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Early pH Change Predicts Intensive Care Unit Mortality
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Abstract
Aim of the Study: Metabolic acidosis is associated with increased mortality in critically ill patients. We hypothesized that early correction of
acidosis of presumed metabolic origin results in improved outcomes. Patients and Methods: We conducted a prospective, observational study
from February 2015 to June 2016 in a 12 bed mixed intensive care unit (ICU) of a 1000 bed tertiary care hospital in the north of India. ICU
patients aged above 18 years with an admission pH ≥7.0 to <7.35 of presumed metabolic origin were included. Arterial blood gas parameters
including pH, PaO2, PaCO2, HCO3−, Na+, K+, Cl−, anion gap (AG), base excess, and lactate at 0, 6, and 24 h along with other standard laboratory
investigations were recorded. The primary outcome was to assess the impact of early pH changes on mortality at day 28 of ICU. Results: A total
of 104 patients with 60.6% males and 91.3% medical patients were included in the study. Sepsis of lung origin (60.6%) was the predominant
etiology. By day 28, 68 (65.4%) patients had died. Median age was 49.5 years, weight 61.7 kg, Sequential Organ Failure Assessment, and Acute
Physiologic and Chronic Health Evaluation II scores were 16 and 12, respectively. Nonsurvivors had a higher vasopressor index (P < 0.01),
lactate and central venous oxygen saturation (P < 0.05), and lower pH (P < 0.05). A pH correction/change of ≥1.16% during the first 24 h had
the best receiver operating characteristic for predicting survival at day 28, with area under the curve (95% confidence interval, 0.72 [0.62–0.82],
P < 0.05) compared to HCO3‑, BE, lactate, and AG. Conclusions: Metabolic acidosis is associated with higher mortality in ICU. The rate of
change in pH may better predict ICU mortality than other metabolic indices.
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Introduction
Metabolic acidosis is a challenging acid–base disorder,
especially in the critically ill.[1,2] It can result from an increase
in the concentration of hydrogen (H+) ions or a decrease in
bicarbonate (HCO3‑) ions, respectively. Various etiologies of
metabolic acidosis include sepsis, cardiogenic shock, severe
hypoxemia, hepatic failure, and intoxication. Metabolic
acidosis can be classified as high or normal anion gap (AG)
acidosis.[3,4] Lactic acidosis is a common cause of high AG
metabolic acidosis. [5‑8] It is further classified as Type‑A
(anaerobic) and Type‑B (aerobic). Type‑A lactic acidosis is
associated with tissue hypoperfusion with inadequate oxygen
delivery although with intact mitochondrial function. In
Type‑B lactic acidosis, there is an adequate cellular oxygen
supply, no tissue hypoxia, and acidosis occurs due to abnormal
carbohydrate metabolism, as in hepatic failure, diabetes,
or phenformin intoxication.[9,10] The development of lactic
acidosis depends on the magnitude of lactate elevation, the
buffering capacity of the body, and coexistence of other
conditions producing tachypnea and alkalosis (e.g., liver
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disease, sepsis). Thus, hyperlactatemia may be associated
with a normal pH, acidemia, or alkalemia.
Metabolic acidosis is often caused by hyperlactatemia in
critically ill patients.[3,11,12] Severe academia in sepsis contributes
to hemodynamic instability owing to reduced myocardial
contractility, arterial vasodilation, and impaired catecholamine
responsiveness. In severe acidemia (blood pH <7.1),
these effects can result in organ dysfunction and contribute
to increased morbidity and mortality. Irrespective of the
etiology, metabolic acidosis is associated with increased
mortality in critically ill patients.[1,11,13,14] Survivors of severe
sepsis and septic shock had better acidosis resolution than
nonsurvivors.[1]
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Enough supportive evidence exists to suggest that early
lactate clearance is associated with reduced mortality and
morbidity.[3,15‑17] However, the same, though believed, cannot
yet be claimed about early pH correction. We hypothesized that
early hour clearance of metabolic acidosis, of either septic or
nonseptic origin, is associated with improved outcomes. We
proposed to do this prospective observational study to assess
the effect of early hour pH changes on mortality in critically
ill patients.

Patients and Methods
Ethics and consent

After prior approval from the institute’s ethics committee and
written informed consent from patients or their first of kin,
we conducted the present prospective observational study.
The study period was from February 2015 to June 2016. A 12
bed mixed intensive care unit (ICU) of a tertiary care referral
hospital and academic institute in the north of India was utilized
for this purpose.

Inclusion criteria

Critically ill ICU patients aged 18 years or above, with an
admission pH ≥7.0 but <7.35, and presumed to be of metabolic
origin were included in the study.

Exclusion criteria

Patient with a pH <7.0, acidosis presumed to be respiratory
origin, age below 18 years, and refusal of consent were
excluded from the study.

Definitions
Acidosis

Acidosis was defined as an arterial pH of <7.35. It was
arbitrarily considered corrected if the arterial pH was >7.35.
Acidosis was further categorized as metabolic, respiratory, or
mixed. Metabolic acidosis was defined as a state of decreased
systemic pH, resulting from either a primary increase in H+ or
a decrease in HCO3− blood concentration.[18]

Hemodynamics

Hemodynamic status during the first 24 h was defined by
the vasopressor index.[19‑21] We modified the vasopressor
index to include vasopressin in place of phenylephrine as
vasopressin is the most commonly used vasopressor after
noradrenaline in septic shock. This was calculated as per
the formula ((Dopamine dose × 1) + (Dobutamine dose × 1)
+ (Adrenaline dose × 100) + (Noradrenaline dose × 100) +
(Vasopressin dose × 10)].
All doses were in μg/kg/min, except vasopressin which was
in units/hour.

Study protocol

Following admission to our ICU, consecutive patients
satisfying the inclusion criteria were included in the study. Our
observations and analysis were disclosed to the ICU treating
team. However, any alteration in clinical management based
on our analysis was entirely at their discretion. Arterial blood
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gas (ABG) analysis with lactate was measured at 0, 6, and
24 h on the day of admission. All patients were followed until
day 28 of ICU stay or discharge or death whichever occurred
earlier for measurement of outcomes.

Measurements

Arterial blood samples were obtained from the existing
invasive hemodynamic intra‑arterial catheter (either radial or
femoral artery) or through direct arterial puncture in case the
intra‑arterial catheter was yet not inserted. The ABG samples
were used for determination of pH, PaO2, PaCO2, HCO3−, Na+,
K+, Cl−, AG, base excess (BE), and lactate at 0, 6, and 24 h by
automated blood gas analyzer. Also determined simultaneously
were serum lactate from the same ABG sample and central
venous oxygen saturation (ScVO2) from venous blood from the
central vein catheter. Additional ABG samples, biochemistry,
and other investigations were obtained whenever required as
per the judgment of the attending ICU physician.

Arterial blood gas machine

ABG analysis was performed on Cobas b 221 system
(Roche Diagnostics GmbH, Mannheim, Germany) with the
integrated AutoQC drawer option and electrodes for pH, PO2,
PCO2, reference electrode, and an ion selective electrode
measuring sodium, potassium, and chloride. Specimens
were analyzed using our standard operating procedure which
included preanalytical protocols (such as safety, temperature,
and transportation time) by trained authorized laboratory
technicians, with automated internal quality control. External
quality controls were performed at least 4 times a year with
samples. Two milliliter nonheparinized syringes were used
for collection of the arterial samples. These samples were
then immediately transported at room temperature to the
ABG machine housed within a minutes walking distance
from our ICU.

Data collection

Demographic (age, gender, type of patient/admission, category
of illness, etc.), clinicophysiologic characteristics (coexisting
illness, organ failure, hemodynamic, and respiratory status),
biochemical characteristics (Hb%, complete blood count,
serum electrolytes, renal and liver function test, random
blood glucose, and procalcitonin [PCT], etc.), ICU severity
scores (Acute Physiologic and Chronic Health Evaluation‑II
[APACHE‑II] and Sequential Organ Failure Assessment
[SOFA]) were all recorded. ABG indices, lactate, and ScVO2
were also determined as previously mentioned. Organ supportive
interventions such as fluid therapy, blood and blood product
transfusions, sodium bicarbonate administration, vasoactive
agents, vasopressor index, mechanical ventilation (MV),
and renal replacement therapy (RRT) were also documented.
Outcomes such as mortality, length of MV, and length of
ICU/Hospital stay were recorded until 28 days of ICU stay or
discharge or death whichever occurred earlier.

Sample size

Sample size was calculated assuming a proportion of pH
change (≥0.10) equal to 0.50 in survivors and 0.20 in
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nonsurvivors at a minimum of 80% power of study and 95%
confidence interval. Minimum sample size of 65 in survivors
and 34 in nonsurvivors was needed to detect a difference in
group proportions of 0.30. Sample size was calculated using
software power analysis and sample size (NCSS[2008] PASS,
Kaysville, UT).

Statistical analysis

Normality of continuous data was tested using Shapiro–Wilk
test. Nonnormal, continuous data were expressed as median
(interquartile range), while categorical data were expressed
as frequency and percentage. Mann–Whitney U‑test was used
to compare the medians between survivors and nonsurvivors.
Receiver operating characteristic (ROC) curve was drawn to
predict survival at day 28 of ICU stay. Chi‑square test was
used to compare the proportions/test the association between
groups. For repeated observations over time, Friedman
analysis of variance (ANOVA) was used to estimate the
significance level among the time points. If in Friedman
ANOVA, the P value was observed to be significant then the
difference in medians between individual groups was further
assessed using the Wilcoxon Signed Rank test. A two‑tailed
P < 0.05 was considered statistically significant. IBM, SPSS
version 23 (SPSS Inc., Chicago IL, USA) was used for
statistical analysis.

Results
Baseline characteristics

A total of 104 patients, 63 males (60.6%) and 95 (91.3%)
medical patients were included in the study. The nature of illness
for which these patients got admitted to our ICU was mainly
respiratory (33/104, 31.7%). Sepsis of lung origin (63/104,
60.6%) was the predominant etiology. Most of the patients
studied had already received prior ICU care (91/104, 87.5%),
MV (75/104, 72.1%), and RRT (14/104, 13.5%) before this
admission. Half of those who had previously undergone RRT
also received it within the first 24 h of our ICU admission.
A little over half (55/104, 52.9%) of the patients in the study
did not have any coexisting illness. By day 28 of ICU stay,
68 (65.4%) patients succumbed to their illness. Thirteen of
the 36 (12.5%) who survived were discharged home directly
from the ICU. Nonsurvivors did not differ significantly from
survivors, except for prior ICU care (P = 0.02). Baseline
characteristics of patients and their comparison between
survivors and nonsurvivors were as depicted in Table 1.

Physiochemical characteristics

Nonsurvivors had significantly greater tachycardia
(120.5 [113–125] vs. 112 [105–122] in survivors; P < 0.001),
tachypnea (31 [27–33] vs. 26 [(24.2–30.7] in survivors;
P < 0.001), and vasopressor index (32 [20.2–61.5] vs.
8.5[(0–22.5] in survivors; P < 0.001). Oxygenation
(PaO2/FiO2 ratio) and positive end‑expiratory pressure at
0, 6, and 24 h were comparable. No significant differences in
fluid balance or need for blood transfusions were observed at
or within 24 h period of admission, between groups. Among

biochemical parameters, coagulation profile (International
normalized ratio and activated partial thromboplastin time),
blood urea nitrogen (BUN), and PCT were significantly higher
in nonsurvivors (P < 0.05), while hemoglobin was significantly
lower (P = 0.02). Electrolyte levels done during the first 24 h
of admission were also comparable. The physiochemical
characteristics of the study population were as depicted in
Table 2.

Acid–Base characteristics

Nonsurvivors had significantly higher lactate and ScVO2
at 0, 6, and 24 h (P < 0.001). AG was also significantly
higher at 0 and 24 h (P < 0.05); pH was significantly
lower at 24 h in nonsurvivors. Trends over time were
significantly unidirectional for most parameters, except for
AG. Significant change in metabolic profile was observed
for all parameters at Δ0–24 h, except ScVO2 in survivors.
However, the changes were insignificantly minimal at Δ0–6 h,
except for lactate (nonsurvivors; P < 0.001), pH (survivors;
P = 0.04), and ScVO2 (nonsurvivors; P = 0.01). In the middle
period of Δ6–24 h, the majority of the parameters differed
significantly [Table 3].

Hyperlactatemia

Hyperlactatemia (≥18 mg/dL) was observed in half (n = 52)
of the patients. The majority of these patients (42/52,
80.8%) did not survive, as compared to those with normal
levels (26/52, 50%; P = 0.002). Survivors among patients
with normal lactate had lower lactate levels compared to
nonsurvivors at 0, 6, and 24 h. However, lactate profiles were
comparable between groups in patients with hyperlactatemia.
A larger proportion of patients had ≥3 organ failures in the
group with hyperlactatemia (P = 0.036). They also had
significantly higher APACHE‑II, SOFA, vasopressor index,
AG, PCT, and 24 h fluid balance. Furthermore, these patients
had lower 24 h pH and poorer liver function and coagulation
profile [Table 4].

Outcomes

Nonsurvivors had significantly higher APACHE‑II and
SOFA scores (P < 0.001). They also had a significantly
longer median time interval between the onset of illness and
admission to our ICU (9 [6–12] vs. 8 [5–11.7] in survivors;
P = 0.01). They, however, had a shorter ICU stay (7 [4–14.5]
vs. 16.5 [7.2–27.7] in survivors; P < 0.01). Sixty of the
68 (88%) nonsurvivors had three or more organ failures
at ICU admission (P < 0.001). Two (34/104, 32.7%) and
three (59/104, 56.7%) organ failures occurred at admission.
Three or more organ failures (60/68, 88%) occurred more
commonly in nonsurvivors (P < 0.001). A higher proportion
of nonsurvivors (61.8%) required one or more RRT sessions
within the first 24 h of ICU admission, although this was not
statistically significant. The outcome‑related characteristics of
the study population were as depicted in Table 5.

Survival prediction

Among all ABG parameters, pH was significantly higher in
survivors. pH correction/delta change ≥1.16% during the
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Table 1: Baseline characteristics of the study population
Characteristics

All (n=104)

Survivors (n=36)

Nonsurvivors (n=68)

P

Age, years
49.5 (32.2‑62)
48 (29.2‑59.5)
49.5 (35‑65)
0.30
Weight, kg
61.7 (56.6‑66)
62 (56.9‑65.7)
60.5 (56.6‑66)
0.93
63/41
24/12
39/29
0.35
Male/female, n
Category of patients, n (%)
Medical
95 (91.3)
33 (91.7)
62 (91.2)
0.93
Surgical
9 (8.7)
3 (8.3)
6 (8.8)
Prior therapy, n (%)
ICU
91 (87.5)
28 (77.8)
63 (92.6)
0.02*
RRT
14 (13.5)
4 (11.1)
10 (14.7)
0.60
MV
75 (72.1)
24 (66.7)
51 (75)
0.36
Nature of illness, n (%)
Cardiac
5 (4.8)
2 (5.5)
3 (4.4)
0.66
Respiratory
33 (31.7)
8 (22.2)
25 (36.8)
Neurological
9 (8.7)
5 (13.8)
4 (5.9)
Gastrointestinal
5 (4.8)
3 (8.3)
2 (2.9)
Hepatic
15 (14.4)
5 (13.9)
10 (14.7)
SAP
15 (14.4)
6 (16.7)
9 (13.2)
Sepsis
15 (14.4)
4 (11.1)
11 (16.2)
Tropical
3 (2.9)
1 (2.8)
2 (2.9)
Others
4 (3.8)
2 (5.6)
2 (2.9)
Source of admission, n (%)
Emergency
33 (31.7)
10 (27.8)
23 (33.8)
0.33
ICU interhospital
39 (37.5)
14 (38.9)
25 (36.8)
ICU intrahospital
24 (23.1)
7 (19.4)
17 (25)
Ward intrahospital
8 (7.7)
5 (13.9)
3 (4.4)
Comorbidities, n (%)
Diabetes
6 (5.8)
3 (8.3)
3 (4.4)
0.82
Hypertension
8 (7.7)
3 (8.3)
5 (7.3)
Hypothyroid
2 (1.9)
0
2 (2.9)
COPD
5 (4.8)
1 (2.8)
4 (5.9)
CAD
4 (3.8)
1 (2.8)
3 (4.4)
CKD
5 (4.8)
3 (8.3)
2 (2.9)
CLD
7 (6.7)
1 (2.8)
6 (8.8)
Diabetes and HTN
4 (3.8)
1 (2.8)
3 (4.4)
Multiple (≥3)
4 (3.8)
1 (2.8)
3 (4.4)
Other
4 (3.8)
2 (5.6)
2 (2.9)
Nil
55 (52.9)
20 (55.5)
35 (51.5)
Septic foci, n (%)
Respiratory
63 (60.6)
17 (47.2)
46 (67.6)
0.10
Abdominal
30 (28.8)
12 (33.3)
18 (26.5)
Neurological
6 (5.8)
4 (11.1)
2 (2.9)
Urinary
2 (1.9)
1 (2.8)
1 (1.5)
Hematological
1 (1)
0
1 (1.5)
Unknown
2 (1.9)
2 (5.5)
0
All measurements are in median (interquartile range) unless specified. *P<0.05. ICU: Intensive care unit; RRT: Renal replacement therapy; MV: Mechanical
ventilation; SAP: Severe acute pancreatitis; COPD: Chronic obstructive pulmonary disease; CAD: Coronary artery disease; CKD: Chronic kidney disease;
CLD: Chronic liver disease; HTN: Hypertension

first 24 h had the best ROC, predicting survival at day 28,
with area under the curve (AUC) (95% [confidence interval],
0.72 [0.62–0.82]; P < 0.001) with sensitivity and specificity
of 77% and 61%, respectively. Delta change of other ABG
parameters such as HCO3‑, BE, lactate, and AG over first
24 h had lower AUC of ROC for predicting survival at day
28 [Table 6].
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Discussion
The diagnosis and management of major acid–base disturbances
are standard care aspects in critically ill patients. Metabolic
acidosis is commonly encountered in ICU in severe sepsis
and septic shock, irrespective of renal function and is often
associated with poor outcomes.[1,22,23] Although hyperchloremic
acidosis is associated with poor outcomes, studies in ICU
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Table 2: Physiochemical characteristics of the study population
Parameters

All (n=104)

Survivors (n=36)

Nonsurvivors (n=68)

P

Physiological
Hemodynamics
Heart rate/min, 0 h
116 (110‑124)
112 (105‑122)
120.5 (113‑125)
<0.01*
81 (77.9)
24 (23.1)
57 (54.8)
0.05
MAP <65 mmHg, 0 h, n (%)
NE, maximum dose in 24 h, µ/kg/min
0.22 (0.06‑0.35)
0.07 (0‑0.20)
0.25 (0.18‑0.41)
<0.01*
Vasopressor index
23.5 (7.2‑44.7)
8.5 (0‑22.5)
32 (20.2‑61.5)
<0.01*
43 (41.3)
13 (12.5)
30 (28.5)
0.53
Temperature >38.3°C, 0 h, n (%)
Respiratory
Respiratory rate/min, 0 h
29 (26‑32)
26 (24.2‑30.75)
31 (27‑33)
<0.01*
PaO2/FiO2 ratio
0h
250 (188‑300)
250 (200‑342.5)
240 (188‑300)
0.41
6h
280 (220‑320)
285 (250‑315)
250 (200‑320)
0.09
24 h
260 (220‑320)
250 (240‑260)
280 (200‑320)
0.63
19 (18.3)
5 (4.8)
14 (13.5)
0.44
PEEP >12, within 24 h, n (%)
Fluid balance at 24 h, L/day
1.3 (0.6‑2.1)
1.2 (0.5‑2)
1.4 (0.9‑2.2)
0.17
13 (12.5)
3 (2.9)
10 (9.6)
0.41
Blood transfusion, within 24 h, n (%)
Chemical
Renal function
Blood urea nitrogen (mg/dL)
48 (29.2‑66)
35.5 (26‑63.5)
50 (33.2‑70.2)
0.03*
Creatinine (mg/dL)
2.3 (1.3‑3.5)
2.1 (1.2‑4.1)
2.35 (1.6‑3.4)
0.49
Liver function
Total bilirubin
1.7 (0.9‑6.3)
1.5 (0.6‑2.6)
2 (1‑7.7)
0.04*
Total protein
5.2 (4.8‑5.8)
5.3 (5‑5.8)
5.2 (4.5‑5.8)
0.38
Albumin
2.7 (2.4‑3.1)
2.7 (2.4‑3.1)
2.7 (2.4‑3.1)
0.75
Aspartate aminotransferase
88.5 (49‑153.2)
72 (48.5‑111.7)
97 (49‑250.7)
0.14
Alanine aminotransferase
48.5 (23.7-118.7)
44.5 (30.7-61)
54 (21-157.2)
0.27
Alkaline phosphatase
119.5 (86-176)
112 (76.5-176.2)
127 (93-176)
0.55
International normalized ratio
1.32 (1.1-1.9)
1.2 (1.1-1.4)
1.4 (1.2-2.2)
<0.01*
APTT
33.05 (28-42.8)
30.3 (26.5-34.7)
34.4 (29.9-52)
<0.01*
Hematological
Total leukocyte count (×109/L)
13.7 (9.1-20.4)
12.2 (9.5-18.3)
14.2 (8.7-20.8)
0.48
Platelet count (×109/L)
126.5 (87-198.7)
143 (101.7-201)
120.5 (79-196)
0.30
Hemoglobin (g/dL)
10.2 (9.3-11.8)
11 (9.8-12)
10 (9-11)
0.02*
Random blood sugar (mg/dL), 0 h
189 (162.7-217)
198 (167-225)
188 (159-215)
0.29
Procalcitonin (ng/mL)
6.2 (2-14.4)
1.7 (0.7-6.1)
8.8 (3.6-22.4)
<0.01*
Electrolytes (mEq/L)
Sodium
141 (135-147)
141 (136-148)
141.5 (135-147)
0.69
Potassium
4.0 (3.6-4.5)
4.2 (3.6-4.5)
4 (3.6-4.4)
0.12
Chloride
106 (102-110)
106 (104-110)
107 (101-110)
0.99
Magnesium
2.2 (2-2.6)
2.2 (1.9-2.6)
2.2 (2-2.5)
0.97
Phosphate
4.5 (3.3-6)
4.6 (3.3-6)
4.4 (3.1-6)
0.71
All measurements are in median (IQR) unless specified. *P<0.05. MAP: Mean arterial pressure; NE: Norepinephrine; PEEP: Positive end‑expiratory
pressure; APTT: Activated partial thromboplastin time; IQR: Interquartile range

patients have failed to detect a significant attributable effect on
mortality.[11] The main findings of our prospective observational
study were as follows: (a) significant physiochemical and
acid–base derangements [Tables 2 and 3] contributed to the
higher morbidity and mortality in nonsurvivors [Table 5],
(b) patients with hyperlactatemia had worse outcomes
[Table 4], and (c) changes in pH had better predictability for
ICU survival than other ABG parameters.

Metabolic acidosis and prognosis

Noritomi et al.[1] in a study of 60 patients with severe sepsis or
septic shock, concluded that nonsurvivors exhibited a complex

metabolic acidosis at ICU admission. Severity of metabolic
acidosis predicts ICU and hospital mortality,[1,11,14,24‑27] length of
stay, hospital morbidity,[28,29] and transfusion requirements[30] in
medical, surgical, or trauma ICU patients. While AG predicts
short‑term mortality, strong ion gap predicts both short‑ and
long‑term mortality, in AKI patients with metabolic acidosis.[31]
However, apart from lactate, there is no consensus about the
clinical relevance of individual components of metabolic
acidosis.
In the present study, we observed that patients with earlier
acidosis resolution had lower mortality. The pH, relative to
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Table 3: Metabolic trends over time of the study population
Parameters

Groups

Median
(IQR)

Survivors (n=36)
Nonsurvivors (n=68)

Timing of measurements (n=104)
0h

6h

24 h

P##

P###
∆ 0-6

∆ 6-24

∆ 0-24

Lactate,
mg/dl

Survivors
12.0 (8.6-18.7)
10.7 (9.0-14.1)
10.0 (8.0-12.0)
<0.001**
0.10
0.003*
0.002*
Nonsurvivors
20 (15.0-34.7)
18.5 (14.0-31.7)
18.5 (14.0-27.9)
0.001*
<0.001*
0.07
<0.001**
<0.001*
<0.001*
<0.001*
P#
pH
Survivors
7.30 (7.23-7.30)
7.32 (7.25-7.37)
7.40 (7.35-7.42)
<0.001**
0.04*
<0.001**
<0.001**
Nonsurvivors
7.28 (7.24-7.31)
7.28 (7.23-7.34)
7.33 (7.28-7.39)
<0.001**
0.32
<0.001**
<0.001**
0.87
0.05
<0.001*
P#
Base excess
Survivors
7.9 (11.3-4.8)
5.9 (10.9-4.3)
3.6 (6.3-1.0)
<0.001**
0.18
<0.001**
<0.001**
Nonsurvivors
8 (11.7-5.7)
7.95 (12.0-5.0)
4.6 (8.8-1.9)
<0.001**
0.80
<0.001**
<0.001**
0.50
0.09
0.07
P#
HCO3,
Survivors
18.1 (15.6-20.0)
19.2 (15.9-21.4)
21.4 (18.5-26.0)
<0.001**
0.15
<0.001**
<0.001**
mEq/L
Nonsurvivors
18.0 (14.2-20.0)
17.5 (14.4-20.4)
20.0 (17.0-23.0)
<0.001**
0.94
<0.001**
<0.001**
0.78
0.18
0.05
P#
Anion gap
Survivors
15.0 (12.0-18.7)
17.0 (14.2-20.0)
13.0 (11.2-14.9)
<0.001**
0.05
<0.001**
<0.001**
Nonsurvivors
16.0 (15.0-22.7)
18.0 (14.0-21.7)
16.0 (12.7-19.7)
0.10
0.07
0.09
0.003*
0.03
0.44
<0.001*
P#
SCVO2 (%)
Survivors
66.0 (65.0-77.5)
68.0 (65.0-77.5)
74.0 (65.7-76.7)
0.32
0.65
0.05
0.08
Nonsurvivors
76.0 (66.25-81.75)
78.0 (71.2-83.0)
78.0 (73.2-84.7)
0.001*
0.01*
0.33
0.002*
0.01
<0.001*
<0.001*
P#
Statistical tests used for calculating significance: #P: Mann-Whitney U‑test; ##P: Friedman ANOVA; ###P: Wilcoxon signed ranks test; *P<0.05; **P<0.001.
IQR: Interquartile range; SCVO2: Central venous oxygen saturation; ∆: Delta

other ABG parameters, was significantly higher in survivors.
On the other hand, nonsurvivors had higher ICU severity
scores (APACHE II and SOFA), higher BUN, PCT, and more
deranged coagulation profile and organ failures.

Lactic acidosis and mortality

Lactic acidosis is a common cause of metabolic acidosis in
ICU. Mortality in patients with lactic acidosis, persisting
beyond 24 h, approaches 70%.[32] In a prospective observational
study of 126 patients admitted emergently with severe sepsis
or septic shock, Lee et al.[13] observed that lactic acidosis
and not hyperlactatemia, accurately predicted mortality in
severe sepsis and septic shock. Noritomi et al.[1] in a study of
60 patients with severe sepsis or septic shock, concluded that
in survivors, the resolution of acidosis was attributable to the
decrease in strong ion gap and lactate. Furthermore, in another
prospective observational study on 111 patients from both
emergency and ICU, Nguyen et al.[3] reported that patients with
lactate clearance ≥10% had a greater reduction in APACHE II
score at 72 h and also a lower 60‑day mortality (P = 0.007),
relative to patients with a lactate clearance <10%. Contrary to
this, Marik and Bellomo[16] in his review on lactate suggested
that lactate clearance should not be used as the end‑point of
resuscitation in patients with sepsis. Significant majority of our
patients with hyperlactatemia (42/52, 80.8%) did not survive,
as compared to those with normal lactate levels (26/52, 50%;
P = 0.002). Furthermore, survivors with normal lactate had
lower levels at 0, 6, and 24 h.

Metabolic acidosis correction

Early recognition and prompt correction of metabolic acidosis
are essential to survival. Treatment of metabolic acidosis is
702

multimodal, involving identification and treatment of the
underlying cause with simultaneous appropriate resuscitative
and organ supportive measures. Although RRT seems
attractive, particularly in patients with renal dysfunction,
randomized controlled studies are needed to prove benefits of
this strategy in treatment of lactic acidosis. Acidosis resolution
in survivors was attributable to a decrease in strong ion
gap and lactate.[1] A prospective randomized, double‑blind,
controlled clinical trial by Chen et al.[33] in 2013, conducted
on 65 critically ill septic shock patients with lactic acidosis,
concluded that bicarbonate therapy significantly reduced
the incidence of multiple organ dysfunction, duration of
MV, ICU and hospital length of stay, and mortality. Kim
et al.[34] in 2013, in a retrospective analysis, reported that
septic patients with metabolic acidosis, especially those
with high AG, had higher mortality with sodium bicarbonate
administration. However, although evidence is minimal, it is
usually recommended to treat serum pH <7.1, empirically with
sodium bicarbonate, 1 mEq/Kg, unless the underlying acidosis
is believed to be immediately responsive to therapy.[35] In a
study of chronic hemodialysis patients, correcting metabolic
acidosis resulted in improved growth hormone insensitivity,
increased and normalized plasma free T3 concentration, and
improved plasma albumin.[36] A recently published multicenter,
open‑label, randomized controlled, phase 3 trial, in 26 French
ICUs, concluded that in patients with severe metabolic
acidemia, sodium bicarbonate infusion did not affect 28‑day
mortality and presence of at least one organ failure at day 7.
However, 28‑day mortality and need for RRT was decreased
in a subset of AKI patients.[37] In our study, we used sodium
bicarbonate infusion in three patients when the pH was <7.10;
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Table 4: Hyperlactatemia (≥18 mg/dL)‑based characteristics of the study population
Characteristics

All (n=104)

Hyperlactatemia (n=52)

Normal lactate (n=52)

P

Lactate, mg/dL
0h
17.7 (12.0-30.0)
30 (21.2-44.7)
12 (9.0-14.7)
<0.001
6h
15 (12.0-26.8)
25.5 (17.2-36.0)
12 (9.2-14.0)
<0.001
24 h
15 (10.7-23.7)
22.5 (16.0-31.2)
11 (8.1-14.0)
<0.001
36 (34.6)
10 (9.6)
26 (25)
0.002
Survival, n (%)
Severity scores, o/a
APACHE II
16 (12.5-21)
18 (15-22)
14 (10-18.7)
0.001
SOFA
12 (10-14)
13.5 (10-14)
10 (7.2-12)
<0.001
Vasopressor index
23.5 (7.2-44.7)
27 (16.5-63.5)
19 (0.5-33.5)
0.004
Fluid balance, at 24 h, L/day
1.3 (0.6-2.1)
1.6 (1-2.45)
1.05 (0.52-1.97)
0.04
Organ failures o/a, n (%)
One
4 (3.8)
1 (1)
3 (2.9)
0.04
Two
34 (32.7)
12 (11.5)
22 (21.2)
Three
59 (56.7)
33 (31.7)
26 (25)
Four
7 (6.7)
6 (5.8)
1 (1)
24 h pH
7.35 (7.31-7.40)
7.33 (7.28-7.39)
7.40 (7.33-7.41)
0.02
Anion gap
0h
16 (14.2-21)
16 (15-23.7)
15 (12.2-19)
0.03
6h
18 (14-20.9)
18 (15-22)
15 (12.5-18.7)
0.01
24 h
14 (12-19)
16 (13.2-19)
13.5 (12-16)
0.01
Liver function
Total bilirubin, mg/dL
1.7 (0.9-6.3)
3 (1-8.2)
1.6 (0.8-2.6)
0.03
Total protein, mg/dL
5.2 (4.8-5.8)
5.1 (4.5-5.8)
5.4 (5-5.9)
0.01
AST, IU/L
88.5 (49-153.2)
96 (49.2-408.2)
72 (48.2-116.5)
0.04
ALT, IU/L
48.5 (23.7-118.7)
59.5 (23-243.7)
42 (24-61)
0.03
INR
1.32 (1.1-1.9)
1.5 (1.2-2.6)
1.2 (1.1-1.4)
<0.001
APTT, s
33 (28-42.8)
34.4 (31.1-52)
30.8 (27-36.7)
0.01
Procalcitonin, ng/mL
6.2 (2-14.4)
7.8 (2.7-38.1)
5.1 (1-10.5)
0.01
All measurements are in median (IQR) unless specified. APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential organ failure
assessment; o/a: On admission; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR: International normalized ratio; APTT: Activated
partial thromboplastin time; IQR: Interquartile range

only one patient among these survived at day 28. Though our
study is an observational study not designed to address the
impact of sodium bicarbonate infusion in severe metabolic
acidosis, inference from the French ICU study,[37] despite
their limitations, is quite meaningful. In real‑world scenario, a
substantial proportion of AKI patients with metabolic acidosis
would receive sodium bicarbonate to either defer or delay a
dialysis depending on the acuity of illness. We also did not find
any significant difference in fluid balance at 24 h and need of
blood transfusion within 24‑h period between survivors and
nonsurvivors. Interestingly, RRT support was almost equally
distributed in either group. Furthermore, we observed that pH
correction/delta change of ≥1.16% during first 24 h had the
best ROC for predicting survival at day 28 with an AUC of
0.72 (0.62–0.82) and P < 0.05, compared to other parameters
such as HCO3−, BE, lactate, and AG.

Limitations

The several limitations that existed in our study were
as follows: (a) single‑center study with a small sample
size; (b) variability in time of onset of illness and ICU
admission, resuscitation, and organ supportive therapy
before our admission and the quality of care provided during

inter‑/intra‑hospital transportation may have all influenced the
acid–base milieu; (c) presence of mixed acid–base disorders
may have affected the pH; (d) multiple factors during our
ICU admission such as MV, RRT, fluids, organ dysfunction/
failure, antibiotics and source control, and the timing and
intensity of life supportive interventions make it difficult to
ascertain the dominating influence; (e) ABG errors during
sample withdrawal, collection, transportation, and analysis
were not accounted for in the study. Limitations b, c, and d
would be difficult to remove and shall continue to influence
any pH‑based study. Despite the above limitations, ours is a
sincere attempt to study the impact of early hour pH changes
on mortality and morbidity in critically ill ICU patients.

Conclusions
Metabolic acidosis in ICU patients is frequently associated
with varied etiologies and poor outcomes. Survivors have
better acidosis resolution than nonsurvivors. As compared to
lactate and other metabolic indices, early hour pH correction
is a better predictor of ICU survival. However, due to the
abovementioned limitations, generalization of our results to
other ICU patients’ needs to be done cautiously. We further
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Table 5: Outcome‑based characteristics of the study population
Characteristics

All (n=104)

Survivors (n=36)

Nonsurvivors (n=68)

P

Severity scores, o/a
APACHE II
16 (12.5-21)
13 (8.2-15)
18 (15-22)
<0.01
SOFA
12 (10-14)
10 (6-11.7)
12 (10.2-14)
<0.01
Duration of illness before current ICU admission, days
8 (5-11.7)
7.5 (4.2-10)
9 (6-12)
0.01
LOS ICU, days
9 (5-18)
16.5 (7.2-27.7)
7 (4-14.5)
<0.01
Organ failures o/a, n (%)
One
4 (3.8)
4 (11.1)
0
<0.01
Two
34 (32.7)
26 (72.2)
8 (11.8)
Three
59 (56.7)
5 (13.9)
54 (79.4)
Four
7 (6.7)
1 (2.8)
6 (8.8)
RRT within 1st 24 h
None
48 (46.2)
22 (61.1)
26 (38.2)
0.54
Once
53 (51)
14 (38.9)
39 (57.3)
Twice
3 (2.9)
0
3 (4.4)
Overall outcome
Death
69 (63.3)
1 (2.8)
68 (100)
<0.01
Discharged home
13 (12.5)
13 (36.1)
0
Transferred to other ICU
3 (2.9)
3 (8.3)
0
Transferred to other ward
19 (18.3)
19 (52.8)
0
All measurements are in median (IQR) unless specified. o/a: On admission; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential
organ failure assessment; LOS: Length of stay; ICU: Intensive care unit; RRT: Renal replacement therapy; IQR: Interquartile range

Table 6: Delta changes of arterial blood gas parameters over 24 h predicting survival at day 28
∆ 0-24

Cutoff (%)

ROC of AUC (95% CI)

Sensitivity (%)

Specificity (%)

pH
≥1.16
0.72 (0.62-0.82)
77
61
HCO3−
≥14.2
0.59 (0.48-0.71)
69
55
Lactate
≥−9.2
0.50 (0.38-0.61)
77
27
Anion gap
≥−1.5
0.52 (0.41-0.63)
83
36
ROC of AUC: Receiver operative characteristics of area under curve; CI: Confidence interval; HCO3−: Bicarbonate ion; ∆: Delta; **P<0.001

suggest future trials with specific interventions to rectify
metabolic acidosis early, before the true impact of pH change
can be used for prognostication in critically ill.
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