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Introduction Anion gap (AG) metabolic acidosis is common in critically ill patients. 
The relationship between initial AG at the time of admission to the medical intensive 
care unit (MICU) and mortality or length of stay is unclear. This study was undertaken 
to evaluate this relationship.
Materials and Method We prospectively examined the acid–base status of 
500 consecutive patients at the time of MICU admission and outcome was measured 
in terms of mortality, length of ICU stay, need of ventilator, and laboratory parame-
ters. The patients were divided into four stages based on the severity of AG. Outcome 
based on the severity of AG was measured, and comparisons that adjusted for baseline 
characteristics were performed.
Results This study showed that increased AG was associated with the higher mortal-
ity. Patients with the highest AG also had the longest length of stay in the MICU, and 
patients with normal acid–base status had the shortest ICU length of stays (p < 0.05).
Conclusion A high AG at the time of admission to the MICU was associated with 
higher mortality and length of stays. Initial risk stratification based on AG and met-
abolic acidosis may help guide appropriate patient disposition (especially in patients 
without other definitive criteria for MICU admission) and assist with prognosis.
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Introduction
The anion gap (AG) is the difference between measured cat-
ions such as positively charged ions like sodium (Na+) and 
potassium (K+) and negatively charged ions like chloride (Cl) 
and bicarbonate (HCO3). The most common application of the 
AG is classifying cases of metabolic acidosis, states of lower 
than normal blood pH.1,2It has been shown that patients 
with high AG have increased rates of admission to intensive 
care unit, and increased mortality within 1 week of hospi-
tal admission compared with patients having a normal AG, 
independent of concomitant severe electrolyte abnormali-
ties.3-5 In critically ill patients, an elevated AG usually reflects 

an imbalance between acid generation in hypoperfused tis-
sues and the ability of the kidneys to excrete these acids. 
Thus, the presence of an elevated AG may indicate subtle 
hemodynamic abnormalities leading to tissue hypoperfusion 
but not an overt shock.4,5 Previous studies had taken only lac-
tic acidosis in consideration among critically ill patients as 
this is being an indirect marker of metabolic acidosis at the 
cellular level.6 This study had been planned to assess impact 
of on admission AG with the outcome in terms of length of 
stay, need of ventilators, mortality in the critically ill patients 
admitted to medical intensive care unit (MICU) as data from 
Indian studies are lacking.
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Methods
This cross-sectional study was performed in the Medical ICU 
at rural central India, from September 2017 to March 2019, 
after approval by the Institutional Ethics Committee.

All consecutive patients above 18 years admitted directly 
to the critical care unit were screened for inclusion in the 
study. Patients with HCO3 less than 22 mEq/L were enrolled 
in the study.

Patients on mechanical ventilation before the evaluation, 
transferred to medicine intensive care unit (ICU) from other 
hospital, post-surgical were excluded from the study.

Arterial blood samples were collected at the time of ICU 
admission in heparinized blood-gas syringes and analyzed in 
blood-gas analyzer at 37°C. Samples were not stored on ice. 
Data like pH, PaCO2, HCO3 were collected from the analyzer 
output. The samples were analyzed at our central laboratory 
department for the measurement of multiple biochemical 
variables including sodium, potassium, and chloride. AG was 

calculated by the formula [(sodium + potassium)  (chloride + 
bicarbonate)].

The patients were divided into the following four 
groups: non-anion gap having patients with AG < 12 and 
HCO3 < 22 mEq/L. Patients with AG >12 and HCO3 < 22 mEq/L 
were classified into three stages: Stage 1 AG: 12 to 20 mEq/L, 
Stage 2 AG: 21 to 30 mEq/L, Stage 3 AG: >30 mEq/L. Each 
group was compared for hematological parameters like 
hemoglobin level. Leucocyte count, serum electrolytes, kid-
ney and liver function test, and outcome (length of stay in 
hospital, length of stay on ventilator, and length of stay in 
ICU) are shown in ►Fig. 1.

Sample size calculation was done by using formula, N = 
(Z2 × P × (1–P))/d2, Z2 = table value of α error from Standard 
Normal Distribution table = 1.96 × 1.96 = 3.84, power (P) =  
0.05, (1–P) = 0.95, precision error of estimation (d) = 2%, 
N = (1.962 × 0.05 × 0.95)/0.022 = 465.6. The sample size of 
500 patients was taken for the study.

Fig. 1 Flowchart of the study’s design.
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Statistical Methods
Descriptive statistics for all qualitative variables were repre-
sented using frequency and percentage. Comparison among 
the study groups is made with the help of unpaired t-test as 
per results of the normality test. All the quantitative variables 
were checked for normality assumption and were presented 
using mean and standard deviation. Association between the 
groups was assessed using the chi-square test. The associa-
tion of normally distributed quantitative variables with the 
groups was measured using one-way analysis of variance 
(ANOVA) and the association of non-normally distributed 
quantitative variables with the groups was measured using 
Kruskal–Wallis test. For all the comparisons, the p-value of 
less than 0.05 was considered statistically significant. The 
data was entered in Excel (Microsoft Corp.) spreadsheet and 
analysis was done using Statistical Package for Social Sciences 
version 21.0 (IBM Inc.).

Observation and Results
Out of all 500 patients, the mean age of patients in non-anion 
gap, Stage 1 AG, Stage 2 AG, and Stage 3 AG was 65.70 ± 10.27, 
48.31 ± 13.17, 42.03 ± 15.67, and 55.52 ± 21.47 years, respec-
tively which were statistically significant as per the ANOVA 
test (p < 0.05). Other base line characteristics with hemato-
logical parameter were shown in ►Table 1.

The need of ventilator (2.52 ± 0.73, 3.31 ± 1.53, 2.96 ± 1.29, 
3.50 ± 1.11, respectively) and length of stay in ICU (3.65 ± 
0.78, 3.68 ± 1.59, 4.67 ± 1.60, 5.42 ± 2.02, respectively) was 
significantly lower in non-anion gap compared with Stage 
1 AG, Stage 2 AG, and Stage 3 AG as per the ANOVA test  

(p < 0.05) as shown in ►Table 2. The mortality in patients was 
significantly lower [1 (0.98%), 109 (46.90%), 112 (78.30%), 
23 (100%), respectively] in non-anion group compared with 
Stage 1 AG, Stage 2 AG, and Stage 3 AG as per ANOVA test  
(p < 0.05) as shown in ►Table 2. The need of ventilator (1.51 
± 2.11, 2.81 ± 1.7, and 3.63 ± 1.5, respectively) and ICU stay 
(1.67 ± 1.2, 2.85 ± 1.65, and 3.9 ± 1.23, respectively) was sig-
nificantly lower in non-anion group compared with Stage 
1 AG, Stage 2 AG as per the ANOVA test (p < 0.05) amongst 
survival group as shown in ►Table  3. Patients with Stage 
3 AG, however, did not survive.

The need of ventilator (3.7 ± 1.2, 3.15 ± 1.65, 3.1 ± 1.23, 
and 2.45 ± 0.6 days, respectively) and ICU stay (5.51 ± 2.11, 
4.81 ± 1.7, 3.63 ± 1.5, and 3.21 ± 0.8 days, respectively) was 
significantly higher in non-anion group compared with Stage 
1 AG, Stage 2 AG, and Stage 3 AG as per ANOVA test (p < 0.05) 
amongst nonsurvival group as shown in ►Table 4. This was 
because majority of the patients with higher AG died within 
2 to 3 days. Whereas patients with higher AG who survived 
took longer time to recover and hence their length of stay in 
ICU and on ventilator was more compared with those with 
non-anion gap.

Discussion
This study revealed that on admission AG metabolic acidosis 
in MICU had an impact in terms of mortality, need of venti-
lators, and length of ICU stays. Higher AG metabolic acido-
sis was directly related to mortality. An elevated AG usually 
reflects an imbalance between acid generation in hypoper-
fused tissues and the ability of the kidneys to excrete these 

Table 1  Distribution of patients according to age

Parameters Non-anion gap
N = 102

Stage 1 AG
N = 232

Stage 2 AG
N = 143

Stage 3 AG
N = 23

p-Value

Mean age 65.70 ± 10.27 48.31 ± 13.17 42.03 ± 15.67 55.52 ± 21.47 < 0.05

Male 68 (66.7%) 168 (72.4%) 120 (83.9%) 14 (60.9%) > 0.05

Female 34 (33.3%) 64 (27.6%) 23 (16.1%) 9 (39.1%) > 0.05

Hb 12.44 ± 1.32 10.69 ± 2.10 10.22 ± 2.30 9.02 ± 1.24 < 0.05

TLC 8,008.43 ± 2515.27 13,232.46 ± 3831.65 13815.10 ± 3914.06 15,148.21 ± 2,058.19 < 0.05

HCT 40.35 ± 4.92 40.20 ± 4.50 39.71 ± 6.00 39.79 ± 1.87 > 0.05

Platelets 1.67 ± 0.56 1.34 ± 0.67 1.24 ± 0.67 0.70 ± 0.30 < 0.05

SGOT 43.85 ± 2.23 51.46 ± 3.95 62.03 ± 3.80 128.65 ± 9.15 < 0.05

SGPT 33.07 ± 2.51 39.82 ± 4.41 53.25 ± 7.30 58.30 ± 1.95 < 0.05

Bilirubin 1.73 ± 1.37 1.89 ± 1.27 2.26 ± 2.97 2.23 ± 0.92 < 0.05

Sodium 139.78 ± 3.79 143.17 ± 6.85 146.28 ± 9.12 151.22 ± 8.02 < 0.05

Potassium 3.94 ± 0.51 4.56 ± 0.80 4.83 ± 0.74 5.41 ± 0.67 < 0.05

Chloride 107.10 ± 4.95 112.62 ± 7.20 116.15 ± 4.32 123.30 ± 8.06 < 0.05

Urea 55.20 ± 1.59 64.39 ± 4.43 76.58 ± 3.58 79.87 ± 8.78 < 0.05

Creatinine 1.55 ± 2.21 1.84 ± 1.61 1.86 ± 0.33 2.12 ± 1.95 < 0.05

HCO3 16.98 ± 2.56 13.74 ± 3.11 12.03 ± 2.71 10.52 ± 2.47 < 0.05

Abbreviations: AG, anion gap; HCT, hematocrit; ICU, intensive care unit; SGOT, serum glutamic-oxaloacitic transaminase; SGPT, serum glutamic-
pyruvic transaminase; TLC, total leucocyte count.
Note: Bold values denote statistical significance.
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acids. Thus, the presence of an elevated AG may indicate sub-
tle hemodynamic abnormalities leading to tissue hypoperfu-
sion but not overt shock. Increased production of negatively 
charged short-term phase proteins might help explain the 
increase in AG.7,8

Need of ventilator in terms of days was significantly lower 
in non-anion group compared with Stage 1 AG, Stage 2 AG, 
and Stage 3 AG acidosis. There was a significant increase 
in length of stay on a ventilator with an increase in sever-
ity of AG on admission. Similarly in the study conducted by 
Kiran et al out of 55 patients who were put on mechanical 
ventilator on the first day, 45 (81.8%) patients expired com-
pared with 10 (18.2%) patients who did not need mechanical 
ventilation.7

The mean length of stay in ICU was significantly lower 
in non-anion group compared with Stage 1 AG, Stage 2 AG, 
and Stage 3 AG. There was a significant increase in length of 
stay in ICU with an increase in severity of AG on admission. 
A study had shown that an elevated AG was associated with 
increased severity of illness including increased likelihood of 
hospital and ICU admission.5

However, it was observed that the mean length of ICU stay 
and need of ventilator was significantly higher in patients 
with high AG who survived as compared with nonsurvival 
patients.

The mortality in patients was significantly lower in 
non-anion group compared with Stage 1 AG, Stage 2 AG, 
and Stage 3 AG. There was a significant increase in mortal-
ity in patients with an increase in severity of AG on admis-
sion. The mean age of the patients in non-anion gap was 
significantly higher than in patients of high AG. High AG 
metabolic acidosis may be associated with higher mortality 

compared with normal AG acidosis as reported by Jung 
et al, whereas kotake, and Rocktaeschel et al reported no 
statistical significance in outcomes between these two 
groups.9-11

Limitations

This study had considered analyzing only “On” admission AG 
and correlating the outcome in a critically ill patient; hence, 
we could not predict and correlate the outcome based on 
serial arterial blood gas analysis and AG calculation. Since 
our study population included only critically ill patients, we 
could not correlate AG and its outcome in relatively stable 
patients. AG was not corrected for albumin level. The mortal-
ity of patients could also be related to the underlying etiology 
which was not noted.

Conclusion

Patients who were admitted in ICU or those who were critically 
ill, calculating the AG has played a crucial role in predicting 
the outcome. Calculating AG (high or normal) will eventually 
help in identifying the patients in resource-constraint set-
tings where lactate may not be available.

And also in those who are at risk of developing morbid-
ity and mortality and hence the appropriate line of man-
agement, in the initial stages, can change the outcome in 
critically ill patients.
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Table 2  Association of on admission anion gap and outcome

Parameters Non-anion gap
N = 102

Stage 1 AG
N = 232

Stage 2 AG
N = 143

Stage 3 AG
N = 23

p-Value

Need of ventilator (d) 2.52 ± 0.73 3.31 ± 1.53 2.96 ± 1.29 3.50 ± 1.11 < 0.05

ICU stay (d) 3.65 ± 0.78 3.68 ± 1.59 4.67 ± 1.60 5.42 ± 2.02 < 0.05

Mortality 1 (0.98%) 109 (46.90%) 112 (78.30%) 23 (100%) < 0.05

Abbreviations: AG, anion gap; ICU, intensive care unit.

Table 3  Comparison of anion gap and outcome in survival group

Parameters Non-anion gap
N = 102

Stage 1 AG
N = 232

Stage 2 AG
N = 143

Stage 3 AG
N = 23

p-Value

Need of ventilator (d) 1.51 ± 2.11 2.81 ± 1.7 3.63 ± 1.5 0 < 0.05

ICU stay (d) 1.67 ± 1.2 2.85 ± 1.65 3.9 ± 1.23 0 < 0.05

Abbreviations: AG, anion gap; ICU, intensive care unit.

Table 4  Comparison of anion gap and outcome in nonsurvival group

Parameters Non-anion gap
N = 102

Stage 1 AG
N = 232

Stage 2 AG
N = 143

Stage 3 AG
N = 23

p-Value

Need of ventilator (d) 3.7 ± 1.2 3.15 ± 1.65 3.1 ± 1.23 2.45 ± 0.6 < 0.05

ICU stay (d) 5.51 ± 2.11 4.81 ± 1.7 3.63 ± 1.5 3.21 ± 0.8 < 0.05

Abbreviations: AG, anion gap; ICU, intensive care unit.
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