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Background. Acute kidney injury (AKI) is common among patients admitted to the intensive care unit (ICU). It is an independent risk factor
for morbidity and mortality. The optimal timing of renal replacement therapy (RRT) remains unknown, resulting in a wide variation in observed
current practices. There is a paucity of data on current practices within ICUs in South Africa.

Objectives. To describe current practices in the timing of RRT in patients with AKI admitted to the ICU. The secondary objectives were to describe
the patient characteristics, severity of illness scores, staging at initiation of RRT, outcome at ICU discharge, and to estimate and describe delays in
the initiation of RRT.

Methods. A retrospective, descriptive study was conducted in an adult academic ICU in Soweto from 1 January 2014 to 31 December 2015.
Results. There were 2 152 ICU admissions over the 2 years. Less than a tenth of the patients (3.5%; n=76) required RRT and the majority had sepsis
(83%). The most common indication for RRT was oliguria/anuria (50%; n=38), followed by worsening urea/creatinine (29%; n=22), metabolic
acidosis (11.8%; n=9), refractory hyperkalaemia (5.3%; n=4), fluid overload (2.6%; n=2) and other (1.3%; n=1). More than half of the patients
(55%; n=42) had RRT instituted on admission day (D,), while 45% (#=34) had RRT initiated after D (D, , ). RRT was initiated at stage 3 AKT in
90% and 94% of D, RRT group and D, RRT group, respectively. The median (interquartile range (IQR)) time to starting RRT was 4 (4) hours
once the decision to initiate RRT was made. The composite outcome of death, RRT dependence and diuretic dependence at ICU discharge was
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21% and there was no difference between the two groups (p=0.22). The ICU mortality was 3%.
Conclusion. The sampled population was young, predominantly male and had post emergency surgery with a high burden of sepsis and HIV.
The observed current threshold for RRT was late (stage 3 AKI with classic/emergent indications) with outcomes comparable with the reviewed

literature.
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Contributions of the study. The present study adds insight into the practice of initiating RRT in patients admitted to the ICU with AKI. These
data have previously not been described in the South African context. The patient population differed from the literature in that they were young,
predominantly male and had post-emergency surgery with a high burden of sepsis and HIV.

Acute kidney injury (AKI) represents a broad spectrum of pathological
processes ranging from clinically undetectable changes to severe injury,
which is associated with either reversible or permanent and complete
loss of renal function.!! There is evidence suggesting that even mild
reversible AKI confers significant independent risk for morbidity and
mortality,*” and contributes to increased healthcare costs.!®! There is a
scarcity of data to quantify the incidence of AKI in intensive care units
(ICUs) in South Africa (SA); however, it is likely to be higher than that
of the developed countries as a result of the burden of disease associated
with AKI in this region."”)

It was postulated that initiating dialysis prior to the development of
classic indications may be beneficial due to high morbidity and mortality

associated with AKI. The risks associated with renal replacement
therapy (RRT) need to be balanced against the possible benefits of early
RRT, especially considering that some patients with AKI may have
spontaneous recovery of renal function.”” Early initiation of RRT prior
to the onset of severe AKI could potentially prevent kidney-specific
damage and remote organ injury resulting from fluid overload, systemic
inflammation, electrolyte and metabolic imbalance, while promoting
greater kidney recovery."*!!) Three large prospective randomised control
trials (RCTs) have been conducted to assess the value of early RRT. The
results from the artificial kidney initiation in kidney injury (AKIKI)
trial" and the initiation of dialysis early v. delayed in the intensive care
unit (IDEAL-ICU) trial™ showed that there is no mortality benefit
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in early initiation of RRT (p=0.79 and p=0.38, respectively), whereas
the effect of early v. delayed initiation of renal replacement therapy on
mortality in critically ill patients with acute kidney injury (ELAIN) trial™
found that the mortality rate was reduced (39.3% v. 53.7%) in the group
that initiated RRT early compared with the late group (hazard ratio (HR)
0.66; 95% confidence interval (CI) 0.45 - 0.97). A recent meta-analysis
which included seven RCTs concluded that there was no difference in
mortality between early and late initiation of RRT (p=0.97).1"%)

Current recommendations for initiation of RRT in the setting of AKI
are not graded due to a lack of high-quality evidence./?! This has resulted
in a wide variation in interpretation and implementation of RRT among
clinicians.!" There is a paucity of local data in the literature, thus we
undertook to describe local practices in managing RRT in AKI in a
developing country.

Methods

Design and setting

A retrospective chart review was performed at the Chris Hani
Baragwanath Academic Hospital main ICU, which is a combined adult
and paediatric multidisciplinary ICU. Ethical approval was obtained
from the Human Research Ethics Committee at the University of the
Witwatersrand (ref. no. M170684). The study period extended from
1 January 2014 to 31 December 2015. There is no protocol in place for
the initiation of RRT; therefore, clinicians use their discretion.

Patients and data

All adult patients with AKI who underwent RRT were eligible for inclusion,
while those with known chronic kidney disease and prior nephrectomy
were excluded. Data were collected on the day of admission as well as on
the day of RRT if they differed. Data points pertaining to demographics,
metabolic, renal, ventilation, oxygenation, haemodynamic, septic and
haematological markers as well as patient outcome were entered into a
Microsoft Excel spreadsheet. In addition, the simplified acute physiology
score (SAPS) II and the sequential organ failure assessment (SOFA) scores
were calculated. This was performed by the principal investigator (PMB).

Statistical analysis

All data were assessed for normality. All independent medians were
compared with the Mann-Whitney U-test, while dependent medians
were compared with the Wilcoxon matched paired test. Categorical
data were assessed with the y* test. Data analysis was carried out using
Statistica, version 13.3 (TIBCO Software Inc., USA). A p-value <0.05
was considered to be significant.

Calculation of sample size was based on an estimated incidence of
RRT of 5 - 10%, 95% confidence and a precision of 5%. The minimum
required sample size was 73 patients. We recruited participants over a
2-year period (1 January 2014 until 31 December 2015) to ensure this
minimum sample size was achieved.

Results

There were 2 171 ICU admissions during the 2-year study period. The
majority of these admissions (n=1 315) did not meet the criteria for
the diagnosis of AKI (Fig. 1). The overall incidence of AKI was 39.4%
(n=856/2 171). Of the 856 patients who met the inclusion criteria,
76 patients were dialysed and represent the study population.

The median (interquartile range (IQR)) age of the study participants
was 35.5 (25 - 46) years. The majority of them were male (52.6%). The
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Fig. 1. Flow diagram showing patient realisation. (AKI = acute kidney injury;
CKD = chronic kidney disease; RRT = renal replacement therapy).

median SAPS II score (43) gave a predicted mortality rate of 30.6%. The
baseline characteristics are shown in Table 1.

The relative frequencies for the indications for RRT were oliguria/
anuria (50%; n=38), worsening urea/creatinine (29%; n=22), acidosis
(11.8%; n=9), refractory hyperkalaemia (5.3%; n=4), fluid overload (2.6%;
n=2), and no absolute indication (1.3%; n=1).

The majority of patients (55%; n=42) had RRT instituted on admission
day (D, RRT), while 45% (n=34) were initiated between day 1 and 21
(D,,, RRT). Table 2 summarises the relative frequencies of the KDIGO
stage for AKI between the two groups on admission day and the day of
initiation of RRT.

Patients admitted in KDIGO stage 1 and 2 were significantly less
likely to undergo RRT on admission day (odds ratio (OR) 0.21; CI 0.06 -
0.73). Overall, the KDIGO stage increased significantly from D to RRT
day for the D,,, RRT group (p=0.0004). Comparisons between the two
RRT groups (D, RRT v. D, , RRT) are shown in Table 1.

The cumulative number of the surgical sub-specialities (general
surgery (n=15), obstetrics and gynaecology (n=13), trauma (n=17) and
orthopaedics (n=3)) makes post-surgical patients (63%; n= 48) the largest
group requiring RRT, followed by medical patients (37%; n=28). Almost
all patients (n=35/36) who underwent surgery prior to ICU admission had
emergency surgery.

The majority of the study participants (61.8%; n=47) had no known
comorbidities. A tenth of the participants had HIV (13.2%; n=10),
followed by hypertension (10.5%; n==8), and diabetes (6.6%; n=>5). Multiple
comorbidities affected 7.9% of the study participants (n=6).

There was no difference in median (IQR) SOFA score 10 (8 - 12) on
the day of RRT between the two groups (p=0.67). However, in the group
undergoing RRT after D, the SOFA score increased from a median (IQR)
of 7 (4.5 - 9.5) on admission to 10 (8 - 12) on the RRT day (p=0.0004).
Once a decision to initiate RRT was made, the median (IQR) time to



Table 1. Summary of study results
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All at D,, D, RRT, D,,, RRT,
median (IQR)* median (IQR)* median (IQR)* p-value
Demographics
Sex (male), n (%) 40 (52.6) 23 (54.8) 17 (50) 0.68
Age (years) 35.5 (21) 34.5 (18) 39.5 (24) 0.39
SOFA score 9 (4.5) 10 10 0.67
Predicted mortality SAPS score 43 (21) 45.5 (22) 41.5(17) 0.04
Blood gas
pH 7.28 (0.21) 7.273 (0.238) 7.278 (0.167) 0.56
BE (mmol/L) ~10.8 (9) ~12.1 (7.9) ~72(7.2) 0.35
Lactate (mmol/L) 3.1(4.4) 2.550 (4) 3.25 (4.4) 0.42
K* (mmol/L) 4.7 (1.4) 495 (2.1) 4.4 (1.1) 0.05
Na, (mmol/L) 137 (9.5) 135.5 (10) 138 (9) 0.01
PaCo, (mmHg) 32 (13.1) 31 (13.1) 34 (10.5) 0.1
P/F ratio 264 (183) 264.167 (193.095) 262.5 (184) 0.69
Biochemistry
S, (mmol/L) 349 (438) 505 (459) 331 (203) 0.00
Albumin (g/L) 24 (8.5) 24 (9) 25 (8.5) 0.47
Phosphate (mmol/L) 1.61 (1.29) 1.97 (1.66) 1.37 (0.950) 0.08
Bilirubin (mmol/L) 13.5 (20) 14.5 (20) 11.5 (21.5) 0.62
Ca* (mmol/L) 2.08 (0.34) 2.070 (0.320) 2.2 (0.350) 0.88
Cumulative fluid balance (mL) 2311 (1721) 0 2303 (1 730) 0.00
Cardiovascular
MAP (mmHg) 71 (29) 69.33 (29.66) 80 (29.33) 0.11
Heart rate (/min) 123 (34) 123.5 (41) 121 (27) 0.64
Ventilation
Peak ventilator pressure (mmHg) 20 (13) 20 (5) 20 (5) 0.74
Invasive ventilation, #n (%) 53 (69.7) 27 (64.2) 26 (67.6) 0.7
Respiratory rate (breaths/min) 26 (13) 27 (14) 24 (10) 0.5
Haematology and infection
White cell count (x10%/L) 12.1 (9.7) 15.44 (10.8) 9.3 (6.070) 0.001
C-reactive protein (mg/L) 195 (159) 198 (138) 181 (215.5) 0.32
Procalcitonin (ug/L) 38 (76) 36.9 (81.63) 214.5 (165) 0.43
Sepsis present, 1 (%) 56 (73.7) 33 (78.6) 23 (67.6) 0.38
Hb (g/dL) 9.2 (3.4) 8.9 (3.1) 9.65 (4.2) 0.05
Platelet (x10°/L) 168 (185) 128 (143) 214.5 (165) 0.04
INR 1.31 (0.34) 1.29 (0.37) 1.49 (0.6) 0.04
aPTT (sec) 40 (17.5) 40 (15.8) 4825 (31.9 0.36
Outcomes
In-ICU mortality, n (%) 2 (2.6) 1(2.4) 1(2.9) 0.88
Composite (death, RRT/diuretic dependence), n (%) 21 (27.6) 14 (33.3) 7 (20.6) 0.22

RRT = renal replacement therapy; IQR = interquartile range; SOFA = sequential organ failure assessment; SAPS = simplified acute physiology score; BE = base excess; P/F = pO, divided by

fraction of inspired O,; MAP = mean arterial pressure; INR = international normalised ratio; aPTT = activated partial thromboplastin time; ICU = intensive care unit.

*Unless otherwise specified.

Table 2. AKI staging of the two patient groups

Staging on admission Staging on RRT day
KDIGO Stage Dii RRT 11 (%) D, RRT 1 (%)* Dy RRT 1 (%)
No AKI 7 (20.6) ; 0
Stage 1 5 (14.7) - 0
Stage 2 4(11.8) - 2 (6)
Stage 3 18 (53) - 32 (94)

AKI = acute kidney injury; KDIGO = kidney disease improving global outcomes; RRT = renal replacement therapy on the day of admission.
*Results are the same as those on admission (day of RRT was the same).
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starting RRT was 4 (2 - 6) hours. There was no significant difference
between the D) RRT group and the D, RRT group (p=0.34).
The composite of death, RRT dependence and diuretic dependence at
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ICU discharge was 21% (n=16/76). There was no significant difference
in the composite outcome between the two groups (p=0.22). The overall
in ICU mortality was 3% (n=2/76).

Discussion

The incidence of AKI was 39.4% in this present study. Internationally,
the incidence of AKI in ICU patients ranges from 20 - 50%." Our
study included admissions to a single unit consisting of both ICU and
high-dependency beds. The inclusion of the high care group with a
lower severity of illness may have resulted in a lower than expected
AKI incidence. This may be compounded by a higher admission and
turnover rate in the high dependency unit compared with the ICU. The
same factors may also explain the RRT incidence of 4.5%, which appears
lower than the incidence of RRT internationally (5 - 10%)."")

Our study population was unique when compared with others in the
literature. The median age of the study population was 35.5 years. The
majority of the patients were surgical (63%) with more than a third of
these being trauma patients. Additionally, all but one of the patients who
underwent surgery prior to ICU admission were emergency surgical
cases. There was a high burden of HIV (13.2%) in the study population.
This is in line with the reported HIV prevalence of 13.5% in SA.I"¥! There
was also a high frequency of sepsis (83%) in the population sampled.
This is in contrast to the study populations in the AKIKI, IDEAL-ICU
and ELAIN trials, where the median age of all groups was >60 years, the
incidence of reported emergency surgery was ~12% and HIV was not a
significant comorbidity.**

Overall, 90% or more of our study participants underwent RRT
after reaching KDIGO stage 3. Although earlier studies, mostly
non-randomised, suggested that early initiation of RRT prior to the
development of the classic indications for RRT may confer improved
outcomes,**71%2 the most recent evidence of over 2 000 patients from
randomised trials shows no benefit of this early RRT strategy.”) A
significant proportion of AKI patients in both the AKIKI and IDEAL-
ICU studies spontaneously recovered when RRT was withheld, provided
that no classic/emergent indications for RRT arose.!'>!* The practice
observed in our study was in keeping with these more recent findings
with initiation of RRT in stage 3 AKI (late) using predominantly classic/
emergent indications.

The observed median serum creatinine difference between the D
RRT and D, RRT groups can be explained by delayed admission to the
ICU. This is not unexpected in a resource-limited setting. However, once
patients were in ICU, access to RRT was better.

The AKIKI trial population had a higher severity of illness score
at admission in comparison with ours; however, the SOFA score at
initiation of RRT was similar, indicating a common threshold to initiate
RRT. The discrepancy between severity of illness and organ dysfunction
may be explained by the fact that our group had similar organ
dysfunction necessitating support, but a greater underlying reversibility
when compared with the AKIKI trial.

Despite a relatively high composite outcome, the early mortality was
only 3% at ICU discharge. Several factors may explain this finding. The
first is that in a resource-limited setting, patients admitted to the ICU are
strictly triaged to make sure that resources are distributed equitably. This
may result in a selection bias where patients with likely better outcomes
are admitted. Secondly, it is likely that a similar selection bias for RRT
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within the ICU exists for the same resource constraints. Finally, outcomes
at ICU discharge are generally lower than at hospital discharge and at 90
days. Unfortunately, we did not look at all the patients with AKI to assess if
any patients who required RRT did not receive it. Decisions not to escalate
therapy including RRT were also not examined and it is possible that
patients with a better prognosis may have been selected.

Classic indications were the predominant trigger for RRT initiation
in this present study. This is in keeping with the delayed groups of the
IDEAL ICU and AKIKI trials.">!* The IDEAL-ICU delayed group had
RRT initiated for comparable indications as our study population. These
were metabolic acidosis (8% v. 11%), hyperkalaemia (4% v. 5.3%), fluid
overload (2.6% v. 2.6%) and other (2% v. 1.3%).

Patients in this present study received RRT predominantly when
they had reached stage 3 AKI (90% and 94% for the D, RRT and D
RRT groups, respectively). Of the group who received dialysis thereafter
(D
on admission. This group is of great interest. The ability to predict
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1o RRT group), 47% were classified with stage 1 or stage 2 AKI
deterioration before it happens may provide a therapeutic or preventive
window.

Study limitations

This was a retrospective study with a small sample size that employed
convenience sampling over a period of 2 years at a single centre. The
aforementioned can all lead to a non-representative sample of the general
population. The study extracted information from patient charts, clinical
notes as well as a database that is populated for each patient. This was done
solely by the PMB with knowledge of the data capturing system in place.
This decreased the occurrence of incorrect information and missing data
points. The patients with AKI who were not dialysed were not assessed
further. This group of patients may represent a subset of patients that
needed dialysis but were not afforded it because of limited resources, they
are haemodynamically unstable or have poor prognosis. The study period
(2014 - 2015) may represent a dated study period; however, the absolute
and relative indications for RRT remain unchanged.

Conclusion

The study population was young, predominantly male and had post-
emergency surgery with a high burden of sepsis and HIV. The observed
current threshold for RRT was late (stage 3 AKI with classic/emergent
indications) with outcomes comparable with reviewed literature. Further
research looking at patients that were not dialysed but potentially
required it would offer greater insights. Expanding the study population
to include other centres and performing a prospective study should also
be considered.
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