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Abstract

INTRODUCTION
The worldwide incidence of acute kidney injury is 18% and the overall hospital mortality can rise above
50%. In Peru, there are few series about mortality of acute kidney injury in hemodialysis patients.

OBJECTIVES
To identify risk factors associated to hospital mortality of acute kidney injury in hemodialysis patients.

METHODS

This is a retrospective cohort of patients with acute kidney injury in hemodialysis of Hospital Nacional
Edgardo Rebagliati Martins gathered between January 2013 and December 2015. The sample size was
154 patients which allowed a power of 80% and a CI of 95%. ICD-10 codes were used to identify medical
records of patients with acute kidney injury (N.17) and hemodialysis (Z.49). The independent variable
was oliguria, and the primary outcome was hospital mortality. Poisson regression was used for
multivariate analysis.

RESULTS

We identified a total of 285 patients; 212 medical records were analyzed and 44 were excluded. Out of
the 168 medical records, 129 belonged to living patients and 39 to deceased ones. The overall mortality
incidence was 17.2%. The principal etiologies of acute kidney injury while in hemodialysis were sepsis
(39.2%), and severe dehydration (10.8%). In the adjusted model, the risk factors associated to hospital
mortality of acute kidney injury while in hemodialysis were elevated serum lactate (RR 1.09), elevated
serum potassium (RR 0.93), and mean arterial pressure (RR 0.97).

CONCLUSIONS

Lactate is an objective parameter that can predict prognosis and contributes to a better management
of acute kidney injury in hemodialysis patients.
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Introduction

Acute kidney injury is defined as an abrupt and reversible
decrease of the renal function [1],[2]. This disease is
under-registered because of difficulties in the access to
health services, lack of knowledge of general population
and lack of bloodwork in hospitals [3]. However, these
patients have a high mortality rate and this leads to a rise
in health expenditures [4].

The global incidence of acute kidney injury is around 18%
in hospitalized patients and 30-60% in intensive care unit
patients [5],[6]. Bagshaw found an in-hospital mortality of
51.9% in this population and the principal risk factors were
high values of serum creatinine and urea, oliguria and
multi-organ failure [7]. On the other hand, Chih-Chung
found a mortality rate of 58.2% and main risk factors were
aging, congestive heart failure and a high value in
Sequential Organ Failure Assessment score [8]. This score
predicts mortality rate based on clinical and laboratory
data. Also, there are other scores that can be used in acute
kidney injury patients like the Acute Physiology and Chronic
Health Evaluation II and the Simplified Acute Physiologic
Score [9],[10], finding a correlation between higher score
values and risk of death.

On the other hand, hemodialysis is a renal replacement
therapy that is initiated depending of several factors.
Nowadays, there is no clinical guideline specifying when to
start this treatment, although some authors indicate that
an increase of serum creatinine or urea and hyperkalemia,
metabolic acidosis, or fluid overload can influence in the
decision to start hemodialysis [11].

In Peru, there are few series about mortality of acute
kidney injury patients in hemodialysis. In 2013, one series
at Hospital Nacional Dos de Mayo, a public institution,
evaluated patients with similar characteristics and found a
mortality rate of 39.5% [12]. However, there are no series
in a third level hospital of EsSalud, in which there could be
different results due to their infrastructure.

The aim of the study was to identify risk factors associated
to hospital mortality of acute kidney injury patients in
hemodialysis in the Hospital Nacional Edgardo Rebagliati
Martins. The specific aims were to quantify the incidence of
hospital mortality in acute kidney injury patients,
determine their main risk factors and their etiology as well.

Methods

This is a retrospective cohort study and the information was
collected from the mentioned hospital, Lima, Peru. This is a
national reference high-complex hospital that receives
patients from different parts of the country. Every patient
diagnosed with acute kidney injury on hemodialysis in the
period from January to December 2015 in the Hospital
Nacional Edgardo Rebagliati Martins was included in the
study.

Sample size was calculated with information from Loza et
al. study, which revealed that 48% of oliguric versus only
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24% of the non-oliguric patients died, finding a RR of
1.9 [13]. Using Epidat 4.0, oliguria was the independent
variable and hospital mortality the dependent one
(outcome). A power of 80% and 95% confidence level was
used, resulting in 154 patients. Considering a 10% error for
lost or erroneous medical histories, 169 people were
included.

We included every patient above eighteen years old
diagnosed with acute kidney injury (CIE-10 N17) and
hemodialysis (CIE-10 Z49) submitted to this treatment
after a nephrologist indication. Exclusion criteria were renal
malformations or renal transplant, pregnancy (for women),
history of chronic kidney disease and patients who didn’t
have a creatinine value after their last hemodialysis.

Patients who were diagnosed with acute kidney injury in
hemodialysis participated in the study and were followed
during the next 28 days. Hospital mortality was defined as
a patient’s death in the first 28 days after acute kidney
injury in hemodialysis diagnosis. Time between the
diagnosis of acute kidney injury and the beginning of
hemodialysis was defined in hours after the nephrologist
indication.

Glomerular filtration rate at acute kidney injury diagnosis
and at the beginning of hemodialysis were measured with
the Modification of Diet in Renal Disease formula using the
value of creatinine in those respective moments. Blood urea
nitrogen was obtained with standardized formula:
BUN=Urea/2.1428 [14]. Laboratory exams were performed
in two opportunities: at acute kidney injury in hemodialysis
diagnosis and after the last hemodialysis.

A file was developed for each patient with the information
collected from his or her medical history obtained in the
Medical Records Department. This information was logged
in Microsoft Excel by double digitation.

The Ethics Committee of the Universidad Peruana de
Ciencias Aplicadas and the Hospital Nacional Edgardo
Rebagliati Martins approved the study. Personal contact
with patients was not necessary for the development of this
study and informed consent was not applied. Medical
histories were identified by a number code, in order not to
jeopardize the patient’s privacy.

Collected data were analyzed with Stata 13.0. Categorical
variables were reported as proportions (percentages). After
using Shapiro-Wilk test for assessing normality of
quantitative variables, the majority did not meet this
request and all these variables were summarized as
medians. In bivariate analysis, the mentioned variables
were compared to hospital mortality. Chi-square test or
Fisher exact test were used as appropriate. Quantitative
variables were compared with Mann-Whitney test.
Variables with a p value less than or equal to 0.05 in
bivariate analysis and those directly related to the
pathophysiological mechanism of mortality were included in
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multivariate Poisson regression, so RR s were adjusted for
these same variables and mechanic ventilation.

Results

The total number of medical records was 285. Seventy
three of them were not found due to different reasons and

Figure 1: Patients Fluxogram.

14 of these records met exclusion criteria. In total, 212
medical records were reviewed and 44 also met exclusion
criteria. Thus, we included 227 patients for the calculation
of incidence, but we only analyzed data from 168 patients,
129 alive and 39 deceased. See Figure 1.

Patients total

N=285

Unallocated (n= 73) ]4_

v

Revised Medical
Histories
N=212

Exclusion Criteria (n= 44)
- Chronic Renal discase = 41
- Kidney Malformations = 2
- Kidney Transplanted = 1

Lives
N=129

Figure 1. Patients "~ fluxogram.

Age median was 69 (55 to 77.5) and 61.9% of patients
were men. Mortality incidence was 17.2%. The
demographic, clinical and laboratory data are shown in
Table 1. Length of stay median was 15 days (10 to 23.5)
and the period of time between hospital admission and the
day of diagnosis was 4 hours (1 to 9). Hemodialysis median
was three sessions (2 to 4). At diagnosis, urine output less
than 400ml/day was quantified in 43.5% of patients and
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Medical Histories

analyzed
N=168

Deceased
N=39

glomerular filtration rate was 12ml/min/1.73m2 (7.5 to
17). Also, 20% of patients presented fluid overload at
diagnosis and 51.2% presented shock. Septic shock was
the main type of shock (39.9%), followed by cardiogenic
(9%) and hypovolemic (6%) shock. Seventy four percent
of patients were admitted to the intensive care unit.
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Variables Results
Demographic characteristics Median (1QR)
Age 69 (55 to 77.5)
Gender % (n)

e Male 61.9 (104)

e Female 39.1 (64)
Comorbidities % (n)
Diabetes mellitus 40.7 (68)
Arterial hypertension 52.4 (88)
Scores Median (IQR)
Charlson Comorbidity Index (CCI) 3(2a5)
Sequential Organ Failure Assessment Score (SOFA) 6(4ag)
APACHE Il Score 22 (17 to 26.5)
Simplified Acute Physiologic Score (SAPS) 34 (27.43)*
Etiology % (n)
Cause of acute kidney injury

e Sepsis 39.3(66)
e Severe dehydration 10.7 (18)
e Obstructive uropathy 8.3(14)
e Decompensate heart failure 6.6 (11)
e  Acute interstitial nephritis 5.4(9)
e  Acute tubular necrosis 4.2(7)
e Acute gastroenteritis 0.6 (1)
e Others 25 (42)
Times Median (IQR)

Hospitalization days

15 (10 to 23.5)

Time between the day of hospitalization and
diagnosis of acute kidney injury on hemodialysis

(days)

4(1to9)

Time between the diagnosis of acute kidney injury
requiring hemodialysis and the beginning of
hemodialysis (hours)

12 (8 to 24)

Laboratory analyses

Median (IQR)

Creatinine at diagnosis of acute kidney injury (mg/dL)

4.67 (3,4 to 6.55)

Urea at diagnosis of acute kidney injury (mg/dL)

124.5 (89 to 180)

Lactate at diagnosis of acute kidney injury (mmol/L)

1.5(1to2.1)

Potassium at diagnosis of acute kidney injury (mEg/L)

4.65 (3.94 t0 5.25)

Hospitalization

Median (IQR)

Sodium in hospitalization (mEg/L)

139 (135 to 143)

Blood urea nitrogen in hospitalization (mg/dL)

56,7 (36.63 to 84.28)

Mean arterial pressure in hospitalization (mmHg)

87 (68 to 100)

Bicarbonate (mEq/L)

20.6 (18 to 22.5)

pH 7.36 (7.3 t0 7.41)
Clinical characteristics % (n)
Shock 51.2 (86)
Sepsis 35.5(59)
Mechanical ventilation 34 (20)

*Mean and standard deviation.
IQR: interquartile range

APACHE Il Score [Acute Physiology And Chronic Reglth Evalugtion); SAFS Score

(Simplified Acute Physiologic Score)

Table 1. Demographics and clinical characteristic of acute kidney injury patients subjected to hemodialysis
at the Hospital Nacional Edgardo Rebagliati Martins in Lima, Peru from 2013 to 2015.

Table 2 shows information of living and deceased patients.
The comorbidities and Acute Physiologic And Chronic Health
Evaluation II score were similar in both groups, but
Sequential Organ Failure Assessment and Simplified Acute
Physiologic Score had a higher value in deceased patients,
showing statistical association. Sepsis was the most
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frequent etiology of acute kidney injury in both groups, and
it had a higher incidence in deceased patients (p<0.05).
Length of stay in living patients was higher than in
deceased patients, but the period of time between the day
of diagnosis and start of hemodialysis was similar in both
(p<0.05). Serum creatinine values before hemodialysis
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were higher in living patients. Serum lactate and potassium
values were lower in living patients, and pH and
bicarbonate during hospital stay were lower in deceased

shock was the most frequent type of shock in both groups.
Intensive care unit admission and mechanical ventilation
were higher in deceased patients showing statistical

patients, presenting significant association. Presence of association.
shock was higher in deceased patients, although septic
Variable Lives (129) deceased (39) p
Characteristics demographics %(n) %(n)
Male gender 61.2 (79) 64.1(25) 0.747
Age 67° (54-77) 71* (59-78) 0.200
Comorbidities %(n) %(n)
Diabetes Mellitus 41.4 (53) 38.5 (15) 0.814
Arterial Hypertension 53.5 (69) 48.7 (19) 0.601
Scores m(lQR) m(lQR)
CCl Score 3(2-4) 4(2-6) <0.05
gequential Organ Failure Assessment 5(4-8) 8(6-11) <0.05
core

bl T o 23(19-29) 0.064
Simplified Acute Physiologic Score 34 (24-42) 40 (32-43) <0.05
Etiology %(n) %(n)
Cause of acute kidney injury

® Sepsis 29.5 (38) 71.8(28)

® Severe dehydration 13.2 (17) 26(1)

* obstructive uropathy 10.9(14) =

 Interstitial nephritis 7.0(9) = <0.05¢

* Heart failure 5.4(7) 10.3(4)

® Acute tubular necrosis 3.1(4) 7.7(3)

* Acute gastroenteritis 08(1) -

® Others 27.9 (36) 7.7 (3)
Times m(IQR) m(IQR)
Hospitalization days 15 (10-24) 13 (8-23) 0.145
Time between the day of
hospitalization and diagnosis of acute | 3(1-8) 4(2-10) 0.239
kidney injury on hemodialysis (days)
Time between the diagnosis of acute
kidney injury on hemodialysis and the | 12 (6-24) 12 (6-13) <0.05
start of hemodialysis (hours)
Acute kidney injury diagnostic m(IQR) m(IQR)
Creatinine 47(34-7.2) 44(3.0-55) 0.143
Urea 120 (84-167) 176 (111-216) <0.05
Lactate 1.3(0.9-1.8) 23(1.6-3.4) <0.05
Potassium 46(3.8-51) 4.8 (44-56) <0.05
Urine output 600 (300-1090) | 300 (100-1100) | 0.085
Hospitalization m(IQR) m(IQR)
Sodium 21.3(19.2-22.6) | 18.5(15.6-21.5) | 0.088
Mean arterial pressure S0 (73-105) 67 (53-83) <0.05
Clinical characteristics %(n) %(n)
Mechanic ventilation 11.6 (15) 48.7 (19) <0.05
Shock 38.8 (50) 92.3 (36) <0.05
Shock type

* None 61.2 (79) 7.7(3)

* Septic 30.2(39) 71.8(28) <0.05

* Hypovolemic 6.2 (8) 15.1(2)

* Cardiogenic 2.3 (3) 15.4 ()
Sepsis 244 (31) 71.8(28) <0.05
*Mean

**CCl Score {Charison Comorbidity Index); SOFA Score (Sequential Organ Failure Assessment);
APACHE Il Score (Acute Physiology ond Chronic Health Groduation); SAPS Score

(Simplified Acute Physiologic Scare)
 Exact Fisher Test
m(IQR}): Median and interquartile range

Table 2. Comparison of demographics, clinical and physiological characteristics between living and deceased
patients with acute kidney injury on hemodialysis in Hospital Nacional Edgardo Rebagliati Martins in Lima,
Peru 2013-2015.
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Table 3 shows the multivariate analysis, which included
those variables and mechanical ventilation in Intensive
Care Unit. Urine output, which was part of the initial
hypothesis, did not showed significant association
(p=0.374). However, lactate and potassium did, with a RR

1.09 (95% CONFIDENCE INTERVAL: 1.04-1.15) and RR
0.93 (CI95%: 0.87-0.99), respectively. Finally, Media
Arterial Pressure also showed significant association in
adjusted model RR 0.97 (95% confidence interval: 0.96-
0.98).

Variable Not adjusted Adjusted®
RR (1C95%) p RR (1C95%) p
Lactate 1.02(0.8to1.1) 0.153 1.09(1.04 to 1.15) <0.05
Potassium 1.01 (0.97 to 1.06) 0.632 0.93{0.87t00.99) | <0.05
Mean Arterial Pressure | 0.96 (0.95 to 0.98) <0.05 0.97 (0.96 to 0.98) <0.05

*Adjusted for the same variables + mechanical ventilation in intensive care unit

Table 3. Risk factors associated to hospital mortality in hemodialysis Acute Kidney Injury patients.

Discussion

In this study, the mortality incidence was 17.2%. In other
series taken in Peru, the incidence mortality in acute kidney
injury patients was 10% at the Hospital Arzobispo Loayza
in 2004 [15]. A Spanish article showed that the mortality
varies from 7% in patients with prerenal azotemia to 80%
in intensive care unit patients, while other studies show
that it varies from 20 to 80% depending on the etiology,
the clinical course and the severity of the acute kidney
injury [16],[17],[18]. The rise of mortality incidence in this
study is probably due to an higher age mean of 69 years;
unlike Soto et al. that had a mean age of 45.8 years. This
statement is based on Brady et al. [19], who described a
relationship between older age and mortality rate in acute
kidney injury patients.

The multivariate analysis of this series had statistic
modelling, reason why only the significant variables of the
bivariate analysis were adjusted. Furthermore, the initial
hypothesis of this article was the variable oliguria, shown
on the final results of the multivariate analysis.

The presence of oliguria in acute kidney injury patients is a
previously established risk factor associated to
mortality [20]; however, this study did not reveal a
statistically significant association in the multivariate
analysis (RR 1.00 95% confidence interval: 0.99-1.00). On
the other hand, mean arterial pressure was found as a
protective factor (RR 0.97 95% confidence interval: 0.96-
0.98). Raimundo et al. described, in a retrospective study
with intensive care unit patients, that a higher mean
arterial pressure in the first 12 hours from acute kidney
injury diagnosis is associated with a lower risk of developing
stage III acute kidney injury of Acute Kidney Injury
Network classification [21]. For this reason, maintaining a
mean arterial pressure in adequate values contributes to
prevent or reduce the duration of acute kidney injury [22].

Searching for an objective parameter to predict the
prognosis of the population of this study, a statistically
significant association was found in the adjusted model with
serum lactate (RR 1.09 95% confidence interval: 1.04-
1.15). The 9% higher probability of hospital death is
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supported by the results of Husain et al., who found
elevated levels of serum lactate in deceased intensive care
unit patients compared to living patients (4.2 vs. 2.8
mmol/L, p=0.002) [23]. Also, Allegreti et al. found that one
of the risk factors associated to mortality of acute kidney
injury in hemodialysis patients was serum lactate levels
higher than 4 mmol/L [24]. In this study, deceased patients
had a mean serum lactate of 2.3 mmol/l with an upper limit
of 3.4 mmol/L, and associated with mortality as described
before. In the study of Barreto et al. it was found that acute
kidney injury after and hepatic graft dysfunction is
associated with high levels of lactate, as this is a poor tissue
perfusion marker, being present hemodynamic instability,
hypotension and consequently kidney involvement, thereby
increasing levels of lactate [25]. However, according to
Vashistha et al. the mechanism whereby metabolic acidosis
increases the mortality risk of these patients is not clear. It
is known that hyperkalemia, increased protein catabolism,
increased insulin resistance, systemic inflammation, a rapid
loss of renal function and calcium efflux from the bone
contribute to mortality of dialysis patients [26].

We found that the elevation of 1 mEq/l of potassium
lowered the risk of mortality by 7%. This result contrasts
with other series [27],[28], who refer that hyperkalemia is
an independent predictor of the severity and mortality of
acute kidney injury in intensive care unit patients.
However, in our study we found a median level of
potassium of 4.6 mEqg/I in living patients, and 4.8 mEq/L in
deceased patients, with a normal value range between 3.5
to 5.0 mEqg/L [29]. This can be explained by the trending
management of the health center studied to initiate early
hemodialysis. As described by Thakar et al., the decision of
early initiation of hemodialysis is based on avoiding acute
kidney injury complications, such as hyperkalemia [30].

The weakness of this study was that not all medical records
of living patients were found, because they were not
available at the moment of the data gathering. However,
the study accomplished the sample size necessary to
corroborate the hypothesis and significant variables in the
adjusted model. The strength is that a cohort study is ideal
to respond questions about the prognosis of patients. Also,
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finding associated risk factors, like serum lactate, which
would allow us to predict which patients need early
hemodialysis.

The mortality incidence was 17.2%. In the lab variables,
serum lactate was found as a risk factor associated to
hospital mortality. This is an objective and measurable
parameter that should be used more frequently to know the
prognosis of this specific population.

We suggest similar studies with an expanded population,
which should include other health institutions in Peru such
as Ministerio de Salud, military health centers and other
EsSalud health centers in order to compare the behavior of
the specific populations in different type of health centers.
It is important to determine more clinical and laboratory
parameters that can predict the clinical course of acute
kidney injury in hemodialysis patients.
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