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Background. Acute kidney injury (AKI) in critically ill and resource-limited settings is under investigated.

Objectives. To describe the incidence, outcomes and healthcare burden of AKI in a multidisciplinary intensive care unit (ICU) in Durban,
South Africa (SA).

Methods. All adult patients admitted to the ICU at King Edward VIII Hospital from January 2016 to June 2016, who did not have end-stage
renal disease and survived for more than 6 hours after admission were evaluated for AKI using the kidney disease improving global outcomes
(KDIGO) creatinine criteria. Potential risk factors for AKI and an association between AKI and outcomes including ICU mortality and length of
stay were analysed.

Results. We screened 204 patients for inclusion into the study and 26 patients were excluded. About half of the patients (50.5%; n=90/178) who
were included in the study were diagnosed with AKT at the time of admission and 16.3% (n=29/178 developed AKI in the ICU. Among the patients
who had AKI on admission, 50% (1n=45/90) were classified as KDIGO stagel, 21.1% (1=19/90) as stage 2 and 28.8% (n=26/90) as stage 3. Less than
one-third (24.7%; n=44/178) of the patients who developed AKI in the ICU were classified as KDIGO stage 1, 14% (n=25/178) were stage 2, and
28% (n=50/178) were stage 3. The mortality rate for patients with AKI on admission was 40.0% (#=36/90) compared with 39.8% (n=35/88) for
those without AKI on admission (p=0.975). The mortality rate for all patients with AKI was 46.2% (n=55/119) compared with 27.1% (n=16/59)
in patients who did not develop AKI (p=0.014).

Conclusion. AKI is common in critically ill patients presenting to a tertiary ICU in Durban, SA. AKI is associated with increased mortality and
length of stay in the ICU. Strategies to prevent the development or worsening of AKI must be emphasised. These include prevention or at least
early treatment of sepsis, adequate fluid resuscitation, aggressive haemodynamic optimisation and avoidance of nephrotoxins. This is especially
important in settings where there is limited access to renal replacement therapy (RRT).
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Contribution of the study. This is one of the first studies to describe the incidence and outcomes of AKI in a general critical care population in a
resource-limited setting. The study highlights that AKI is very common in critically ill patients in a resource-limited setting, and is associated with
increased mortality and resource utilisation. It also highlights the importance of sepsis as a risk factor for AKI.

Acute kidney injury (AKI) is common in the intensive care unit (ICU)
and has a significant impact on morbidity and mortality in critically
ill patients. Owing to variations in the definition of AKI, there are
conflicting reports on its incidence in the literature. Studies have found
that AKT affects 1 - 25% of ICU patients, with a reported mortality rate
of 15 - 60%.1"%

A large cohort study of ICU patients in Australia showed a significant
rise in the incidence of early AKI while the mortality declined.”
The incidence of AKI was estimated to increase by 2.8% annually while

the crude hospital mortality was significantly higher for patients with
AKI compared with those without AKI.

In a multicentre prospective study that enrolled 601 ICU patients,
Piccinni et al.¥ found that patients with AKI had a higher crude
mortality (28.8% v. 8.1%) and stayed longer in the ICU (median 7 days
v. 3 days).

Critically ill patients have multiple aetiological factors that include
shock, sepsis and the administration of nephrotoxic agents such as
antibiotics and intravenous contrast.
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Theincidence,spectrumand outcomes of AKI
intheICUin South Africa (SA) are unclear.
The incidence of AKI has been studied in
a retrospective study of 666 patients in a
trauma unit in South Africa. The study found
that AKI had an incidence of 15% when
using the RIFLE classification.!®’ Moreover,
patients with AKI had an overall mortality
of 57%, and 38% (n=39) of the patients with
AKI required renal replacement therapy
Another prospective study by Aylward et al./”
evaluated 849 admissions to the ICU
and found that the common reason for
admission was trauma (26%) and that AKI
was associated with a higher in-hospital
mortality rate of 31.8% compared with
7.23% in those without AKL" A study by
Bagshaw et al.® found that 42.1% (n=14
039) of the patients had concomitant AKI
and 32.4% of these patients had sepsis,
suggesting that a correlation might exist
between AKI and sepsis.

In this study, we sought to describe the
burden of AKI among adult SA patients who
presented to a tertiary-level ICU. We aimed
to determine the impact that AKI has on
outcomes such as mortality, stage of AKI
severity and length of stay in the ICU.

Methods

We conducted a retrospective study of 204
patients admitted to the King Edward VIII
Hospital ICU from January 2016 to June
2016. This is a multidisciplinary, closed and
intensivist-run ICU in a tertiary academic
hospital in KwaZulu-Natal Province, SA.

Ethics approval was granted by the University
of KwaZulu-Natal Biomedical Research
Ethics Committee (ref. no. BE043/18) and the
KwaZulu-Natal Department of Health (ref. no.
HRKMO094/18 KZ_201802_064).

All patients admitted to the ICU were
screened for inclusion. The exclusion criteria
were children under 18 years of age, patients
with previous diagnosis of chronic kidney
disease or end-stage renal disease and
moribund patients (died within 6 hours of
admission to the ICU).AKI was defined and
severity graded according to the latest kidney
disease improving global outcomes (KDIGO)
guidelines using serum creatinine levels.”)

For patients without known prior serum
creatinine level, the baseline serum creatinine
was estimated using the modification of diet in
renal disease (MDRD) equation.!!”!

Data collection was performed using an
Excel spreadsheet and statistical analysis was
performed using SPSS Statistics for Windows
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versions 24.0 and 25.0 (IBM Corp., USA).
Descriptive statistics were summarised using
frequencies and percentages while continuous
data were described using the median and
interquartile range (IQR). The x° test was
used to compare categorical data while the
Mann-Whitney U-test was used to compare
continuous data. A p-value <0.05 was
considered to be statistically significant.

Results

We screened 204 patients who were admitted
to the ICU and 178 patients were included
in the study while 26 were excluded (Fig. 1).
More than half of the patients (56.6%;
n=90/178) were diagnosed with AKI at the
time of admission and 16.3% (n=29/178)
developed AKI while in the ICU.

The demographic and outcomes data for the
entire cohort are shown in Table 1. More than
a quarter of the patients (32.6%; n=58/178)
had sepsis as their primary diagnosis on
admission and 46.1% (n=82/178) had sepsis
as one of their ICU diagnoses. Only 19.7%
(n=35/178) of the patients were documented
to have shock on admission.

AKI and dialysis data are shown in Table 2.
Half of the patients (1=45/90) who had AKI
on admission were classified as KDIGO
stagel, 21.1% (n=19/90) as stage 2 and 28.9%
(n=26/90) as stage 3. The total number of

Patients screened
(N=204)

Included patients
(n=178)

Excluded patients:
*Children <18 years old (n=13)
*Previously diagnosed with
CKD/ESRD (n=5)
*Moribund patients (died
within 6 hours of admission to ICU)
(n=8)

Fig. 1. ROC curve of admission serum albumin and
ICU mortality. (CKD = chronic kidney disease;
ESRD = end-stage renal disease; ICU = intensive

care unit.)

Table 1. Demographic and outcomes data (N=178)

n (%)*
Age (years), median (IQR) 35 (26.0 - 55.0)
Female gender 92 (51.7)
Referring discipline
Medicine 88 (49.4)
Surgery 66 (37.1)
0&G 24 (13.5)
Primary admission diagnosis
Sepsis 58 (32.6)
Trauma 28 (15.7)
Non-communicable 92 (51.7)
Sepsis (all) 82 (46.1)
Shock (documented on admission) 35 (19.7)
Comorbidities
Autoimmune disease 5(2.8)
Cardiac disease 20 (11.2)
Chronic kidney disease 12 (6.7)
Diabetes 30 (16.9)
HELLP syndrome 2(1.1)
HIV
Positive 35 (19.7)
Negative 71 (39.9)
Unknown 72 (40.4)
Hypertension 46 (25.8)
ICU outcome data
ICU mortality 71 (39.9)
LOS (days), median (IQR) 4 (2.0 - 8.0)
LOV (days), median (IQR) 3 (1.0 - 6.0)

IQR = interquartile range; O&G = obstetrics and gynaecology; HELLP = hemolysis, elevated liver enzymes and low
platelet count; ICU = intensive care unit; LOS = length of stay; LOV = length of ventilation.

*Unless otherwise specified.



Table 2. AKI and dialysis data (N=178)

n (%)*
AKI on admission 90 (50.6)
AKI total 119 (66.9)
KDIGO stage on admission (1=90)
1 45 (50.0)
2 19 (21.1)
3 26 (28.9)
KDIGO stage total (n=119)
1 44 (37.0)
2 25 (21.0)
3 50 (42.0)
New AKI in ICU 29 (16.3)
New or worsening AKI in ICU 51 (28.7)
Dialysed 29 (16.3)
IHD 6 (20.6)
SLEDD 9 (31)
CRRT 18 (62)
Number of dialysis sessions, 7
1 6
2 4
3 6
4 5
5 3
6 1
7 2
9 2
Nephrotoxins
Antibiotics’ 2(1.1)
Ethylene glycol 3(1.7)
Tenofovir 2(1.1)
NSAIDs 1 (0.6)
Indications for dialysis
Anuria after ruling out urinary obstruction 19 (65.5)
Toxins 4(13.8)
Uraemia 23 (79.3)
Hyperkalaemia 14 (48.3)
Metabolic acidosis
pH <7.35 25 (86.2)
pH <7.20 13 (33.3)
Pulmonary oedema 13 (44.8)

KDIGO = kidney disease improving global outcomes; IHD = intermittent

haemodialysis; SLEDD = slow-low efficiency daily dialysis; CRRT = continuous renal

replacement therapy.
*Unless otherwise specified.
Antibiotics include aminoglycosides and vancomycin.

Table 3. Biochemical data
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patients who were classified as KDIGO stage 1, 2 and 3 during their
stay in the ICU was 24.7% (n=44/178), 14% (n=25/178) and 28%
(n=50/178), respectively. Finally, only 16.3% (n=29/178) of the patients
required dialysis in the ICU and the common indication for dialysis was
metabolic acidosis (82.8%; n=24/29)

Exposure to known or purported nephrotoxins was found in 4.5%
(n=8/178) of the patients. Half of these patients (n=4/8) required
dialysis and these 4 patients represented 13.8% of the 29 patients who
required dialysis.

The results of biochemical investigations on admission are set out in
Table 3. Associations between AKI and mortality are shown in Table 4.
The mortality rate for patients with AKI on admission was 40.0%
(n=36/90) compared with 39.8% (n=35/88) for those without AKI on
admission (p=0.975). The mortality rate for all patients with AKI was
46.2% (n=55/119) compared with 27.1% (n=16/59) in patients who did
not develop AKI (p=0.014). Patients who developed new or worsening
AKI in ICU had a mortality rate of 66.7% (n=34/51) while patients who
did not develop AKI or had a stable and improving AKI had a mortality
rate of 29.1% (n=37/127).

The median (interquartile range (IQR)) length of stay in the ICU
was significantly longer for patients with AKI (5 (3 - 9) days) compared
with those without AKI (3 (2 - 6) days; p<0.001). Patients who required
dialysis stayed for significantly longer in the ICU (8 (5 - 10) days)
compared with those not receiving dialysis (4 (2 - 6) days; p <0.001).

Associations between AKI, demographic data and comorbidity
conditions are demonstrated in Table 5.

Discussion

Our primary aim was to evaluate the incidence and outcomes of AKI as
defined by the KDIGO guidelines in our patients. We chose to use the
KDIGO guidelines to define AKI as they have been previously validated
in critically ill patients.!

We found the total incidence of AKI to be 66.9% in our cohort,
which is much higher than the 15% that was reported by Skinner et al.!
in critically ill trauma patients. A study by Bagshaw et al.” found the
incidence of AKI to range from 4.6 - 6.9% in patients who are in a
critical care unit. These differences could be explained by differences
in severity of underlying illness, primary diagnosis (in particular
sepsis), comorbidities and quality of healthcare systems. In particular,
trauma patients are generally young, have few comorbidities and do
not have a high incidence of sepsis. The study by Bagshaw et al.l’)
presented findings from a developed country where delays to healthcare
presentation are less likely and critical care services may be utilised for
less severely ill patients.

Entire cohort, median (IQR) No AKI, median (IQR) AKI, median (IQR) p-value

Hb 10.5 (8.80 - 12.10) 10.9 (9.10 -12.50) 10.4 (8.40 - 12.00) 0.296

BE ~4.3 (-9.80 - 1.80) -1 (=5.20 - 2.80) ~6.5 (~11.90 - 1.30) <0.001
Lactate 2 (1.30 - 3.70) 1.95 (1.40 - 3.20) 2.2 (1.30 - 4.90) 0.354

BC 75 (55.00 - 101.00) 61 (50.00 - 78.00) 80 (60.00 - 115.00) <0.001
AC 113 (72.00 - 190.00) 67 (61.00 - 86.00) 135 (98.00 - 258.00) <0.001
HC 133 (83.00 - 258.00) 73 (62.00 - 86.00) 198 (126.00 - 392.00) <0.001
AU 6.5 (4.10 - 13.30) 3.9 (2.70 - 5.30) 10 (5.70 - 17.60) <0.001
HU 8.4 (4.70 - 16.30) 4.3 (3.30 - 6.70) 12.9 (7.70 - 20.60) <0.001

IQR = interquartile range; AKI = acute kidney injury; Hb = haemoglobin; BE = base excess; BC = baseline creatinine; AC = admission creatinine; HC = highest creatinine;

AU = admission urea; HU = highest urea.
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Table 4. AKI data and association with mortality (N=178)

Table 5. Association between demographics, disease data and AKI

Discharged alive Died in ICU No AKI AKI
(n=107), n (%) (n=71), n (%) p-value n (%)* n (%)* p-value
AKI on admission 54 (50.5) 36 (50.7) 0.975 Age (years), median 30 40 <0.001
AKI total 64 (59.8) 55 (77.5) 0.014 (IQR) (23.00 - 39.00)  (28.00 - 59.00)
KDIGO stage on Gender
admission Female 36 (61.0) 56 (47.1) 0.079
1 25 (46.3) 20 (55.6) 0.385 Male 23 (39.0) 63 (52.9)
2 14 (25.9) 5(13.9) - Referring discipline
3 15 (27.8) 11 (30.6) . Medicine 26 (44.1) 62 (52.1) 0.323
KDIGO stage total Surgery 22 (37.3) 44 (37.0)
1 26 (40.6) 18 (32.7) 0.07 0&G 11 (18.6) 13 (10.9)
2 17 (26.6) 8 (14.5) - Primary admission
3 21 (32.8) 29 (52.7) - diagnosis
High stage AKI on Sepsis 11 (18.6) 47 (39.5) 0.009
admission Trauma 14 (23.7) 14 (11.8)
Stage 1 and 2 39 (72.2) 25 (69.4) 0.776 Non-communicable! 34 (57.6) 58 (48.7)
Stage 3 15 (27.8) 11 (30.6) Sepsis (all) 19 (32.2) 63 (52.9) 0.009
High stage AKI total Shock (documented on 12 (20.3) 23 (19.3) 0.873
Stage 1 and 2 43 (67.2) 27 (47.3) 0.028 admission)
Stage 3 21 (32.8) 29 (52.7) Comorbidities
Dialysis in ICU 18 (16.8) 11 (15.5) 0.814 Autoimmune disease 3 (5.1) 2 (1.7) 0.334
New AKI in ICU 10 (9.3) 19 (26.8) 0.002 Cardiac disease 2 (3.4) 18 (15.1) 0.020
New or worsening AKI CKD 0 (0.0) 12 (10.1) 0.009
in ICU 17 (15.9) 34 (47.9) <0.001 Diabetes 6(10.2) 24 (20.2) 0.093
HIV
iE%C:}Oa;iji?;zetifi?i?jf;mproving global outcomes; ICU = intensive care unit; Prositine 13 (22.0) 22 (18.5) 0.195
Negative 18 (30.5) 53 (44.5)
Unknown 28 (47.5) 44 (37.0)
The high incidence of AKI in our study is concerning. Efforts must be HELLEsyndrome Uy 2417 LU
. e . . . . . Hypertension 12 (20.3) 34 (28.6) 0.238
intensified to identify patients at risk of disease early and to address )
Nephrotoxins 2 (3.4) 6 (5.0) 1.000

modifiable risk factors timeously. Exposure to nephrotoxins is relatively
uncommon but is an area of potential intervention. Sepsis is common
and is strongly associated with AKI. Emphasis needs to be placed on
early diagnosis of infection with timely intervention in terms of starting
proper antibiotics and fluid management.

The majority of the patients with AKI had stage 3 disease, indicating
worsening AKI during ICU admission. While this may simply reflect a
natural evolution of their underlying disease or be a result of the lag in
changes in creatinine following initial kidney injury, it may also be due
to further insults in ICU. This highlights the importance of adequate
resuscitation, maintaining adequate renal perfusion pressures and
avoiding nephrotoxins.

The mortality data revealed an association between AKI and
mortality. There was no increased mortality in patients with AKI on
admission. However, the highest mortality rate was observed in those
who developed new or worsening AKI in ICU. This may reflect the
patients’ response to therapy, with those who respond well to initial ICU
therapy having stable or improving creatinine concentrations while the
non-responders are more likely to exhibit both worsening of their AKI
and increased mortality.

We also hypothesise that increased mortality may be due to
complications related to dialysis, which is more likely in patients
with worsening AKI. These complications include but are not
limited to vascular access, intradialytic hypotension and bleeding
from anticoagulant usage. Of note though, the patients who received
haemodialysis did not display increased mortality, which suggests
that the increased mortality may be due to the severity of the patients’
underlying illness. An additional confounder of this data is likely to

be selection bias, with clinicians being potentially more likely to offer
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AKI = acute kidney injury; O&G = obstetrics and gynaecology; CKD = chronic kidney
disease; HELLP = haemolysis, elevated liver enzymes, low platelet count.

*Unless otherwise specified.

"Non-communicable disease: non-infectious, non-traumatic diseases that may include
but are not limited to non-infectious complications of diabetes mellitus, e.g. diabetic
ketoacidosis, myocardial infarction, cerebrovascular accident, non-infectious
exacerbations of chronic pulmonary disease e.g. asthma, drug overdose.

dialysis to patients with a greater likelihood of survival as opposed to
those with a poor prognosis. These hypotheses should be explored in
future studies.

The median ICU length of stay was longer in patients with AKI
compared with those without AKI. However, patients receiving dialysis
had a significantly longer length of stay in the ICU compared with those
not receiving dialysis. The greater length of stay may reflect increased
severity of illness. However, given the limited access to dialysis facilities
outside the ICU, this may indicate a need to keep patients in the ICU to
ensure continuous haemodialysis. These findings emphasise the burden
of AKI and a need for dialysis in critical care services. Moreover, this
also highlights a need to ensure availability of dialysis facilities outside
the ICU to prevent the need for ICU in some instances and delayed
step-down from ICU.

The relatively low rate of dialysis in our study of 16.3% (n=29/178)
or 24.4% of all patients with AKI is noteworthy and contrasts with
a previously reported rate of 36.5%.I'" This may be because of a
preponderance of low-stage AKI that did not require dialysis. Other
possible explanations for the low rate of dialysis are the triage decisions
of the treating team not to offer dialysis to patients with a poor prognosis
and possible limitations in the availability of dialysis.



Study limitations

This is a single-centre retrospective study and may have limited
generalisability. However, the study was conducted in a referral ICU
at the second most populous province in SA, so there is a possibility
that the findings may reflect more general practices. We had limited
premorbid data for some patients, which resulted in difficulties
in estimating the baseline creatinine levels. We used the MDRD
equation to estimate the baseline creatinine, but this estimates a high
normal glomerular filtration rate and could potentially be inaccurate
in those with both higher and lower baseline glomerular filtration
rates. In general, the MDRD equation tends to over-diagnose AKL.!"?
Renal ultrasound was not routinely performed and the lack of
ultrasound data to determine the size of kidneys before inclusion
into the study may have led to some patients with chronic kidney
disease being incorrectly diagnosed with AKI. Timing and volume
of fluid administration prior to serum samples being drawn was
not evaluated, which could potentially have altered the biochemical
results. Indications for dialysis are not protocolised in the ICU and,
given the retrospective nature of the study, the indications for dialysis

described in this article were presumptive.

Conclusion

AKI is common in critically ill patients presenting to a tertiary ICU in
SA. AKI is associated with increased mortality and length of stay. The
need for dialysis in ICU is associated with prolonged length of stay and
represents a significant healthcare burden.
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