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Definition of acute kidney injury

Previously 35 definitions in the literature 

(ex. RIFLE, AKIN) 

Crit Care Med 2010; 38:000 – 00
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KDIGO- Proposed staging for AKI

Stage Se Creatinine Urine output

1
1.5 - 1.9 times baseline (in 7 days) 

or

>= 26.5 µmol/L increase (in 48 hrs) 

< 0.5 mL/kg/h 


for 6 - 12 hours

2 2.0 - 2.9 times baseline
< 0.5 mL/kg/h 


for 12 hours


3

3.0 times baseline

or


increase in se Creatinine to 
>=353.6 µmol/L


or

initiation of RRT

< 0.3 mL/kg/hr for 24 hrs


or Anuria for >= 12 hrs

Kidney International Supplements (2012) 2, 19–36

Creatinine - Urine output - Time

But these are functional measures 

not of injury.



Epidemiology of acute kidney injury in ITU
In ITU patients

❖ AKI develops in 36% - 67%

❖ Renal Replacement Therapy (RRT) required in ~ 6% 

❖ If RRT :

Crit Care Med 2010; 38:000 – 00

~ 6 out of 10 die!



Hospital Mortality15%

29%

41%

Uchino et al. Crit Care Med, 2006;34:1913-1917

Epidemiology of AKI
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J Am Soc Nephrol 15: 1597–1605, 2004
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Fluid overload



Nephrol Dial Transplant (2010) 25: 1833–1839

Even transient AKI associated with increased 
hospital mortality

tubular necrosis (ATN) are well established in the renal lit-
erature [4–6] and widely discussed in textbooks of medi-
cine and nephrology [26–28]. In TA, unlike ATN, the loss
of GFR is rapidly reversed [4–6]. Although no consensus

definition exists of what such ‘rapid reversal’should mean,
most articles exploring early diagnostic tests (urinalysis,
serum and urinary biochemistries and ultrasound), which
might help distinguish it from ATN, have used short dura-
tion of azotaemia (usually from 24 to 72 hours) as the de
facto definition to confirm or refute the diagnostic accura-
cy of such tests [7–18]. Independent of the predictive ac-
curacy of these tests, in the absence of a highly accurate
gold standard diagnostic test to identify its presence or
of histopathological confirmation, it is, therefore, the clin-
ical course that defines whether TA has or has not oc-
curred. Given these logical defining features, we sought,
for the first time, to understand the epidemiological fea-
tures of such TA and its outcome associations.

Our findings suggest that, epidemiologically, TA is
common in hospitalized patients, represents approximately
a third of all cases of AKI and carries an independent as-
sociation with increased hospital mortality. As expected,
however, the odds ratio for hospital mortality in ATN pa-
tients was much higher than for TA (6.07 vs. 2.26). Fur-
thermore, in general terms, although overlap exists, the
duration of AKI and its associated odds ratio for mortality
exist on a continuum such that as the duration of AKI in-
creases so does the risk of death.

This is the first epidemiological study of TA. Recently,
the acute kidney injury network (AKIN) proposed that,
given the theoretical and practical difficulties associated
with the use of the historical terms ‘pre-renal azotaemia’
and ‘ATN’, these terms be discarded and replaced with
‘volume-responsive AKI’ and ‘volume-unresponsive
AKI’ [21]. Our study does not use such nomenclature
to define TA as the same as ‘volume-responsive AKI’ be-
cause we have no information on fluid treatment, because
we wish to make no imputation about aetiology and be-
cause improved azotaemia after a volume challenge in
hospital patients is typically associated with other simul-
taneous interventions (antibiotics, vasodilators, inotropic
drugs). These simultaneous interventions make it impos-
sible to attribute improvements in azotaemia to intrave-
nous fluids alone. For example, we note that many
patients with TA in our study were cardiac surgery pa-
tients. In these patients, many interventions (fluids, ino-
tropic drugs, vasopressor drugs, diuretics) are often
simultaneously applied to patient care in response to in-
creased azotaemia. We also acknowledge that the use of
different terms may be a source of controversy and con-
fusion and that there is already some disagreement about
this entity and its pathogenesis [25–28]. Accordingly, we
sought to avoid any assumptions about aetiology, patho-
genesis, histopathology or putative response to treatment
of azotaemia as the reason for its transient nature [25–28].
Importantly, although some of our patients might have
had other non-pre-renal causes of AKI (urinary tract ob-
struction, interstitial nephropathy or glomerulonephritis),
such conditions are relatively uncommon in hospital pa-
tients, and the vast majority of patients who develop
AKI in hospital have pre-renal causes as the trigger for
renal injury [2].

Our study has both strengths and limitations. It involves
all hospital admissions and the assessment of more than
20 000 patients, makes no assumptions and uses a repro-

Table 4. Multivariate logistic regression analysis for hospital mortality

Variables Odds ratios (95% CI)

Age, years 1.036 (1.031–1.041) P < 0.0001
Male gender 1.199 (1.060–1.356) P = 0.0038
Readmission 1.860 (1.636–2.115) P < 0.0001
Emergency admission 1.543 (1.327–1.795) P < 0.0001
ICU admission 3.181 (2.500–4.048) P < 0.0001
Mechanical ventilation 5.007 (3.826–6.552) P < 0.0001
Baseline creatinine, mg/dL 1.514 (1.332–1.722) P < 0.0001
Operation 0.809 (0.665–0.983) P = 0.033
Admission units

General medicine 1.000 (Reference)
Cardiology 0.389 (0.288–0.525) P < 0.0001
Gastroenterology 1.298 (0.927–1.816) P = 0.13
Haematology 2.675 (1.921–3.725) P < 0.0001
Neurology 0.829 (0.563–1.222) P = 0.34
Oncology 4.312 (3.545–5.244) P < 0.0001
Renal medicine 0.257 (0.147–0.449) P < 0.0001
Respiratory medicine 1.139 (0.850–1.526) P = 0.38
Stroke unit 2.046 (1.556–2.690) P < 0.0001
Other medical units 0.628 (0.380–1.035) P = 0.068
Cardiac surgery 0.090 (0.060–0.135) P < 0.0001
General surgery 0.514 (0.387–0.682) P < 0.0001
Neurosurgery 1.094 (0.741–1.616) P = 0.65
Orthopedics 1.133 (0.781–1.645) P = 0.51
Thoracic surgery 0.528 (0.318–0.874) P = 0.013
Urology 0.120 (0.048–0.301) P < 0.0001
Vascular surgery 0.368 (0.241–0.561) P < 0.0001
Other Surgical units 0.174 (0.068–0.445) P = 0.0003

Renal condition
No AKI 1.000 (Reference)
ATN 6.070 (5.305–6.944) P < 0.0001
TA 2.264 (1.856–2.762) P < 0.0001

CI: confidence interval, RRT: renal replacement therapy, AKI: acute kid-
ney injury, ATN: acute tubular necrosis. Area under the receiver operating
characteristic curve: 0.872, Hosmer–Lemeshow goodness-of-fit test:
400.7, P < 0.0001.

Fig. 3. Odds ratios (with lower 95% CI) for hospital mortality with
different durations of acute kidney injury (patients with readmission
had baseline information on serum creatinine; AKI of longer duration
was associated with increased odds ratio of death).

Transient azotaemia is associated with a high risk of death in hospitalized patients 1837
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Table 3 shows the outcomes of patients in the three
groups. RRT was delivered to 6.4% of patients in the
‘ATN’ group. The majority of patients in the ‘TA’ group
were in the ‘Risk’ RIFLE class (74.1%), whereas the RI-
FLE classes in the ‘ATN’ group were more equally distrib-
uted. Hospital mortality was highest in the ‘ATN’ group
and lowest in the ‘No-AKI’ group (P < 0.0001).

Table 4 shows the results of multivariate logistic regres-
sion analysis for hospital mortality. Even after excluding

confounding factors, ‘TA’ was an independent predictor
of hospital mortality with a high odds ratio (2.26, P <
0.0001). Because the threshold of 3 days to distinguish
TA and ATN was based on the literature and carries no pre-
vious validation, multivariate analysis for hospital mortal-
ity was repeated for different durations of AKI (1, 2, 3, 4 to
7, 8 to 14 and >14 days). Figure 3 shows the odds ratios for
hospital mortality with different durations of AKI. There
was an overall trend towards a gradual increase in the odds
ratio for hospital mortality as duration of AKI increased
but also significant overlap in the 95% confidence inter-
vals (CIs) of the odds ratios for hospital mortality. Even
1 day of TA had a significantly increased odds ratio for
hospital mortality (1.93, 95% CI: 1.46–2.56, P = 0.0036).

As part of a sensitivity analysis and to test the robust-
ness of our findings, all above analyses were repeated
for patients with more than one admission (for whom a
stronger estimate of baseline kidney function was avail-
able) (n = 5899, 29.3%) (Figure 1B). In this cohort, we
confirmed the findings seen in all study patients, including
distribution of days for renal recovery (Figure 2B), patient
demographics (Table 2), outcomes (Table 3) and multivar-
iate analysis for hospital mortality (Table 5, Figure 3).

Discussion

We performed a retrospective analysis of a large patient da-
tabase to describe the epidemiology of ‘TA’ and its out-
come associations in hospital patients. We found that TA
is common in hospital patients occurring in ~6% of admis-
sions and that it accounts for almost a third of all cases of
in-hospital AKI. We also found that patients with TA had

significantly higher hospital mortality compared to pa-
tients with no AKI and that TA carried an independent as-
sociation with increased mortality. Furthermore, we found
that even 1 day of AKI had a significantly increased odds
ratio for hospital mortality.

The concept of TA is similar but not identical to that of
‘pre-renal azotaemia’ (PRA). However, TA, the term used
in this paper, avoids non-verifiable assumptions about ae-
tiology, histopathology and pathogenesis. PRA and acute

Fig. 2. Number of patients for each duration of AKI in days, showing that
most patients had AKI for only 24 hours [(A) all study patients (n =
1600), (B) patients with more than one admission (n = 565)].

Table 3. Renal outcome and hospital mortality

All patients Patients with readmission

No AKI ATN TA ATN vs. TA No AKI ATN TA ATN vs. TA

Number of patients 16 485 2469 1172 – 4824 654 421 –
RRT – –
CRRT – 147 (6.0%) – – 41 (6.3%) –
IRRT – 11 (0.4%) – – 5 (0.8%) –
RIFLE classes P < 0.0001 P < 0.0001
Risk – 969 (39.2%) 868 (74.1%) – 302 (46.2%) 305 (72.4%)
Injury – 832 (33.7%) 223 (19.0%) – 182 (27.8%) 84 (20.0%)
Failure – 668 (27.1%) 81 (6.9%) – 170 (26.0%) 32 (7.6%)
Hospital mortality 719 (4.4%) 718 (29.1%) 174 (14.8%) P < 0.0001 368 (7.6%) 272 (41.6%) 74 (17.6%) P < 0.0001

AKI: acute kidney injury, ATN: acute tubular necrosis, TA: transient azotaemia, RRT: renal replacement therapy, CRRT continuous RRT, IRRT: in-
termittent RRT.

1836 S. Uchino et al.
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❖ Transient AKI is common in hospital patients occurring in ~6% of admissions and 
accounting for almost a third of all cases of in-hospital AKI.  

❖ Transient AKI had significantly higher hospital mortality compared to patients with no AKI 
❖ Even 1 day of AKI had a significantly increased odds ratio for hospital mortality. 



AKI requiring dialysis has an even 
higher mortality



Kidney International, Vol. 62 (2002), pp. 986-996
for 45.8% of all patients with ARF and 42.5% of patients with
ARF-D. In 2002, the racial/ethnic composition of patients who
had ARF and had nonmissing race/ethnicity data (72% of
sample) was as follows: 68.4% white, 17.3% black, 7.5% His-
panic, 2.0% Asian, 0.2% Native American, and 2.2% from other
racial/ethnic groups.

During the 15-yr study period, patients with ARF had in-
creasing degrees of comorbidity and severity of illness as re-
flected by the D-CI and need for mechanical ventilation. The
percentage of patients who had ARF and had a D-CI of 3 or
greater increased from 16.4% in 1988 to 26.6% in 2002 (P !
0.001), whereas the percentage of those with a D-CI of 0 de-
clined from 35.1% in 1988 to 21.6% in 2002 (P ! 0.001). In 1988,
18.0% of patients with ARF-D underwent mechanical ventila-
tion, compared with 32.4% in 2002 (P ! 0.001).

Incidence
The percentage of annual discharges with ARF increased

from 0.4% in 1988 to 2.1% in 2002 (P ! 0.001). Adjusted to the
nearest census figures (1990 and 2000), the US population–-
adjusted incidence of ARF rose from 61 per 100,000 population
in 1988 to 288 per 100,000 population in 2002. Increasing inci-
dence was observed for ARF as a primary and secondary
diagnosis code and for both major ARF codes (584.5 and 584.9).
For ARF-D, the percentage of annual discharges increased from
0.03% in 1988 to 0.20% in 2002 (P ! 0.001), and the incidence
rose from 4 per 100,000 population in 1988 to 27 per 100,000
population in 2002.

Mortality
The steady decline in annual in-hospital mortality for ARF

and ARF-D during the 15-yr study period is shown in Figure 1.

In-hospital mortality of patients with ARF declined from 40.4%
in 1988 to 20.3% in 2002 (P ! 0.001) and was evident in ARF as
a primary and secondary diagnosis code and for both major
ARF codes. For patients with ARF-D, in-hospital mortality
declined from 41.3% in 1988 to 28.1% in 2002 (P ! 0.001).
In-hospital mortality for selected demographic and clinical con-
ditions for the three 5-yr periods is presented in Table 2. We
observed a consistent decline across strata of age, gender, race/
ethnicity, comorbidity index, and a broad array of concomitant
acute conditions. In-hospital mortality of ARF with CKD was
lower than that for ARF without CKD, but mortality rates for
both conditions declined during the 15-yr study period.

Table 1. Characteristics of patients with ARF, 1988 to 2002a

ARF ARF-D

1988 to 1992 1993 to 1997 1998 to 2002 1988 to 1992 1993 to 1997 1998 to 2002

No. of discharges 930,023 1,637,899 2,995,459 78,943 199,455 320,370
Age (yr)b 72.4 (41.9, 86.3) 71.9 (41.8, 86.2) 72.1 (44.6, 86.5) 67.4 (35.2, 81.7) 67.1 (36.3, 81.5) 66.7 (38.6, 81.9)
Female (%) 44.2 44.9 46.8 40.3 42.0 43.3
Race/ethnicity (%)c

white 38.0 62.1 55.0 44.0 61.5 52.8
black 5.0 13.6 12.5 7.3 15.5 14.8
Hispanic 2.7 4.8 5.5 4.3 5.7 7.0
Asian 0.9 1.1 1.5 1.4 1.6 2.0
Native American 0.1 0.2 0.2 0.1 0.2 0.2
other 0.5 1.1 1.5 0.7 1.2 1.8
missing 52.8 17.0 23.8 42.1 14.4 21.4

D-CI (%)
0 34.2 24.5 22.4 34.1 25.1 22.6
1 29.1 26.3 26.9 26.5 24.6 24.5
2 19.9 23.7 24.8 21.0 24.3 25.0
3 7.1 12.4 13.2 9.7 13.9 14.6
4 2.5 5.3 5.7 3.3 5.9 7.0
!5 7.3 7.9 7.1 5.4 6.2 6.2

Mechanical ventilation (%) 16.1 21.1 19.5 22.9 31.5 31.5

aARF, acute renal failure; ARF-D, ARF that required dialysis; D-CI, Deyo-Charlson Index.
bReported as median (10th, 90th percentiles).
cRace results were influenced by a decreasing fraction of missing race data over time due to changes in reporting of race

data across various states.

Figure 1. In-hospital mortality of patients with acute renal fail-
ure and acute renal failure that required dialysis from 1988 to
2002. Error bars denote SE.

J Am Soc Nephrol 17: 1143–1150, 2006 Declining Mortality in Patients with ARF 1145

J Am Soc Nephrol 17: 1143–1150, 2006

Mehta et al: Spectrum of ARF in the ICU: The PICARD experience 1617
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Fig. 2. In-hospital mortality by dialysis status. Mortality × dialysis sta-
tus, P < 0.0001; mortality × dialysis status × site, P < 0.0001.
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Fig. 3. In-hospital mortality by presumed acute renal failure (ARF)
etiology—ischemic acute tubular nephropathy (ATN), nephrotoxic
ARF, both, or other. Mortality by etiology, P = 0.71; mortality × etiol-
ogy × site, P = 0.81.

determined by the treating nephrologists at each clini-
cal site. There were no prespecified criteria for initiation
or withdrawal of dialysis or for any aspect of dialysis care.
Concurrent ICU care for each patient was determined by
the treating physicians in conjuction with nephrologists.
No interventions were instituted as part of the PICARD
study.

Statistical analysis
Continuous variables are expressed as mean ± stan-

dard deviation or median and interquartile range and
compared using analysis of variance (general linear mod-
els with adjustment for multiple comparisons) or the
Kruskal-Wallis test where appropriate. Categorical vari-
ables are expressed as proportions and compared with

the Cochran-Mantel-Haenszel v 2 test or Fisher exact test.
Two-tailed P values < 0.05 were considered significant.
Statistical analyses were conducted using SAS 8.2 (SAS
Insitute, Cary, NC, USA).

RESULTS
Baseline characteristics

There were 618 patients enrolled in PICARD. Demo-
graphic data were obtained on virtually all patients, as
were data on comorbid conditions and the presumed
etiology of ARF. Vital signs, urine output, and routine
laboratory studies were obtained on more than 95% of
patients. Data sufficient to calculate the Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) III and
other severity of illness scores were available in 94% of
patients. Other laboratory studies, procedures, and other
data elements were similarly well captured, although less
widely available due to the nonroutine nature of the in-
formation. As hypothesized, there were significant differ-
ences in numerous baseline characteristics, processes of
care, and outcomes by site.

Table 1 shows an array of baseline data from the day of
consultation, stratified by clinical site. The mean age was
59.5 years, though varied widely across sites. The majority
of patients were white, with a modest fraction of African
American patients at four of five sites. There was a mod-
est fraction of Hispanic and Asian/Pacific Islander pa-
tients, although these were derived exclusively from the
two California sites. Comorbid conditions were common,
although specific comorbidities varied widely by site. Pa-
tients at CCF and MMC had more extensive cardiovascu-
lar comorbidities (hypertension, coronary artery disease,
and heart failure) owing in part to the older ARF popu-
lations served. In contrast, liver disease and immunosup-
pression were more common among patients at UCSD
and UCSF. Respiratory failure was common among ARF
patients at all sites. The distribution of other failed organ
systems differed significantly. There were surprisingly few
intersite differences in vital signs or body weight. The
median urine outputs were lowest and the fraction of
patients with oliguria highest at VU and UCSD. Mean
leukocyte counts were elevated, and hemoglobin concen-
trations were reduced, consistent with a high incidence of
infection and inflammation. The pH and bicarbonate con-
centrations were low, consistent with metabolic acidosis.
Aside from the total bilirubin concentration (correspond-
ing to the fraction of patients with acute and chronic liver
disease), there were relatively few differences across sites
in baseline laboratory data. Likewise, the distribution
of presumed etiologies of ARF was relatively uniform,
except for a lower fraction of patients with “prerenal”
azotemia at MMC, and a higher fraction of patients with
ARF associated with liver disease at UCSF.

Kidney International, Vol. 66 (2004), pp. 1613–1621
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tients with ARF who require RRT have an
excess mortality and need a higher level
of care owing to a higher requirement for
diagnostic and therapeutic interventions
as compared with ICU patients with an
identical severity of disease who do not
have ARF. Patients on RRT exhibited a
four-fold hospital mortality when com-
pared with non-RRT patients. Hospital
mortality for patients on RRT was also
higher for the ten most frequent groups
of reasons for admission to the ICU. To
test if these differences in mortality
might be explained by different distribu-
tions in the severity of illness, we cor-
rected mortality rates for the severity of
illness (observed-to-expected mortality
ratios). In all but one group of reasons for
admission (shock), the severity of illness-
adjusted mortality was higher in RRT pa-
tients than in non-RRT patients and was
significantly higher in six groups (Fig. 1).
These results provide the first evidence
that the higher mortality in RRT patients
is not attributable to differences in the
severity of illness but is related to the
presence of ARF per se and/or to the RRT.

To evaluate this issue further, we con-
ducted a case-control study in which we
matched each RRT patient with an appro-

priate control subject of the same age and
the same severity of illness. Furthermore,
to exclude the impact of ICU-related ef-
fects, we matched RRT patients with con-
trols from the same ICU whenever possi-
ble. With this case-control approach, the
difference in hospital mortality between
RRT and control patients was smaller but
nevertheless remained highly significant,
even when patients and controls were
stratified for age (Fig. 2). Thus, the excess
mortality in patients on RRT can only
partially be attributed to an increased se-
verity of illness at admission. Our results
are in agreement with previous evidence
that ARF exerts an independent, pro-
found, and specific effect on morbidity
and mortality in critically ill patients
(14).

This effect can be explained either by
disturbances in physiologic functions as-
sociated with acute renal dysfunction per
se or by potential negative side effects
induced by the RRT. It is well docu-
mented that ARF exerts a profound effect
on various metabolic pathways, which in
turn may affect immunocompetence and
organ functions (23). An increase in oxi-
dant stress has been implicated in the
evolution and maintenance of tissue in-

jury in critically ill patients (24). A pro-
found impairment of the oxygen radical
scavenger system of the body has been
described in patients with ARF (25). ARF
itself might contribute to accumulation
of oxygen radicals through increased gen-
eration of radical oxygen species and thus
further deplete the antioxidative capacity.
Moreover, ARF has a profound effect on
immunocompetence, a fact supported by
the finding that infections are the leading
cause of death in patients with ARF (26).

RRT can also be associated with sev-
eral untoward side effects. RRT has a pro-
found effect on the antioxidant state of
critically ill patients by depleting nutri-
tional antioxidants or by generating rad-
ical oxygen species in the extracorporeal
circuit (27, 28). Moreover, as phenomena
of bio-incompatibility, several physio-
logic cascade systems, such as the coag-
ulation system, the complement system,
and the contact system, are activated, re-
sulting in an inflammatory reaction that
induces protein catabolism and compro-
mises immunocompetence (23).

Another important factor that has
been implicated in the prognosis of pa-
tients with ARF is the type of hemofilter
membrane used during extracorporeal
treatment. Most of the membranes used
by the ICUs in our study were biocompat-
ible synthetic membranes, which have
been associated with increased survival in
ARF patients (29); a few ICUs used mod-
ified cellulosic membranes (but with a
lower proinflammatory potential than cu-
prophane). These same types of mem-
branes were investigated in a recent study
by Gastaldello et al. (30), who compared
low-flux biocompatible (polysulfone),
high-flux biocompatible, and modified
cellulosic (cellulose diacetate) mem-
branes. These investigators could not
identify differences among the three
types of membranes with respect to pa-
tient survival, time until recovery of renal
function, or number of dialysis sessions
required before recovery. For this reason,
we can exclude the possibility that the
hemofilter membranes used in our study
affected the results.

Univariate analysis demonstrated that
prognosis was associated not only with
the severity of illness but also with the
intensity of treatment (Tables 3 and 4).
We used stepwise multiple logistic re-
gression to further analyze which thera-
peutic interventions were of prognostic
value for outcome. Five interventions
were found to be associated with nonsur-

Figure 2. Hospital mortality rates in renal replacement therapy (RRT) patients and matched control
patients. The bar graph (left) shows hospital mortality rates for RRT patients and matched control
patients, the line graph (right) shows the corresponding hospital mortality rates, stratified by age. *p
! .001; **p ! .05.

2055Crit Care Med 2002 Vol. 30, No. 9

tients with ARF who require RRT have an
excess mortality and need a higher level
of care owing to a higher requirement for
diagnostic and therapeutic interventions
as compared with ICU patients with an
identical severity of disease who do not
have ARF. Patients on RRT exhibited a
four-fold hospital mortality when com-
pared with non-RRT patients. Hospital
mortality for patients on RRT was also
higher for the ten most frequent groups
of reasons for admission to the ICU. To
test if these differences in mortality
might be explained by different distribu-
tions in the severity of illness, we cor-
rected mortality rates for the severity of
illness (observed-to-expected mortality
ratios). In all but one group of reasons for
admission (shock), the severity of illness-
adjusted mortality was higher in RRT pa-
tients than in non-RRT patients and was
significantly higher in six groups (Fig. 1).
These results provide the first evidence
that the higher mortality in RRT patients
is not attributable to differences in the
severity of illness but is related to the
presence of ARF per se and/or to the RRT.

To evaluate this issue further, we con-
ducted a case-control study in which we
matched each RRT patient with an appro-

priate control subject of the same age and
the same severity of illness. Furthermore,
to exclude the impact of ICU-related ef-
fects, we matched RRT patients with con-
trols from the same ICU whenever possi-
ble. With this case-control approach, the
difference in hospital mortality between
RRT and control patients was smaller but
nevertheless remained highly significant,
even when patients and controls were
stratified for age (Fig. 2). Thus, the excess
mortality in patients on RRT can only
partially be attributed to an increased se-
verity of illness at admission. Our results
are in agreement with previous evidence
that ARF exerts an independent, pro-
found, and specific effect on morbidity
and mortality in critically ill patients
(14).

This effect can be explained either by
disturbances in physiologic functions as-
sociated with acute renal dysfunction per
se or by potential negative side effects
induced by the RRT. It is well docu-
mented that ARF exerts a profound effect
on various metabolic pathways, which in
turn may affect immunocompetence and
organ functions (23). An increase in oxi-
dant stress has been implicated in the
evolution and maintenance of tissue in-

jury in critically ill patients (24). A pro-
found impairment of the oxygen radical
scavenger system of the body has been
described in patients with ARF (25). ARF
itself might contribute to accumulation
of oxygen radicals through increased gen-
eration of radical oxygen species and thus
further deplete the antioxidative capacity.
Moreover, ARF has a profound effect on
immunocompetence, a fact supported by
the finding that infections are the leading
cause of death in patients with ARF (26).

RRT can also be associated with sev-
eral untoward side effects. RRT has a pro-
found effect on the antioxidant state of
critically ill patients by depleting nutri-
tional antioxidants or by generating rad-
ical oxygen species in the extracorporeal
circuit (27, 28). Moreover, as phenomena
of bio-incompatibility, several physio-
logic cascade systems, such as the coag-
ulation system, the complement system,
and the contact system, are activated, re-
sulting in an inflammatory reaction that
induces protein catabolism and compro-
mises immunocompetence (23).

Another important factor that has
been implicated in the prognosis of pa-
tients with ARF is the type of hemofilter
membrane used during extracorporeal
treatment. Most of the membranes used
by the ICUs in our study were biocompat-
ible synthetic membranes, which have
been associated with increased survival in
ARF patients (29); a few ICUs used mod-
ified cellulosic membranes (but with a
lower proinflammatory potential than cu-
prophane). These same types of mem-
branes were investigated in a recent study
by Gastaldello et al. (30), who compared
low-flux biocompatible (polysulfone),
high-flux biocompatible, and modified
cellulosic (cellulose diacetate) mem-
branes. These investigators could not
identify differences among the three
types of membranes with respect to pa-
tient survival, time until recovery of renal
function, or number of dialysis sessions
required before recovery. For this reason,
we can exclude the possibility that the
hemofilter membranes used in our study
affected the results.

Univariate analysis demonstrated that
prognosis was associated not only with
the severity of illness but also with the
intensity of treatment (Tables 3 and 4).
We used stepwise multiple logistic re-
gression to further analyze which thera-
peutic interventions were of prognostic
value for outcome. Five interventions
were found to be associated with nonsur-

Figure 2. Hospital mortality rates in renal replacement therapy (RRT) patients and matched control
patients. The bar graph (left) shows hospital mortality rates for RRT patients and matched control
patients, the line graph (right) shows the corresponding hospital mortality rates, stratified by age. *p
! .001; **p ! .05.
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Just a word about creatinine
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Acute kidney injury and renal reserve

Critical Care 2012, 16:144
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Patient #1 - normal renal ultrasound and 
a GFR of 120 ml/min

2
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What the normal kidney does
❖ Remove toxins 

❖ Glomerular filtration (only aspect achieved with dialysis), tubular secretion

❖ Volume control

❖ Electrolyte control
❖ ex. phosphate (mineral bone balance), Vit D (bone, immunity), etc

❖ Acid-base balance

❖ Innate immune function

❖ Neurohumoral function
❖ ex. RAAS, Klotho - a hormone that has phosphaturic and anti-ageing properties, 

erythropoietin, calcitriol, etc

Lancet 2014; 383: 1831–43

?

√√
√

√



Dialysis does not replace the normal kidney

“Dialysis cannot replace all the different functions of the 
kidney, and in those that they do it is incomplete.”

Lancet 2014; 383: 1831–43

To put this in perspective, in chronic renal failure, 
haemodialysis and peritoneal dialysis provide a time-
averaged creatinine clearance of around 10 mL/min



How much is filtered by the kidneys ?

In 1 minute

Kidneys CRRT

In 1 minute

99% reabsorbed
⇨  1.5L urine / day

none reabsorbed
replace ~ 2L / hr 

for neutral balance

 120 mL
 of filtrate 
produced 

 ~30 mL
 of filtrate 
produced 



Dialysis does not replace the normal kidney

Normal
Kidney

 1 L/min

“GFR”

99% filtrate is reabsorbed
 → 1.5 l urine

 120 mL/min

Chronic 
Haemodialysis
(3X/week)

 5 mL/min

5% of normal only

~ 0.006 L/min

6 L/week

~ 0.2 L/min
Continuous 
renal 
replacement 
therapy

 15-30 mL/min

12-25% of normal
= CKD stage 4

Blood flow thru kidneys/filter
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Why provide RRT
❖ Solute control

❖ nitrogenous waste

❖ organic acids

❖ “middle molecules”

❖ mediators of inflammation

❖ Volume control

❖ maintain dry weight

❖ avoid fluid overload



When to start RRT?

N Engl J Med 2012;367:2505-14

However clear indications are:
❖ hyperkalaemia
❖ severe metabolic acidosis
❖ volume overload
❖ overt uraemic manifestations
❖ drug intoxications

Not Lactic acidosis nor Contrast

CCM Volume 25(1), January 1997, pp 58-62 Nephrol Dial Transplant (2008) 23: 1473–1475 

At present, there is no consensus regarding when to initiate 
renal-replacement therapy. 
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Diffusion

Diffusion is the movement of particles (solutes) across a semi-permeable membrane. 

Diffusion is the movement from the side with the highest concentration of particles, to the side 
with the lowest concentration.

Haemodialysis 
(flow of 

dialysate)

semi-permeable membrane



Ultrafiltration
In ultrafiltration, fluids are moved across the membrane by a 

hydrostatic pressure gradient



N Engl J Med 2012;367:2505-14

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 367;26 nejm.org december 27, 20122506

ICU, acute tubular necrosis is usually multifacto-
rial and may develop from a combination of sep-
sis, impaired renal perfusion, and nephrotoxic 
medications.8 The course of ischemic acute tubu-
lar necrosis can be divided into four phases: ini-
tiation, extension, maintenance, and recovery. 
Prolonged renal ischemia or a prolonged pre-
renal state leads to an initiation phase (lasting 
hours to days) characterized by direct injury to 
both tubular epithelial cells and endothelial 
cells.8-10 During this phase, the glomerular fil-
tration rate (GFR) decreases because of intra-
renal vasoconstriction, tubular obstruction from 

epithelial-cell casts and necrotic debris, and 
back-leak of glomerular filtrate through the 
damaged tubular epithelium. Ongoing endothe-
lial and tubular injuries lead to activation of in-
flammatory mediators that amplify the cellular 
injury and result in extension of the injury. This 
extension phase is followed by a maintenance 
phase that typically lasts 1 to 2 weeks. During 
the maintenance phase, the GFR stabilizes at a 
very low level, and uremic complications may 
arise. The recovery phase is characterized by tu-
bular epithelial-cell repair and regeneration as 
well as a gradual improvement in the GFR.
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medications.8 The course of ischemic acute tubu-
lar necrosis can be divided into four phases: ini-
tiation, extension, maintenance, and recovery. 
Prolonged renal ischemia or a prolonged pre-
renal state leads to an initiation phase (lasting 
hours to days) characterized by direct injury to 
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well as a gradual improvement in the GFR.
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First dialysis machine 

1861 - term dialysis first used by a Scottish professor of chemistry, who 
demonstrated that parchment coated with albumin (semipermeable 

membrane) would allow diffusion of crystalloid (salts - from high to low 
concentration) as well as urea- but not colloids.

1911- investigators at Johns Hopkins described a technique by which the 
blood of a living animal may be submitted to dialysis outside the body 

and returned to the normal circulation.

WWI - Unfortunately curtailed the experiments on humans because “when 
the Great War came it was no longer possible for us to get the 1500 leeches 
needed from Hungary (considered by the English as of “enemy origin”).



First dialysis machine 

“Father” of dialysis Willem Kolff
Dutch physician, bioengineer and inventor during WWII



100 ml/kg/h) followed by standard doses [13]. In both cases,
cytokine half-lives and concentrations are affected, the first by
the continuous modality and the second by the non-specific
decapitation of peaks. Therefore, rather than a detailed
analysis of each molecule involved, we envisage as much
more interesting and useful a teleological analysis of the
impact of HVHF on more integrated events such as monocyte
cell responsiveness, including apoptosis, neutrophil priming
activity and oxidative burst [14-16]. More studies are needed
to define its role in hyperdynamic septic shock, with or
without acute renal failure. A last comment should be
dedicated to the use of sorbents and especially those
cartridges dedicated to the adsorption of endotoxin and
related material. A great deal of evolution has occurred in this
field but it seems we are only at the beginning of a long and
possibly fruitful journey [16].

At the end of this commentary we might speculate that
although improvements have been made, a lot remains to be
done. For sure, the progress of technology in critical care
nephrology has been enormous and more will come in the
near future.

Competing interests
The author declares that they have no competing interests.

References
1. Ronco C: Critical care nephrology: the journey has begun. Int

J Artif Organs 2004, 27:349-351.
2. Lauer A, Saccaggi A, Ronco C, Belledonne M, Glabman S,

Bosch JP: Continuous arterio-venous hemofiltration in the
critically ill patient. Ann Int Med 1983, 99:455-460.

3. Ronco C, Bellomo R: The evolving technology for continuous
renal replacement therapy from current standards to high-
volume hemofiltration. Curr Opin Crit Care 1997, 3:426-433.

Critical Care    Vol 10 No 1 Ronco

Page 4 of 5
(page number not for citation purposes)

Figure 3

The last generation of machines available on the market for continuous renal replacement therapy.Critical Care 2006, 10:123 (doi:10.1186/cc4843)

Now they look like this



N Engl J Med 2012;367:2505-14

Solute clearance in RRT

Type of therapy Solute transport Replacement fluid Ultrafiltrate flow
ml/hr

CVVH Convection Yes

500-4000/hr

CVVHD Diffusion No
0-350/hr

CVVHDF Convection and 
diffusion Yes

500-4000/hr
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Renal replacement therapy is an independent risk
factor for mortality in critically ill patients with
acute kidney injury
Monique M Elseviers1, Robert L Lins2*, Patricia Van der Niepen3, Eric Hoste4, Manu L Malbrain5, Pierre Damas6,
Jacques Devriendt7, for the SHARF investigators

Abstract

Introduction: Outcome studies in patients with acute kidney injury (AKI) have focused on differences between
modalities of renal replacement therapy (RRT). The outcome of conservative treatment, however, has never been
compared with RRT.

Methods: Nine Belgian intensive care units (ICUs) included all adult patients consecutively admitted with serum
creatinine >2 mg/dl. Included treatment options were conservative treatment and intermittent or continuous RRT.
Disease severity was determined using the Stuivenberg Hospital Acute Renal Failure (SHARF) score. Outcome
parameters studied were mortality, hospital length of stay and renal recovery at hospital discharge.

Results: Out of 1,303 included patients, 650 required RRT (58% intermittent, 42% continuous RRT). Overall results
showed a higher mortality (43% versus 58%) as well as a longer ICU and hospital stay in RRT patients compared to
conservative treatment. Using the SHARF score for adjustment of disease severity, an increased risk of death for
RRT compared to conservative treatment of RR = 1.75 (95% CI: 1.4 to 2.3) was found. Additional correction for
other severity parameters (Acute Physiology And Chronic Health Evaluation II (APACHE II), Sequential Organ Failure
Assessment (SOFA)), age, type of AKI and clinical conditions confirmed the higher mortality in the RRT group.

Conclusions: The SHARF study showed that the higher mortality expected in AKI patients receiving RRT versus
conservative treatment can not only be explained by a higher disease severity in the RRT group, even after
multiple corrections. A more critical approach to the need for RRT in AKI patients seems to be warranted.

Introduction
Acute kidney injury (AKI) occurs in up to 25% of criti-
cally ill patients admitted to the Intensive Care Unit
(ICU) [1]. Despite well-established supportive care and
technical advances in renal replacement therapy (RRT),
mortality remains remarkably high in these patients.
A review by YP Ympa and colleagues, including 80 stu-
dies covering 15,897 patients, revealed that mortality
rates remained unchanged at around 50% over the last
50 years [2]. On the other hand, recent observations
pointed to the relative decline of death rates attributable
to AKI, despite a rise in the occurrence of AKI [3,4].

Conservative AKI treatment includes management of
volume, electrolyte and acid-base homeostasis and speci-
fic drug management. Renal replacement therapy (RRT)
is indicated for management of specific problems such
as volume overload, hyperkalemia, acidosis and symp-
toms of uremia. However, hard data remain absent or
conflictive regarding the timing to start dialysis [5].
Moreover, there is a consensus that RRT is life saving
and not starting RRT will lead to death in severely ill
AKI patients, but data are lacking to generalize this opi-
nion. Research focused completely on the choice and
the dose of RRT modality and particularly results of
comparative studies between daily IRRT (intermittent
hemodialysis) or CRRT (continuous veno-venous hemo-
filtration) remained a matter of debate during the last
decades [6-8]. In recent years, several controlled studies

* Correspondence: Robert.Lins@scarlet.be
2Nephrology-Hypertension, University of Antwerpen, Universiteitsplein 1,
2610 Wilrijk, Belgium
Full list of author information is available at the end of the article
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© 2010 Elseviers et al.; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
Figure 2 Outcome in patients with conservative treatment and renal replacement therapy. LOS, length of stay; RRT, renal replacement
therapy.

Figure 3 Risk of mortality in patients with conservative treatment and renal replacement therapy. Binary logistic regression analysis with
‘without RRT’ as reference category, controlled for disease severity using the SHARF score. A. Predefined subgroup analysis. B. Exclusion of
possible confounders. AKI, acute kidney injury; ICU, intensive care unit; RRT, renal replacement therapy; RR (CI 95%), relative risk with 95%
confidence interval.
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“This study showed that the higher mortality expected in AKI patients receiving RRT versus 
conservative treatment cannot be explained by a higher disease severity…”

? Similar to VILI?



Consider adverse effects
❖ Spontaneous recovery

❖ Vascular access problems

❖ Hypotension

❖ Anticoagulation

❖ Altered drug pharmacokinetics

❖ Depletion of nutrients (AA) /trace elements (selenium)/vitamins

❖ Loss of heat

❖ Pro-inflammatory effects of membrane

❖ Cost
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Fluid overload and mortality in ITU patients on RRT

Critical Care 2012, 16:R197



Comparison of fluid management capability

Normal kidney CRRT IHD PD

Vol. of filtrate/
day (L)

173L/day ~ 60/day 8L/day 14L/day
Regulatory 
mechanism

Reabsorption
(99%)

Replacement 
fluid - -
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Vascular access catheters
~ 13.5 Fr

Flows of up to 400 mL/min
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1.       right jugular vein
2.       femoral vein
3.     left jugular vein
4.     subclavian vein with preference for the dominant side.”

least preferred option

“When choosing a vein for insertion of a dialysis catheter in 

patients with AKI, consider these preferences:



and please be careful ! 

 

 
Figure 2: Open surgical repair following arterial cannulation reveals a central venous 
catheter  traversing through the right internal jugular vein into the right common 
carotid artery. 
From Parsons, A.J. and J. Alfa, Carotid dissection: a complication of internal jugular vein 
cannulation with the use of ultrasound. Anesth Analg, 2009. 109(1): p. 135-6. 
 

While ultrasound has clearly reduced overall errors associated with central line insertion, its use has not 
eliminated the risk of arterial cannulation, especially when the insertion site is the subclavian vein.  
Moreover, the adoption of ultrasound has been somewhat limited, despite the existence of multiple 
guidelines recommending its routine use.  Consequently, many physicians additionally perform pressure 
monitoring (with or without ultrasound) to avoid arterial cannulation.  

PRESSURE MONITORING 
Over 25 years ago Jobes et al. performed a retrospective study of 1,021 attempts at internal jugular 
venous access in which there were 43 arterial punctures32.  Five of the 43 arterial punctures were 
unrecognized resulting in the placement of 8 Fr introducer sheaths into an artery (0.5% arterial 
cannulation rate), resulting in one fatality from hemothorax.  Subsequently these investigators performed 
a prospective trial of 1,284 attempts at internal jugular venous access in which they measured a pressure 
waveform from the vessel before inserting the guidewire.  Prior to measuring the pressure waveform a 
clinical assessment was made as to whether the needle was in an artery or vein, based on the usual 
criteria of color and pulsatility.  There were 51 arterial punctures, 10 of which were incorrectly identified 
as being venous based on color and pulsatility, but were determined to be arterial from the pressure 
waveform.  Thus, 10 inadvertent arterial cannulations (representing a 0.78% error rate) were avoided by 
pressure waveform monitoring.  

In 1997 Oliver et al. reported the results of placing 1,172 central venous catheters into the internal 
jugular, subclavian, or femoral veins using pressure transduction through the introducer needle to 
confirm venous access prior to guidewire insertion33.  The incidence of arterial puncture was 9.3% 
(defined as entry of the introducer needle into an artery) but pressure transduction correctly identified all 
the arterial punctures and there were no cases of inadvertent arterial cannulation.    

 

J Ultrasound Med 28, 1239-44 (2009)



Be careful !
Ultrasound has not removed the risk of unintended arterial 

cannulation. And remember…a VasCath is BIG!

 

 

residents placing the CVC in each of the six cases were credentialed by their hospital in emergency 
ultrasound based on American College of Emergency Physicians ultrasound criteria.   All residents 
received a 2-day introductory ultrasound course, which included 3 hours of didactic and hands-on 
education in ultrasound-guided vascular access. Table 3 summarizes each of the six cases, including as 
analysis of the error based on a video review of the ultrasound-guided arterial cannulation. 

Age Mechanism of injury Outcome 
67 Needle went through IJ into Carotid artery Patient Died 
75 Needle went though femoral vein into 

femoral artery 
Vascular surgery for AV fistula  

48 Needle went though IJ and entered carotid 
artery sitting underneath the IJ 

Surgery for tear and focal dissection 
of carotid artery 

67 Guidewire traveled through IJ and its 
posterior wall and into carotid artery 

Hematoma with respiratory distress 
requiring emergent intubation.   

69 Needle penetrated the carotid artery which 
was very close to the IJ 

Emergency carotid artery repair; 
Patient died of complications 

14 Needle penetrated rear wall of IJ and 
entered carotid artery 

Central line removed and bleeding 
eventually stopped 

Table 3: Analysis of six accidental arterial cannulations with dynamic ultrasound guidance 
 

The mechanism of injury in 5 of the 6 cases involved passage of the needle through the vein, out its 
posterior wall, and into the artery.  This highlights the importance of confirming the location of the tip of 
the needle prior to inserting the guidewire.  The author concluded, “In summary, the short-axis approach, 
as seen in this series, can provide a false sense of security to the practitioner and allows for potentially 
dangerous accidental arterial cannulation…it may be prudent to not only visualize the entire path of the 
needle with the long-axis approach but also confirm correct cannulation by tracing the guidewire in the 
long axis before line placement.”  However, it is important to realize that even with multiple ultrasound 
views of needles or wires, misdiagnosis remains a possibility.  For example, as noted in the case below 
(see Figure 6), it is possible for a needle and wire to pass through the internal jugular vein and into the 
subclavian artery, which may not be possible to visualize with ultrasound because of interference from 
the clavicle.   

Parsons and  Alfa reported a case of inadvertent arterial cannulation despite the use of ultrasound 
guidance in a 34-year old with chronic renal failure undergoing renal transplantation29.  The arterial 
cannulation was eventually discovered by transducing the pressure in the lumen of a 7 Fr catheter.   The 
authors proposed that the introducer needle was correctly placed in the internal jugular vein under 
ultrasound guidance, but later shifted during guidewire insertion, at which point ultrasound had been 
discontinued (Figure 2).  The authors noted, “Movement may still occur with migration of the needle 
outside the vein during the Seldinger technique, resulting in wire malposition. We suggest that re-imaging 
the vein and confirming the presence of the guidewire in the internal jugular vein prior to dilation might 
prevent catheter placement into the carotid artery.  We should be aware that US techniques do not 
remove all risks associated with CVC insertion.” Other case reports of arterial cannulation during 
attempted cannulation of the internal jugular vein under ultrasound guidance have described similar 
errors (passage of the introducer needle though a vein and into the underlying artery) and reached similar 
conclusions (confirm that the needle tip and/or guidewire are in a vein prior to placing the catheter)30,31.   

J Ultrasound Med 28, 1239-44 (2009)

8 arterial catherisations for every 1000 cannulations 
prevented by using pressure monitor
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Why the need for anticoagulation?
Blood + Extracorporeal circuit

Activation of intrinsic pathway of coagulation
and platelets

Deposition of fibrin clots and thrombotic 
obstruction



Assessment of Clinical Variables Potentially Associated with
White Clot Formation

Baseline demographics between patients with and without clot were
compared. There was no gross discrepancy between groups with re-
spect to age, sex, race, presence of diabetes, or dialysis prescription
characteristics (Table 1). We recorded a total of 73 occurrences out of
580 hemodialysis treatments performed during the 5-wk investigation
period. The phenomenon was noted, to varying degrees, in 21 of 34
(62%) of our chronic hemodialysis patients. A small subset of patients
exhibited pronounced deposits on multiple occasions, implying the
presence of patient-specific factors; these patients experienced the same
phenomenon on different machines, in different ‘stations’, and on
different shifts. Interestingly, more patients initially assigned to “morn-
ing” dialysis shifts seemed to experience this phenomenon than did
those on “afternoon” shifts (15 of 18 for the former versus six of 16 for
the latter, P ! 0.01 which was not significant after correction for
multiple comparisons). When the three most affected patients were
moved to afternoon shift, no improvement was noted. We compared
incidence of white clot formation the prior week of morning-shift
dialysis and the subsequent week of afternoon-shift dialysis and noted
no difference (eight of nine morning versus seven of nine afternoon
treatments exhibited clot, P " 0.9). Dialysate calcium levels were the
same between groups. Laboratory variables related to inflammation,
the clotting cascade, and blood chemistries were obtained during the
first week in November 2006, including platelet and white blood cell
counts, blood levels of C-reactive protein, fibrinogen, hemoglobin, cal-
cium, phosphorus, international normalized ratio and partial thrombo-
plastin time (Table 2). All were similarly distributed among affected
and unaffected patients. Hemoglobin levels were as listed below
among patients exhibiting white clot compared with those without
[12.0 # 1.4 versus 11.0 # 0.9 g/dl, P ! 0.036, which was not significant
after correction for multiple comparisons].

Aspirin (86 versus 85%) and warfarin use (10 versus 15%) was not
different between groups. No other medications were over-represented
among patients exhibiting white thrombus, including heparin, antibi-
otics, erythrocyte-stimulating agent dose, and vitamin D analogs. Di-
alysis machine sterilization was not different between those with and

30 µm

Figure 2. Electron micrograph of material adherent to the lume-
nal surface of the dialysis venous tubing. Appearance is con-
sistent with the presence of erythrocytes (white arrowhead),
platelets (black arrow), and fibrin strands (white arrow). Orig-
inal magnification: 2000$; scale bar represents 30 !m.

Table 1. Baseline demographic variables and dialysis prescription variables among chronic hemodialysis patients
at the Portland VA Medical Center exhibiting (White clot) or not exhibiting (No white clot) formation of white
clot in dialysis blood tubing lines

Variable White Clot n ! 21 No White Clot n ! 13 P Value

Age # SD 65.0 # 6.2 62.0 # 5.8 0.17
Male gender 100% 100% 1.0
Diabetic 9 (43%) 5 (38%) 0.99
Caucasian 16 (76%) 11 (85%) 0.68
Morning shift 15 (71%) 3 (23%) 0.01
Minutes prescribed 179 # 18 171 # 20 0.24
Net ultrafiltrationa 3.1 # 1.1 3.4 # 1.2 0.46
Dialysis Vintage (yr) 4.3 # 3.1 3.2 # 2.6 0.29
Blood flow rate (ml/min) 402 # 34 394 # 32 0.50
Erythropoiesis stimulating agent
Darbepoetin (mcg q14d) 54 # 23 (n ! 15) 62 # 32 (n ! 10) 0.40
Erthropoietin (U SQ qd) 8930 # 4690 (n ! 3) 15,000 # 7070 (n ! 2) 0.32
None 0 (n ! 3) 0 (n ! 1)

Data were obtained during the first week of November 2006 and are expressed as mean # SD.
aNet ultrafiltration recorded as amount at first event or first week of November 2006 if no event.

384 Clinical Journal of the American Society of Nephrology Clin J Am Soc Nephrol 3: 382-386, 2008

erythrocytes

platelet

fibrin strands

Electron micrograph of material adherent to the luminal surface of the dialysis venous 
tubing.

Clin J Am Soc Nephrol 3: 382-386, 2008



What type of anticoagulant

❖ Unfractionated heparin

❖ LMW heparin

❖ Thrombin antagonists

❖ Citrate

❖ Prostaglandins - PGI2, PGE1

❖ No anticoagulant



Heparin algorithm
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Figure 1. Algorithm for heparin anticoagulation during continuous renal replacement therapy. Algorithm is based on using 10,000 iu 
heparin in 40 ml of 0.9% NaCl. APC, activated protein C; APTTr, activated partial thromboplastin time ratio; CRRT, continuous renal replacement 
therapy; HIT, heparin-induced thrombocytopenia; INR, international normalised ratio; iv, intravenous; post-op, postoperative.
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             Check  
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   change in heparin            
          dose until               
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Citrate
❖ Advantages

❖ regional, avoids bleeding complications

❖ doubles as buffer

❖ highly effective (> heparin)

❖ no thrombocytopenia

❖ Disadvantages

❖ metabolic complications

❖ complex protocols



And even no anticoagulant !
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“Critically ill patients at high risk of bleeding who require continuous 
renal replacement therapy can be safely managed without circuit 
anticoagulation. This strategy minimizes bleeding risks and is 
associated with an acceptable filter life (mean of 32 hr). 

CRRT without anticoagulation should be strongly considered in high-risk 
patients.”
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What is the “dose”?

❖ Urea and small molecule clearance

❖ Only measures one aspect of RRT

❖ Effluent flow rate ~ a urea clearance 

“quasi GFR” measure for CRRT



Optimal dose of CRRT

of the dose-response relationship seen in the chronic HD 
population. Collectively, all of the observations provide 
strong circumstantial evidence that CRRT doses of less 
than 20 mL/kg per hour are likely to be harmful and 
should be avoided. Th us, to guarantee outcomes similar 
to those seen in the ATN and RENAL studies and to have 
confi dence that an eff ective dose of CRRT has been 
delivered, clinicians should prescribe 20 to 30 mL/kg per 
hour on the basis of body weight at time of commence-
ment of CRRT and ensure that excessive periods off  of 
treatment are not compromising dose delivered. Notably, 
international surveys [11,12] have reported that, even 
now, a signifi cant minority of patients receive treatment 
intensities of less than 20 mL/kg per hour and may be 
suboptimally treated. If RRT doses are increased by 
adoption of these targets, clinicians should be aware that 
adjustments in drug (most importantly, antibiotic) dosing 
may be required to allow for increased clearances.

Special circumstances
A number of authors have hypothesized that subgroups 
of the critically ill, particularly those with sepsis or multi-
organ failure, might benefi t from a more intensive CRRT. 
It is thought that removal of circulating pro- and anti-
infl ammatory mediators might blunt systemic derange ment 

of immune responses in severe critical illness [30,31]. In 
the ATN and RENAL trials, there was no benefi t from 
higher dose in any subgroup, including sepsis and 
vasopressor requirement. However, animal models [32-
34], which have suggested benefi cial eff ects of CRRT on 
the severity of systemic infl ammatory responses, employed 
very-high-dose therapy (greater than 50 mL/kg per hour) 
initiated very early in the course of illness (prior to overt 
renal dysfunction). Dose-response studies of conventional 
CRRT, such as the ATN and RENAL trials, were not 
intended to examine these pleiotropic eff ects of CRRT in 
critical illness. A detailed discussion of this topic is beyond 
the scope of this review; however, as such immune-
modulating eff ects are often cited as a rationale for dose 
adjustment of CRRT in severe sepsis, it is pertinent to 
briefl y discuss the current evidence base for such use of 
high-intensity CRRT in carefully selected patients.

Very-high-volume CRRT has been examined in un-
controlled clinical trials and case series with sugges tion 
of benefi t [35-39]. As removal of middle-molecular-
weight mediators was desired, purely convective therapy 
(HF) was used in most of these studies. Very-high-
volume HF has been defi ned as a dose of greater than 
50 mL/kg per hour [40], although many studies have used 
higher doses. In practice, delivery of doses of CVVHF in 
excess of 50 mL/kg per hour is complex, presenting a 
number of clinical and technical challenges [40] that may 
account for the lack of high-quality clinical trial data to 
confi rm or refute a benefi t. An MC-RCT, the IVOIRE 
(High Volume in Intensive Care) study, examining the 
use of high-volume versus intermediate-dose CRRT (70 
versus 35 mL/kg per hour for 96 hours in patients with 
septic shock and moderate kidney injury) has recently 
stopped recruiting as interim analysis revealed lower-
than-expected mortality in all patients, rendering the 
planned study size (480 patients) insuffi   ciently powerful 
to prove an eff ect on survival [41]. Interest has thus 
focused on other methods of blood purifi cation – 
including coupled plasma fi ltration with bioadsorption 
[42] or hemofi ltation using high-cutoff  point (greater 
than 50 kDa) membranes [43,44] – that may be easier to 
clinically implement. As yet, the adjunctive uses of CRRT 
and related technologies for the treatment of severe 
sepsis and multi-organ failure remain experimental and 
are subject to ongoing trials. However, given the 
complexity of these treatments and the diverse patient 
population, direct proof of survival benefi t may be 
diffi  cult to obtain and surrogate endpoints such as 
vasopressor requirements and organ failure scoring may 
form the basis of practice recommendations in the future.

Conclusions
Th e ATN and RENAL studies have now established an 
upper limit of intensity for CRRT. In addition, they found 

Figure 1. Possible relationship between delivered dose of 
continuous renal replacement therapy and survival, with results 
from the ATN and RENAL trials illustrated. ATN doses are corrected 
for pre-dilution. These studies indicate a plateau response at the dose 
ranges examined. To reproduce these results, clinicians will need to 
prescribe continuous renal replacement therapy doses above the 
lower target dose in the trial protocols (20 or 25 mL/kg per minute) 
as larger periods of fi lter downtime can be expected outside a clinical 
trial environment. Below this best-practice region, survival is likely to 
be dose-dependent; however, the exact nature of this relationship 
has not been formally determined. Doses above the best-practice 
region are unlikely to be benefi cial to unselected patients and could 
potentially be harmful. ATN, Veterans Aff airs/National Institutes 
of Health Acute Renal Failure Trial Network; RENAL, Randomized 
Evaluation of Normal versus Augmented Level. Adapted from [18].
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35 ml/kg/hr is reasonable target for prescription to make 
sure no less than 25ml/kg/hr is actually delivered

Only ~70% of prescribed dose received



Remember

❖ 35 ml/kg/hr will probably only achieve a CKD 
stage 4 GFR equivalent (GFR = 15-20 ml/min)

CRRT isn’t native renal function
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Peritoneal dialysis 

Pros Cons

Easy + available Infection

HD tolerance Catheter insertion

Compatibility
Less inflammation? / peritoneum bio-compatible

Adequacy/dose?

No anticoagulation Respiratory
IAH / PLEURAL EFFUSION

Cheap Exclusion
abdo surgery

Simple



Outcome with PD
M

or
rt

al
ity

60%

70%

80%

90%

CVVHDF CPD

72%

84%

P = 0.49

Perit Dial Int 2011; 31(4):422-429



Renal transplant as a last resort
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