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Abstract
AIM: To explore whether serum bicarbonate at admis-
sion to intensive care unit (ICU) predicted development 
of acute kidney injury (AKI).

METHODS: We studied all patients admitted to our 
ICU over a 2 year period (February 2010 to 2012). The 
ICU has a case mix of medical and surgical patients 
excluding cardiac surgical, trauma and neurosurgical 
patients. We analysed 2035 consecutive patients 
admitted to ICU during the study period. Data were 
collected by two investigators independently and in 
duplicate using a standardised spread sheet to ensure 
accuracy. Ambiguous data were checked for accuracy 
where indicated. AKI was defined using the Kidney 
Disease Improving Global Outcomes criteria. Patients 
were divided into two groups; patients who developed 
AKI or those who did not, in order to compare the 
baseline characteristics, and laboratory and physiologic 
data of the two cohorts. Regression analysis was used 
to identify if serum bicarbonate on admission predicted 
the development of AKI.

RESULTS: Of 2036 patients 152 (7.5%) were excluded 
due to missing data. AKI developed in 43.1% of 
the patients. The AKI group, compared to the non-
AKI group, was sicker based on their lower systolic, 
diastolic and mean arterial pressures and a higher acute 
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physiology and chronic health evaluation (APACHE) 
Ⅲ and SAPS Ⅱ scores. Moreover, patients who 
developed AKI had more co-morbidities and a higher 
proportion of patients who developed AKI required 
mechanical ventilation. The multi-regression analysis of 
independent variables showed that serum bicarbonate 
on admission (OR = 0.821; 95%CI: 0.796-0.846; P  < 
0.0001), APACHE Ⅲ (OR = 1.011; 95%CI: 1.007-1.015; 
P  < 0.0001), age (OR = 1.016; 95%CI: 1.008-1.024; 
P  < 0.0001) and presence of sepsis at ICU admission 
(OR = 2.819; 95%CI: 2.122-23.744; P  = 0.004) were 
each significant independent predictors of AKI. The 
area under the ROC curve was 0.8 (95%CI: 0.78-0.83), 
thereby demonstrating that the predictive model has 
relatively good discriminating power for predicting AKI.

CONCLUSION: Serum bicarbonate on admission may 
independently be used to make a diagnosis of AKI. 

Key words: Acute kidney injury; Bicarbonate; Mortality; 
Sepsis
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Core tip: Metabolic acidosis is often associated with 
acute kidney injury (AKI) and can result in multiple 
complications, including cardiac dysfunction, hypo-
tension and mortality. There is however, a paucity 
of data regarding the value of metabolic acidosis, 
especially serum bicarbonate, in making an early 
diagnosis of AKI in an intensive care unit (ICU) setting. 
We demonstrated that serum bicarbonate on admission 
may independently be used to make a diagnosis of AKI, 
in a mixed ICU setting. Our results are relevant since 
serum bicarbonate is inexpensive and easily available, 
which will enable initiate prompt treatment of AKI, for 
better outcomes.
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INTRODUCTION
Acute kidney injury (AKI) is defined as an abrupt 
decline in renal function, resulting in the inability 
to excrete metabolic wastes and maintain proper 
fluid, electrolyte and acid base balance. It results 
in multiple complications including hyperkalaemia, 
acidosis, volume overload, encephalopathy and 
anaemia[1]. Patients who develop AKI have worse 
long-term outcomes, especially in the immediate 
post-intensive care unit (ICU) period[2].

Metabolic acidosis, which is often associated with 

AKI, can result in cardiac dysfunction, hypotension, 
increased risk of infection and mortality. Hence 
clinical practice guidelines recommend initiation of 
alkali therapy when serum bicarbonate level is ≤ 
22 mmol/L[1] although a recent Cochrane review 
demonstrated the benefit of sodium bicarbonate in 
AKI management as equivocal[3]. 

A more thorough understanding of the impact 
and association of different risk factors with AKI 
is very important for designing predictive models 
of patients at high risk of developing this lethal 
condition, in order that preventative strategies may 
be created to benefit such a group. Predictive models 
for development of AKI already exist in cardiac-
surgery critically ill patients[4-6]. There is however a 
lack of meaningful predictive models in mixed and 
medical ICUs. Most of the prediction models in these 
context have focused on the impact on mortality of 
AKI in ICU patients[7,8].

Multiple biomarkers including serum and urinary 
CysC, neutrophil gelatinase-associated lipocalin 
(NGAL) and interleukin-18 (IL-18) have been used 
to predict AKI[9]. The usefulness of these serum 
biomarkers in predicting the development of AKI 
appears to be evolving. Yet assay to assays to 
identify these biomarkers are expensive and not 
widely available. 

There is however, a paucity of data regarding 
the value of metabolic acidosis, especially serum 
bicarbonate, in making an early diagnosis of AKI in 
an ICU setting. Measurement of serum bicarbonate 
is possible in most hospital settings and is not 
expensive. Hence we aimed to primarily assess the 
role of serum bicarbonate, measured during the 
first 24 h of ICU admission, in diagnosing AKI and 
identify other independent predictors of AKI. 

MATERIALS AND METHODS
Ethics
The Human Research Ethics Committee of Peninsula 
Health reviewed the study protocol and waived the 
requirement for full ethics committee application, 
as the study was seen as a retrospective audit of 
data routinely collected for patient care and not 
experimental research. 

Study design and setting
We studied all patients admitted to our ICU over a 2 
year period (February 2010 to 2012). The ICU has a 
case mix of medical and surgical patients excluding 
cardiac surgical, trauma and neurosurgical patients. 
The study was undertaken at Frankston Hospital, 
the acute care hospital for Peninsula Health. The 
hospital is a tertiary referral centre that is affiliated 
with Monash University. 

Clinical and laboratory features at admission 
and during ICU stay were collected from our ICU 
database (called STATIC), our hospital’s pathology 
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database and the case records of the patients 
included in the study. Data were collected by two 
investigators independently and in duplicate using 
a standardised spread sheet to ensure accuracy. 
Ambiguous data were checked for accuracy where 
indicated.

Definition of parameters
Clinical and laboratory features at admission and 
during ICU stay were studied. AKI was defined using 
the Kidney Disease Improving Global Outcomes 
(KDIGO) Practice Guidelines[10]. As per the guidelines, 
a patient was considered to have AKI if there was an 
increase in serum creatinine by 26.5 mmol/L or more 
within 48 h, or an increase in serum creatinine to 1.5 
times baseline or more within the last 7 d. Baseline 
renal function was defined as the lowest known 
serum creatinine during the preceding 3 mo prior to 
hospital admission. Patients with unknown baseline 
serum creatinine were excluded from the study. 
Patients were considered as having new AKI if they 
did not have AKI on ICU admission but subsequently 
met the KDIGO Guidelines during the first 48 h of 
ICU presentation. Metabolic acidosis was defined as 
pH < 7.35 and an arterial bicarbonate < 20 mmol/L.

Patient population and data collection
The patients were divided into two groups, the 
AKI and non-AKI groups, in order to investigate if 
there were differences in relation to all the studied 
parameters. Thereafter, the proportion of patients with 
metabolic acidosis in the AKI group was determined. 
The presence of hypertension, diabetes and peripheral 
vascular disease, as well as the length of ICU and 
hospital stays were analysed in all patients included 
in the study. The acute physiology and chronic health 
evaluation (APACHE) Ⅲ score[11] and simplified acute 

physiology score (SAPS) Ⅱ[12] were calculated for the 
first 24 h of admission. Physiological parameters 
during the first 24 h of ICU admission, including 
vital signs and partial pressures of oxygen and 
carbon dioxide were recorded. Serum urea and 
creatinine were recorded during the first 48 h of ICU 
admission, at 24 h-intervals, in all patients included 
in the study. The laboratory parameters consisted 
of serum bicarbonate, pH, lactate, albumin, urea, 
potassium, white cell count (WCC) and glucose 
levels. 

Statistical analysis
Statistical analysis was performed by a biomedical 
statistician. Categorical data were assessed using 
Fisher’s exact test. Student’s t tests (for parametric 
data) or Mann-Whitney U (Non parametric) tests was 
used for continuously-scaled data. 

Logistic regression analysis was used to distinguish 
independent predictors of hospital mortality. In 
regression analysis models data variables were entered 
using “Enter” method. The first model contained 
data variables including age, mean BP, serum lact-
ate, pH, APACHE Ⅲ score, serum bicarbonate on 
admission, presence of sepsis at admission and the 
need for mechanical ventilation. Further models were 
constructed aiming for a parsimonious model. Every 
model constructed was assessed by Cox and Snell 
and Nagelkerke R square and Hosmer-Lemeshow 
goodness-of-fit statistic. Regression models were 
constructed using Wald statistic. The final model 
contained four variables including age, sepsis on 
admission, serum bicarbonate and APACHE Ⅲ score. 
A P value < 0.05 was considered to be statistical 
significant. Data analyses were performed using IBM 
SPSS statistics version 22.0 (SPSS Inc, Chicago, IL).

RESULTS
Over the two year study period 2035 patients were 
admitted to our ICU. We excluded 152 (7.5%) 
patients due to missing data on serum creatinine. 
877 patients (43.1%) of the cohort developed AKI 
compared to 1006 patients (49.4%) who did not 
develop AKI in the first 48 h. Patient demographics 
and clinical parameters at the time of admission are 
shown in Table 1.

The AKI group was older than the non-AKI 
groups, and had a significantly higher proportion of 
hypertensive and diabetic patients (P = 0.003 and 
< 0.001 respectively). Other comorbidities such as 
peripheral vascular disease, ischemic heart disease 
and chronic obstructive airway disease were not 
significantly different (P = 0.58, 0.24 and 0.07 
respectively). The AKI group, compared to the non-
AKI group, was sicker based on the lower systolic, 
diastolic and mean arterial pressures and a higher 
APACHE Ⅲ and SAPS Ⅱ scores. Moreover, patients 
who developed AKI were more likely to require 
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NO AKI
(n  = 1006)

AKI
(n  = 877)

P  value

  Age (yr) 61.4 (18.8) 66.2 (16.6) < 0.0001
  Sex, M:F 1.1:1 (726:662) 1.1:1 (242:220)   0.978
  Requirement for 
  mechanical ventilation 

46% 51.5% 0.01

  Severity of illness
     APACHE Ⅲ 47.8 (25.3) 63 (35.7) < 0.0001
     SAPS Ⅱ 33.7 (13.8)  45.9 (17.6) < 0.0001
  Vital signs 
     Heart rate (/min) 99 (22) 105 (23) < 0.001
     Respiratory rate (/min) 24 (6.6) 26 (7.5) < 0.001
     Temperature1 (℃) 35.3 (0.9) 35.2 (1.2)     0.004
     Systolic BP1 (mmHg) 102.9 (16.8) 96.5 (169) < 0.001
     Diastolic BP1 (mmHg)  55.8 (12.2) 52.3 (12.7) < 0.001
     MAP (mmHg) 71.3 (12.7) 67.0 (12.8) < 0.001

Table 1  Comparison of demographical and clinical 
characteristics at the time of admission to intensive care

1Lowest. Data are presented in mean ± SD; number of patients where data 
were available for analyses. SAPS Ⅱ: Simplified acute physiology score II; 
APACHE Ⅲ: Acute physiology age and chronic health evaluation Ⅲ; BP: 
Blood pressure; MAP: Mean arterial pressure.
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not significantly differ. Also, serum lactate levels on 
ICU admission did not predict the onset of AKI. We 
also found that AKI significantly increased morbidity 
and mortality, hence highlighting the need for an 
early diagnostic tool. 

The rationale behind the association between AKI 
and low serum bicarbonate levels can be extrapolated 
from previous studies which have explored the 
benefits of sodium bicarbonate in reducing the risk 
of AKI[13-17]. Most of those have been performed 
in a cardiac surgery setting because of the ability 
to prospectively follow patients before and after 
a well-timed renal insult. Haase et al[15] designed 
a double-blind, randomized controlled trial in 
patients undergoing cardiac surgery, and found 
that sodium bicarbonate treatment was associated 
with an absolute risk reduction for AKI of 20% and 
with a significant attenuation in the postoperative 
increase of plasma urea, urinary NGAL and urinary 
NGAL/urinary creatinine ratio[15]. It is thought that 
sodium bicarbonate contributes to increasing oxygen 
delivery to the renal medulla, while reducing iron-
mediated free radical formation due to neutralizing 
acidosis in this vulnerable region of the kidney[18]. 
Therefore, it can be argued that a lower serum 
bicarbonate level would increase the risk of ischemic 
injury to the kidneys, especially in a critical illness 
setting. This logic would support our findings and 
current model.

Of late, there has been a lot of interest in 
identifying novel serum and urinary biomarkers 
which would be more sensitive in predicting AKI. This 
is because serum creatinine has a poor predictive 
accuracy for renal injury, particularly in the early 
stages of AKI[19]. Our study supports the use of 
serum bicarbonate, an easily accessible parameter, 
usually readily available in all patients. Other 
markers which have been used as predictors of AKI 
are NGAL, kidney injury molecule-1, Cystatin C, IL-6, 
IL-8, IL-18, N-acetyl-glucosaminidase, glutathione 
transferases and liver fatty acid binding protein. 
However, there is still a lot of debate about their 
reliability. For example, a wide range of predictive 
value of NGAL has been only reported across 
observational cohort studies[20,21]. Also a clear cut 
off NGAL concentration for the detection of AKI has 
not yet been reported, whilst the predictive value 
of urinary Cystatin C should be interpreted with 
caution in pre-renal AKI[22]. More recently, a review 

mechanical ventilation (51.5% vs 46.0%, P = 0.01). 
Patients who developed AKI were more acidotic 
with lower serum bicarbonate (20.1 mmol/L vs 23.5 
mmol/L, P < 0.001) and higher lactate (3.4 mmol/L 
vs 2.1 mmol/L, P < 0.001) (Table 2). 

The AKI group was sub-classified into 3 categories 
as per the grade of the renal impairment. Stage 1, 2 
and 3 respectively had a serum bicarbonate of 20.8 
± 5.1, 18.2 ± 5.0 and 17.2 ± 6.3 mmol/L. There 
were however no significant differences in the death 
rates in ICU across the 3 groups.

In terms of morbidity and mortality, the AKI group 
had longer ICU and hospital duration and a higher 
ICU and hospital mortality (Table 3). The multi-
regression analysis of independent variables showed 
that serum bicarbonate on admission (OR = 0.821; 
95%CI: 0.796-0.846; P < 0.0001), APACHE Ⅲ (Odds 
ratio 1.011; 95% CI 1.007-1.015; P < 0.0001), age 
(OR = 1.016; 95%CI: 1.008-1.024; P < 0.0001) 
and presence of sepsis at ICU admission (OR = 
2.819; 95%CI: 2.122-23.744; P = 0.004) were each 
significant independent predictors of AKI. The area 
under the ROC curve was 0.8 (Figure 1) confirming 
the discriminatory power of the model for predicting 
AKI. 

DISCUSSION
Our study is amongst the first studies investigating 
whether serum bicarbonate predicts the develo-
pment of AKI in unselected critically ill ICU patients, 
in whom AKI aetiology and timing are often unclear. 
We demonstrated that patients who developed AKI 
were more acidotic with a lower serum bicarbonate. 
Hence our study proved that in an ICU setting, 
serum bicarbonate on admission can be used to 
make an early diagnosis of AKI. Patients with 
more severe AKI were more acidotic, although the 
mortality across the sub-groups of AKI severity did 
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NO AKI
(n  = 1006)

AKI
(n  = 877)

P  value

  pH       7.4 (0.08)   7.3 (0.12) < 0.001
  PaCO2 (mmHg)         41 (11.3)      40 (13.7)     0.005
  PaO2, (mmHg)      116 (85.4)   113 (79.7) 0.5
  HCO3 (mmol/L)     23.5 (3.7) 20.1 (5.3) < 0.001
  Sodium (mmol/L)      141 (4.2) 141 (5.3) 0.7
  Potassium (mmol/L)       4.5 (0.6)   4.7 (0.8) < 0.001
  Urea (mmol/L)       6.2 (3.9)   14.4 (10.6) < 0.0001
  Baseline Creatinine (mmol/L)        72 (36.8)      180 (173.6) < 0.001
  Peak creatinine (mmol/L)1        76 (36.6)      196 (175.3) < 0.001
  Serum albumin (g/L)        35 (6.1)    34 (6.1)    0.001
  Blood glucose (mmol/L)       8.9 (3.4) 11.1 (5.7) < 0.001
  Lactate (mmol/L)       2.1 (2.0)   3.4 (3.1) < 0.001
  White cell count (× 109/L)     12.9 (9.6)   15.6 (10.8) < 0.001
  Hematocrit (%)     0.36 (0.057)     0.34 (0.061) < 0.001

Table 2  Comparison of laboratory characteristics at the time 
of admission to intensive care

1During first 48 h of ICU admission. Data are presented in mean ± SD. 
ICU: Intensive care unit.

NO AKI
(n  = 1006)

AKI
(n  = 877)

P  value

  Died in hospital (%) 30.9 69.1 < 0.001
  Death in ICU (%) 57.0 43.0 < 0.001
  Hospital length of stay (d) 12.6 (20.1) 14.5 (16.3)  0.02
  ICU length of stay (d) 2.8 (4.1) 4.4 (5.7) < 0.001

Table 3  Comparison of outcomes

Data are presented in mean ± SD. ICU: Intensive care unit.
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emphasized on the cumbersome nature of these 
markers, especially in those settings where timing 
and aetiology of AKI are not well defined[23]. Hence, 
we support the use of serum bicarbonate as an in-
expensive and potentially reliable predictor of AKI.

We do acknowledge the limitations of our 
study. It is a retrospective study with limitations 
on the selection of patients and the quality of 
the data. Nevertheless we aimed to include all 
patients admitted to ICU to reduce the selection 
bias and all data was collected by two investigators 
independently and in duplicate using a standardised 
spread sheet to ensure accuracy. Also, although 7.5% 
of our cohort had to be excluded from the study due 
to the unavailability of a baseline creatinine, they 
were not demographically different to the rest of the 
cohort.

This study showed that serum bicarbonate at 
admission may be a predictor of developing AKI in 
a mixed ICU setting. The current findings can allow 
timely patient management decisions, including 
withholding nephrotoxic agents, administration of 
putative therapeutic agents, and the initiation of 
RRT since a bicarbonate level is cheap and readily 
available.
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