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Abstract: Background: Electrolyte and acid-base disturbances are common in critically ill patients. Their relationship 
with hospital mortality has not been clearly clarified. Methods: A retrospective propensity score matched analysis 
was used to evaluate the effects of electrolyte and acid-base disturbances on hospital mortality in critically ill pa-
tients from 2014 to 2015 in our hospital. Multiple logistic regression models and Cox proportional hazards model 
after propensity score matching were employed to identify their association. Results: A total of 682 critically ill 
patients met the inclusion criteria. The incidences of electrolyte and acid-base disturbances were higher in non-
survivors than survivors. Many disorders occurred during hospitalization and were not corrected at discharge or 
before death. Patients from different categories of intensive care unit (ICU) had various distribution characteristics 
of electrolyte and acid-base disturbances between survivors and non-survivors. After adjusted by propensity score 
matching, hypouricemia, hyperuricemia, acidosis (pH<7.35) and strong ion gap >2 mmol/L at admission and hy-
pernatremia, acidosis (pH<7.35) and AKI during hospitalization were independent risk factors for hospital mortality. 
Conclusions: Electrolyte and acid-base disturbances, especially hypernatremia and acidosis were highly associated 
with hospital mortality.

Keywords: Electrolyte disturbances, acid-base, hyponatremia, hypernatremia, metabolic acidosis, intensive care 
unit, acute kidney injury

Introduction

Electrolyte and acid-base disturbances are  
frequent and potentially dangerous complica-
tions in the intensive care unit (ICU). The inci-
dence of electrolyte and acid-base disturbanc-
es may be various depending on the different 
underlying diseases and comorbidities [1-3]. 
However, limited data exist on the prevalence 
of these disturbances incritically ill patients. 
The presence of these disorders does not only 
signal severe underlying pathophysiology but 
also is a significant marker of adverse out-
comes, particularly in the case of hyperkalemia 
and metabolic acidosis [4]. Butit isn’t clear now 
whether electrolyte and acid-base disturbanc-
es are independent contributors to mortality in 
the ICU.

These disorders may occur in the progression 
of diseases such as diabetes mellitus, acute or 

chronic renal failure, acute or chronic respira-
tory failure, shock, and severe cardiovascular 
events [5, 6], while some life-threatening imbal-
ances may be iatrogenically induced [7]. Altho- 
ugh these abnormalities can be readily ascer-
tained from routine laboratory findings, only 
specific clinical correlates may attest as to their 
significance. Furthermore, they are very often in 
combination and need to be recognized by con-
comitant analysis of electrolyte and acid-base 
parameters [1].

So we conducted this retrospective and pro-
pensity-marched study to describe the preva-
lence and trend of electrolyte and acid-base 
disturbances during hospitalization and across 
different categories of ICUs, to clarify the rela-
tionship between these disorders with hospital 
mortality and incidence of AKI, and most impor-
tantly, to strengthen thephysicians’ understan- 
ding of these hazards.

http://www.ijcem.com
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Materials and methods

Study design and data collection 

This retrospective study included all patients 
admitted consecutively to ICUs at the Zhong- 
shan Hospital, Fudan University in Shanghai, 
China, between October 01, 2014 and Sep- 
tember 30, 2015. Only the initial ICU admission 
was considered in this study. Patients without 
both electrolyte and blood gas analysis were 
excluded.

The collected data included demographics, cat-
egories of ICUs at admission, comorbidities, 
and laboratory values at admission. Electrolyte 
and acid-base status at ICU admission, during 
hospitalization and at discharge or before 
death and other clinical data at admission were 
collected from an electronic medical record 
database. Hospital mortality, the incidence  
of AKI, hospital stay and costs were also 
recorded.

This study was approved by the institutional 
review board of the ethics committee, Zhong- 
shan Hospital, Fudan University, Shanghai 
China. The requirement for informed consent 
was waived for this observational survey. The 
patient records and information were anony-
mized and de-identified before analysis.

Calculation and definitions

All samples were analyzed in the central labora-
tory of the Institution. Hypernatremia, hypona-
tremia, hyperkalemia, hypokalemia, hyperchlo-
remia, hypochloremia, hypercalcemia, hypocal-
cemia, hyperphosphatemia, hypophosphate-
mia, hypermagnesemia, hypomagnesemia, hy- 
peruricemia and hypouricemia were defined 
according to the reference ranges provided 
bythecentral laboratory. The anion gap (AG) 
was calculated by the standard formula [8]: AG 
= [Na+]-[Cl-]-[HCO3

-], with an elevated AG defined 
as greater than or equal to 16 mmol/L. Strong 
ion difference (SID) is the sum of strong cations 
minus the sum of strong anions. Strong ion gap 
(SIG) is the difference between the apparent 
SID (SIDa) and the effective SID (SIDe). SIDa = 
[Na+]+[K+]+[Ca2+]+[Mg2+]-[Cl-]. SIDe = [HCO3

-]+ 
(0.123×PH-0.631)×[Alb]+(PH-0.469)×[Pi]. SIG = 
SIDa-SIDe [9]. SIG represents the sum of any 
unmeasured strong positive and negative ions. 
When positive, unmeasured anions exceed 

unmeasured cations. Calculated osmolality = 
2*[Na+]+[glucose]+[urea]. Simple, dual and tri-
ple acid-base disturbances were diagnosed 
according to the flow diagrams described by 
Milford Fulop [10]. AKI wasdefined using Kidney 
Disease: Improving Global Outcomes criteria 
[11] as an increase in serum creatinine (SCr) 
≥0.3 mg/dl (≥26.5 μmol/L) within 48 hr, or an 
increase in SCr to ≥1.5 times baseline known 
or presumed to have occurred within the prior 7 
days.

Statistical methods

The data were analyzed using SPSS version 
24.0 software (SPSS, Chicago, IL, USA). Con- 
tinuous variables are presented as mean ± SD 
if they were statically normally distributed and 
categorical variables as numbers and percent-
ages. They were compared using the Student 
t-test for continuous variables and the Χ2 test 
for categorical variables. Medians and inter-
quartile ranges are presented when variables 
are not normally distributed, and they were 
compared using Mann-Whitney U test. Multiple 
regression binary logistic regression with the 
Wald forward stepwise method was performed 
to evaluate the independent risk factors for 
hospital mortality, and the results are present-
ed as odds ratios (ORs) and 95% confidence 
intervals (CIs). The significant acceptance and 
removal levels for a covariate were set at 0.05 
and 0.1, respectively. A P-value <0.05 was con-
sidered indicating statistical significance.

To reduce the impact of potential confounding 
factors in an observational study, we also per-
formed propensity score matching for each 
non-survivor using a multivariable logistic re- 
gression analysis model based on the follow- 
ing covariates: age, sex, categories of ICUs, dia-
betes, hypertension, chronic kidney disease 
(CKD), coronary arterial disease, stroke, and 
cancer. Propensity scores were then employed 
using the nearest neighbor matching algorithm. 
Matching was performed with a computer 
application implemented in SPSS 24.0 and R 
software version 3.2.2 to select for the most 
similar propensity scores and to create 1:2 
matched pairs (matching the non-survivors to 
survivors). We used Cox proportional hazard 
model with the Wald forward stepwise method 
to analyze the independent predictors of hospi-
tal mortality including all patients after propen-
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Table 1. Baseline characteristics of critically ill patients before and propensity score matched analysis

Variable
Before matching Propensity score matching

Survivors (n=585) Non-survivors (n=97) T, Z or χ2 
value P value Survivors (n=194) Non-survivors (n=97) T, Z or χ2 

value P value

Age, yr 64.8±16.7 72.3±14.9 -4.214 0.000 71.1±14.8 72.3±14.9 -1.024 0.503

Male sex, n (%) 365 (62.4) 60 (61.9) 0.010 0.919 112 (57.7) 60 (61.9) 0.008 0.500

Categories of ICUs

    CCU, n (%) 153 (26.2) 27 (27.8) 0.121 0.728 58 (29.9) 27 (27.8) 0.000 0.715

    RICU, n (%) 182 (31.1) 21 (21.6) 3.563 0.059 42 (21.6) 21 (21.6) 0.357 1.000

    NICU, n (%) 150 (25.6) 24 (24.7) 3.272 0.978 44 (22.7) 24 (24.7) 0.491 0.695

    EICU, n (%) 100 (17.1) 25 (25.8) 0.001 0.070 50 (25.8) 25 (25.8) 0.000 1.000

Comorbid diseases

    Diabetes, n (%) 104 (17.8) 22 (22.7) 1.328 0.249 39 (20.1) 22 (22.7) 0.481 0.611

    Hypertension, n (%) 245 (41.9) 48 (49.5) 1.963 0.161 92 (47.4) 48 (49.5) 0.722 0.740

    CKD, n (%) 189 (32.3) 66 (68.0) 45.383 0.000 138 (71.1) 66 (68.0) 0.207 0.587

    CAD, n (%) 130 (22.2) 30 (30.9) 3.512 0.061 57 (29.4) 30 (30.9) 0.035 0.786

    Stroke, n (%) 102 (17.4) 26 (26.8) 4.790 0.029 49 (25.3) 26 (26.8) 0.147 0.776

    Cancer, n (%) 50 (8.5) 9 (9.3) 0.225 0.812 15 (7.7) 9 (9.3) 0.085 0.651

Clinical data at admission

    MBP, mmHg 97.5±15.7 98.0±17.2 -0.275 0.783 98.3±16.1 98.0±17.2 -0.495 0.887

    WBC, 109/L 8.15 (6.22-10.64) 10.35 (7.64-14.84) -4.814 0.000# 8.46 (6.53-11.73) 10.35 (7.64-14.84) -2.876 0.001#

    Hemoglobin, g/L 126.0 (111.0-141.0) 120.5 (103.0-135.8) -2.129 0.033# 120.6±23.5 117.4±26.5 0.549 0.308

    AST, U/L 23.0 (17.0-38.0) 40.0 (22.0-98.0) -4.909 0.000# 90.7±473.9 151.9±386.5 -0.900 0.294

    ALT, U/L 20.0 (14.0-39.0) 32.0 (18.0-71.0) -3.080 0.002# 18.0 (13.0-32.0) 32.0 (18.0-71.0) -3.735 0.000#

    TBIL, μmol/L 9.8 (6.9-14.3) 11.8 (7.6-19.6) -2.463 0.014# 10.5 (7.2-15.2) 11.8 (7.6-19.6) -2.206 0.079#

    Albumin, g/L 35.7±5.1 34.0±5.2 2.911 0.004 35.4±5.0 34.0±5.2 1.991 0.040

    Scr, μmol/L 75.0 (61.0-92.0) 92.0 (61.5-152.0) -3.516 0.000# 87.5 (68.0-113.0) 92.0 (61.5-152.0) -0.615 0.301#

    BUN, mmol/L 5.7 (4.1-8.1) 8.2 (5.2-14.9) -5.137 0.000# 6.6 (4.7-9.2) 8.2 (5.2-14.9) -2.257 0.004#

    eGFR, ml/(min•1.73 m2) 88.5 (69.1-111.6) 67.0 (35.4-99.6) -4.287 0.000# 80.3±50.5 75.0±53.7 0.462 0.419

    SUA, mmol/L 274.5 (201.0-361.3) 339.5 (207.5-490.3) -2.689 0.007# 309.0 (244.8-394.0) 339.5 (207.5-490.3) -1.225 0.387#

    Glucose, mmol/L 6.0 (5.0-7.9) 7.7 (5.5-10.4) -4.010 0.000# 6.4 (5.1-8.6) 7.7 (5.5-10.4) -1.434 0.009#

    Na, mmol/L 140.0 (137.0-142.0) 139.0 (134.0-144.0) -1.029 0.304# 135.0 (133.0-142.0) 139.0 (134.0-144.0) -0.461 0.188#

    K, mmol/L 4.0 (3.7-4.3) 4.1 (3.7-4.6) -1.632 0.103# 4.1 (3.8-4.4) 4.1 (3.7-4.6) -0.303 0.507#

    Cl, mmol/L 101.0 (98.0-105.0) 101.0 (95.0-105.0) -1.143 0.253# 101.0 (98.0-105.0) 101.0 (95.0-105.0) -0.482 0.293#

    Mg, mmol/L- 0.93 (0.86-1.00) 0.96 (0.85-1.04) -1.232 0.218# 0.93 (0.87-1.00) 0.96 (0.85-1.04) -1.133 0.253#

    Ca, mmol/L 2.22±0.17 2.20±0.27 0.813 0.406 2.21±0.21 2.20±0.27 -0.799 0.669

    P, mmol/L 1.00 (0.81-1.16) 1.00 (0.80-1.26) -0.695 0.487# 1.01 (0.78-1.13) 1.00 (0.80-1.26) -0.915 0.458#

    CO2CP 24.0 (22.0-27.0) 23.0 (19.0-27.0) -2.270 0.023 24.0 (22.0-27.0) 23.0 (19.0-27.0) -1.060 0.074#

    pH 7.46 (7.42-7.48) 7.39 (7.29-7.47) -4.414 0.000# 7.46 (7.39-7.48) 7.39 (7.29-7.47) -3.045 0.004#

    PaCO2, mmHg 37.0 (32.0-44.0) 38.0 (30.8-51.3) -0.559 0.576# 41.5±13.9 42.5±17.8 -0.890 0.658

    HCO3
-, mmol/L 26.6 (23.4-30.6) 24.4 (17.9-30.4) -2.781 0.005# 27.8±8.8 24.0±9.2 1.981 0.017
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    BE, mmol/L 2.9 (-1.1-6.6) -0.7 (-7.1-5.7) -3.300 0.001# 3.6±9.4 -1.1±10.0 2.396 0.007

    AG, mmol/L 14.0 (12.0-16.0) 15.0 (12.0-18.0) -3.099 0.002# 14.0 (12.0-17.0) 15.0 (12.0-18.0) -1.362 0.054#

    SIDa, mmol/L 48.2 (45.0-51.3) 49.0 (44.0-52.2) -0.164 0.870# 48.4±6.5 47.2±7.7 0.254 0.354

    SIDe, mmol/L 38.6±7.4 36.1±8.3 1.997 0.208 38.4±9.0 36.1±8.3 1.516 0.216

    SIG, mmol/L 7.7 (4.4-11.3) 11.1 (5.1-15.3) -2.587 0.010# 8.5±7.1 11.6±8.3 -2.275 0.066

    Osmolality, mOsm/L 293.1 (287.5-298.8) 297.2 (285.8-310.8) -2.827 0.005# 295.3 (289.3-302.2) 297.2 (285.8-310.8) -1.138 0.145#

AKI, n (%) 177 (30.3) 69 (71.1) 60.292 0.000 76 (39.2) 69 (71.1) 17.988 0.000

Hospital stay, days 12.6±10.3 13.8±11.4 -0.995 0.320 13.4±11.4 13.8±11.4 0.651 0.796

Hospital costs, RMB 20,573.7 (11,641.2-38,851.9) 29,375.4 (17,571.4-58,341.1) -3.695 0.000# 21,394.3 (12,643.7-36,463.7) 29,375.4 (17,571.4-58,341.1) -2.216 0.003#

#Mann-Whitney U test. Abbreviations: EICU = emergency intensive care unit; NICU = neurological intensive care unit; RICU = respiratory intensive care unit; CCU = cardiac care unit; CKD = chronic kidney disease; CAD = coronary arterial dis-
ease; MBP = mean blood pressure; WBC = white blood cell; ALT = alanine aminotransferase; AST = aspartate aminotransferase; TBIL = total bilirubin; SCr = serum creatinine; BUN = blood urea nitrogen; eGFR = evaluated glomerular filtration 
rate; SUA = serum uric acid; CO2CP = carbon dioxide combining power; AKI = acute kidney injury.
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sity score matching, and the results are pre-
sented as hazard ratios (HRs) and 95% CIs.

Results

Patient characteristics

A total of 682 patients met the inclusion crite-
ria. Characteristics of the subjects before and 
after propensity score matching are listed in 
Table 1. Age, CKD, stroke, baseline parameters 

of blood chemistry at ICU admission, the inci-
dence of AKI and hospital costs were statisti-
cally different between the survivors and non-
survivors groups. On the basis of the propensity 
score, 97 patients in the non-survivors group 
were successfully matched to 194 patients in 
survivors group. After propensity score match-
ing, no statistically significant baseline charac-
teristics in age, sex, categories of ICUs and 
comorbid diseases between the survivors and 
non-survivors groups were found.

Figure 1. Incidence and trend of electrolyte and acid-base disturbances in critically ill patients. *P<0.05; **P<0.001 
non-survivors group versus survivors group. Abbreviations: ICU = intensive care unit; ABD = acid-base disturbances. 
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Electrolyte and acid-base status at ICU admis-
sion

The values of electrolyte and acid-base status 
at ICU admission were also displayed in Table 
1. No statistically significant baseline values of 
electrolyte were founded between the survi-
vors and non-survivors groups at admission 
before and after matching. Arterial blood HCO3-
(P=0.005 vs. P=0.017), base excess (BE) (P= 
0.001 vs. P=0.007) and pH (P=0.000 vs. P= 
0.004) at admission were statistically differ- 
ent between the survivors and non-survivors 
groups before and after matching. Carbon diox-
ide combining power (CO2CP), AG and SIG were 
statistically different before matching but not 
after matching. There was no significant differ-
ence in PaCO2 before and after matching.

Incidence and trend of electrolyte and acid-
base disturbances

The incidence of electrolyte and acid-base dis-
turbances at ICU admission, during hospitaliza-
tion, and at discharge or before death were 
showed in Figure 1. The incidencerates of 
hypernatremia (P=0.000), hyponatremia (P= 
0.002), hyperchloremia (P=0.000), hypochlore-
mia (P=0.008), hyperphosphatemia (P=0.003), 
hypermagnesemia (P=0.031), and dual ABD 
(P=0.002) at ICU admission in the non-survi-
vors group were significantly higher than that in 
survivors group. During hospitalization, the in- 
cidence of hypernatremia (P=0.000), hypona-
tremia (P=0.009), hypokalemia (P=0.005), hy- 
perchloremia (P=0.000), hypochloremia (P= 
0.039), hypocalcemia (P=0.001), hyperphos-

Table 2. Incidence and trend of electrolyte and acid-base disturbances in critically ill patients

Variable, n (%)

At ICU admission During hospitalization At discharge

Survivors 
(n=585)

Non- 
survivors 
(n=97)

Survivors 
(n=585)

Non- 
survivors 
(n=97)

Survivors 
(n=585)

Non- 
survivors 
(n=97)

Electrolyte disturbances
    Hypernatremia 23 (4.1) 12 (13.2)** 41 (7.0) 27 (27.8)** 16 (2.8) 22 (24.2)**

    Hyponatremia 117 (20.7) 32 (35.2)** 186 (31.8) 44 (45.4)** 105 (18.6) 19 (20.9)
    Hyperkalemia 9 (1.6) 3 (3.3) 15 (2.6) 10 (10.3) 3 (0.5) 8 (9.1)
    Hypokalemia 64 (11.3) 12 (13.2) 133 (22.7) 35 (36.1)** 31 (5.5) 9 (10.2)
    Hyperchloremia 17 (3.0) 10 (11.0)** 32 (5.5) 20 (20.6)** 14 (2.5) 19 (20.9)**

    Hypochloremia 147 (26.0) 36 (39.6)** 242 (41.4) 51 (52.6)* 164 (29.0) 37 (40.7)*

    Hypercalcemia 5 (1.5) 1 (1.6) 6 (1.8) 1 (1.6) 4 (1.2) 1 (1.6)
    Hypocalcemia 101 (29.4) 24 (37.5) 116 (34.0) 36 (56.3)** 86 (25.0) 29 (45.3)**

    Hyperphosphatemia 31 (9.2) 14 (21.9)** 41 (12.1) 18 (28.1)** 36 (10.7) 13 (20.3)**

    Hypophosphatemia 116 (34.3) 20 (31.3) 123 (36.4) 25 (39.1) 99 (29.3) 22 (34.4)
    Ηypermagnesemia 44 (13.0) 15 (23.4)** 62 (18.3) 23 (35.9)** 45 (13.3) 20 (31.3)**

    Hypomagnesemia 3 (0.9) 1 (1.6) 6 (8.8) 2 (8.0) 5 (1.5) 2 (3.1)
Acid-base disturbances
    Simple ABD 123 (51.5) 25 (37.9) - - 129 (54.0) 15 (22.7)**

        Respiratory acidosis 12 (5.0) 7 (10.6) - - 7 (2.9) 8 (12.1)**

        Respiratory alkalosis 42 (17.6) 7 (10.6) - - 34 (14.2) 4 (6.1)
        Metabolic acidosis 4 (1.7) 4 (6.1)* - - 6 (2.5) 3 (4.5)
        Metabolic alkalosis 65 (27.2) 7 (10.6)** - - 76 (31.8) 5 (7.6)**

    Dual ABD 53 (22.2) 27 (40.9)** - - 61 (25.5) 35 (53.0)**

        Metabolic acidosis & Metabolic alkalosis 17 (7.1) 8 (12.1) - - 20 (8.4) 7 (10.6)
        Metabolic acidosis & Respiratory alkalosis 18 (7.5) 10 (15.2) - - 8 (3.3) 6 (9.1)*

        Metabolic acidosis & Respiratory acidosis 1 (0.4) 4 (6.1)** - - 1 (0.4) 6 (9.1)**

        Metabolic alkalosis & Respiratory alkalosis 3 (1.3) 0 (0.0) - - 1 (0.4) 2 (3.0)
        Metabolic alkalosis & Respiratory acidosis 14 (5.9) 4 (6.1) - - 20 (8.4) 6 (9.1)
    Triple ABD 23 (9.6) 8 (12.1) - - 10 (4.2) 13 (19.7)**

        Respiratory acidosis type 1 (0.4) 3 (4.5)** - - 2 (0.8) 4 (6.1)**

        Respiratory alkalosis type 22 (9.2) 5 (7.6) - - 8 (3.3) 9 (13.6)**

*P<0.05; **P<0.001 non-survivors group versus survivors group. Abbreviations: ICU = intensive care unit; ABD = acid-base disturbances.
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phatemia (P=0.001), and hypermagnesemia 
(P=0.002) in the non-survivors group were sig-
nificantly higher than that in survivors group. 
The incidence at discharge or before death 
were also showed in Figure 1. Detailed data 
were provided in Table 2. Many disorders 
occurred during hospitalization and were not 
corrected at discharge or before death.

Prevalence of electrolyte and acid-base distur-
bances in different categories of ICUs

The prevalence of electrolyte and acid-base 
disturbances invarious categories of ICUs were 
various (Figure 2). The incidence of hypernatre-
mia was higher in non-survivors than survivors 
in emergency intensive care unit (EICU) (P= 

Figure 2. Prevalence of electrolytes and acid-base disturbances during hospitalization in different categories of 
ICUs. *P<0.05; **P<0.001 non-survivors group versus survivors group. Abbreviations: EICU = emergency intensive 
care unit; NICU = neurological intensive care unit; RICU = respiratory intensive care unit; CCU = cardiac care unit; 
ABD = acid-base disturbances.
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0.000), neurological intensive care unit (NICU) 
(P=0.000) and respiratory intensive care unit 
(RICU) (P=0.022) but not incardiac care unit 
(CCU) (P=0.152) where hyponatremia was more 
common in non-survivors than survivors 
(P=0.000). Non-survivors in RICU (P=0.000) 
and EICU (P=0.000) had a higher incidence of 
hyperkalemia than survivors, while the non-
survivors in NICU (P=0.000) had a higher inci-
dence of hypokalemia. The other electrolyte 
disturbances and acid-base disturbances were 
also showed in Figure 2. Detailed data were 
also provided in Table 3.

Multiple logistic regression models for hospital 
mortality and incidence of AKI

Multivariate logistic regression analysis of 682 
patients was used to determine the indepen-

dent risk factors for hospital mortality. For the 
final logistic analysis, 11 variables at admission 
and 5 ones during hospitalization were kept in 
the model for hospital mortality (Tables 4 and 
5). After adjusted by propensity score match-
ing, 291 patients were analyzed, andfour vari-
ables at admission, including hypouricemia (HR 
1.928, 95% CI 1.154-3.222, P=0.012), hyper-
uricemia (HR 1.762, 95% CI 1.091-2.846, P= 
0.020), acidosis (pH<7.35) (HR 2.169, 95%  
CI 1.227-3.834, P=0.008) and SIG>2 mmol/L 
(HR 1.815, 95% CI 1.108-2.973, P=0.018) 
were selected in the Cox proportional hazards 
model for hospital mortality and three variables 
during hospitalization, including hypernatremia 
(HR 2.175, 95% CI 1.268-3.731, P=0.005), aci-
dosis (pH<7.35) (HR 2.685, 95% CI 1.644-
4.383, P=0.000) and development of AKI (HR 

Table 3. Incidence of electrolytes and acid-base disturbances during hospitalization in different cat-
egories of ICUs

Variable, n (%)

CCU RICU NICU EICU

Survivors
(n=153) 

Non- 
survivor 
(n=27)

Survivors
(n=182)

Non- 
survivors 
(n=21)

Survivors
(n=100)

Non- 
survivors 
(n=24)

Survivors
(n=150)

Non- 
survivors 
(n=25) 

Electrolyte disturbances

    Hypernatremia 5 (5.2) 3 (11.1) 12 (6.6) 5 (23.8)* 10 (6.7) 8 (32.0)** 15 (15.0) 17 (70.8)**

    Hyponatremia 38 (24.8) 16 (61.5)** 70 (38.9) 13 (61.9)* 44 (32.4) 4 (20.0) 30 (30.0) 5 (20.8)

    Hyperkalemia 6 (3.9) 2 (7.4) 10 (5.5) 6 (28.6)** 3 (2.0) 1 (4.0) 1 (1.0) 5 (20.8)**

    Hypokalemia 38 (24.8) 9 (34.6) 48 (26.7) 6 (28.6) 22 (16.2) 10 (50.0)** 26 (26.0) 10 (41.7)

    Hyperchloremia 3 (2.0) 2 (7.4) 7 (3.8) 3 (14.3)* 12 (8.0) 5 (20.0)* 13 (13.0) 14 (58.3)**

    Hypochloremia 49 (32.0) 19 (73.1)** 99 (55.0) 16 (76.2) 59 (43.4) 10 (50.0) 44 (44.0) 8 (33.3)

    Hypercalcemia 1 (1.2) 0 (0.0) 3 (2.2) 0 (0.0) 1 (1.8) 1 (9.1) 1 (1.4) 0 (0.0)

    Hypocalcemia 24 (29.6) 7 (50.0) 48 (35.8) 16 (84.2)** 27 (49.1) 8 (72.7) 17 (23.0) 5 (25.0)

    Hyperphosphatemia 9 (11.1) 5 (35.7)* 24 (17.9) 7 (36.8) 5 (10.2) 4 (36.4)* 6 (8.1) 3 (15.0)

    Hypophosphatemia 27 (33.3) 3 (21.4) 54 (40.3) 6 (31.6) 21 (42.9) 5 (45.5) 24 (32.4) 12 (60.0)**

    Ηypermagnesemia 17 (21.0) 5 (35.7) 29 (21.6) 4 (21.1) 7 (14.3) 6 (54.5)** 9 (12.2) 8 (40.0)**

    Hypomagnesemia 1 (1.2) 0 (0.0) 3 (2.2) 1 (5.3) 2 (4.1) 1 (9.1) 1 (1.4) 1 (5.0)

ABD

    Simple ABD 6 (20.0) 3 (14.3) 63 (39.9) 2 (10.5)* 11 (36.7) 1 (14.3) 6 (28.6) 1 (5.3)

        Respiratory acidosis 1 (3.3) 1 (4.8) 15 (9.5) 5 (26.3)* 1 (3.3) 1 (14.3) 0 (0.0) 4 (21.1)*

        Respiratory alkalosis 9 (30.0) 5 (23.8) 39 (24.7) 3 (15.8) 6 (20.0) 2 (28.6) 7 (33.3) 0 (0.0)**

        Metabolic acidosis 6 (20.0) 3 (14.3) 3 (1.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (10.5)

        Metabolic alkalosis 5 (16.7) 2 (9.5) 70 (44.3) 4 (21.1) 10 (33.3) 1 (14.3) 7 (33.3) 3 (15.8)

    Dual ABD 15 (50.0) 9 (42.9) 51 (32.3) 10 (52.6) 8 (26.7) 3 (42.9) 7 (33.3) 10 (52.6)

        Metabolic acidosis & Metabolic alkalosis 2 (6.7) 5 (23.8) 21 (13.3) 5 (26.3) 5 (16.7) 0 (0.0) 7 (33.3) 5 (26.3)

        Metabolic acidosis & Respiratory alkalosis 13 (43.3) 9 (42.9) 7 (4.4) 2 (10.5) 2 (6.7) 1 (14.3) 4 (19.0) 3 (15.8)

        Metabolic acidosis & Respiratory acidosis 1 (3.3) 3 (14.3) 0 (0.0) 2 (10.5)** 0 (0.0) 0 (0.0) 0 (0.0) 1 (21.1)*

        Metabolic alkalosis & Respiratory alkalosis 2 (6.7) 0 (0.0) 9 (5.7) 2 (10.5) 0 (0.0) 1 (14.3)* 0 (0.0) 0 (0.0)

        Metabolic alkalosis & Respiratory acidosis 1 (3.3) 1 (4.8) 28 (17.7) 4 (21.1) 1 (3.3) 1 (14.3) 0 (0) 1 (5.3)

    Triple ABD 7 (23.3) 9 (42.9) 28 (17.7) 6 (31.6) 3 (10.0) 3 (42.9)* 6 (28.6) 7 (36.8)

        Respiratory acidosis type 2 (6.7) 4 (19.0) 6 (3.8) 3 (15.8) 0 (0.0) 1 (14.3) 0 (0.0) 5 (26.3)

        Respiratory alkalosis type 5 (16.7) 5 (23.8) 22 (13.9) 4 (21.1)* 3 (10.0) 2 (28.6)* 6 (28.6) 2 (10.5)*

*P<0.05; **P<0.001 non-survivors group versus survivors group. Abbreviations: ICU = intensive care unit; EICU = emergency intensive care unit; NICU = neurological 
intensive care unit; RICU = respiratory intensive care unit; CCU = cardiac care unit; ABD = acid-base disturbance.
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1.822, 95% CI 1.149-2.891, P=0.011) were 
also kept for hospitalmortality (Tables 4 and 5).

Discussion

We investigated the influence of electrolyte and 
acid-base disturbances on outcomes among 
critically ill patients in a single-center retro-
spective and propensity-matched study. The 
incidences of electrolyte and acid-base distur-
bances were higher in non-survivors than survi-
vors. Many kinds of electrolyte and acid disor-
ders occurred during hospitalization and were 
not corrected at discharge or before death. 

Patients from different categories of ICUs had 
various distribution characteristics of electro-
lyte and acid-base disturbances between survi-
vors and non-survivors. After adjusted by pro-
pensity score matching, hypouricemia, hyper-
uricemia, acidosis (pH<7.35) and SIG>2 mmol/L 
at admission and hypernatremia, acidosis 
(pH<7.35) and development of AKI during hos-
pitalization were independent risk factors for 
hospital mortality in the Cox proportional haz-
ards model.

The incidences of electrolyte and acid-base dis-
turbances were higher in non-survivors than 

Table 4. Independent risk factors at admission for hospital mortality

Variable
Multiple logistic analysis Cox proportional hazards model
OR (95% CI) P value HR (95% CI) P value

Age (per 10-year increase) 1.339 (1.115-1.607) 0.002
Stroke 2.043 (1.134-3.679) 0.017
CKD 2.75 (1.628-4.662) 0.000
Normalserum uric acid Reference
Hypouricemia 1.949 (1.051-3.614) 0.034 1.928 (1.154-3.222) 0.012
Hyperuricemia 2.534 (1.353-4.745) 0.004 1.762 (1.091-2.846) 0.020
pH 7.35-7.45 Reference
pH<7.35 5.440 (2.222-13.322) 0.000 2.169 (1.227-3.834) 0.008
pH>7.45 0.789 (0.369-1.685) 0.540 1.075 (0.604-1.913) 0.806
No ABD Reference
Simple ABD 2.301 (1.067-4.960) 0.033
Dual ABD 2.716 (1.259-5.860) 0.011
Triple ABD 3.601 (1.108-11.706) 0.033
SIG≤2 mmol/L Reference
SIG>2 mmol/L 1.815 (1.108-2.973) 0.018
ALT, per 50 U/L increase 1.108 (1.029-1.192) 0.006 1.051 (0.999-1.106) 0.054
TBIL, per 20 μmol/L increase 1.434 (1.042-1.973) 0.027
Abbreviations: CKD = chronic kidney disease; ABD = acid-base disturbance; SIG = strong ion gap; ALT = alanine aminotransfer-
ase; TBIL = total bilirubin; OR = odds ratio; HR = hazard ratio; CI = confidence interval.

Table 5. Independent risk factors during hospitalization for hospital mortality

Variable
Multiple logistic analysis Cox proportional hazards model

OR (95% CI) P value HR (95% CI) P value
Normal serum uric acid Reference
Hyponatremia 2.239 (1.215-4.128) 0.010 1.447 (0.862-2.427) 0.162
Hypernatremia 6.466 (3.230-12.944) 0.000 2.175 (1.268-3.731) 0.005
pH 7.35-7.45 Reference
pH<7.35 4.078 (1.690-9.842) 0.002 2.685 (1.644-4.383) 0.000
pH>7.45 0.541 (0.247-1.186) 0.125 1.303 (0.779-2.178) 0.313
PaCO2 35-45 mmHg Reference
PaCO2<35 mmHg 1.874 (0.845-4.157) 0.122
PaCO2>45 mmHg 3.459 (1.528-7.828) 0.003
AKI 3.406 (1.911-5.826) 0.000 1.822 (1.149-2.891) 0.011
Abbreviations: AKI = acute kidney injury; OR = odds ratio; HR = hazard ratio; CI = confidence interval.



Electrolyte and acid-base disturbances in critically ill patients

1001 Int J Clin Exp Med 2017;10(1):992-1003

survivors in critically ill patients. Because both 
increase and decrease in levels of electrolyte 
and acid-base parameters may be associated 
with poor prognosis and then we also com-
pared the incidences of these disorders which 
were showed in Figure 1. It is worth noting that 
several disorders in the non-survivors were 
higher than that in the survivors at ICU admis-
sion, such as dysnatremia, dyschloremia, hy- 
perphosphatemia, hypermagnesemia and dual 
ABD, while some disorders occurred more fre-
quently during hospitalization, such as hypoka-
lemia, hypocalcemia, and triple ABD. Further- 
more, most of the disorders existed at admis-
sion may not be corrected or new disorders 
occurred during hospitalization because the 
increasing trend was observed in Figure 1.

The various distribution characteristics of elec-
trolyte and acid-base disturbances across dif-
ferent categories of ICUs may be due to various 
diseases. In CCU, the incidence of hyponatre-
mia but not hypernatremia was higher in non-
survivors than survivors (61.5% vs. 24.8% res- 
pectively, P=0.000). Hyponatremiain these 
patients may be a marker of neurohormonal 
activation that reflects the severity of heart fail-
ure (HF) [12], but it may also result from the HF 
therapy [13]. Diuretics are one of the most com-
mon causes of drugs induced hyponatremia. 
Several clinical studies have shown that hypo-
natremia is associated with adverse prognosis 
and reduced survival in HF [14]. In RICU, hyper-
natremia, hyperchloremia, hyperkalemia, hypo-
calcemia and dual ABD were more frequently 
occurred in non-survivors than survivors. 
Respiratory acidosis is not the only acid-base 
disturbance observed in patients with acute 
and chronic respiratory failure. Both metabolic 
acidosis and metabolic alkalosis can coexist 
with respiratory acidosis. Heart failure, acute 
pulmonary edema, renal failure, and the onset 
of sepsis or severe hypoxia are the most com-
mon causes of metabolic acidosis associated 
with hypercapnia [15]. Metabolic alkalosis may 
also be the consequence of a too rapid removal 
of CO2 in patients undergoing mechanical venti-
lation. In NICU, hypernatremia, hyperchloremia, 
hypokalemia, hyperphosphatemia, hypermag-
nesemia and simple ABD were associated with 
hospital mortality. Hypernatremia is relatively 
more common in neurologiccritically ill patients 
and often an indicator of the severity of the 
underlying disease process [16]. Causes of hy- 

pernatremia in these patients include central 
and nephrogenic diabetes insipidus, dehydra-
tion, fever and osmotic diuresis. In EICU, the 
incidences of hypernatremia, hyperchloremia, 
hyperkalemia, hypermagnesemia and hypo-
phosphatemia were obviously higher in non-
survivors than survivors. Hypophosphatemia 
has been associated with critical conditions 
such as Gram-negative sepsis and open heart 
surgery [17, 18]. Emergency patients have 
underlying conditions that predispose them to 
develophypophosphatemia, including malnutri-
tion and inadequate body phosphorus stores, 
acute respiratory alkalosis, diabetic ketoacido-
sis, use of diuretics, alcoholism, and vomiting 
or gastric losses [19].

The relationship of electrolyte and acid-base 
disturbances and hospital mortality is complex. 
They may often be a para-phenomenon, as an 
indicator of the severity of the underlying dis-
eases. Nevertheless according to our multiple 
logistic regression and Cox proportional haz-
ards model, some disorders were independent 
contributors of hospital mortality, such as 
hypernatremia and acidosis. Patients in the ICU 
are at a high risk of developing hypernatremia. 
One of three circumstances must occur for 
hypernatremia: decreased water ingestion, 
water loss, or overingestion of sodium. The pri-
mary cause of increased sodium ingestion is 
usually iatrogenic, particularly in patients who 
receive a large amount of saline or bicarbonate 
in the course of their illness. It should be noted 
that hypernatremia, and the associated hyper-
osmolar state have major untoward effects  
on a broad range of physiological functions  
and consecutively on organ systems. Studies 
showed that hypernatremia in the critically ill is 
an independent risk factor for mortality [20]. 
Besides, critically ill patients with metabolic 
acidosis are twice as likely to die as patients 
who do not. Astudy [21] showed that the mor-
tality rate among patients with metabolic acido-
sis is highest for patients with lactic acidosis 
(high AG) and SIG acidosis. We also found both 
AG and SIG were higher in non-survivors than 
survivors at admission and high SIG at admis-
sion was an independent contributor to hospi-
tal mortality. So, both AG and SIG should be 
carefully monitored in ICU.

However, some limitations must be considered. 
First, although we attempted to control for con-
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founders by using regression analysis and pro-
pensity score matching, this retrospective 
observational design does not establish causal 
relationships of electrolyte and acid-base dis-
turbances with hospital mortality. Second, only 
the initial ICU admission was considered in this 
study, which may led to potential bias and lim-
ited sample size. Third, for the small number of 
patients, we did not analysis the various effect 
size of risk factors for patients from different 
categories of ICUs and patients with AKI at 
admission were not excluded. Moreover, we 
failed to analyze the risk factors for the devel-
opment of AKI, for so many critically ill patients 
admitted to ICU with AKI.

Conclusions

Electrolyte and acid-base disturbances, espe-
cially hypernatremia and acidosis were highly 
associated with hospital mortality. These dis-
turbances should be monitored closely, diag-
nosed early and managed correctly during hos-
pitalization and iatrogenic factors should be 
avoided. 
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