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Abstract. Because continuous renal replacement therapy (CRRT) may
enhance inflammatory mediator removal, this review assesses its impact
on multiple organ failure (MOF). Regarding MOF with acute renal
failure (ARF), the overall mortality of 2313 CRRT patients (43 studies)
was 62.8% compared with 59.1% (p = 0.046) in 961 intermittent hemodi-
alysis (IHD) patients (12 other studies). Of 13 CRRT studies with an IHD
comparison group, 3 showed that the groups had a similar risk, but IHD
mortality was higher; 1 noted that CRRT had lower mortality (risk not
stated); and 4 showed similar mortality and greater CRRT risk. Aggregate
mortality was IHD 69.5% and CRRT 63.9% (p = 0.02). Of the six studies
with matched groups (age and APACHE II scores), IHD mortality was
higher (70.9% vs. 60.1%, p = 0.01). CRRT pulmonary gas exchange,
hemodynamic instability, azotemia control, fluid overload, and nutri-
tional support were better. Regarding MOF without ARF, of 14 CRRT
studies (14.5 patients per study), only 4 had comparison groups. Patient
conditions were as follows: acute respiratory distress syndrome, six stud-
ies; sepsis, three studies; septic shock, two studies; pancreatitis, one
study; critically ill patients, one study; and cardiac surgery with respira-
tory failure, one study. Of the three studies with a control group, the
mortality was the same. There was minimal evidence that CRRT im-
proved pulmonary gas exchange or hemodynamic instability. For MOF
patients with ARF, there is compelling evidence that CRRT provides
better survival than IHD and more improvement in pulmonary gas ex-
change, hemodynamic instability, azotemia control, fluid overload, and
nutritional support. In patients with MOF and no renal failure, there is
little evidence that CRRT enhances survival, oxygenation, or perfusion.
Controlled trials demonstrating a CRRT benefit are necessary before
CRRT can be recommended for MOF without ARF.

Multiple organ failure (MOF) is associated with a substantial
mortality rate in trauma, postoperative, septic, and medical pa-
tients [1-6]. There is a 35% to 38% mortality rate for acute renal
failure (ARF) without other organ failure, but the rate increases
to 72% to 79% when AREF is associated with MOF [7-9]. Inflam-
matory mediator release has been associated with MOF in
trauma, postoperative, and septic patients [1, 3, 5, 10, 11]. More
specifically, inflammatory mediator release has also been found to
be elaborated in ARF patients with MOF [12-16]. There is evi-
dence that inflammatory mediator release may be incited by
intermittent hemodialysis (IHD) or continuous renal replacement
therapy (CRRT) [17-19]. Additional data indicate that inflamma-
tory mediators may be removed from patients by CRRT [19-22],
whereas other investigators have found little proof that CRRT

enhances inflammatory mediator clearance [17 22 23-25]. Of
utmost importance is the opinion that there is no definitive rela-
tion between CRRT removal of inflammatory mediators and
clinical improvement [20, 21, 23, 26].

Because CRRT theoretically improves or worsens the inflam-
matory mediator host response, the current literature was re-
viewed to evaluate the evidence that CRRT is or is not associated
with clinical benefit for ARF patients with MOF. The literature
was also examined to determine the influence of CRRT on MOF
patients with little or no renal impairment. Each study was clas-
sified according to the strength or weakness of the methodologic
approach, with data class I being the most reliable information
and data class III the weakest. Data class I indicates that the study
is randomized and controlled. Data class II is a retrospective study of
two groups in which the data are reliable and consecutive patients
have been included, or it is a prospective study. An amalgamation of
the literature with a preponderance of data is also considered data
class II evidence. A data class III study is usually a retrospective
investigation with only one group; or if there were two patient
groups, consecutive patients were not evaluated.

Impact of CRRT on Clinical Outcomes in MOF with ARF

Mortality Outcome

There were 43 studies harvested from a search of the contempo-
rary literature that presented information regarding deaths of
patients undergoing CRRT for MOF with ARF [8, 13, 14, 16,
27-65]. There were no data class I studies (randomized controlled
trials), 15 (34.9%) data class II studies, and 28 (65.1%) data class
IIT studies. There was no comparison group in 29 (67.4%) of the
studies; there were two groups in 14 (32.6%) investigations. Al-
together, 10 (23.3%) studies were prospective, and 33 (76.7%)
were retrospective. There was a total of 2313 patients, with the
average number of CRRT patients per study being 53.8 (range
9-408). There were 1453 deaths for an overall mortality of 62.8%
(range 25-85%). Mortality outcome data were reviewed from a
publication of critically ill patients with ARF who had undergone
IHD [19]. Data were selected from the 12 studies published from
1989 to 1992. There were a total of 961 patients. The average
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Table 1. Continuous renal replacement therapy studies with an
intermittent hemodialysis control group; patients with acute renal
failure and multiple organ failure; data class II and III studies.

Age All Mortality

Study No. (years) score (%)
Bartlett [28]

CRRT 32 57 21 72

IHD 24 56 21 88
Bellomo [30]

CRRT 87 60 30 64

IHD 40 57 25 75
Sieberth [40]

CRRT 96 — — 73

IHD 163 — — 58
Chertow [8]

CRRT 52 — — 83

IHD 80 — — 61
Kierdorf [54]

CRRT 73 — — 78

IHD 73 — — 93
Bellomo [55]

CRRT 150 60 28 49

IHD 84 56 26 70
Van Bommel [56]

CRRT 60 60 27 62

IHD 34 62 22 44
Bellomo [57]

CRRT 46 — — 46

IHD 58 — — 71
Bellomo [58]

CRRT 83 51 28 59

IHD 84 56 26 70
Kruczynski [60]

CRRT 12 45 21 25

IHD 23 61 26 83
McDonald [61]

CRRT 22 — — 82

IHD 10 — — 70
Bastien [63]

CRRT 34 60 23 47

IHD 32 54 20 75
Paganini [65]

CRRT 47 65 36 81

IHD 27 62 27 81

CRRT: continuous renal replacement therapy; IHD, intermittent
hemodialysis.

number of IHD patients per study was 80.1 (range 10-237). There
were 568 deaths for an overall mortality of 59.1% (range 0-88%).
The overall mortality in the 43 studies among CRRT patients was
62.8% compared with 59.1% (p = 0.046) for the IHD patients
from the other 12 reports.

Of the 43 CRRT studies in patients with ARF and MOF, 13 had
an THD control group and sufficient patient numbers for assess-
ment (total 1526 CRRT and IHD patients) (Table 1) [8, 28, 30, 40,
54-58, 60, 61, 63, 65]. Data class categorization was as follows: I,
no study; II, seven studies [28, 30, 56-58, 60, 63]; and III, six
studies [8, 40, 54, 55, 61, 65]. The following CRRT techniques
were utilized in these studies: continuous arteriovenous hemofil-
tration (CAVH), continuous venovenous hemofiltration (CVVH),
continuous arteriovenous hemodialysis (CAVHD), continuous
venovenous hemodialysis (CVVHD), hemofiltration without
specification of the technique, and hemodiafiltration without
specification of the technique.

Bartlett et al. demonstrated an insignificantly higher mortality
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for IHD patients than for CRRT (CAVH) patients [28]. The IHD
group was studied during 1981-1983 and the CRRT group during
1983-1985. The ages and Acute Physiology and Chronic Health
Evaluation (APACHE) II (AII) scores were similar. Bellomo et
al. also found an insignificantly higher mortality in IHD patients
compared with CRRT (CAVHD/CVVHD) patients [30]. Age was
slightly higher in the CRRT group and the AII score significantly
greater. When assessing patients with two to four organs in fail-
ure, the mortality was significantly higher among those undergo-
ing IHD. Sieberth and Kierdorf noted a significantly higher mor-
tality among CRRT (hemofiltration) patients than among IHD
patients, but there were no age or All score data for intergroup
comparisons [40]. Chertow demonstrated a significantly higher
mortality for CRRT (hemofiltration) patients than for IHD pa-
tients, but there were no age or All score data for intergroup
comparisons [8]. Patients with pressor-dependent hemodynamic
instability were placed in the CRRT group, indicating that they
were likely to be more critically ill than the IHD group. Kierdorf
found a significantly higher mortality for IHD patients than for
CRRT (CVVH) patients, but there were no age or All score data
for intergroup comparisons [54]. Bellomo et al. also described a
significantly higher mortality for IHD patients than for CRRT
(hemodiafiltration) patients, although the CRRT group had a
significantly higher AII score [55]. Van Bommel noted an insig-
nificantly higher mortality for the CRRT (CAVHD) patients,
although the CRRT patients had a significantly higher AII score
[56]. The AII score of the CRRT survivors was the same as the
IHD deaths. In matched patients with two to four organ failures,
Bellomo and Boyce found that the mortality was significantly
higher in the IHD group than in the CRRT (CVVHD) group [57].
Bellomo et al. noted an insignificantly higher mortality in the IHD
group than in the CRRT (hemodiafiltration) cohort [58]. Kruc-
zynski et al. found significantly lower mortality in the CRRT
(CAVH) patients, but they were younger than the IHD group
[60]. McDonald and Mehta demonstrated an insignificantly higher
mortality for CRRT (CAVHD) patients when contrasted with the
IHD group, but there were no age or All score data for inter-
group comparisons [61]. Those undergoing both CRRT and IHD
were excluded from this analysis. Patients in the CRRT group had
significantly more hypotension, suggesting that they were more
critically ill than the IHD cohort. Bastien et al. showed signifi-
cantly lower mortality among CRRT (CVVHD) patients, al-
though there was no difference in intergroup age or All scores
[63]. Paganini noted identical mortality rates for the IHD and
CRRT (CAVHD) groups [65], although the CRRT AII score was
significantly higher and the age was similar.

An improved outcome with CRRT is strongly suggested by the
three studies in which the two groups were matched and the
mortality was higher for IHD patients [55, 57, 63]. The total
number of patients in these three studies was 404 (26.5% of
patients in the 13 studies). CRRT survival benefit is also insinu-
ated by one study demonstrating a lower mortality, but the ages
and AII scores were not provided [54]. The total number of
patients was 146 (9.6% of patients in the 13 studies).

Four other studies implied a survival advantage from CRRT
where the mortality rates are similar, although the CRRT group
was at greatest risk for death [30, 56, 61, 65]. The total number of
patients was 327 (21.4% of patients in the 13 studies).

Only two studies reported a significantly higher mortality for
the CRRT group, although there were no age or All score data to
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Table 2. Continuous renal replacement therapy studies with an
intermittent hemodialysis control group; patients with acute renal
failure and multiple organ failure; data class II studies.

CRRT IHD

Age All All
Study No. (years) score No. Age score
Bartlett [28] 32 57 21 24 56 21
Bellomo [30] 87 60 30 40 57 25
Van Bommel [56] 60 60 27 34 62 22
Bellomo [58] 83 51 28 84 56 26
Kruczynski [60] 12 45 21 23 61 26
Bastien [63] 34 60 23 32 54 20
Total 308 57 27 237 57 24

One study was excluded because it was a subset analysis [57].

indicate that the two groups were at similar risk in one investiga-
tion [40] and the other indicated that the CRRT group was more
ill [8]. The total number of patients was 391 (25.6% of patients in
the 13 studies).

In summary, 8 of the 13 studies suggested that CRRT was
associated with enhanced survival. The total number of patients
was 877 (57.5% of patients in the 13 studies). A survival benefit is
also suggested when the mortality rates for the CRRT and IHD
groups are aggregated. The 69.5% IHD group mortality (509/732)
was significantly higher than that for the CRRT patients (63.9%,
507/794) (p = 0.02).

A reduced risk for death was also suggested when six data class
II CRRT studies with an THD control group were aggregated and
evaluated (Table 2) (the seventh class II study was excluded
because it was a subset analysis [57]). Aggregate mean ages and
All scores were generated by: (1) multiplying the mean age or AIl
score for a study group (IHD or CRRT) by the number of patients
in a particular study; (2) taking the sum of the age or AIl score for
all THD or CRRT patients; and (3) dividing the sum by the total
patients in the CRRT or IHD aggregate group. The mean ages
and AlI scores for the IHD and CRRT groups were similar. The
70.9% IHD group mortality (168/237) was significantly higher
than the CRRT patients’ 60.1% rate (185/308) (p = 0.01).

Although multiple risk factors have been found to affect ARF
mortality, stratification of patient risk by the AII score for the
CRRT and IHD groups is supported by the literature. A number
of risk factors that adversely affect survival in ARF patients have
been identified: age [66—68], hemodynamic instability [7, 9, 66, 68,
69], pulmonary failure [7, 9, 66, 69], preexisting medical condi-
tions [67, 70], sepsis [7, 67, 68, 70], oliguria [9, 66, 67, 70], jaundice
[9, 66, 69], and gastrointestinal dysfunction [7]. Several investiga-
tors indicate that the presence of MOF was clearly a risk factor for
death in the presence of ARF [7-9, 66, 67, 70]. Additionally, the
etiology of the ARF has been found to influence outcome [35, 66,
70, 71]. All scores are a reasonable risk-stratification measure
because score validity has been documented in several studies [30,
35, 67, 72]. Additionally, the score is influenced by several com-
ponents that have also been cited in the literature as being asso-
ciated with increased ARF mortality: age, preexisting medical
conditions, temperature and white blood cell count (sepsis), blood
pressure, respiratory rate and oxygenation (pulmonary failure),
and creatinine (oliguria).

There is reasonable evidence to suggest that the high mortality
for ARF has not decreased over the last several decades [73-75].
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Some believe that this is because ARF in critically ill patients is
usually associated with MOF [76], where the mortality is more
dependent on the underlying disease than on renal failure per se
[77-79]. Certain experts opine that CRRT probably reduces ARF
mortality [73-75, 80], whereas others indicate that a clear survival
advantage over IHD cannot be established [73, 75, 77-82]. Some
comparisons between CRRT and IHD show that the CRRT
group is often more critically ill than those undergoing IHD [78,
81]. Some think that demonstration of a similar outcome for
continuous and intermittent RRT, despite a higher mortality risk
in the CRRT group, indicates a survival benefit with CRRT [79].
When the mortality rate is higher in those undergoing CRRT,
their severity of illness has been noted to be greater [81]. Other
methodologic study flaws include small numbers of patients, het-
erogeneous case mix, use of both CRRT and IHD in the same
patient, variable experience of care providers, changes in indica-
tions for CRRT and IHD over the past three to four decades, and
little or no description of disease severity [79, 80, 82]. Randomized
and other prospective, controlled studies with adequate patient
numbers and matching for illness severity are needed to demon-
strate a clear superiority of IHD or CRRT for ARF with MOF
[74, 75, 81]. Despite the controversy over the merits of CRRT and
IHD, some are of the opinion that CRRT is preferred for man-
aging critically ill patients with ARF [75, 81, 82].

Morbidity Outcomes

The following is a review of the literature regarding the impact of
CRRT on physiologic and metabolic perturbations and patient
care in ARF patients with MOF. Evidence that supports the
stabilization of these critically ill patients enhances the credibility
that CRRT is associated with a survival benefit.

Pulmonary Gas Exchange. Improved pulmonary gas exchange
(e.g., PaO,/FiO,) has been noted in numerous patients undergo-
ing CRRT [27, 32, 36], whereas others have described neither
improvement nor deterioration [16, 42, 44, 59]. Bellomo et al. [30]
and van Bommel et al. [56] noted a superior oxygenation improve-
ment in CRRT patients compared to that in the IHD groups.
Following a review of the literature, van Bommel cited evidence
for better oxygenation improvement with CRRT when contrasted
with THD [79].

Hemodynamic Instability. Patients undergoing CRRT have been
found to have an amelioration of their hemodynamic instability
[13, 32, 36, 39]. Many other studies have indicated that although
there was no improvement in cardiovascular status with CRRT
deterioration was not seen [16, 33, 37, 38, 42, 44, 47-49, 52, 53, 59,
83, 84]. When comparing patients receiving CRRT or IHD, re-
viewers have indicated that there was better cardiovascular stabi-
lization in the CRRT cohort [30, 56]. Several others, after review-
ing the literature, found that patients undergoing CRRT have
better hemodynamic stabilization than those undergoing IHD
[7477-7981].

Azotemia Control. Numerous investigators have described a sub-
stantial alleviation of azotemia following the initiation of CRRT
[3132-3436, 37, 39, 42, 43, 45, 4648-5259, 85]. One researcher,
however, found neither improvement nor deterioration in the
degree of azotemia with CRRT [47]. When CRRT and IHD have
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Table 3. Continuous renal replacement therapy studies for multiple
organ failure without acute renal failure.

Mortality

Study Condition No. (%) Class Groups
Consentino [88]  ARDS 9 44 I 2
Garzia [89] ARDS 14 64 I 1
Koperna [15] ARDS 7 0 II 2
Gotloib [90] ARDS 5 — I 1
Gotloib [91] ARDS, septic 24 8 111 1
Hoffman [92] ARDS, septic 16 81 11 1
Gotloib [93] Septic 35 37 111 1
Wakabayashi [94]  Septic 6 50 I 1
Hirasawa [95] Septic 14 — II 2
Braun [96] Septic shock 15 33 I 2
Wiles [97] Septic shock 2 50 111 1
Blinzler [98] Pancreatitis 1 9 11 1
Zobel [99] Critically ill 9 56 111 1
Coraim [100] Cardiac surgery, 36 — I 1

respiratory

failure

203 378

ARDS: acute respiratory distress syndrome.

been compared and solute elimination was evaluated, CRRT was
associated with better azotemia control [3055-57]. One investiga-
tor found that CRRT was no better than IHD for decreasing the
degree of azotemia [58]. Following a review of the literature,
others have also observed better control of azotemia with CRRT
than with IHD [77-79, 81].

Acidosis. One researcher cited evidence from two studies indicat-
ing that CRRT enhanced the resolution of acidosis [16, 44]. The
same investigator noted significant alleviation of acidosis in
CRRT patients compared to that in those undergoing IHD [56].

Fluid Overload. Numerous authors were persuaded that CRRT
was associated with a lessening of fluid overload [28, 33, 34,
36-39, 43, 85, 86]. Other literature reviewers have also been
convinced that there was an improvement in fluid balance with
CRRT [79], especially when examining investigations that com-
pared patients who underwent CRRT and IHD [77, 78].

Nutritional Support. Several studies have noted an improvement
in nutritional support in individuals who underwent CRRT [28,
34, 38, 39, 47, 87]. Greater nutritional substrate amounts were
provided CRRT patients compared with their conventional dial-
ysis cohorts [55, 57, 58]. Other review articles have espoused
evidence for enhanced nutritional administration in patients after
initiation of CRRT [74, 81] and superior provision in CRRT
patients when compared with those undergoing IHD [77-79].

Impact of CRRT on Clinical Outcomes in MOF without
ARF

A total of 14 studies with 203 patients were identified where
patients with MOF but little or no renal impairment had been
treated with CRRT (Table 3) [1588-100]. The number of patients
per study ranged from 2 to 36 (mean 14.5). The data class cate-
gorization was as follows: I, two studies (14.3%); 11, three studies
(21.4%); and III, nine studies (64.3%). Only four studies had a
second group to compare with those receiving CRRT (28.6%) [15,
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88, 95, 96]; the other 10 studies (71.4%) included only one cohort.
The primary patient conditions in these MOF studies were acute
respiratory distress syndrome (ARDS), six studies; sepsis, three
studies; septic shock, two studies; pancreatitis, one study; critically
ill patients, one study; and cardiac surgery with respiratory failure,
one study.

Mortality Outcome

Of the 11 studies where CRRT was employed for MOF without
AREF and the mortality data were presented, the overall mortality
rate was 37.8% (56/148) [15, 88, 89, 91-94, 96-99]. This rate is
significantly less than that of the 43 studies where patients with
MOF and ARF were managed with CRRT (62.8%) (p < 0.0001).
The mortality rate for the studies of ARDS patients was 40.0%
(28/70) [15, 88, 89, 91, 92]. This rate is not dissimilar from that
cited in the contemporary literature [101, 102]. Of the three
studies where there were two groups for outcome comparison, the
mortality was the same for the CRRT and control groups (p =
0.05) [15, 88, 96]. The mortality for the CRRT-treated septic
shock patients was 35.3% (6/17) [96, 97], and it was 37.8% (37/98)
for all septic patient groups, with or without shock or ARDS
[91-9496, 97]. Others have not been convinced that CRRT for
septic MOF without ARF has been proven to be clinically effica-
cious [78, 82, 103, 104].

Morbidity Outcome

Pulmonary Gas Exchange. Pulmonary gas exchange was improved
in 10 of 11 patient groups managed with CRRT [1589-9193,
9497-100]. There was improvement in the one nonrandomized,
prospective study with a control group [15]; but there was no
improvement with CRRT in the single randomized, controlled
trial [88]. Of the five ARDS patients in whom the change in
pulmonary gas exchange was assessed, there was improvement in
three, single-group studies [89-91], a better result in one study
that was prospective and had a comparison group [15], and no
difference in the sole randomized, controlled trial [88]. When
other experts have reviewed the relevant literature, they have
found evidence to suggest that CRRT enhanced pulmonary gas
exchange [75, 82, 103, 104].

Hemodynamic Instability. The cardiovascular status before and
after CRRT implementation for MOF was presented for nine
studies. Hemodynamic instability was found to be improved with
CRRT in six of nine studies [1592-9497, 100], but only one study
was prospective and had a comparison group [15], and one inves-
tigation was prospective and without a comparison group [92].
Cardiovascular lability was not improved in three of nine studies;
one study was a randomized, controlled trial [88]; the other two
were retrospective and without a comparison group [89, 91]. A
number of review articles have cited evidence that CRRT was
associated with an improvement in hemodynamic instability [75,
82, 103].

Fluid Overload. The effect of CRRT on fluid balance was pre-
sented in four studies of MOF. Fluid overload was alleviated in
two studies; one was prospective with a comparison group, [15]
and one study was retrospective and without a comparison group
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[99]. Input and output fluid balance was unchanged in two studies;
both were retrospective and had no comparison groups [90, 91].

Sepsis. The degree of MOF-related sepsis was found to be dimin-
ished by CRRT in two studies; one was a randomized, controlled
trial [96], and the other was a retrospective investigation without
a comparison group [93].

Acidosis. Two studies indicated that CRRT alleviated the degree
of metabolic acidosis in MOF patients; both studies were retro-
spective and without comparison groups [90, 91]. Others have
indicated that there was important evidence that metabolic (lac-
tic) acidosis was ameliorated with the institution of CRRT [75,
103, 104].

Miscellaneous. Nutritional support was found to be improved in
one study where CRRT was used for MOF; this study was a
retrospective investigation without a comparison group [99]. In a
prospective study with a comparison group, oxygen consumption
was found to be improved with CRRT [95]. In a literature review
of patients with MOF and minimal or no renal failure, van Bom-
mel noted an improvement in the APACHE III score following
the use of CRRT [103].

Potential indications for CRRT in patients with MOF and
minimal to no renal impairment include decreasing pulmonary
edema, maintaining fluid balance, facilitating delivery of nutri-
tional therapy, improving hemodynamics (cardiogenic or septic
shock), improving gas exchange in ARDS patients, and removing
inflammatory mediators in sepsis and MOF patients. The im-
proved hemodynamic instability and pulmonary gas exchange
seen with CRRT in MOF patients is thought to be explained only
partly by its impact on fluid balance [82]. However, the nonrenal
indications for CRRT can only be considered as speculative be-
cause most studies are small, retrospective, uncontrolled, and with
case-mix heterogeneity [82, 103]. One expert indicated that the
widespread application of CRRT for nonrenal indications should
await more and properly designed clinical investigations [104].
More specifically, randomized, controlled trials or prospective,
controlled studies of appropriate size, probably multicenter, in
homogeneous patient groups with septic shock, systemic inflam-
matory response syndrome, or MOF and minimal or no renal
failure are necessary to answer whether CRRT affects the clinical
outcome positively [82, 103, 104].

Conclusions

There is compelling evidence that CRRT is associated with a
survival advantage for patients with MOF and ARF when com-
pared with IHD. Moreover, data suggest that CRRT, compared
with IHD, is associated with more improvement in pulmonary gas
exchange, hemodynamic instability, azotemia control, fluid over-
load, and nutritional support. In patients with MOF and minimal
or no renal failure, there is little evidence to suggest that CRRT
provides a survival benefit. Likewise, there are few credible data
to suggest that CRRT offers an advantage for improvement in
pulmonary gas exchange or hemodynamic instability. Most studies
involving MOF patients without renal failure are retrospective,
uncontrolled, and with small patient numbers. Additional ran-
domized, controlled trials or prospective, controlled studies with
appropriate numbers of patients demonstrating patient outcome
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enhancement are necessary before CRRT can be recommended
for nonrenal failure patients with MOF.

Résumé

Etant donné que I'hémofiltration continue (HFC) semble faciliter
I’épuration des médiateurs inflammatoires, cette revue évalue son
impact sur la défaillance multiviscérale (DMV). DMV avec
insuffisance rénale aigué (IRA): La mortalité globale chez 2313
patients sous HFC (43 études) a été de 62,8% comparée a 59,1%
(p = 0,046) chez 961 patients en hémodialyse intermittente (HDI)
(12 autres études). De 13 études comportant un groupe de
comparaison HDI, trois ont montré que le risque était similaire
dans les deux groupes, mais que la mortalité du groupe HDI était
plus élevée; dans une, la mortalité du groupe HFC était plus basse
mais le risque n’était pas donné alors que dans quatre, la mortalité
était similaire avec un risque plus important pour 'HFC. La
mortalité globale a été de 69,5% pour 'HDI. et de 63,2% pour
I'HFC (p = 0,02). De six études comportant des groupes appariés
(par I'age et par score APACHE II), la mortalité d’HDI était plus
élevée (70,9% vs. 60,1%, p = 0,01). Les échanges gazeux,
I'instabilit¢ hémodynamique, le controle de I'azotémie, la
surcharge liquidienne et le soutien nutritionnel ont été¢ meilleurs
avec 'HFC. DMV sans IRA: De 14 études sur 'HFC (14,5 patients
par étude), quatre seulement comportaient un groupe de
comparaison. En ce qui concerne 1’état des patients, six études
avaient trait au SDRA, trois au sepsis, deux au choc septique, une
a la pancréatite, une aux patients gravement atteints et une a la
chirurgie cardiaque avec insuffisance respiratoire. De trois études
avec un groupe de controle, la mortalité a été la méme dans les
deux groupes. Il existe peu de preuves que 'HFC puisse améliorer
les échanges gazeux ou linstabilité hémodynamique. Pour les
patients présentant une DMV avec IRA, il existe de fortes
preuves que, comparé a ceux sous HDI, les patients sous HFC
aient une meilleure survie, de meilleurs échanges gazeux, une
amélioration de linstabilit¢é hémodynamique, un meilleur
controle de I'azotémie, de la surcharge des fluides et un meilleur
soutien nutritionnel. Chez les patients ayant une DMV sans IRA,
il existe peu de preuves que I'HFC améliore la survie,
l'oxygénation ou la perfusion. Des essais controlés démontrant un
bénéfice par HFC sont nécessaires avant de pouvoir
recommander ’'HFC chez le patient en DMV sans IRA.

Resumen

Dado que la terapia de sustitucion renal continua (CRRT) puede
mejorar la eliminacién de los mediadores proinflamatorios, esta
revision trata de averiguar su efecto en los casos de fallo
multiorganico (MOF). MOF con fallo renal agudo (ARF): La
mortalidad global de 2,313 pacientes tratados con CRRT (43
estudios) fue del 62.8%. La mortalidad global de 961 pacientes
(pertenecientes a 12 estudios diferentes) tratados con
hemodialisis intermitente (IHD) fue del 59.1% (p = 0.046). De
los 13 estudios realizados comparando la CRRT y la IHD, en tres,
se constatd que los grupos eran similares por lo que al riesgo se
refiere, registrandose una mayor mortalidad con la IHD; en un
solo estudio se observd una mortalidad menor con la CRRT,
(pero se desconoce el grado de riesgo por no estar indicado); en
4 estudios la mortalidad fue similar siendo mayor el riesgo en los
tratados con CRRT. La mortalidad acumulada para la IHD fue
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del 69.5% y para la CRRT del 63.9% (p = 0.2). En los seis
estudios con grupos homogéneos por lo que a la edad y
puntuacion en la escala APACHE II se refiere, la mortalidad con
IHD fue mayor (70.9% vs 60.1%, p = 0.01). Con el tratamiento
CRRT mejora el intercambio gaseoso pulmonar, la inestabilidad
hemodinamica, el control de la azotemia, la sobrecarga de fluidos
y el soporte nutricional. MOF sin ARF. De los 14 estudios sobre el
CRRT (14.5 pacientes por estudio) s6lo 4 presentaban grupos
comparativos. El estado clinico de los pacientes fue: sindrome de
insuficiencia aguda respiratoria (ARDS) (estudiado en 6
trabajos), sepsis (en tres), shock séptico (en dos), pancreatitis (en
uno), enfermedad critica (en uno), cirugia cardiaca con fallo
respiratorio (un trabajo). En los tres estudios que presentaban
grupo control, la mortalidad fue la misma. La CRRT mejora
minimamente el intercambio gaseoso pulmonar y la inestabilidad
hemodindmica. En pacientes con MOF y ARF es evidente que la
CRRT aumenta la supervivencia mas que la IHD, mejorando
mucho mas el intercambio gaseoso pulmonar, la inestabilidad
hemodindmica, el control de la azotemia, la sobrecarga hidrica y
el aporte nutricional. En pacientes con MOF pero sin fallo renal
(ARF) no parece que la CRRT aumente la supervivencia ni
mejore la oxigenacién ni la perfusion. Se precisan estudios
controlados que demuestren que la CRRT es beneficiosa antes de
poder ser recomendada esta terapia en pacientes con MOF pero
sin ARF.

References

1. Pastores, S.M., Thakkar, A., Gennis, P., Katz, D.P.:Posttraumatic
multiple-organ dysfunction syndrome: role of mediators in systemic
inflammation and subsequent organ failure. Acad. Emerg. Med.
3:611, 1996

2. Dunham, C.M., Damiano, A.M., Wiles, C.E., Cushing, B.M.: Post-
traumatic multiple organ dysfunction syndrome: infection is an un-
common antecedent risk factor. Injury 26:373, 1995

3. Marty, C., Misset, B., Tamion, F., Fitting, C., Carlet, J,
Cavallon, J.-M.: Circulating interleukin-8 concentrations in patients
with multiple organ failure of septic and nonseptic origin. Crit. Care.
Med. 22:673, 1994

4. Ruokonen, E., Takala, J., Kari, A., Alhava, E.: Septic shock and
multiple organ failure. Crit. Care Med. 79:1146, 1991

5. Baue, A.E., Durham, R., Faist, E.: Systemic inflammatory response
syndrome (SIRS), multiple organ dysfunction syndrome (MODS),
multiple organ failure (MOF): are we winning the battle? Shock
10:79, 1998

6. Crump, J.M., Duncan, D.A., Wears, R.: Analysis of multiple organ
system failure in trauma and nontrauma patients. Am. Surg. 54:702,
1988

7. Lohr, J.W., McFarlane, J., Grantham, J.J.: A clinical index to predict
survival in acute renal failure patients requiring dialysis. Am. J.
Kidney Dis. 11:254, 1988

8. Chertow, G.M.: Prognostic stratification in critically ill patients with
acute renal failure requiring dialysis. Arch. Intern. Med. 755:1505,
1995

9. Liano, F., Pascual, J.: Epidemiology of acute renal failure: a pro-
spective, multicenter, community-based study. Kidney Int. 50:811,
1996

10. Hamano, K., Gohra, H., Noda, H., Katoh, T., Fujimura, Y.,
Zempo, N., Esato, K.: Increased serum interleukin-8: correlation
with poor prognosis in patients with postoperative multiple organ
failure. World J. Surg. 22:1077, 1998

11. Livingston, D.H., Deitch, E.A.: Multiple organ failure: a common
problem in surgical intensive care unit patients. Ann. Med. 27:13,
1995

12. Bellomo, R., Tipping, P., Boyce, N.: Continuous veno-venous hemo-
filtration with dialysis removes cytokines from the circulation of
septic patients. Crit. Care Med. 27:522, 1993

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

World J. Surg. Vol. 25, No. 5, May 2001

Heering, P., Morgera, S., Schmitz, F.J., Schmitz, G., Willers, R.,
Schultheiss, H.P., Strauer, B.E., Grabensee, B.: Cytokine removal
and cardiovascular hemodynamics in septic patients with continuous
venovenous hemofiltration. Intensive Care Med. 23:288, 1997
Kellum, J.A., Johnson, J.P., Kramer, D., Palevsky, P., Brady, J.J.,
Pinsky, M.R.: Diffusive vs. convective therapy: effects on mediators
of inflammation in patients with severe systemic inflammatory re-
sponse syndrome. Crit. Care Med. 26:1995, 1998

Koperna, T., Vogl, S.E., Poschi, G.P., Hamilton, G., Roder, G.,
Germann, P.: Cytokine patterns in patients who undergo hemofiltra-
tion for treatment of multiple organ failure. World J. Surg. 22:443,
1998

Van Bommel, E.F.H., Hesse, C.J., Jutte, N.H.P.M., Zietse, R,
Bruining, H.A., Weimar, W.: Cytokine kinetics (TNFa, IL-1b, IL-6)
during continuous hemofiltration: a laboratory and clinical study.
Contrib. Nephrol. 776:62, 1995

Journois, D.: Complement fragments and cytokines: production and
removal of consequences of hemofiltration. Contrib. Nephrol.
116:80, 1995

Pereira, B.J.G.: Balance between pro-inflammatory cytokines and
their specific inhibitors in patients on dialysis. Nephrol. Dial. Trans-
plant. (Suppl. 7) 10:27, 1995

Mehta, R.L.: Therapeutic alternatives to renal replacement for crit-
ically ill patients in acute renal failure. Semin. Nephrol. 14:64, 1994
Montoliu, J.: Clearance of inflammatory mediators through contin-
uous renal replacement therapy. Blood Purif. 75:305, 1997
Silvester, W.: Mediator removal with CRRT: complement and cyto-
kines. Am. J. Kidney Dis. (Suppl. 4) 30:S38, 1997

Bellomo, R.: Continuous hemofiltration as blood purification in
sepsis. New Horiz. 3:732, 1995

Sunder-Plassmann, G., Horl, W.H.: Mediators in continuous extra-
corporeal treatment of multiple organ dysfunction syndrome. Con-
trib. Nephrol. 776:10, 1995

Schetz, M., Ferdinande, P., Van den Berghe, G., Verwaest, C.,
Lauwers, P.: Removal of proinflammatory therapy: sense or non-
sense? Intensive Care Med. 27:169, 1995

Rodby, R.A.: Hemofiltration for SIRS: bloodletting, twentieth cen-
tury style? Crit. Care Med. 26:1940, 1998

Inthorn, D., Hoffmann, J.N.: Elimination of inflammatory mediators
by hemofiltration. Int. J. Artif. Organs 79:124, 1996

Bagshaw, O.N., Anaes, F.R., Hutchinson, A.: Continuous arterio-
venous haemofiltration and respiratory function in multiple organ
systems failure. Intensive Care Med. /8:334, 1992

Bartlett, R.H., Mault, J.R., Dechert, R.E., Palmer, J., Swartz, R.D.,
Port, F.K.: Continuous arteriovenous hemofiltration: improved sur-
vival in surgical acute renal failure? Surgery 7100:400, 1986
Barzilay, E., Keller, D., Berlot, G., Gullo, A., Geber, D., Zeev, 1.B.:
Use of extracorporeal supportive techniques as additional treatment
for septic-induced multiple organ failure patients. Crit. Care Med.
17:634, 1989

Bellomo, R., Farmer, M., Wright, C., Parkin, G., Boyce, N.: Treat-
ment of sepsis-associated severe acute renal failure with continuous
hemodiafiltration: clinical experience and comparison with conven-
tional dialysis. Blood Purif. 73:246, 1995

Bellomo, R., Ernest, D., Love, J., Parkin, G., Boyce, N.: Continuous
arteriovenous hemodiafiltration: optimal therapy for acute renal fail-
ure in an intensive care setting? Aust. N.Z. J. Med. 20:237, 1990
Blinzler, L.: Multiple organ failure: therapeutic approach with con-
tinuous venovenous hemofiltration [abstract]? Clin. Intensive Care
(Suppl.) 5:25, 1994

Canaud, B., Garred, L.J., Christol, J.-P., Aubas, S., Braud, J.J.,
Mion, C.: Pump assisted continuous venovenous hemofiltration for
treating acute uremia. Kidney Int. (Suppl. 24) 33:S154, 1988
Hirasawa, H., Sugai, T., Ohtake, Y., Oda, S., Shiga, H., Matsuda, K.,
Kitamura, N.: Continuous hemofiltration and hemodiafiltration in
the management of multiple organ failure. Contrib. Nephrol. 93:42,
1991

Jones, C.H., Richardson, D., Goutcher, E., Newstead, C.G.,
Will, E.J., Cohen, A.T., Davison, A.M.: Continuous venovenous
high-flux dialysis in multiorgan failure: a 5-year single-center expe-
rience. Am J. Kidney Dis. 37:227, 1998

Kruger, I., Jacobi, C., Landwehr, P.: Effects of continuous veno-
venous hemofiltration on pulmonary function and hemodynamics in



Dunham: Impact of CRRT on MOF

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

postoperative septic multiorgan failure. Contrib. Nephrol. 776:108,
1995

Macias, W.L., Mueller, B.A., Scarim, S.K., Robinson, M.,
Rudy, D.W.: Continuous venovenous hemofiltration: an alternative
to continuous arteriovenous hemofiltration and hemodiafiltration in
acute renal failure. Am. J. Kidney Dis. 18:451, 1991

Ossenkoppele, G.J., van der Meulen, J., Bronsveld, W., Thus, L.G.:
Continuous arteriovenous hemofiltration as an adjunctive therapy
for septic shock. Crit. Care Med. 13:102, 1985

Schafer, G.E., Doring, C., Sodemann, K., Russ, A., Schroder, H.M.:
Continuous arteriovenous and venovenous hemodialysis in critically
ill patients. Contrib. Nephrol. 93:23, 1991

Sieberth, H.G., Kierdorf, H.: Is continuous hemofiltration superior
to intermittent dialysis and haemofiltration treatment? Adv. Exp.
Med. Biol. 260:181, 1989

Sluiter, H.E., Froberg, L., van Dijl, L., Go, J.G.: Mortality in high-
risk intensive care patients with acute renal failure treated with
continuous arteriovenous hemofiltration. Contrib. Nephrol. 93:20,
1991

Stevens, P.E., Riley, B., Davies, S.P., Gower, P.E., Brown, E.A.,
Knox, W.: Continuous arteriovenous hemodialysis in critically ill
patients. Lancet 2:150, 1988

Storck, M., Hartl, W.H., Zimmerer, E., Inthorn, D.: Comparison of
pump-driven and spontaneous continuous haemofiltration in post-
operative acute renal failure. Lancet 337:452, 1991

Van Bommel, E.F.H., Hesse, C.J., Jutte, N.H.P.M., Zietse, R.,
Bruining, H.A., Weimar, W.: Impact of continuous hemofiltration on
cytokines and cytokine inhibitors in oliguric patients suffering from
systemic inflammatory response syndrome. Ren. Fail. 719:443, 1997
Vesconi, S., Sicignano, Foroni, C., Minuto, A., Bellato, V., Riboni,
A., : Continuous veno-venous hemofiltration in critically ill patients
with multiple organ failure. Int. J. Artif. Organs 16:592, 1993
Voerman, J.H., Strack van Schundel, R.J.M., Thus, L.G.: Continuous
arterial-venous hemodiafiltration in critically ill patients. Crit. Care
Med. 18:911, 1990

Weiss, L., Danielson, B.G., Wikstrom, B., Hedstrand, U.,
Wahlberg, J.: Continuous arteriovenous hemofiltration in the treat-
ment of 100 critically ill patients with acute renal failure: report on
clinical outcome and nutritional aspects. Clin. Nephrol. 37:184, 1989
Wendon, J., Smithies, M., Sheppard, M., Bullen, K., Tinker, J.,
Biharia, D.: Continuous high volume venous-venous hemofiltration
in acute renal failure. Intensive Care Med. 75:358, 1989

Schneider, N.S., Geronemus, R.P.: Continuous arteriovenous hemo-
dialysis. Kidney Int. (Suppl. 24) 33:S159, 1988

Alarabi, A.A., Danielson, B.G., Wikstrom, B.: Continuous arterio-
venous hemodialysis: outcome in intensive care acute renal failure
patients. Nephron 64:58, 1993

Bellomo, R., Parkin, G., Love, J., Boyce, N.: A prospective compar-
ative study of continuous arteriovenous hemodiafiltration and con-
tinuous venovenous hemodiafiltration in critically ill patients. Am. J.
Kidney Dis. 21:400, 1993

Tam, P.Y.-W., Huraib, S., Mahan, B., LeBlanc, D., Lunski, C.A.,
Holtzer, C., Doyle, C.E., Vas, S.I., Uldall, P.R.: Slow continuous
hemodialysis for the management of complicated acute renal failure
in an intensive care unit. Clin. Nephrol. 30:79, 1988

Misset, B., Timsit, J.-F., Chevret, S., Renand, B., Tamion, F.,
Carlet, J.: A randomized cross-over comparison of the hemodynamic
response to intermittent hemodialysis and continuous hemofiltration
in ICU patients with acute renal failure. Intensive Care Med. 22:742,
1996

Kierdorf, H.: Continuous versus intermittent treatment: clinical re-
sults in acute renal failure. Contrib. Nephrol. 93:1, 1991

Bellomo, R., Farmer, M., Parkin, G., Wright, C., Boyce, N.: Severe
acute renal failure: a comparison of acute continuous hemodiafiltra-
tion and conventional dialytic therapy. Nephron 71:59, 1995

Van Bommel, E., Bouvy, N.D., So, K.L., Zietse, R., Vincent, H.H.,
Bruining, H.A., Weimar, W.: Acute dialytic support for the critically
ill: intermittent hemodialysis versus continuous arteriovenous hemo-
diafiltration. Am. J. Nephrol. 75:192, 1995

Bellomo, R., Boyce, N.: Continuous venovenous hemodiafiltration
compared with conventional dialysis in critically ill patients with
renal failure. A.S.A.1.O. J. 39:M794, 1993

Bellomo, R., Mansfield, D., Rumble, S., Shapiro, J., Parkin, G.,

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

675

Boyce, N.: Acute renal failure in critical illness: conventional dialysis
versus acute continuous hemodiafiltration. A.S.A.I.O. J. 38:M654,
1992

Bellomo, R., Parkin, G., Love, J., Boyce, N.: Use of continuous
haemodiafiltration: an approach to the management of acute renal
failure in the critically ill. Am. J. Nephrol. 72:240, 1992
Kruczynski, K., Irvine-Bird, K., Toffelmire, E.B., Morton, A.R.: A
comparison of continuous arteriovenous hemofiltration and intermit-
tent hemodialysis in acute renal failure patients in the intensive care
unit. A.S.A.LO. J. 39:M778, 1993

McDonald, B.R., Mehta, R.: Decreased mortality in patients with
acute renal failure undergoing continuous arteriovenous hemodial-
ysis. Contrib. Nephrol. 93:51, 1991

Geronemus, R.P., Schneider, N.S., Epstein, M.: Survival in patients
treated with continuous arteriovenous hemodialysis for acute renal
failure and chronic renal failure. Contrib. Nephrol. 93:29, 1991
Bastien, O., Saroul, C., Hercule, C., George, M., Estanove, S.: Con-
tinuous venovenous hemodialysis after cardiac surgery. Contrib.
Nephrol. 93:76, 1991

Keller, E., Reetze-Bonorden, P., Lucking, H-P., Bohler, J.,
Schollmeyer, P.: Continuous arteriovenous hemodialysis: experience
in twenty-six intensive care patients. Contrib. Nephrol. 93:47, 1991
Paganini, E.P.: Slow continuous hemofiltration and slow continuous
ultrafiltration. A.S.A.I.O. Trans. 34:63, 1988

Barton, I.K., Hilton, P.J., Taub, N.A., Warburton, F.G., Swan, A.V.,
Dwight, J., Mason, J.C.: Acute renal failure treated by haemofiltra-
tion: factors affecting outcome. Q. J. Med. 86:81, 1993

Brivet, F.G., Kleinknecht, D.J., Loirat, P., Landais, P.J.: Acute renal
failure in intensive care units: causes, outcome, and prognostic fac-
tors of hospital mortality; a prospective, multicenter study. Crit. Care
Med. 24:192, 1996

Wilkins, R.G., Faragher, E.B.: Acute renal failure in an intensive
care unit: incidence, prediction and outcome. Anaesthesia 38:628,
1981

Bosworth, C., Paganini, E.P., Cosentino, F., Heyka, R.J.: Long-term
experience with continuous renal replacement therapy in intensive-
care unit acute renal failure. Contrib. Nephrol. 93:13, 1991
Kleinknecht, D., Landais, P., Brivet, F., Loirat, P.: Prognosis and
mortality in patients with multiple organ system failure. Ren. Fail.
18:347, 1996

Ronco, C.: Continuous renal replacement therapies for the treat-
ment of acute renal failure in intensive care patients. Clin. Nephrol.
40:187, 1993

Van Bommel, E.F.H., Bouvy, N.D., Hop, W.C., Bruining, H.A.,
Weimar, W.: Use of APACHE II classification to evaluate outcome
and response to therapy in acute renal failure patients in a surgical
intensive care unit. Ren. Fail. 17:731, 1995

Bellomo, R.: Does continuous hemodiafiltration improve survival in
patients with critical illness and associated acute renal failure? Se-
min. Dial. 6:16, 1993

Kierdorf, H., Sieberth, H.G.: Continuous treatment modalities in
acute renal failure. Nephrol. Dial. Transplant 710:2001, 1995

Van Bommel, E.F.H., Leunissen, K.M.L., Weimar, W.: Continuous
renal replacement therapy for the critically ill: an update. J. Intensive
Care Med. 9:265, 1994

Schetz, M., Lauwers, P.M., Ferdinande, P.: Extracorporeal treatment
of acute renal failure in the intensive care unit: a critical review.
Intensive Care Med. 15:349, 1989

Manns, M., Sigler, M.H., Teehan, B.P.: Continuous renal replace-
ment therapies: an update. Am. J. Kidney Dis. 32:185, 1998

Yagi, N., Paganini, E.P.: Acute dialysis and continuous renal replace-
ment: the emergence of new technology involving the nephrologist in
the intensive care setting. Semin. Nephrol. /7:306, 1997

Van Bommel, E.F.H.: Are continuous therapies superior to inter-
mittent haemodialysis for acute renal failure on the intensive care
unit? Nephrol. Dial. Transplant. 10:311, 1995

Jakob, S.M., Frey, F.J., Uehlinger, D.E.: Does continuous renal
replacement therapy favourably influence the outcome of the pa-
tients? Nephrol. Dial. Transplant. 77:1250, 1996

Silvester, W.: Outcome studies of continuous renal replacement
therapy in the intensive care unit. Kidney Int. (Suppl. 66) 53:S138,
1998

Grootendorst, A.F., van Bommel, E.F.H.: The role of hemofiltration



676

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

in the critically-ill intensive care unit patient: present and future.
Blood Purif. 77:209, 1993

Bellomo, R., McGrath, B., Boyce, N.: Effect of continuous veno-
venous hemofiltration with dialysis on hormones and catecholamine
clearance in critically ill patients with acute renal failure. Crit. Care
Med. 22:833, 1994

Davenport, A., Will, E.J., Davidson, A.M.: Improved cardiovascular
stability during continuous modes of renal replacement therapy in
critically ill patients with acute hepatic and renal failure. Crit. Care
Med. 21:328, 1993

Journois, D., Chanu, D., Safran, D.: Pump-driven hemofiltration
[letter]. Lancet 337:985, 1991

Kramer, P., Kauthold, G., Grone, HJ., Wigger, W., Rieger, J.,
Matthaei, D., Stokke, T., Burchardi, H., Scheler, F.: Management of
anuric intensive care patients with arteriovenous hemofiltration. Int.
J. Artif. Organs 3:225, 1980

Bellomo, R., Martin, H., Parkin, G., Love, J., Kearley, Y., Boyce, N.:
Continuous arteriovenous haemodiafiltration in the critically ill: in-
fluence on major nutrient balances. Intensive Care Med. 17:399,
1991

Cosentino, F., Paganini, E., Lockrem, J., Stoller, J., Wiedemann, H.:
Continuous arteriovenous hemofiltration in the adult respiratory
distress syndrome: a randomized trial. Contrib. Nephrol. 93:94, 1991
Garzia, F., Todor, R., Scalea, T.: Continuous arteriovenous hemo-
filtration countercurrent dialysis (CAVH-D) in acute respiratory
failure (ARDS). J. Trauma 31:1277, 1991

Gotloib, L., Barzilay, E., Shustak, A., Lev, A.: Sequential hemofil-
tration in nonoliguric high capillary permeability pulmonary edema
of severe sepsis: preliminary report. Crit. Care Med. 72:997, 1994
Gotloib, L., Barzilay, E., Shustak, A., Wais, Z., Jaichenko, J., Lev, A.:
Hemofiltration in septic ARDS: the artificial kidney as an artificial
endocrine lung. Resuscitation 73:123, 1986

Hoffmann, J., Hartl, W.H., Deppisch, R., Faist, E., Jochum, M.,
Inthorn, D.: Effect of hemofiltration on hemodynamics and systemic
concentrations of anaphylatoxins and cytokines in human sepsis.
Intensive Care Med. 22:1360, 1996

Gotloib, L., Shostak, A., Lev, A., Fudin, R., Jaichenko, J.: Treatment
of surgical and non-surgical septic multiorgan failure with bicarbon-
ate hemodialysis and sequential hemofiltration. Intensive Care Med.
21:104, 1995

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

World J. Surg. Vol. 25, No. 5, May 2001

Wakabayashi, J., Kamijou, Y., Soma, K., Ohwada, T.: Removal of
circulating cytokines by continuous haemofiltration in patients with
systemic inflammatory response syndrome or multiple organ dys-
function syndrome. Br. J. Surg. 83:393, 1996

Hirasawa, H., Sugai, T., Ohtake, Y., Oda, S., Matsuda, K.,
Kitamura, N.: Blood purification for prevention and treatment of
multiple organ failure. World J. Surg. 20:482, 1996

Braun, N., Rosenfeld, S., Giolai, M., Banzhaf, W., Fretschner, R.,
Warth, H., Weinstock, C., Deppisch, R., Erley, C.M., Muller, G.A.,
Risler, T.: Effect of continuous hemodiafiltration on IL-6. TNF-a,
C3a, and TCC in patients with SIRS/septic shock using two different
membranes. Contrib. Nephrol. 776:89, 1995

Wiles, C.E., III, Reynolds, H.N., Bar-Lavie, Y.: Flush resuscitation
for group A streptococcus toxic shock: a possible role for continuous
renal replacement therapy and plasmapheresis. Md. Med. J. 47:188,
1998

Blinzler, L., Haubber, J., Bodeker, H., Zaune, U., Martin, E.,
Gebhardt, C.: Conservative treatment of severe necrotizing pancre-
atitis using early continuous venovenous hemofiltration. Contrib.
Nephrol. 93:234, 1991

Zobel, G., Trop, M., Ring, E., Grubbauer, H.M.: Arteriovenous
hemofiltration in children with multiple organ system failure. Int. J.
Artif. Organs 10:233, 1987

Coraim, F.J., Coraim, H.P., Ebermann, R., Stellwag, F.M.: Acute
respiratory failure after cardiac surgery: clinical experience with the
application of continuous arteriovenous hemofiltration. Crit. Care
Med. 14:714, 1986

Kraft, P., Fridrich, P., Pernerstorfer, T., Fitzgerald, R.D., Koc, D.,
Schneider, B., Hammerle, A.F., Stelzter, H.: The acute respiratory
distress syndrome: definitions, severity and clinical outcome; an anal-
ysis of 101 clinical investigations. Intensive Care Med. 22:519, 1996
Milberg, J.A., Davis, D.R., Steinberg, K.P., Hudson, L.D.: Improved
survival of patients with acute respiratory distress syndrome
(ARDS): 1983-1993. J.A.M.A. 25:306, 1995

Van Bommel, E.F.H.: Should continuous renal replacement therapy
be used for “non-renal” indications in critically ill patients with
shock? Resuscitation 33:257, 1997

Schetz, M.R.C.: Classical and alternative indications for continuous
renal replacement therapy. Kidney Int. (Suppl. 66) 53:S129, 1998



