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Abstract

@ OPEN ACCESS

Purpose: Acute kidney injury (AKI) is a real public health problem due to its severity and gravity. In a 2013 meta-analysis, Susantitaphong, et al. estimated the
incidence of AKI worldwide at between 10% and 20%. In the latter study, no African studies were included, given the lack of data in the literature. Our objective was to
identify the clinical and paraclinical epidemiological characteristics of patients with AKI.

Patients and methods: We conducted a retrospective study including patients who had AKI with recovery of normal renal function hospitalized in a nephrology
service between 2002 and 2015.

Results: Our population consisted of 107 men and 107 women with a median age of 61 years (IQR 43-73.25) of which 42.1% were multitargeted. Functional AKI
represented the predominant mechanism of AKI retained in our study with a rate of 53.2% with dehydration as the main etiology for 108 patients (50.46%). Organic cause
was retained in 38.8% of patients, with acute tubular necrosis (ATN) as the most frequent etiology (37.35%). Kidney disease improving global outcomes (KDIGO) stage 3
was the stage retained for 115 patients included in our series, 31 of whom required extra renal purification. During their hospitalization, 78.5% of the patients presented a
persistent AKI (duration of the episode > 7 days). A glomerular filtration rate (GFR) lower than 60 ml/min/1.73 m? at discharge was found in 119 patients and 10 patients
had a GFR higher than 90 ml/min/1.73 m2. After 3 months from discharge, 77.5% of patients had a GFR between 60 and 90 ml/min/1.73 m2.

Conclusion: Our results give us an idea of the epidemiological and clinical characteristics of patients who have had acute renal failure with recovery of normal renal
function and enable us to better recognize patients at risk in order to avoid such complications. AKI remains a major issue and knowing its epidemiological and clinical

characteristics will allow its prevention.

Introduction

Acute kidney injury (AKI) is a global health problem
that occurs in hospital wards, whether medical or surgical.
Its prevalence is estimated between 1 and 25% according
to studies [1] i.e. 13.3 million people per year [2]. It is
a diagnostic and therapeutic emergency designating a
syndrome characterized by a rapid decline in the excretory
function of the kidney with accumulation of products of

https://doi.org/10.29328/journal.jcn.1001114

nitrogen metabolism, such as creatinine and urea, resulting
in hydroelectrolytic and acid-base disorders [2].

It is a clinico-biological syndrome encompassing the
whole spectrum of acute renal failure leading to avoidable
deaths making intervention urgent and fundamental.

In Tunisia, a developing country, epidemiological data
on AKI in a nephrology department are rare or even non-
existent even in Africa [3].
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Considering the lack of national and Maghreb level data
concerning AKI in a nephrology department and especially
data concerning patients having had an episode of AKI with
the recovery of a normal renal function, we decided to carry
out our work in order to recognize the patients at risk and
thus improve their management.

Our objective was to describe the epidemiological, clinical,
and biological characteristics of patients who had an episode
of AKI with a return to normal renal function.

Methods

This is a retrospective and descriptive study that included
patients hospitalized in a Nephrology Department having
coding AKI between the month of January 2002 and the
month of December 2015 (Figure 1).

Study population

The patients included were those whose age was 215
years because, in our department, we hospitalize patients
over the age of 15, as they are no longer considered children,
and those who had presented an AKI and recovered normal
renal function.

The presence of AKI was defined according to the KDIGO
criteria, which are:

- A creatinine increase of 3 mg/L (26.5 pmol/L) within
48 hours or

- Anincrease in creatinine of more than 1.5 times within 7
days compared with baseline creatinine. We included all
types and etiologies of AKI.

Patients not included were those with known chronic
kidney disease (CKD), renal transplant patients, chronic
hemodialysis or peritoneal dialysis patients, and patients
who died during hospitalization.

5,

Anamnestic, clinical, and therapeutic survey data were
collected according to a predefined form.

Baseline creatinine levels were those of the check-ups
performed before hospitalization if available.

The creatinine values retained were the highest values
during the hospitalization in order to determine the severity
of the AKI according to the KDIGO staging [4].

The pathophysiological parameters found by questioning
the patients, as well as the clinical and paraclinical signs,
were used to classify the etiology of AKI as pre-renal, renal,
or postrenal AKI.

A renal biopsy was performed when indicated after the
collection of clinical and paraclinical data.

Age, sex, patient history, and department of origin were
collected, with the calculation of the Charlson Comorbidity
Index (CCI).

Data from the clinical examination on admission and from
the biological tests performed were taken from the patient’s
medical records.

The glomerular filtration rate was calculated by the
Modification of Diet in Renal Disease (MDRD) formula [5].

Functional AKI was defined as an AKI secondary
to hypovolemia, cardiorenal syndrome, and nephrotic
syndrome.

Recovery of normal renal function was defined as a return
to baseline renal function and/or a GFR > 60ml/min/1.73 m?
at discharge or after 3 months.

CKD was defined as a glomerular filtration rate below 60
ml/min/1.73 m? for more than 3 months [4].

Elderly patients were defined as patients older than 65
years.

l 14989 patients hospitalized between 2002-2015 I

I 600 pati¥nts AKI I

350 patients
AKI/CKD or GFR<
60 ml/min 3 months
after release

Figure 1: Characteristics of the study population: Study flowchart.

214 patients retained

250 patients AKI
with GFR >
60ml/min 3 months
after release

36 incompleted data
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Treatment was either symptomatic based mainly
on extrarenal purification with correction of hydrolytic
disorders or curative with rehydration, antibiotic therapy, or
urinary drainage.

Data analysis

The results were expressed by their means (+/- standard
deviation) with [minimum and maximum]. Otherwise,
variables were expressed by their median and (interquartile
range 1QR1, IQR3). Categorical variables were expressed as
simple frequency and relative frequency (percentage). To
compare the means of independent variables, a Student’s t -
test for unpaired variables was used. To study the association
of risk factors and the occurrence of morbidity, the Chi-
square (Chi-2) test was used to compare percentages. In all
statistical tests, the 5% threshold was used for statistical
significance. All tests were performed with SPSS 23 software.

Ethical considerations

When we carried out our work in 2021, there was no
ethics committee available to give us its opinion in our
region and personal consent was obtained from the patients
themselves, or their family members if they were deceased.

Results

Our population included 107 men and 107 women with a
median age of 61 years, ranging from 15 to 93 years. Elderly
patients represented 43.5% of our population. The main
history of the patients is summarized in Table 1. There was a
positive correlation between age and the number of patient
histories (r=0.417; p < 10-3).

The distribution of CCI scores was as follows: score 0:
52%, score 1-4: 44%, score 5-6: 3% score 7-8: 1%. Using the
age-adjusted ICC, 109 patients had an index between 1 and 4.
One hundred and twenty-four patients or 57.4% were from
the emergency department.

Clinical presentation

Of the patients included in our study, 31 patients had
presented with acute complications such as acute lung
edema, life-threatening hyperkalemia, and severe metabolic
acidosis.

Table 1: Main patient comorbid conditions.

5

The circumstances of discovery and reasons for
hospitalization were:

- Asystematic discovery in front of the observation of an
increase in creatinine in 50 patients or 23.3% of cases.

- A change in diuresis such as oliguria in 117 patients
(54.6% of cases) and anuria in 11 patients.

- Hematuria and back pain in 9 and 13 patients
respectively.

- The appearance of signs of acute uraemia in one patient
and the appearance of other symptoms in 15 patients
such as dyspnoea, oedema, etc.

The number of patients with general signs was 132 with
an alteration of the general state in 24 patients (18.3%) and
asthenia alone was described by 20 patients (15%). Elevated
blood pressure on admission was found in 71 patients. All
patients included in our study had a renal ultrasound and
it was normal for 96.7% of the population. Hypocalcemia
was noted in 58% of patients. The results of the various
tests performed at the time of admission of the patients are
summarized in Table 2.

Etiological presentation

AKI was of pre-renal mechanism in 53% of patients,
renal in 39%, and post-renal in 8%. Patients with pre-renal
AKI were older (p < 10-3) than patients with renal AKI. The
length of stay of patients with renal AKI was longer (p = 0.03)
than other patients.

KDIGO Stage 3 was the majority stage as it was noted in
115 patients (53.7%). The remaining patients were classified
as stage 2: 49 patients (22.9%) and stage 1: 50 patients
(23.4%). Men had more severe AKI than women according to
KDIGO stages and this difference was statistically significant
(»=0.019).

The majority of the modified CCI scores represented 1 to
4 in 52%, 51%, and 50.4% of patients among the different
KDIGO stages respectively.

Renal biopsy was indicated and performed for 25 patients.

Table 2: Results of biological tests at admission.
Median

Variables

Comorbid conditions Urea (mmoll/l) 214 24.7 5.3 91
Hypertension (HTN) 80 374 Creatinine (umol/l) 214 335.5 112 3057
Diabetes 69 322 Calcium (mmol/l) 202 22 1.43 4.79

Cardiopathy 17 7.9 Sodium (mmol/l) 214 135 112 178

Ischemic vascular stroke (IVS) 21 9.8 Potassium (mmol/l) 214 4,38 2.27 9.7
Chronic obstructive pulmonary disease (COPD) 11 5.1 Phosphorus (mmol/l) 193 2 0.57 5.56
Urologic 8 3.7 Albumin (g/1) 96 28.65 7 47.4
Neoplasia 7 3.2 Hemoglobin (g/dl) 214 11.15 41 19.3

n: number of patients; %: Percentage of patients n: number of patients; Min: Minimum; Max: Maximum

https://doi.org/10.29328/journal.jcn.1001114
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The indications were isolated hematuria and unexplained
AKI for 9 and 7 patients respectively.

The kidney biopsy was contributory in 23 patients. The
lesions identified were:

- Tubulo interstitial: acute interstitial nephritis (AIN)
in 6 patients and isolated acute tubular necrosis (ATN)
in 3 patients.

- Glomerular: 6 patients had extracapillary
glomerulonephritis (ECG), 3 patients had acute
glomerulonephritis (AGN) lesions, 2 patients had
minimal glomerular damage (MGD) associated
with ATN, and 1 patient had evidence of isolated
amyloidosis.

Pathophysiologic types

Based on the findings of the interrogation, clinical
examination, and paraclinical examinations, bilateral
obstructive lithiasis was the most frequent etiology found in
9 patients (4.2%). Bladder tumors and prostate adenomas
were found in 5 and 3 patients respectively.

The most frequent etiology of functional AKI was
dehydration with hypovolemia, which was found in 108
patients (94.7%). Vomiting and diarrhea were the most
frequent causes of dehydration (79 patients), followed by
diuretic intake (25 patients) and sepsis in 4 patients. During
the summer period, from June 1st to August 31st, 36 patients
were hospitalized for dehydration, while the number was 27
patients during the winter period. A cardiorenal syndrome
secondary to a decompensation of heart failure was noted
in 3 patients. One patient had AKI secondary to a nephrotic
syndrome and 2 other patients had AKI secondary to an
alteration of intra-renal hemodynamics by taking a renin-
angiotensin system inhibitor. AKI secondary to an intra-renal
mechanism was found in 83 patients (38.8%), the etiologies
of which were dominated by NTA in 30 patients, i.e. 36.1% of
cases with organic AKI. NSAID intake was incriminated in the
genesis of AKI in 11 patients.

Management

Hemodialysis was indicated in 31 patients; it was
prophylactic in the presence of anuria of more than 48 hours
and urea of more than 40 in one patient. [t was curative in 30
patients.

- Threatening hyperkalemia was the indication for 19
patients.

- Pulmonary oedema (PO) was the indication for 6
patients.

- Metabolic acidosis was the indication for 5 patients.

The total number of dialysis sessions performed was 70
sessions with a minimum of one session and a maximum of

https://doi.org/10.29328/journal.jcn.1001114
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8 sessions performed for two patients. The comparison of
patient characteristics according to the need or not of extra
renal purification is summarized in Table 3.

The main etiopathogenic treatments consisted of
rehydration in 61.4% of cases, cessation of nephrotoxic
treatment in 6% of cases, and corticosteroid therapy in 6%
of cases.

Short-term evolution

A transient AKI (T-AKI), i.e. a duration of the episode
of less than 7 days was noted in 46 patients. There was no
significant difference in the characteristics of patients with
T-AKI compared to those with persistent AKI (P-AKI).

The median length of hospitalization was 9 days with a
minimum of 1 day and a maximum of 120 days.

An eGFR below 60 ml/min/1.73 m? at discharge was
found in 119 patients and 10 patients had an eGFR above
90ml/min/1.73 m?. After 3 months from discharge, 77.5% of
patients had an eGFR between 60 and 90 ml/min/1.73 m?
The comparison of patient characteristics by an eGFR at 3
months is shown in Table 4.

Long-term evolution

After discharge, 34 patients were rehospitalized, i.e.
15.9% of the study population. Of these, 6 patients were
hospitalized in urology and 6 had presented a fracture
indicating their hospitalization in orthopedics. A recurrence
of AKI was noted in 4.3% of the patients included. Infection
requiring hospitalization in infectious diseases was noted in
5 patients.

The long-term evaluation involved only 151 patients, 5 of
whom progressed to CKD with a mean delay of 155.98 + 7.2
months.

In the long term, death occurred in 26 (16.5%) patients
with a mean delay of 103.6 + 6.63 months.

Table 3: Comparison of patient characteristics according to the need for
extrarenal treatment.
EET- EET+ p
Effectives n (%) 183 (85.6) 31(14.4)
Age (years) = Median (Q1-Q3) | 62 (43.2-74) 54 (40-70) = 0.238
Sex M/F 91/93 16/15 0.824
DS (days) | Median (Q1-Q3) 8 (5-12) 9 (6-17) 0.150
AKI mechanism
Pre renal n (%) 106 (57.9) 8 (25.8)
Renal n (%) 65 (35.5) 18 (58) 0.003*
Post renal n (%) 12 (6.6) 5(16.2)
Hb (g/dl)
<8 n (%) 16 (8.7) 7(2.3)
8-12 n (%) 97 (53) 13 (41.2) 0.066
<12 n (%) 71 (38.3) 11 (35.5)
*p £0.05, n: number; Q1: 1t quartile; Q3: 3 quartile; Hb: Hemoglobin; M:
Male; F: Female; EET: Extrarenal Treatment

www.clinnephrologyjournal.com m
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Table 4: Comparison of patient characteristics by GFR at 3 months.
60-89 ml/

Variables 2 90 ml/min
min
Effectives n (%) 166 (77.5%) 48 (22.5%)
Med 64 50
Age (years) (IQR1-Q3) = (46.75-74) (36.5-65.75) °012"
Sex M/F 75/91 32/16 0.009*
Comorbidities n (%) 75 (45.2) 11 (22.9) | 0.006*
Length of sta Med
? days) Y (QR1IQR3) 9513 9(6-1275) 0626
Number of comorbid Med .
condiions | (IQR1-Iar3) | (@2) 1(0-1)  0.004
CClmodified | QR'\ﬁ‘ém) 4 (2-5) 2(0-4) <10
Med *
CClI (IQR1-IQR3) 1(0-2) 0 (0-1) 0.002
KDIGO classification
Stage 1 n (%) 43 (25.9) 7 (14.6)
Stage 2 n (%) 40 (24.1) 9(18.7) 0.109
Stage 3 n (%) 83 (50) 32 (66.7)
Hypertension n (%) 70 (42.2) 10 (20.8) | 0.007*
Diabetes n (%) 60 (36.1) 9(18.7) | 0.023*
EET n (%) 22 (13.2) 9 (18.7) 0.341
Elderly persons
< 65 years n (%) 86 (51.8) 35 (72.9) 0.009*
> 65 years n (%) 80 (48.2) 13 (27.1)
*p £ 0.05, n: number of cases; %: Percentage; M: Male; F: Female; Med:
Median; IQR1: 1stquartile; IQR3: 3 quartile; EET: Extrarenal Treatment;
CCI: Charlson Comorbidity Index

Discussion

Our results allowed us to affirm that in our country, AKI
remains a serious, severe condition that requires adequate
management to prevent its consequences.

Our population was composed of 107 men and 107
women with a median age of 61 years (IQR 43-73.25) of
which 42.1% had multiple comorbid conditions. Functional
AKI was the predominant mechanism of AKI in our study
with a rate of 53.2% with dehydration as the main etiology
for 108 patients (50.46%).

The proportion of patients with AKI in our study is similar
to that found in the literature. Long, et al. [6] estimated, in
a study done between 1993 and 2013 in Iceland, that the
incidence of AKI was 25.8 per thousand admissions/year.
Kaul, et al. [7], in their study done in 2012 in a nephrology
department in India had found an incidence of 2.5% with
45% of the patients regaining normal renal function.

The differences in incidence can be explained by the
variability of definitions used by each team, some used
the definition according to RIFLE, others AKIN and the
most recent ones opted for the 2012 KDIGO definition
with its classification [8,9]. The accessibility to the health
system contributes to explaining the differences found, in
developed countries, an annual consultation is mandatory
by the attending physician allowing the discovery and rapid
management of AKI which would explain a much higher

https://doi.org/10.29328/journal.jcn.1001114
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incidence in high-income countries than in developing
countries where access to care is limited to life-threatening
emergencies.

In our study, the median age of patients with an episode
of AKI was 61 years, which was largely consistent with
studies from developed countries, with a sex ratio of 1H/1F
[10,11]. The mean age of the different series in the literature
is around 62 years with a clear male predominance ranging
from 50% to 98% depending on the series [12,13].

As described in several studies, the incidence of AKI
increases with age, as in our study [10,11]. In Tunisia, few
studies had the objective of studying the epidemiology of
patients in a nephrology department, we cite for example
the work of Ariba, et al. [8] found that the average age of
patients hospitalized in the internal medicine department
of the military hospital of Tunis was 59.8 years, with a male
predominance (sex ratio 1.76), but this work included all
patients who had an AKI during their stay in the department,
regardless of the recovery or persistence of the AKI.

The patients included in our series were multitargeted
in 42.3% of cases with 81 hypertensive patients and 32.1%
were diabetic with a median Charlson Comorbidity Index of
0 with a maximum of 7. In the literature, the most common
histories were hypertension, diabetes, and cardiovascular
pathologies [11,14] as described in the series of Ikizler, et al.
[13] and Hatakeyama, et al. [12].

Our results are different from those found in several
studies where patients had a mean Charlson Comorbidity
Index of 5, they had a much higher history of malignant
diseases than what was found in our study [15-18].

The results of the clinical data of our patients were
different from the results found by Ariba, et al. [8] and
Lengani, et al. [9] and these differences can be explained by
the fact that they included all the patients who had an AKI
and the particularity of our service is that it has an intensive
care unit where patients with visceral failures are present
contrary to several series carried out in nephrology services
where they only hospitalized patients who were not serious.

In our study, the medians of creatinine and urea were
respectively 335 umoles/l and 24.7 mmoles/l, which was
close to the biological results found by Ariba, et al. in 2013
[8]. Hypocalcemia was found in 58% of the patients, 38 of
whom had false hypocalcemia, a result similar to that found
by Lengani, et al. [9].

Although hypocalcemia was described by several authors
as a presumptive criterion for CKD [19], more than half of
the patients in our series had hypocalcemia, which was
transient and sometimes related to an etiology of AKI such
as rhabdomyolysis. This disorder was rapidly corrected after
the restoration of normal renal function.

www.clinnephrologyjournal.com m
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Several mechanisms have been investigated as being
involved in the genesis of hypocalcemia in AKI, such as
decreased synthesis of 1,25 OH vitamin D, decreased digestive
absorption of calcium, decreased renal reabsorption of
calcium, and decreased bone calcium release [19].

In our study, 115 patients were classified as KDIGO stage
3 and the most common etiology was dehydration (109
patients), i.e. pre-renal AKI in 50.6% of cases. This result was
comparable to that found by Fernandes, et al. [20] (77% of
patients with stage 3 KDIGO), but this was not the case with
the studies carried out by Ikizler, et al. [13], Heung, et al. [15]
and Teo, et al. [21] who found a clear predominance of stage
1 KDIGO.

Other studies found different results because they used
different classifications to stage the severity of AKI; RIFLE
classification for Ruiz-criado, et al. [18] and Arias-Cabrales,
et al. [14] and AKIN classification for Jones, et al. [22]. Pre-
renal etiology was most frequent in the series of Teo, et al.
[21], Fernandes, et al. [20] and Ruiz-Criado, et al. [18].

In our study, a kidney biopsy was performed on 25
patients (11.7%). In the series of Ariba, et al. [8], kidney
biopsy was performed in 12 cases; in front of unexplained
AKI in 4 cases, rapidly progressive glomerulonephritis in
4 cases, and abundant proteinuria and/or hematuria in 4
cases. In the study by Lengani, et al. [9], it was performed in
only 2 patients.

This can be explained by the fact that a small number of
patients presented an indication for kidney biopsy and that
the countries of sub-Saharan Africa have a poor technical
platform and not easy access to this technique.

In our series, extra renal replacement therapy (EET) was
indicated in 31 patients, i.e. 14.4% of the population studied,
which is in line with the results found by Pannu, et al. [17]
(7.6%), Ruiz-Criado, et al. [18] (13.7%) and Arias Cabrales,
etal. [14] (10%).

However, significant variability in the use of EET has been
noted in the literature ranging from 0.8 and 90% of patients
[9,16,20,21,23-26].

Despite this discordance, there are situations in which
it is essential to start an EET without delay. These absolute
indications are generally well accepted by all teams. These
are threatening hyperkalemia with electrical signs, severe
acidosis with pH < 7.1, and PO unresponsive to high-dose
diuretics [27]. According to Fernandes, et al. [20], metabolic
acidosis and PO refractory to high-dose diuretics were the
most frequent indications in his series with 39% and 44.6%
respectively.

The majority of patients included in our study had
recovered normal renal function at 3 months and not at
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discharge, these results were not comparable with those
found in the literature. Since the majority of studies had
a maximum follow-up of 90 days after hospital discharge
[13,21,23].

Conclusion

AKl is a serious and severe phenomenon that is avoidable
in some cases, particularly frequentin our country. In Tunisia,
epidemiological data are scarce concerning this phenomenon,
hence the importance of carrying out other multicentric and
prospective studies to assess its real importance. Prevention
and early detection can avoid this complication which still
keeps an important morbi-mortality. The interest of our
study was to recognize the epidemiological and clinical
characteristics of patients who had an AKI with recovery of
normal renal function, in order to determine the risk factors
of this major event. Prevention perspectives: sensitize
general practitioners and other specialties to the importance
of assessing renal function in patients at risk for AKI because
of their history or the procedure or treatment that puts them
atrisk for developing AKI.
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