephritis 2 (1.7)

Acute glomerulonephritis, other than post-infectious 1 (0.9)

Obstructive uropathy 1 (0.9)

Vasculitis 1 (0.9)

Central nervous system disease 4 (3.5)

Others 2 (1.7)

*Several patients suffered from more than one illness

table 1. Primary illnesses in the study population* 

Figure 1. Mortality rate according to RRT type
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gravity of the patient’s condition. Hemodynamic instability dur-
ing the course of dialysis was more common in the HDF group, 
but it did not affect survival. Another possible explanation for 
the superiority of IHD over the other modalities could be the 
selection of younger patients for PD and HDF. Young age was 
shown previously to be a poor prognostic factor for outcome 
in children with ARF [9]. However, in our study no associa-
tion was found between age and mortality. This finding may be 
biased by preference for PD or HDF in younger patients. Finally, 
the difference in group size (the PD group being significantly 
larger than the IHD and HDF groups) might have caused bias 
in interpretation of the results. 

Nonetheless, along with its limitations, our study has 
several advantages: namely, a large study group and the 
availability of all types of RRT modalities in our institution. 
Intermittent hemodialysis for pediatric patients is usually 
available in secondary and tertiary care centers and is con-
sidered by many to be less favorable for severely ill and very 
young children, thus there are limited data on this modal-
ity. Along with its disadvantages, including rapid fluid and 
electrolyte shifts, IHD has the advantage of greater efficacy 
of fluid and metabolic control, lower doses of anticoagulation 
compared to HDF, and shorter treatment time (patients do 
not have to be hospitalized in an intensive care unit). Only 
3 of 18 (16.6%) of our patients treated with IHD had hemo-
dynamic instability, and this complication was not more fre-
quent in this modality group. The use of appropriate equip-
ment (dialysis tubes containing small blood volumes), vol-
ume priming at the start of dialysis, intensive hemodynamic 
monitoring, blood flow and ultrafiltration rate adjustment 
as well as vasopressor support may make IHD more toler-
able for hemodynamically unstable and very young children. 
Frequent (daily) hemodialysis sessions with low blood flow 
and ultrafiltration rates may achieve better fluid control and 
allow more adequate nutrition. 

Keeping in mind the limitations of this study, our findings 
suggest that when applied to the right patient in an appropri-

was associated with a significantly lower mortality rate (odds 
ratio 0.076, 95% confidence interval 0.006–0.888), while HDF 
was significantly associated with higher mortality (OR 8.0, 
CI 1.20–53.16). Male gender was also associated with greater 
mortality (OR 2.82, CI 1.07–7.46). Age, primary illness type 
and use of cardiac pressor support did not affect mortality.

discussiOn

Data on the effect of RRT modality on survival of pediatric 
patients with ARF are limited. A retrospective analysis of 118 
pediatric patients treated either by PD (n=82) or HDF (n=36) 
demonstrated better fluid control with HDF, which was the 
modality of choice for ARF associated with sepsis, but there 
was no difference in mortality rates between the modalities 
[6]. Another retrospective study compared HDF (n=21) and 
PD (n=21) in 42 children following repair of congenital heart 
defects [7]. Hemodialfiltration was superior to PD for ultra-
filtration, solute clearance and nutritional provision, but no 
survival benefit was demonstrated between the modalities. 
Our patients did better on PD than on HDF. 

To the best of our knowledge only one study retrospec-
tively reviewed survival outcome in pediatric patients receiv-
ing PD, IHD and HDF. Bunchman et al. [8] retrospectively 
reviewed survival outcome in 226 pediatric patients with 
ARF receiving various forms of RRT, namely PD (n=59), IHD 
(n=61) and HDF (n=106). Factors that influenced patient 
survival included low blood pressure at the initiation of dialy-
sis, vasopressor use, primary disease (improved outcome in 
those with primary renal disease), and RRT modality (40% 
survival with HDF, 49% survival with PD and 81% survival 
with IHD, P < 0.01 IHD vs. PD or HDF). Despite the obvious 
superiority of IHD over the other modalities in that study, the 
authors concluded that hemodynamic instability imparted a 
greater prediction of mortality than RRT modality. 

Our patients did significantly better on IHD than PD or 
HDF (P < 0.01 vs. HDF and PD). Several explanations may be 
proposed for our findings. Since the study was retrospective and 
randomization according to standardized disease severity score 
was not used, in more severely ill patients PD or HDF might 
have been preferred with consequently increased mortality. The 
need for vasopressor support prior to initiation of RRT was used 
in our study as an indicator of hemodynamic instability. Indeed, 
vasopressor support prior to initiation of RRT was more preva-
lent in patients treated with PD and HDF than in those treated 
with IHD. Vasopressor support was not found to correlate 
with mortality in our multivariate analysis; therefore, it cannot 
entirely explain the differences in survival rates between our 
study groups. Yet, since other criteria for disease severity were 
not used, the choice of RRT modality could be influenced by the 

OR = odds ratio
CI = confidence interval

Pd iHd HdF P value

Median age (mos) 2 51 57 < 0.001

Male: female ratio 1.38 0.33 2.0 0.06

Primary disease Cardiac (%)
Sepsis (%)
Hemato-oncological (%)

82.6
23.2
1.5

8.3
8.3
16.7

27.8
33.3
44.4

< 0.001
NS
< 0.001

Vasopressor use (%) 81.2 16.7 38.9 < 0.001

Complications  
of dialysis (%)

Hemodynamic instability
Systemic infection
Access failure
Peritonitis
Bleeding

2.9
7.3
8.7
4.3
0

8.3
8.3
0
0
0

22.2
0
0
0
5.6

< 0.02
NS
NS
NS
NS

PD = peritoneal dialysis, IHD = intermittent hemodialysis, HDF = hemodialfiltration

table 2. Clinical parameter according to renal replacement modality
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ate setting IHD may be a safe and efficient RRT modality 
in children with ARF. Randomized prospective trials using 
a uniform illness severity score and standardized criteria 
for initiation of dialysis are needed to further evaluate the 
impact of different RRT modalities on outcome in children 
with ARF.
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The mature capsids of human immunodeficiency virus type 1 
(HIV-1) and other retroviruses are fullerene shells, composed of 
the viral CA protein, that enclose the viral genome and facilitate 
its delivery into new host cells. Retroviral CA proteins contain 
independently folded amino (N)- and carboxy (C)-terminal 
domains (NTD and CTD) that are connected by a flexible linker. 
The NTD forms either hexameric or pentameric rings, whereas 
the CTD forms symmetric homodimers that connect the rings 
into a hexagonal lattice. Pornillos et al. previously used a 
disulphide cross-linking strategy to enable isolation and 
crystallization of soluble HIV-1 CA hexamers. Now the group 
uses the same approach to solve the X-ray structure of the 
HIV-1 CA pentamer at 2.5 Å resolution. Two mutant CA proteins 
with engineered disulphides at different positions (P17C/

T19C and N21C/A22C) converged onto the same quaternary 
structure, indicating that the disulphide-crosslinked proteins 
recapitulate the structure of the native pentamer. Assembly 
of the quasi-equivalent hexamers and pentamers requires 
remarkably subtle rearrangements in subunit interactions, and 
appears to be controlled by an electrostatic switch that favors 
hexamers over pentamers. This study completes the gallery of 
substructures describing the components of the HIV-1 capsid 
and enables atomic-level modelling of the complete capsid. 
Rigid-body rotations around two assembly interfaces appear 
sufficient to generate the full range of continuously varying 
lattice curvature in the fullerene cone.

Nature 2011; 469: 424
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atomic-level modelling of the Hiv capsid

Interleukin-17 (IL-17) signaling is crucial in driving in- 
flammatory autoimmune disease, and researchers are 
investigating ways of inhibiting this pathway in the clinic. 
But little is known about endogenous mechanisms aimed at 
dampening IL-17 signaling. Youcun Qian and team found that 
tumor necrosis factor receptor-associated factor-3 (TRAF3) 
is recruited to the IL-17 receptor upon binding of IL-17. This 
inhibits formation of a key signaling complex comprised 

of the adaptor Act1 and TRAF6, suppressing downstream 
signaling and cytokine production. In a mouse model of 
multiple sclerosis, overexpression of TRAF3 suppresses 
disease development and expression of inflammatory 
cytokines, whereas silencing of TRAF3 in the brain worsens 
disease.

J Exp Med 2010; 207: 2647
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il-17 controls inflammation through traF3

“the secret of success is constancy to purpose”
 Benjamin Disraeli (1804-1881), British Prime Minister, parliamentarian, Conservative statesman and literary figure




