Intensive Care Med (2002) 28:29-37
DOI 10.1007/s00134-001-1159-4

ORIGINAL

John A. Kellum

Derek C. Angus

John P. Johnson

Martine Leblanc

Martin Griffin

Nagar ajan Ramakrishnan
Walter T. Linde-Zwirble

Received: 23 January 2001
Accepted: 1 October 2001
Published online: 4 December 2001
© Springer-Verlag 2001

JA.Kellum ([]) - D.C. Angus
N. Ramakrishnan

Department of Anesthesiology
and Critical Care Medicine,

University of Pittsburgh Medical Center,

Division of Critical Care Medicine,
200 Lothrop Street, Pittsburgh,

PA 15213-2582, USA

e-mail: kellumja@anes.upmc.edu
Tel.: +1-412-6476966

Fax: +1-412-6478060

JA. Kéellum - D.C. Angus - J.P. Johnson
Department of Medicine,

University of Pittsburgh Medical Center,

Division of Critical Care Medicine,
200 Lothrop Street, Pittsburgh,
PA 15213-2582, USA

M. Leblanc

Department of Nephrology

and Critical Care,

University of Montreal, Montreal,
CanadaH1M 3R5

M. Griffin - W.T. Linde-Zwirble
Health Process Management, LLC,
275 South Main Street, Suite 7,
Doylestown, PA 18901, USA

Continuous versus intermittent
renal replacement therapy: a meta-analysis

Abstract Objective: Patients with
critical illness commonly develop
acute renal failure requiring mechan-
ical support in the form of either
continuous renal replacement thera-
py (CRRT) or intermittent hemodial-
ysis (IRRT). As controversy exists
regarding which modality should be
used for most patients with critically
illness, we sought to determine
whether CRRT or IRRT is associated
with better survival. Design: We per-
formed a meta-analysis of all prior
randomized and observational stud-
ies that compared CRRT with IRRT.
Studies were identified through a
MEDLINE search, the authors' files,
bibliographies of review articles, ab-
stracts and proceedings of scientific
meetings. Studies were assessed for
baseline characteristics, intervention,
outcome and overall quality through
blinded review. The primary end-
point was hospital mortality, as-
sessed by cumulative relative risk
(RR). Measurements and results: We
identified 13 studies (n=1400), only
three of which were randomized.

Overall there was no differencein
mortality (RR 0.93 (0.79-1.09),
p=0.29). However, study quality was
poor and only six studies compared
groups of equal severity of illness at
baseline (time of enrolment). Adjust-
ing for study quality and severity of
illness, mortality was lower in pa-
tients treated with CRRT (RR 0.72
(0.60-0.87), p<0.01). In the six stud-
ies with similar baseline severity, un-
adjusted mortality was also lower
with CRRT (RR 0.48 (0.34 -0.69),
p<0.0005). Conclusions. Current ev-
idence isinsufficient to draw strong
conclusions regarding the mode of
replacement therapy for acute rena
failureinthecritically ill. However,
the life-saving potential with CRRT
suggested in our secondary analyses
warrants further investigation by a
large, randomized trial.

Keywords Hemofiltration -
Hemodialysis - Continuous rena
replacement therapy - Acute rena
failure - Intensive care unit -
Meta-analysis

Introduction

Acute renal failure (ARF) develops in 10-23% of pa-
tients admitted to intensive care units (ICUs) [1, 2, 3],
70% of whom require renal replacement therapy to sus-
tain life [4]. Even with therapy, ARF occurring in the
setting of critical illness is associated with mortality
rates of 50-90% [1, 2, 5]. In the ICU, renal replacement
therapies are primarily limited to intermittent hemodialy-

sis (IRRT) and continuous renal replacement therapy
(CRRT). IRRT first came into widespread clinical usein
the early 1960s and remained the only treatment option
for many years. One problem with IRRT was that it
could not be used in many patients with hemodynamic
instability. This led to the development of CRRT, first
described by Kramer et al. in 1977 [6]. CRRT was pro-
posed as an dternative to IRRT in the critically ill be-
cause it was better tolerated by hypotensive patients and
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the continuous regulation of fluid avoided cycles of vol-
ume overload and depletion.

However, despite these theoretical advantages, CRRT
has not been widely adopted. Severa studies have com-
pared both modalities, but these studies have been de-
scribed as providing conflicting results, being of poor
quality and often of inadequate sample size [7]. Impor-
tantly, most studies have been observational in nature,
often with significant differences in patient characteris-
tics at enrolment (baseline) between treatment arms.
Studies have also included patients who received both
treatment modalities [8, 9], the particular mode of CRRT
often varied and other aspects of the intervention, such
as dialysis dose and choice of dialysis membrane, were
often different across treatment arms. Co-interventions,
such as nutritional support, also confounded some stud-
ies[10, 11, 12].

This lack of good evidence regarding benefit, coupled
with concerns over increased costs associated with
CRRT, has fueled an on-going controversy regarding the
optimal way to manage ARF in the ICU, with significant
variation in practice. In 1996, Mehta surveyed 2000
nephrologists in the US and found that less than 20% of
patients with ARF were treated with CRRT [13]. Use of
CRRT is much more common in Europe, athough its use
is highly variable between centers [14], while CRRT is
the predominant choice in Australia[15].

There has been no large randomized trial to address
formally the question of whether the choice of dialysis
therapy affects outcome and, given the strong commit-
ment by many clinicians to one modality or the other,
such a study may prove difficult in the future. Accord-
ingly, we wished to review the available evidence more
critically. Specifically, we conducted a meta-analysis to
determine what effect choice of renal replacement thera-
py (CRRT versus IRRT) had on hospital mortality in
critically ill patients with ARF. Because of concerns over
study quality, differences in baseline characteristics and
distribution of co-interventions, we structured our analy-
sisto adjust for these factors.

Materials and methods

Study identification and selection

Studies were identified through a MEDLINE search from 1977 to
1998, areview of abstracts and proceedings of national and interna-
tional meetings, our files and bibliographies of review articles. Non-
English language articles were included and translated prior to data
abstraction. Studies were included if they compared some form of
continuous therapy with IRRT and mortality rates for each group
were available, either in the report or by contacting the authors.

Data abstraction and literature appraisal

Data were abstracted from each study regarding study methodolo-
gy, population, interventions, co-interventions and outcome. Hos-

pital mortality was the primary outcome measure. Data were also
abstracted regarding ICU mortality, hospital and ICU length of
stay, recovery of renal function and the costs of care.

A blinded review of methods and results was conducted by
three investigators to assess study quality and baseline severity of
illness (measured at study enrolment). The review instrument was
developed using existing evidence-based review methodology [16,
17, 18, 19] and was expanded to include issues specific to ARF in
the critically ill (e.g., potentially confounding variables such as di-
aysis dose and membrane). The instrument assessed quality
across three domains (study enrolment, intervention and outcome),
with each domain assessed by six to ten questions. The instrument
was used to generate mean scores for each domain and to assess
overall study quality (further details are provided in Appendix I).

In the review we included questions designed to address the
extent to which information on baseline characteristics and study
design suggested treatment arms were comparable. A score rang-
ing from 1-5 was generated where “1” indicated that the groups
were “definitely different”, “3” indicated “uncertainty,” and “5”
indicated that the groups were “definitely equal”. This assessment
was made on the basis of baseline Acute Physiology and Chronic
Health Evaluation I (APACHE I1) scores, organ failure, hypoten-
sion and need for mechanical ventilation. Missing data were
sought by contacting the authors of individual studies. To score
well on thisindex, a study had to provide detailed information on
underlying severity of illness, and that information had to suggest
groups were comparable. For the purposes of analysis, we defined
studies with comparable treatment arms as those with mean scores
of more than 3.0 (range: 1-5).

Dialysis dose, membrane classification and missing data

Previous reviews of the literature comparing CRRT and IRRT
have pointed out that neither the amount of solute clearance (the
“dialysis dose”) nor the dialysis membranes has been standardized
across treatment arms [8], and both have been suggested to affect
outcome [8, 20]. Accordingly, data were abstracted on both dose
and membranes. Dialysis dose was classified into two categories,
standard dose (CRRT <1 I/h and IRRT <20 h/week) and high dose
(CRRT >1l/h and IRRT >20 h/week), based on previous work [21,
22]. When only the modality was specified, IRRT and arterio-
venous hemofiltration (CAVH) were classified as “ standard dose”,
whereas CVVH was classified as “high dose”. The membranes
used in each arm were classified in terms of biocompatibility
based on available information [20]. Cuprammonium rayon and
cuprophan membranes were classified as non-biocompatible,
while all other membranes used in the studies reviewed were clas-
sified as biocompatible or semi-biocompatible.

Statistical analysis
Primary analysis

All patients who received both forms of therapy during the acute
phase of the renal failure were classified under the IRRT group.
Since these were most often crossovers from IRRT to CRRT, this
represented the closest approximation to an intention-to-treat anal-
ysis. Cases in which IRRT was used later in the hospital course af-
ter the acute episode for treatment of chronic rena failure were
not considered to be crossovers. Individual and cumulative risk ra-
tios (RRs) were calculated for mortality across individual studies
using the Mantel-Haenszel test. All RR results are presented with
the corresponding 95% confidence limits. Since only summary da-
ta was used in the analysis, a fixed effects model was used. A p
value of less than 0.05 was considered significant. We evaluated
inter-reviewer agreement using a 3-rater weighted Kappa statistic
[23].
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Sensitivity and subgroup analyses

We assessed the robustness of our findings from the primary anal-
ysis to the effects of baseline severity of illness, study quality,
crossover assignment, year of publication and co-interventions
through a series of sensitivity analyses [24]. First, we used thresh-
olds for similarity in baseline severity of illness and for study
quality. We combined the unadjusted data after excluding studies
that failed to achieve these thresholds. A threshold of 3.0 (5-point
scale) was used to identify studies with similar baseline character-
istics between the two treatment arms (scores <3 indicate dissimi-
larity) and the mean score was used as the threshold to identify
studies of acceptable quality. Next, we used the severity and quali-
ty scores to re-weight study sample size for (a) overal quality, (b)
disparity in baseline severity of illness between treatment arms
and (c) both a and b together. The following procedure was used
for re-weighting. First, an average across rating domains (enroll-
ment, intervention and outcome) was calculated for each study.
We then calculated a mean across these values and each individual
study average was subsequently divided by this overall value. Fi-
nally, we subtracted the maximum of these scaled values from
each and added back 1. This scaled the new weights to a range
from 0-1, although no values were observed to be close to 0.

To explore the effects of potential predictor variables identified
prospectively, the primary analysis was again repeated after strati-
fying studies on the basis of the presence of infection, dialysis
dose, dialyzer membranes, nutritional support and date of publica-
tion. A multivariate logistic regression analysis was also per-
formed where the unit of analysis was each study, the dependent
variable was hospital mortality, and the independent variables
were treatment assignment, underlying severity of illness, mem-
brane, dialysis dose, nutritional support and presence of sepsis.

Results
Search results
Twenty studies were identified that compared CRRT to

IRRT but seven were excluded for failing to meet inclu-
sion criteria (see Appendix I1). The remaining 13 studies

[8,9, 10, 11, 12, 25, 26, 27, 28, 29, 30, 31, 32] represent-
ed 1400 patients. Of note, only three studies [27, 30, 32]
were randomized controlled trials and none of these were
published other than in abstract form. APACHE Il scores
were reported in eight studies [8, 10, 11, 12, 25, 28, 31,
32]. Information on dialysis dose in eight studies [8, 10,
11, 12, 25, 28, 31, 32], membranes in all 13 studies and
nutritional support in five studies [9, 10, 11, 12, 31] was
available, either from the manuscripts or by contact with
the authors. Cost data were available only in limited
fashion from two studies and were not analyzed further.

Study quality and baseline severity
of illness assessments

The results of the blinded review are presented in
Table 1. Overal, inter-rater agreement was fair (82%,
mean Kappa 0.41). The overal quality and severity
scores are shown in Table 1. Studies were generaly of
poor quality, ranging from 1.92-3.24 out of a possible 5
points (mean 2.62). Similarly, most studies scored poorly
in terms of similar baseline severity of illness (measured
at study enrolment) in each group. Scores ranged from
1.0-5.0 with a mean of 2.67. We were able to assess
baseline severity of illness in 12 studies. In only half of
these studies, representing one-third of the total number
of patients (6 studies, n=481) were the baseline charac-
teristics deemed similar by blinded review. In four stud-
ies (622 patients) severity was greater in the CRRT arms
while in two studies (202 patients) severity was greater
in IRRT arms. Co-interventions were not controlled for
in any of these studies. However, nutritional support was
the only co-intervention that was identified by the blind-
ed review to have been applied differently between treat-

Table1l Summary of individu-

a studies (CRRT continuous Study Reference  Year n Mortality ~ Mortality — Quality — Severity

renal replacement therapy, CRRT IRRT score score

IRRT intermittent renal replace- -

ment therapy) Mauitz 29 1986 58 75.0% 90.9% 311 4
Bartlett 10 1986 56 71.9% 87.5% 2.63 4
Simpson 12 1987 32 50.0% 66.7% 247 3.67
McDonald 9 1991 42 77.3% 75.0% 2.40 1
Kierdorf 26,27 1991 146 78.1% 93.2% 273 5
Bosworth 8 1991 320 82.1% 66.2% 1.92 1.33
Bastien 25 1991 66 50.0% 75.0% 2.20 3.33
Bellomo 11 1993 167 59.0% 70.2% 2.98 2.33
Krucynski 28 1993 35 33.3% 82.6% 281 2
Simpson 30 1993 123 70.8% 82.8% 2.29 3.33
Kierdorf a 1994 95 60.4% 66.0% 2.62 2,67
van Bommel 31 1995 iz 56.7% 41.2% 2.85 1
Mehta 32 1996 166 65.5% 47.6% 3.24 1
Overll 1400 68.0% 73.5% 2.62 2.67

aThis study has not been published except as a thesis. Therefore, despite being a randomized trial, it
was assigned the mean quality and severity scores for the remaining studies. Both quality and severity
scores used a 5-point scale where higher values denote better quality and more equal distribution of
baseline (point of enrolment) severity of illness between treatment arms —see Appendix | for details
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ment arms. In four studies [9, 10, 11, 12] nutritional sup-
port was judged to be absent or inferior in the IRRT
group compared to the CRRT group.

Hospital mortality

Continuous rena replacement therapy was associated
with areduced risk of hospital death in the six studiesin
which baseline severity of illness was similar (RR 0.48,
0.34-0.69, p<0.0005), see Fig. 1. There was no signifi-

Relative Risk of Death Cumulative RR of Death

Mauritz 1986 ° o
n=58
Bartlett 1986 o . |
n=56
Simpson 1987 o . L
n=32
Kierdorf 1991 o —_——
n=146
Bastien 1991 -
n=66
Simpson 1993*
n=123 * B J ¢
1
Favors Favors Favors Favors
CRRT IHD CRRT IHD

Fig. 1 Individual and cumulative relative risk (mortality) for the
six studies that compared patients of equal severity of illness. *In-
dicates randomized controlled trials

Fig. 2 Individual and cumula-

Relative Risk of Death

cant reduction in mortality when all 13 studies were
included in an unadjusted comparison (RR 0.93,
0.79-1.09, p=0.29). However, when adjusting for study
quality (RR 0.78, 0.65-0.94, p<0.01), similarity of base-
line severity of illness (RR 0.72, 0.59-0.88, p<0.001), or
both (RR 0.72, 0.60-0.87, p<0.001), the overall effect in
favor of CRRT was again apparent (Fig. 2).

Sensitivity and subgroup analyses

The results of the sensitivity analysis are presented in
Fig. 3. Under no condition, either of inclusion criteria or
adjustment method, did CRRT result in worse outcome
when compared to IRRT. Furthermore, no significant dif-
ferences in RRs were identified for changes in the ad-
justment methods used. After adjustment for study quali-
ty, illness severity, or both, CRRT was associated with an
improved survival compared to IRRT. This difference
persisted despite atering the method of quality adjust-
ment or changing the way patients receiving both thera-
pies (crossovers) were analyzed.

Results of the separate univariate analyses to deter-
mine the effects of co-interventions and other confound-
ing variables, including date of publication, dialysis
dose, membrane, nutritional support and presence of sep-
sSis, are presented in Table 2. Although there were trends
in these data regarding sepsis and membranes, no indi-
vidual variable appeared to be significant. However,
publication date did appear to affect outcome in that
studies completed after 1992 reported a significantly
lower mortality in both the IRRT (RR 0.70, 0.57-0.88,
p=0.002) and CRRT (RR 0.68, 0.54-0.86, p<0.001)
groups (Table 2). Interestingly, there did not appear to be

Cumulative RR of Death Adjusted Cumulative RR

tiverelativerisk for the Author Year n o0 1 2 30 1 20 1 2
entire cohort. Panel A: individ- . 4 ‘
ual values; Panel B: cumula- Mauritz 1986 58 | —— _— —_—
tive, unadjusted values;
Panel C: cumulative, adjusted Bartlett 1986 56 * — ' '
values. Values shown in panel Simpson 1987 32 . . ——
C are for the combined quality
and severity adjustment. * Indi- McDonald 1991 42 —_— _— —_—
cates randomized controlled tri- .
als. Similar results occurred Kierdorf 1991 146 | —— — —_—
with either severity or quality
; f Bosworth 1991 320 —_—— —_ —_—

adjustments alone (Fig. 3) oswo

Bastien 1991 66 L — —_— ——

Bellomo 1993 167 — —_ ——

Krucynski 1993 3B | —— —_ —_

Simpson® 1993 123 —— —— ——

Kierdorf* 1994 95 —_— —— —

van Bommel 1995 94 ——— —t— ——

Mehta* 1996 166 —_— —r ——

Favors Favors Favors Favors Favors Favors
CRRT IHD CRRT IHD CRRT IHD
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Relative Risk of Death

02 04 06 08 1 1.2 14

Unadjusted % % ; %
severity threshold | B ——
quality threshold T —_—
all studies 1 7S
Adjusted 1
quality raw i —_—
quality wgt i —_——
severity i —_——
both Q & S i —_—
Treatment of x-overs* 1
as CRRT | —_—
excluded | —_—
i Favors Favors
CRRT IHD

Fig. 3 Sensitivity analysis. (Wgt weighted, Raw unweighted, q & s
quality and severity together) For the unadjusted comparisons, a
severity score threshold of 3.0 and a quality score threshold of
2.62 were used. * Crossovers (x-overs) were included in the IRRT
group for the primary analysis. Effects are shown for quality/
severity adjusted RR with crossovers considered as CRRT or
excluded

an effect of dialysis dose. In multivariate modeling, no
covariates were significant. However, model stability
was severely impaired by the small number of studies.

Our observations regarding the effects of publication
date and dialysis dose on outcome prompted us to con-
duct a post-hoc analysis on the unadjusted data for the
entire cohort, regardless of the therapeutic modality
used. The results of this analysis suggest a significant
improvement in all-cause mortality for patients enrolled
in the studies after 1992 compared to those enrolled prior
to 1992, regardless of treatment modality. However,
there does not appear to be a similar effect for dialysis
dose (see Table 3).

Discussion

The major finding of this study is that, despite its wide-
spread use, there is insufficient evidence to establish
whether CRRT is associated with improved survival in
critically ill patients with ARF when compared with
IRRT. However, compared to IRRT, CRRT is associated
with a large decrease in mortality when patients of simi-
lar baseline severity of illness are compared. This large
effect would seem to demand that a large, carefully con-
trolled, randomized clinical trial be undertaken. Our
analysis further suggests that over the past decade the
mortality associated with ARF for patients treated with
IRRT has decreased and that sicker patients were more
likely to receive CRRT, as evidenced from the growing
disparity in underlying severity of illness. These consid-
erations should be taken into account in the design of tri-
als comparing CRRT with IRRT.

Our study highlights the importance of using quality
assessments of the individual reports when conducting
meta-analyses. The pooling of study results without re-

Table 2 Study subgroup analysis: mortality rates and relative risks for death by subgroup (RR relative risk of death for continuous renal
replacement therapy (CRRT) versus intermittent renal replacement therapy (IRRT))

Variable Number CRRT IRRT Unadjusted? RR Adjusted® RR

of studies mortality mortality (95% ClI) (95% ClI)
Septic 4 59.8% 66.3% 0.84 (0.64-1.11) 0.84 (0.64-1.11)
Not septic 9 70.5% 71.6% 0.94 (0.78-1.14) 1.02 (0.84-1.23)
Dose
> with CRRT 5 62.1% 66.4% 0.89 (0.71-1.11) 0.89 (0.71-1.11)
Not > with CRRT 8 71.2% 72.0% 0.97 (0.78-1.20) 1.01 (0.81-1.26)
Membranes®
Biocompatible versus non-biocompatible 4 70.0% 69.6% 1.01 (0.80-1.29) 1.08 (0.84-1.40)
Biocompatibl e versus semi/biocompatible 8 64.9% 70.0% 0.85 (0.69-1.06) 0.85 (0.69-1.06)
Nutrition
>with CRRT 5 61.6% 67.2% 0.85 (0.65-1.12) 0.87 (0.67-1.15)
Same 8 70.0% 70.8% 1.03 (0.85-1.26) 1.00 (0.83-1.11)
Publication date
Before 1992 7 73.9% 74.6% 0.97 (0.76-1.25) 0.99 (0.76-1.29)
After 1992d 6 61.6% 64.0% 0.94 (0.77-1.14) 0.94 (0.77-1.14)

aUnadjusted for quality or severity but incorporating the Mantel-
Haenszel weights

b Adjusted for combined quality and severity

¢One study used non-biocompatible membranes in both groups

dThe mortality rates associated with CRRT and IRRT were signif-
icantly different before and after 1992, p=0.002 and <0.0001, re-
spectively
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Table 3 Post-hoc analysis:

effects of date and dose Variable No. of No. of Overall RR (95% CI) p value
Publication date
) Before 1992 7 720 74.3%
a All but one study included After 1992 6 680 62.8% 0.69 (0.59-0.81) <0.0001
some patients treated with
“standard” dialysis dose and Dose
six of these also included pa — geandard 12 1041 69.5%
tients treated with “high dose” iy 7 359 66.3% 0.90 (0.76-1.07) NS

dialysis as defined in the text

gard to quality or baseline severity of illness yielded
greater statistical heterogeneity and the overall estimate
of effect was different from the adjusted estimate. Our
results agree with the findings of Moher and colleagues
[19] who examined the effects of quality in 11 meta-ana-
lyses involving 127 trials. These authors found that in-
cluding a quality assessment, while more complex, sig-
nificantly affected the estimate of treatment effect and
reduced statistical heterogeneity. However, previous me-
ta-analyses using randomized trials have found that in-
cluding quality assessments reduces the effect size since
lower quality trials tend to result in exaggerated effects
[19, 33]. By contrast, including quality assessments in
our analysis resulted in an increased effect size by reduc-
ing the influence of trials with selection bias. These trials
most often allocated sicker patientsto CRRT arms.

Of the potential confounders analyzed by subgroup
analysis, no single variable appears to explain the find-
ing that, after adjustment for study quality or baseline se-
verity, CRRT was associated with an increased survival
compared to IRRT. Various potential benefits of CRRT
have been suggested, including the greater use of bio-
compatible membranes and a higher dialysis dose [7, 20,
21]. Although there were trends toward a greater effect
when the IRRT arm used bio-incompatible membranes
or lower dialysis dose compared to the CRRT, neither of
these variables appeared to account for the overall rela-
tive risk. Similarly, although recent evidence suggests a
potential benefit of certain types of CRRT in patients
with sepsis, we could not demonstrate that CRRT was
superior in the subgroup of four studies [10, 11, 12, 31]
where the mgjority of patients had sepsis or severe infec-
tion. However, our power to understand the effect of
these variables was limited by small sample size.

There are limitations to our analysis. First, most of
the studies we examined were non-randomized, and even
when randomization occurred, it did not always ensure
that patients were equally allocated to treatment arms in
terms of baseline severity of illness. Our methods to ac-
count for differences in study quality and baseline sever-
ity of illness only down-graded the influence (i.e., re-
duced sample size) of poor quality studies and studiesin
which severity of illness was not similar between study
arms. Also, our ability to determine differences in base-
line severity of illness was dependent on limited summa-
ry information. More detailed information, such as the

risk of hospital mortality predicted by APACHE II,
would have facilitated a more thorough assessment. Giv-
en that more patients were enrolled in studies that ap-
peared to allocate sicker patients to CRRT, any bias in-
troduced by failure to adjust fully for differences in se-
verity of illness would likely be against CRRT. The fact
that CRRT appears to be beneficial despite this bias is
notable.

Second, our methods were limited in their ability to
determine the interactions between variables. It is possi-
ble that membrane biocompatibility, dialysis dose, hemo-
dynamic and immunologic effects, and improved critical
care services over time all contributed to the observed
survival benefit of CRRT. Our multivariate analysis was
not successful in dissecting out these interactions, and
thus we are unable to determine which variables were
decisive. Finally, the limited clinical information avail-
able in published reports precluded pooled estimates of
the effects of CRRT and IRRT on outcomes other than
all-cause mortality. In particular, information on the dif-
ferential effects of these therapies on hemodynamics and
organ function would have been useful.

It is disappointing that CRRT has been a therapeutic
option in critical care practice for over 20 years without
definitive evaluation of its benefits. While recent clinical
trials have shown reduced all-cause mortality with
changes in other forms of supportive care, such as me-
chanical ventilation [34], it is possible that changing di-
alysis modality will also reduce mortality. Our analysis
suggests that a definitive trial comparing CRRT to IHD
would require roughly 660 patients in each arm based on
our confidence intervals for effect size. Such a tria
should control for factors such as membrane and co-in-
terventions and, based on recent evidence [35], should
consider treatment dose, perhaps in factorial design with
treatment modality. Efforts should be made to limit
crossovers between treatment arms. Finaly, it would
seem to be important to stratify randomization on the
presence or absence of hemodynamic instability because
this is the major determining variable for who receives
CRRT in practice. However, with entrenched practice
patterns, as evidenced by physician surveys[13, 15], and
with an increasing tendency to avoid allocating sicker
patients to IRRT in recent studies, it is questionable
whether a sufficiently large randomized trial will be con-
ducted any time soon. Nevertheless, we suggest that such
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atrial is necessary and, in the meantime, CRRT should
be made available to at |east some patients with ARF.
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Appendix |
Quality assessment instrument
Overadl quality scores were generated using two ap-

proaches that varied with regard to the relative weighting
of different questions. In the unweighted method, each

Enrollment

guestion was given a score of 1-5 where 5 corresponds
to “strongly agree” and 1 corresponds to “strongly dis-
agree”’. Mean score across the three raters for each ques-
tion were totaled and divided by the number of relevant
guestions within each domain (enrollment, intervention,
outcome) to produce a domain score of 1-5. The mean
of each domain score was then used as the overall quali-
ty assessment. The weighted method differed in that
each question was weighted separately in its contribution
to the overall score depending on its relative importance
to overall quality based on prior recommendations [16,
17, 18]. These weights are shown in parentheses in ta-
bles below. For the weighted method, each domain score
was divided by 10, yielding a number from 1-5

Question

Response range/score (weighted score)

Patient selection

1. Was the selection process specified?

2. Were patients uniformly identified at presentation
(i.e., at the same stage in the disease process)?

3. Wereinclusion/exclusion criteria specified?

4. Was information obtained on patients not enrolled?

Patient assignment/confounder control

1. Were patients randomized to treatment arm? If YES,
answer questions 2-5. If NO, answer questions 6-8

Randomized

2. Was an appropriate randomization method used?
3. Did randomization appear to work?
(i.e. were reported variables evenly distributed?)
4. Was underlying severity of illness similar for the two groups?
5. Were known confounding variables reported
in sufficient detail to permit adjustment?

Non-randomized

6. Were patients similar at the start of the trial? (with or without matching)

7. Was the reason for treatment choice specified?
8. Were known confounding variables reported
in sufficient detail to permit adjustment?

Strongly disagree — 1 (1), strongly agree —5 (5)
Strongly disagree — 1 (1), strongly agree — 5 (5)

Strongly disagree — 1 (1), strongly agree —5 (5)
Strongly disagree — 1 (1), strongly agree — 5 (5)

Strongly disagree — 1 (2), strongly agree — 5 (10)

Strongly disagree — 1 (1), strongly agree —5 (5)
Strongly disagree — 1 (1), strongly agree —5 (5)

Strongly disagree — 1 (1), strongly agree — 5 (5)
Strongly disagree — 1 (1), strongly agree — 5 (5)

Strongly disagree — 1 (1), strongly agree —5 (5)
Strongly disagree — 1 (1), strongly agree —5 (5)
Strongly disagree—1 (1), strongly agree —5 (5)

Intervention

Question

Response range/score (weighted score)

Primary intervention
1. Which modalities were used?

Other or unknown —1 (1), CAVH(D) versus IHD — 3 (3) CVVH(D)

versus IHD -5 (5)

2. Was dialysis dose equalized between treatment arms?

Other or unknown — 1 (1), dose quantified but unequal

—3(3) dose equalized — 5 (5)

3. What dialyzer membranes were used?
4. How were crossovers dealt with?

Different or not specified — 1 (1), same class in both — 4 (4) same -5 (5)
Crossovers unspecified or unknown— 1 (1), crossovers specified as to criteria

and direction — 3 (3), No crossovers—5 (5)

Co-interventions (3 points each)

5. What was the impact of the investigators
on the care of the patients?

6. Were there any uncontrolled co-interventions
that could have significantly impacted survival?

Other or not specified — 1 (3), co-interventions controlled by protocol (same
for both) — 3 (9), blinded — 5 (15)
Strongly disagree — 1 (3), strongly agree — 5 (15)




36

Outcome Question

Response range/score (weighted score)

Follow-up
1. Was follow-up complete?

2. Were al patients accounted for?

Outcomes

Strongly disagree — 1 (1), strongly agree —5 (5)
Strongly disagree — 1 (1), strongly agree —5 (5)

3. Were al relevant outcomes reported?

Survival?

Renal recovery?

ICU length of stay?
Hospital length of stay?

Anaysis

Strongly disagree—1 (1), strongly agree—5 (5)

Strongly disagree — 1 (0.33), strongly agree —5 (1.67)
Strongly disagree — 1 (0.33), strongly agree —5 (1.67)
Strongly disagree — 1 (0.33), strongly agree — 5 (1.67)

4. Were the data analyzed correctly?

Intention to treat analysis?

Crossovers analyzed separately?

..by direction of crossover?

5. Did the authors take appropriate action to

Strongly disagree—1 (3), strongly agree —5 (15)
Strongly disagree — 1 (0.5), strongly agree—5 (2.5)
Strongly disagree—1 (0.5), strongly agree—5 (2.5)
Strongly disagree — 1 (2), strongly agree — 5 (10)

control for confounding variables?

Appendix 11

Studies excluded from the meta-analysis

1. Alarabi AA, Danielson BG, Wikstrom B, Wahlberg J
(1989) Outcome of continuous arteriovenous haemo-
filtration (CAVH) in one centre. Ups J Med Sci
94:299-303

Reason for exclusion: Uncontrolled study, all patients re-
ceived CAVH.

2. Alarabi AA, Brendolan A, Danielson BG, Raimondi
F, Ronco C, Wikstrom B (1991) Outcome of continu-
ous arteriovenous hemofiltration in acute renal fail-
ure. A double-center comparative study. Contrib
Nephrol 93:17-19

Reason for exclusion: All patients received CRRT.

3. Bellomo R, Boyce N (1993) Continuous venovenous
hemodi&filtration compared with conventional dialy-
sis in critically ill patients with acute renal failure.
ASAIO J39:M794-797

Reason for exclusion: All patients included in this report
were aso included in reference 11.

4. Davenport A, Will EJ, Davison AM (1991) Continu-
ous vs. intermittent forms of haemofiltration and/or
dialysis in the management of acute renal failure in
patients with defective cerebral autoregulation at risk
of cerebral oedema. Contrib Nephrol 93:225-233

Reason for exclusion: Patients in this study had fulmi-
nate hepatic failure not ARF.

5. Davenport A, Will EJ, Davidson AM (1993) Im-
proved cardiovascular stability during continuous
modes of renal replacement therapy in criticaly ill
patients with acute hepatic and renal failure. Crit Care
Med 21:328-338

Reason for exclusion: Patients in this study had fulmi-
nate hepatic failure not ARF.

6. Favre H (1989) Hemodialysis, peritoneal diaysis or
continuous extracorporeal epuration in acute renal
failure patients. Contrib Nephrol 71:100-103

Reason for exclusion: Mortality rates were not reported
in the paper, nor were they obtainable through contacting
the authors.

7. Maher ER, Hart L, Levy D, Scoble JE, Baillod RA,
Sweny P, et al. (1988) Comparison of continuous arte-
riovenous haemofiltration and haemodialysis in acute
renal failure. Lancet 1:129

Reason for exclusion: Mortality rates were not reported
in the paper, nor were they obtainable through contacting
the authors.
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