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a b s t r a c t 

Background: Hyperchloremia is associated with increased mortality in critically ill patients. The objective of this 

study was to investigate the association between increased chloride levels and mortality outcomes in intracerebral 

hemorrhage (ICH) patients admitted to the intensive care unit (ICU). 

Methods: We performed a retrospective study of all patients diagnosed with ICH and included in the Medical 

Information Mart for Intensive Care (MIMIC- Ⅲ ) from 2001 to 2012. Inclusion criteria were the first diagnosis of 

ICH, ICU length of stay (LOS) over 72 h, and not receiving hypertonic saline treatment. Serum chloride perturba- 

tion within 72 h of admission was evaluated as a predictor of outcomes. The increase in chloride from baseline 

was dichotomized based on an increase in chloride in 72 h ( ≤ 5 mmol/L or > 5 mmol/L). The primary outcome 

was 90-day mortality. 

Results: A total of 376 patients (54.5% male, median age 70 years, interquartile range:58–79 years) were included. 

The overall 90-day mortality was 32.2% ( n = 121), in-hospital mortality was 25.8% ( n = 97), and Day 2 acute kidney 

injury (AKI) occurred in 29.0% ( n = 109) of patients. The prevalence of hyperchloremia on admission, during the 

first 72 h, and an increase in chloride ( > 5 mmol/L) were 8.8%, 39.4%, and 42.8%, respectively. After adjusting 

for confounders, the hazard ratio of increase in chloride ( > 5 mmol/L) was 1.66 (95% confidence interval:1.05–

2.64, P = 0.031). An increase in chloride ( > 5 mmol/L) was associated with a higher odds ratio for 90-day mortality 

in both the AKI and non-AKI groups. 

Conclusions: An increase in chloride from baseline is common in adult patients with ICH admitted to ICU. The 

increase is significantly associated with elevated mortality. These results support the significance of diligently 

monitoring chloride levels in these patients. 
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Acute spontaneous intracerebral hemorrhage (ICH) affects

pproximately 2 million people globally each year. It is a life-

hreatening illness with a poor prognosis and few proven treat-

ents [1–3] . Dysnatremias have received significant attention in

CH patients, [4–6] but chloride, a major strong anion in the

lood, has been the focus of less research 

[7] . 

Accumulating evidence has shown a correlation between hy-

erchloremia and outcomes in critically ill patients with sepsis,

epsis shock, trauma, severe pancreatitis, non-cardiac surgery,

nd stroke [8–13] . Ditch et al. [14] showed hyperchloremia – not
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oncomitant hypernatremia – independently predicts early mor-

ality in critically ill patients with moderate-severe traumatic

rain injury. Riha et al. [15] found higher in-hospital mortality

ates in ICH patients who developed moderate hyperchloremia

chloride ≥ 115 mmol/L) during treatment with continuous infu-

ion of 3% hypertonic saline. However, the relationship between

yperchloremia and outcome is unknown for ICH patients not

dministered hypertonic saline. 

The purpose of this study was to determine the association

etween 90-day mortality in ICH patients admitted to the inten-

ive care unit (ICU) and an increase in the chloride level during

he first 72 h of admission. We hypothesized that a perturba-
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ion in chloride homeostasis is independently associated with

ortality in ICH patients admitted to ICU. 

ethods 

etting 

This study used data stored in the high-resolution database,

he Medical Information Mart for Intensive Care (MIMIC- Ⅲ ,

imic.physionet.org), which comprises information about more

han 58,000 patients admitted to the ICU of the Beth Israel

eaconess Medical Center from 2001 to 2012. A detailed de-

cription of MIMIC- Ⅲ is available elsewhere [16] . Our analysis

f MIMIC- Ⅲ data was exempt from institutional review board

IRB) approval because of the retrospective design, lack of direct

atient intervention, and the security schema of the database,

hich includes the Health Insurance Portability and Account-

bility Act (HIPAA) compliant de-identification. After complet-

ng a National Institutes of Health (NIH) web-based training

ourse (Protecting Human Research Participants), the author

ained approval to access the database for research purposes

certification number: 28795067). 

tudy population 

All patients in the MIMIC- Ⅲ were eligible for inclusion in

he investigation. For those admitted to ICU more than once,

nly the first stay was taken into consideration. We selected all

dult patients admitted to ICU whose first diagnosis was primary

CH (ICD-9 code: 431) with ICU length of stay (LOS) > 72 h.

atients were excluded for the following reasons: (1) elective

dmission, (2) ICH secondary to trauma, subarachnoid hemor-

hage, or brain tumor, (3) history of end-stage renal disease, (4)

reated with hypertonic saline within 72 h of ICU admission,

5) only one laboratory test for chloride within 72 h, and (6)

nternational normalized ratio (INR) above 1.4 during the first

ay. 

linical variables and outcomes 

Demographics (age, sex, ethnicity, including White, Asian,

lack, Hispanic/Latino, or other), laboratory tests, and physi-

al parameters were extracted from the MIMIC- Ⅲ database. The

aboratory parameters during the first day of ICU admission in-

luded hematocrit, hemoglobin, platelet count, white blood cell

ount (WBC), bicarbonate, creatinine, glucose, anion gap, potas-

ium, prothrombin time (PT), and partial thromboplastin time

PTT). Results of all laboratory tests in the first 72 h were ex-

racted, including for chloride and sodium. Comorbidities were

lso noted, including heart failure (HF), diabetes mellitus (DM),

nd hypertension. Furthermore, the Glasgow Coma Scale score

GCS), sequential organ failure assessment (SOFA) score, and

implified acute physiology score Ⅱ (SAPS Ⅱ ) were calculated

or each patient. Other data included the use of mannitol, me-

hanical ventilation, ICU LOS, and hospital LOS. We used the

IMIC Code Repository to define MIMIC- Ⅲ concepts [17] . 

Acute kidney injury (AKI) was defined using both the Kidney

isease Improving Global Outcomes (KDIGO) serum creatinine

nd urine output (UO) criteria [18] . For creatinine, the value from

ays 0 to 2 was used. For UO, the highest UO in 0–48 hours was
275 
sed. Normal saline (NS) infusion within 72 h was defined as

he sum of 0.9% saline in the first 72 h after ICU admission. 

The admission chloride ([Cl] 0 ) was the initial concentration

btained during the first 24 h of admission to the ICU. Peak

hloride ([Cl] max ) was the highest chloride level obtained in the

rst 72 h of admission. Minimum chloride ([Cl] min ) was the

owest chloride level obtained in the first 72 h of admission.

n increase in chloride ( Δ[Cl] ↑ ) was the difference between the

eak and admission chloride levels ( Δ[Cl] ↑ = [Cl] max − [Cl] 0 ).

 decrease in chloride ( Δ[Cl] ↓) was the difference between the

dmission and lowest chloride level ( Δ[Cl] ↓ = [Cl] 0 − [Cl] min ).

[Cl] ↑ 5 + was defined as Δ[Cl] ↑ > 5 mmol/L, and Δ[Cl] ↑ 5 −
as defined as Δ[Cl] ↑ ≤ 5 mmol/L. Δ[Cl] ↓5 + was defined as

[Cl] ↓ > 5 mmol/L. A similar definition was used for sodium. 

The primary endpoint of our study was 90-day mortality,

efined as death observed within 90-days in the hospital or

rom the US government’s Social Security Death Index records.

ther study endpoints included hospital mortality, ICU LOS,

ospital LOS, and AKI. ICU LOS was defined as the differ-

nce between the date of ICU discharge and admission, as for

ospital LOS. 

tatistical analysis 

Continuous variables were shown as mean ± standard devia-

ion (SD) or median and interquartile range (IQR) and compared

sing Student’s t -test or Wilcoxon rank-sum test, as appropriate.

ategorical variables were reported as numbers and percentages

nd were analyzed with the chi-square test or Fisher’s exact test,

s appropriate. We used the median value to impute missing

ata. 

Receiver operating characteristic (ROC) analysis was used

o evaluate the best cut-off value for Δ[Cl] ↑ . Patients were di-

hotomized based on their Δ[Cl] ↑ ( ≤ 5 mmol/L, > 5 mmol/L, sen-

itivity: 61.9%, specificity: 63.8%). Demographic, clinical, and

utcome information was summarized and compared between

he Δ[Cl] ↑ 5 + and Δ[Cl] ↑ 5 − groups. 

Ninety-day mortality was considered a time-to-event vari-

ble. The event was death within 90 days after ICU admission.

 patient was censored if alive at 90 days. The Cox propor-

ional hazards model was fitted to test for an association be-

ween types of chloride and mortality after adjusting for poten-

ial confounders. Confounders considered clinically relevant, or

hat showed a univariate relationship with the hospital mortal-

ty outcome ( P < 0.10) were entered into the Cox proportional

azards model as covariates. 

Hyperchloremia in critically ill patients is usually associ-

ted with AKI. A subgroup analysis was conducted on AKI and

on-AKI patients. We also conducted stratification analyses to

nvestigate whether the effect of Δ[Cl] ↑ differed across sub-

roups, including age ( > 60 years or ≤ 60 years), sex, DM, HF,

ypertension, and mechanical ventilation. A logistic regression

odel was fitted to test the association between Δ[Cl] ↑ and

0-day mortality after adjusting for potential confounders in

ubgroups. 

Data extraction was performed using PostgreSQL (version

0.5, www.postgresql.org ) and pgADmin PostgreSQL tools (ver-

ion 4). R (version 3.5.1, www.r-project.org ) was used for sta-

istical analysis. A two-sided P -value of < 0.05 was considered

tatistically significant. 

http://www.postgresql.org
http://www.r-project.org
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Figure 1. Flowchart of subject selection. 

ICU: Intensive care unit; INR: International normalized ratio; MIMIC- Ⅲ : Medical Information Mart for Intensive Care; Δ[Cl] ↑ : Increase in chloride. 

Figure 2. Kaplan–Meier survival curves by Δ[Cl] ↑ category (log-rank P < 0.001). 

R

 

t  

t  

w  

a  

g  

t  

w  

s  

e  

a  

t  

c  

h

 

p  

(  

n  

s  

S  

a  

m  

b  

a  

 

a  

o  

t  

Δ  

9  

p  

t  

n  

Δ  

a  

t  

P

 

Δ  

O

D

 

c  

t  
esults 

A total of 1337 ICH patients were admitted to the ICU during

he study period. After exclusion, the final sample included in

he analysis was 376 [ Figure 1 ]. The overall 90-day mortality

as 32.2% ( n = 121), in-hospital mortality was 25.8% ( n = 97),

nd Day 2 AKI occurred in 29.0% of patients ( n = 109). Demo-

raphic and baseline characteristics of alive and expired pa-

ients are presented in Table 1 . Admission chloride and sodium

ere not significantly different between the two groups. Table 2

hows differences in chloride and sodium between alive and

xpired patients. Patients with higher [Cl] max , Δ[Cl] ↑ , [Na] max ,

nd Δ[Na] ↑ had significantly higher hospital mortality, and pa-

ients with a higher percentage of Δ[Cl] ↑ 5 + , first 72 h hyper-
276 
hloremia, Δ[Na] ↑ 5 + , and first 72 h hypernatremia also had

igher mortality. 

Classification of individuals based on Δ[Cl] ↑ resulted in two

henotypes summarized in Table 3 . Δ[Cl] ↑ 5 + occurred in 42.8%

 n = 161) of the population. Δ[Cl] ↑ 5 + was associated with a sig-

ificantly higher percentage of past hypertension, higher admis-

ion WBC, admission glucose, admission chloride and sodium,

APS Ⅱ score, higher NS infusion within 72 h, a higher percent-

ge of mechanical ventilation, higher ICU, hospital and 90-day

ortality. Figure 2 displays the Kaplan–Meier survival curves

y Δ[Cl] ↑ categories, which shows that Δ[Cl] ↑ 5 − was associ-

ted with a higher probability of survival (log-rank P < 0.001).

Univariate Cox regression analysis indicated Δ[Cl] ↑ 5 + was

ssociated with higher 90-day mortality and hazards ratio (HR)

f 2.03 (95% confidence interval[CI]: 1.42–2.91, P < 0.001). Af-

er adjustment for confounders including Δ[Na] ↑ 5 + , the HR of

[Cl] ↑ 5 + decreased but remained statistically significant (1.66,

5% CI: 1.05–2.64, P = 0.031). Unadjusted and adjusted model

arameter estimates are summarized in Table 4 . The combina-

ion of chloride and sodium disturbances resulted in four phe-

otypes: Δ[Cl] ↑ 5 − and Δ[Na] ↑ 5 − , Δ[Cl] ↑ 5 − and Δ[Na] ↑ 5 + ,

[Cl] ↑ 5 + and Δ[Na] ↑ 5 − , and Δ[Cl] ↑ 5 + and Δ[Na] ↑ 5 + . After

djusting for confounders, Δ[Cl] ↑ 5 + and Δ[Na] ↑ 5 − were shown

o have higher 90-day mortality (HR = 1.71,95% CI: 1.04–2.79,

 = 0.033) compared with Δ[Cl] ↑ 5 − and Δ[Na] ↑ 5 − . 

Subgroup analysis showed that AKI and non-AKI groups with

[Cl] ↑ 5 + had higher odds ratios (ORs) for 90-day mortality.

ther subgroup analysis results are displayed in Figure 3 . 

iscussion 

In this analysis of a large clinical database, we found that

hloride abnormalities are common among ICH patients admit-

ed to ICU. Hyperchloremia on admission, during the first 72 h,
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Table 1 

Comparison of characteristics between 90-day alive and expired patients. 

Variables Total ( n = 376) Alive ( n = 255) Expired ( n = 121) P -value 

Age (years) 70 (58, 79) 66 (56, 77) 75 (63, 82) < 0.001 

Sex 0.036 

Male 205 (54.5) 149 (58.4) 56 (46.3) 

Female 171 (45.5) 106 (41.6) 65 (53.7) 

Ethnicity 0.016 

White 260 (69.1) 174 (68.2) 86 (71.1) 

Asian 11 (2.9) 11 (4.3) 0 (0.0) 

Black 30 (8.0) 23 (9.0) 7 (5.8) 

Hispanic/Latino 17 (4.5) 14 (5.5) 3 (2.5) 

Other 58 (15.4) 33 (12.9) 25 (20.7) 

Past medical history 

DM 75 (19.9) 48 (18.8) 27 (22.3) 0.514 

HF 55 (14.6) 36 (14.1) 19 (15.7) 0.803 

Hypertension 246 (65.4) 164 (64.3) 82 (67.8) 0.588 

Admission laboratory indicators 

Hematocrit (%) 34.06 ± 4.54 34.53 ± 4.55 33.07 ± 4.39 0.003 

Hemoglobin (g/dL) 11.64 ± 1.59 11.81 ± 1.59 11.29 ± 1.54 0.003 

WBC ( ×10 9 /L) 11.5 (9.7, 14.2) 11.4 (9.6, 14.1) 12 (10.1, 14.4) 0.107 

Platelet ( ×10 9 /L) 207 (165, 247) 205 (166, 249) 211 (164, 246) 0.760 

Anion gap (mmol/L) 13 (12, 15) 13 (12, 15) 14 (12, 15) 0.045 

Bicarbonate (mmol/L) 24 (23, 26) 24 (23, 26) 24 (22, 26) 0.257 

Creatinine (mg/dL) 0.8 (0.7, 1.1) 0.85 (0.7, 1.1) 0.8 (0.7, 1.2) 0.846 

Glucose (mg/dL) 134 (119, 152) 131 (118, 147) 141 (126, 160) 0.001 

Potassium (mmol/L) 3.8 (3.6, 4.0) 3.8 (3.6, 4.0) 3.8 (3.6, 3.9) 0.415 

PT (s) 13.2 

(12.7, 13.8) 

13.1 

(12.7, 13.8) 

13.2 

(12.7, 13.8) 

0.535 

PTT (s) 26.3 (24.0, 28.6) 26.4 (24.5, 29.0) 26.1 (24.0, 28.2) 0.138 

Chloride (mmol/L) 104 (101, 107) 104 (102, 107) 105 (101, 108) 0.609 

Sodium (mmol/L) 139 (137, 142) 139 (137, 141) 139 (137, 142) 0.477 

Admission critical indicators 

GCS 14 (10, 15) 14 (10, 15) 15 (9, 15) 0.222 

SOFA 3 (2, 5) 3 (2, 5) 4 (1, 6) 0.256 

SAPS Ⅱ 35 (28, 42) 33 (27, 40) 38 (32, 46) < 0.001 

NS infusion within 72 h (mL) 4642 

(2403, 6901) 

4975 

(2477, 7202) 

4141 

(2398, 5760) 

0.099 

Mannitol (20%) 74 (19.7) 51 (20.0) 23 (19.0) 0.312 

Mechanical ventilation 283 (75.3) 177 (69.4) 106 (87.6) < 0.001 

AKI 109 (29.0) 66 (25.9) 43 (35.5) 0.029 

Hospital LOS (days) 13 (8, 20) 15 (10, 22) 9 (5, 14) < 0.001 

ICU LOS (days) 6.9 (4.4, 12.7) 7.3 (4.2, 13.5) 6.7 (4.7, 11.0) 0.282 

Data are presented as n (%), median (Interquartile range) and mean ± Standard deviation. 

AKI: Acute kidney injury; DM: Diabetes mellitus; GCS: Glasgow Coma Scale; HF: Heart failure; ICU: Intensive care unit; LOS: Length of stay; NS: Normal saline; PT: 

Prothrombin time; PTT: Partial thromboplastin time; SAPS Ⅱ : Simplified acute physiology score Ⅱ ; SOFA: Sequential organ failure assessment score; WBC: White 

blood cell count. 
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i  
nd an increase in chloride over 5 mmol/L ( Δ[Cl] ↑ 5 + ) com-

rised 8.8%, 39.4%, and 42.8% of our cohort, respectively, and

as greater than corresponding serum sodium (2.9%, 20.7%,

nd 27.7%). Increased chloride during the first 72 h of the ICU

dmission ( Δ[Cl] ↑ 5 + ) was independently associated with in-

reased mortality after adjusting for confounders. An increase

n chloride was also associated with less favorable secondary

utcomes, including the percentage of mechanical ventilation.

ur results provide information to clinicians regarding the im-

ortance of closely monitoring chloride levels in ICH patients. 

Chloride is the most abundant anion in the extracellular

uid and the second main contributor to plasma tonicity. It

lays an essential role in body functions, including the regula-

ion of body fluids, electrolyte balance, acid-base status, mus-

ular activity, osmosis, and immunomodulation. However, it

as received less attention than most other ions in the critical

are literature [19–21] . The association between hyperchloremia

nd poor outcomes in critically ill adult patients was first re-

orted in 2011. Boniatti et al. [22] noted that hyperchloremia

as associated with mortality in a prospective cohort of 175 pa-

ients. Other reports have found an association between hyper-
277 
hloremia or chloride perturbations with increased in-hospital

ortality [8,9,23,24] . 

Several investigators have shown the association between

hloride abnormalities and increased mortality in neurocriti-

al care patients. Riha et al. [15] observed higher in-hospital

ortality rates in patients who developed moderate hyper-

hloremia (chloride ≥ 115 mmol/L) during treatment with con-

inuous infusion of 3% hypertonic saline, with moderate hyper-

hloremia independently predicting in-hospital mortality. Rass

t al. [25] found an independent association between hyper-

hloremia and delayed brain edema resolution. Huang et al.
13] found new-onset hyperchloremia and every 5 mmol/L in-

rement in chloride within 72 h of ICU admission was associ-

ted with an increased odds of all-cause 30-day mortality and

oor 6-month prognosis in critically ill stroke patients. The cor-

elation between chloride and sodium is highly significant. In

ur study, the correlation coefficient for Δ[Na] ↑ and Δ[Cl] ↑ was

.802 (95% CI : 0.76–0.84, P < 0.001). Barhight et al. [23] eval-

ated the possible two- and three-way interactions between

he increases in sodium and chloride and fluid administered

n pediatric patients and found that the risks related to the in-
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Table 2 

Comparison of chloride and sodium between 90-day alive and expired patients. 

Variables Total ( n = 376) Alive ( n = 255) Expired ( n = 121) P -value 

Serum chloride levels (mmol/L) 

[Cl] 0 104 (101, 107) 104 (101, 107) 105 (101, 108) 0.609 

[Cl] max 109 (106, 113) 109 (106, 112) 110 (107, 114) 0.002 

[Cl] min 103 (100, 106) 103 (100, 05) 103 (100, 106) 0.565 

Δ[Cl] ↑ 5 (2, 8) 4 (1, 7) 6 (3, 10) < 0.001 

Δ[Cl] ↓ 0 (0, 2) 0 (0, 2) 0 (0, 1) 0.055 

Δ[Cl] ↑ 5 + 161 (42.8) 93 (36.5) 68 (56.2) < 0.001 

Δ[Cl] ↓ 5 + 22 (5.9) 15 (5.9) 7 (5.8) 1.000 

Admission hyperchloremia 33 (8.8) 21 (8.2) 12 (9.9) 0.731 

First 72 h hyperchloremia 148 (39.4) 88 (34.5) 60 (49.6) 0.007 

Serum sodium levels (mmol/L) 

[Na] 0 139 (137, 142) 139 (137, 141) 139 (137, 142) 0.477 

[Na] max 142 (140, 145) 142 (140, 144) 143 (140, 147) 0.002 

[Na] min 138 (136, 140) 137 (135, 139) 138 (136, 141) 0.045 

Δ[Na] ↑ 3 (1, 6) 2 (0, 5) 4 (2, 7) < 0.001 

Δ[Na] ↓ 0 (0, 3) 1 (0, 3) 0 (0, 2) 0.010 

Δ[Na] ↑ 5 + 104 (27.7) 58 (22.7) 46 (38.0) 0.003 

Δ[Na] ↓5 + 27 (7.2) 19 (7.5) 8 (6.6) 0.936 

Admission hypernatremia 11 (2.9) 8 (3.1) 3 (2.5) 1.000 

First 72 h hypernatremia 78 (20.7) 34 (13.3) 44 (36.4) < 0.001 

Chloride and sodium 0.003 

Δ[Cl] ↑ 5 − and Δ[Na] ↑ 5 − 205 (54.5) 155 (60.8) 50 (41.3) 

Δ[Cl] ↑ 5 − and Δ[Na] ↑ 5 + 10 (2.7) 7 (2.7) 3 (2.5) 

Δ[Cl] ↑ 5 + and Δ[Na] ↑ 5 − 67 (17.8) 42 (16.5) 25 (20.7) 

Δ[Cl] ↑ 5 + and Δ[Na] ↑ 5 + 94 (25.0) 51 (20.0) 43 (35.5) 

Data are presented as n (%) and median (Interquartile range). 

[Cl] 0 : Initial chloride concentration; [Cl] max : Maximal chloride concentration in the first 72 h; [Cl] min : Minimum chloride concentration in the first 72 h; 

Δ[Cl] ↑ = [Cl] max − [Cl] 0; Δ[Cl] ↓= [Cl] 0 − [Cl] min; Δ[Cl] ↑ 5 + : Δ[Cl] ↑ > 5 mmol/L; Δ[Cl] ↑ 5 − : Δ[Cl] ↑ ≤ 5 mmol/L; Δ[Cl] ↓ 5 + : Δ[Cl] ↓ > 5 mmol/L; [Na] 0 : Ini- 

tial sodium concentration; [Na] max : Maximal sodium concentration in the first 72 h; [Na] min : Minimum sodium concentration in the first 72 h; Δ[Na] ↑ = [ Na] max − 
[Na] 0; Δ[Na] ↓= [ Na] 0 − [Na] min; Δ[Na] ↑ 5 + : Δ[Na] ↑ > 5 mmol/L; Δ[Na] ↑ 5 − : Δ[Na] ↑ ≤ 5 mmol/L; Δ[Na] ↓ 5 + : Δ[Na] ↓ > 5 mmol/L. 

Table 3 

Comparison of characteristics between Δ[C l ] ↑ 5 − and Δ[C l ] ↑ 5 + patients. 

Variables Total ( n = 376) Δ[Cl] ↑ 5 − ( n = 215) Δ[Cl] ↑ 5 + ( n = 161) P -value 

Age (years) 70 (58, 79) 70 (57, 79) 69 (58, 80) 0.650 

Sex 0.018 

Male 205 (54.5) 129 (60.0) 76 (47.2) 

Female 171 (45.5) 86 (40.0) 85 (52.8) 

Ethnicity 0.012 

White 260 (69.1) 161 (74.9) 99 (61.5) 

Asian 11 (2.9) 8 (3.7) 3 (1.9) 

Black 30 (8.0) 13 (6.0) 17 (10.6) 

Hispanic/Latino 17 (4.5) 5 (2.3) 12 (7.5) 

Other 58 (15.4) 28 (13.0) 30 (18.6) 

Past medical history 

DM 75 (19.9) 43 (20.0) 32 (19.9) 1.000 

HF 55 (14.6) 39 (18.1) 16 (9.9) 0.038 

Hypertension 246 (65.4) 130 (60.5) 116 (72.0) 0.026 

Admission laboratory indicators 

Hematocrit (%) 34.06 ± 4.54 34.31 ± 4.70 33.73 ± 4.32 0.219 

Hemoglobin (g/dL) 11.64 ± 1.59 11.74 ± 1.63 11.52 ± 1.53 0.192 

WBC ( ×10 9 /L) 11.5 (9.7, 14.2) 11.1 (9.5, 13.4) 12.5 (10.0, 15.1) 0.002 

Platelet ( ×10 9 /L) 207 (166, 248) 199 (165, 241) 210 (172, 257) 0.293 

Anion gap (mmol/L) 13 (12, 15) 13 (12, 15) 14 (12, 15) 0.059 

Bicarbonate (mmol/L) 24 (23, 26) 24 (23, 26) 24 (22, 26) 0.082 

Creatinine (mg/dL) 0.8 (0.7, 1.1) 0.8 (0.7, 1.1) 0.8 (0.7, 1.1) 0.586 

Glucose (mg/dL) 134 (119, 152) 130 (118, 145) 137 (123, 160) 0.003 

Potassium (mmol/L) 3.8 (3.6, 4.0) 3.8 (3.6, 4.0) 3.8 (3.6, 3.9) 0.061 

PT (s) 13.2 (12.7, 13.8) 13.1 (12.7, 13.7) 13.3 (12.7, 13.9) 0.112 

PTT (s) 26.3 (24.3, 28.6) 26.4 (24.6, 28.5) 26.0 (23.9, 28.8) 0.471 

Chloride (mmol/L) 104 (101, 107) 105 (103, 108) 102 (99, 105) < 0.001 

Sodium (mmol/L) 139 (137, 142) 140 (138, 142) 138 (136, 141) 0.002 

Admission critical indicators 

GCS 14 (10, 15) 14 (11, 15) 15 (9, 15) 0.830 

SOFA 3 (2, 5) 3 (2, 4) 4 (2, 5) 0.091 

SAPS Ⅱ 35 (28, 42) 33 (27, 40) 36 (30, 44) 0.002 

( continued on next page ) 
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Table 3 ( continued ) 

Variables Total ( n = 376) Δ[Cl] ↑ 5 − ( n = 215) Δ[Cl] ↑ 5 + ( n = 161) P -value 

NS infusion within 72 h (mL) 4642 (2403, 6901) 4237 (2107, 6586) 5135 (3214, 7335) 0.011 

Mannitol (20%) 74 (19.7) 35 (16.3) 39 (24.2) 0.074 

Mechanical ventilation 283 (75.3) 146 (67.9) 137 (85.1) < 0.001 

AKI 109 (29.0) 56 (26.0) 53 (32.9) 0.181 

Hospital LOS (days) 13 (8, 20) 13 (9, 20) 12 (8, 20) 0.151 

ICU LOS (days) 7.0 (4.4, 12.7) 6.6 (4.3, 12.5) 7.4 (4.6, 12.9) 0.314 

ICU mortality 65 (17.3) 22 (10.2) 43 (26.7) < 0.001 

Hospital mortality 97 (25.8) 37 (17.2) 60 (37.3) < 0.001 

90-day mortality 121 (32.2) 53 (24.7) 68 (42.2) < 0.001 

Data are presented as n (%), median (Interquartile range) and mean ± Standard deviation. 

[Cl] 0 : Initial chloride concentration; [Cl] max : Maximal chloride concentration in the first 72 h; Δ[Cl] ↑ = [Cl] max − [Cl] 0, Δ[Cl] ↑ 5 + : Δ[Cl] ↑ > 5 mmol/L; Δ[Cl] ↑ 5 − : 
Δ[Cl] ↑ ≤ 5 mmol/L; AKI: Acute kidney injury; DM: Diabetes Mellitus; GCS: Glasgow Coma Scale; HF: Heart failure; ICU: Intensive care unit; LOS: Length of stay; 

NS: Normal saline; PT: Prothrombin time; PTT: Partial thromboplastin time; SAPS Ⅱ : Simplified acute physiology score; SOFA: Sequential organ failure assessment 

score; WBC: White blood cell count. 

Table 4 

Univariate and multivariate Cox regression analysis for ICH survival according to the status of serum chloride and sodium. 

Variables 

Univariate Cox analysis Multivariate Cox analysis 

HR (95% CI) P -value HR (95% CI) P- value 

Serum chloride levels 

[Cl] 0 1.00 (0.96, 1.04) 0.927 0.94 (0.89, 1.00) 0.059 

[Cl] max 1.07 (1.04, 1.11) < 0.001 0.98 (0.90, 1.07) 0.684 

[Cl] min 1.01 (0.97, 1.05) 0.693 0.91 (0.86, 0.97) 0.006 

Δ[Cl] ↑ 1.08 (1.04, 1.16) < 0.001 1.07 (1.00, 1.14) 0.049 

Δ[Cl] ↓ 0.98 (0.91, 1.06) 0.605 1.01 (0.93, 1.10) 0.771 

Δ[Cl] ↑ 5 + 2.03 (1.42, 2.91) < 0.001 1.66 (1.05, 2.64) 0.031 

Δ[Cl] ↓ 5 + 0.64 (0.31, 1.32) 0.227 0.59 (0.26, 1.32) 0.200 

Admission hyperchloremia 1.09 (0.60, 1.98) 0.780 0.84 (0.42, 1.70) 0.633 

First 72 h hyperchloremia 1.69 (1.18, 2.41) 0.004 0.92 (0.57, 1.46) 0.710 

Serum sodium levels 

[Na] 0 1.03 (0.99, 1.08) 0.178 1.08 (1.00, 1.16) 0.037 

[Na] max 1.09 (1.05, 1.13) < 0.001 1.09 (0.99, 1.19) 0.071 

[Na] min 1.05 (1.01, 1.10) 0.027 1.13 (1.05, 1.22) 0.001 

Δ[Na] ↑ 1.08 (1.04, 1.13) < 0.001 1.00 (0.93, 1.08) 0.995 

Δ[Na] ↓ 0.94 (0.86, 1.02) 0.131 0.93 (0.84, 1.03) 0.151 

Δ[Na] ↑ 5 + 1.90 (1.32, 2.74) < 0.001 1.15 (0.72, 1.85) 0.551 

Δ[Na] ↓ 5 + 0.83 (0.44, 1.59) 0.579 1.08 (0.52, 2.24) 0.838 

Admission hypernatremia 0.82 (0.82, 2.58) 0.733 0.68 (0.19, 2.48) 0.563 

First 72 h hypernatremia 2.88 (1.98, 4.17) < 0.001 2.49 (1.57, 3.96) < 0.001 

Chloride and sodium combination 

Δ[Cl] ↑ 5 − and Δ[Na] ↑ 5 − 1 [reference] 1 [reference] 

Δ[Cl] ↑ 5 − and Δ[Na] ↑ 5 + 1.23 (0.38, 3.94) 0.728 1.35 (0.42, 4.38) 0.614 

Δ[Cl] ↑ 5 + and Δ[Na] ↑ 5 − 1.71 (1.06, 2.76) 0.029 1.71 (1.04, 2.79) 0.033 

Δ[Cl] ↑ 5 + and Δ[Na] ↑ 5 + 2.33 (1.55, 3.51) < 0.001 1.91 (1.25, 2. 93) 0.003 

Cox proportional hazards model adjusted for age, sex, ethnicity, admission laboratory indicators (WBC, hematocrit, sodium, chloride, anion gap, glucose, PT), SAPS 

Ⅱ , NS infusion within 72 h, AKI, mechanical ventilation. 

[Cl] 0 : Initial chloride concentration; [Cl] max : Maximal chloride concentration in the first 72 h; [Cl] min : Minimum chloride concentration in the first 72 h; 

Δ[Cl] ↑ = [Cl] max − [Cl] 0, Δ[Cl] ↓= [Cl] 0 − [Cl] min ; Δ[Cl] ↑ 5 + : Δ[Cl] ↑ > 5 mmol/L; Δ[Cl] ↑ 5 − : Δ[Cl] ↑ ≤ 5 mmol/L; Δ[Cl] ↓ 5 + : Δ[Cl] ↓> 5 mmol/L; [Na] 0 : Ini- 

tial sodium concentration; [Na] maz : Maximal sodium concentration in the first 72 h; [Na] min : Minimum sodium concentration in the first 72 h; Δ[N a ] ↑ = [ Na] max − 
[Na] 0, Δ[N a ] ↓= [Na] 0 − [Na] min, Δ[Na] ↑ 5 + : Δ[Na] ↑ > 5 mmol/L; Δ[Na] ↑ 5 − : Δ[Na] ↑ ≤ 5 mmol/L; Δ[Na] ↓ 5 + : Δ[Na] ↓ > 5 mmol/L; AKI: Acute kidney injury; CI: 

Confidence interval; HR: Hazards ratio; ICH: Intracerebral hemorrhage; NS: Normal saline; PT: Prothrombin time; SAPS Ⅱ : Simplified acute physiology score Ⅱ . 
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rease in sodium and chloride are independent of each other

nd from the volume of fluid administered. In our study, we

bserved that chloride increases within the first 72 h were asso-

iated with higher mortality after adjusting for sodium abnor-

alities. The association still existed for ICH patients who only

ad chloride increases ( > 5 mmol/L) and no sodium increase

 > 5 mmol/L). 

Hyperchloremia in the ICU may occur because of disease pro-

esses or secondary to therapeutic interventions [7,19,21] . Exces-

ive water loss – either net water loss or in excess of chloride

oss – is another causative mechanism, like diuretic use and os-

otic diuresis, which are common in neurocritical patients [26] .
279 
he use of 0.9% saline was common for critically ill patients

nd was associated with a risk of hyperchloremia, metabolic aci-

osis, and related complications, suggesting an increase in AKI

nd death risk [27,28] . In non-critically ill patients, post-admission

hloride independently predicts hospital mortality [20] . More-

ver, compared with saline, balanced crystalloids resulted in a

ower incidence of major adverse kidney events within 30 days

adjusted OR: 0.82; 95% CI: 0.70–0.95; P = 0.01) [29] . Our study

eported no association between NS infusion with 90-day mor-

ality in ICH patients. 

Several explanations have been proposed to explain the as-

ociation between hyperchloremia and poor outcomes in neu-



D. Zhou, T. Li, D. Zhao et al. Journal of Intensive Medicine 2 (2022) 274–281 

Figure 3. Adjusted odds ratio (OR) for 90-day mortality in different subgroups. 
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ocritical patients. In critically ill patients with subarachnoid

emorrhage, hyperchloremia was strongly associated with AKI,

nd AKI increased mortality [30] . In our study, AKI and non-

KI groups with Δ[Cl] ↑ 5 + had a higher OR for 90-day mor-

ality than those with lower chloride levels. An increased in-

ammatory reaction can aggravate brain injury after acute ICH
31] . Hyperchloremic metabolic acidosis may be a proinflam-

atory modulator and play an important role in neutrophil

unction 

[8] . Our study found that patients who had Δ[Cl] ↑ 5 +
ad higher WBC counts. If the association of hyperchloremia

ith higher mortality is confirmed by data from randomized

rials, hyperchloremia may become another indicator to guide

he treatment of acute ICH. Recently, a double-blinded ran-

omized pilot trial comparing bolus infusions of 23.4% NaCl

nd 16.4% NaCl/Na-acetate for treating patients with sub-

rachnoid hemorrhage showed 16.4% NaCl/Na-acetate infu-

ions led to lower chloride load and AKI rates than 23.4% NaCl

nfusions [32] . 

imitations 

There are several limitations to our study. First, the study was

etrospective, and its post hoc nature should be considered when

nterpreting the findings. Residual confounders associated with

yperchloremia may have influenced our findings, although we

ttempted to account for this through several adjustments. The

atabase included patients from 2001 to 2012, and therapy for

CH changed during this period. Second, the generalizability of

he study is questionable because it was conducted at a single

ertiary care hospital. We included patients admitted to the ICU,

ocusing on data collected during the first 72 h, further reducing

he generalizability of our results. Third, there was a significant

xclusion of data because we excluded patients staying less than

2 h. Fourth, for infusion, we only extracted an amount of 0.9%

aline. There may be other solutions that contain chloride and

odium, which could influence findings. Fifth, we used chloride

ncrease over 5 mmol/L as a cut-off point, although more evi-

ence is needed to support this approach. However, we found

erum chloride perturbation was common in ICH patients admit-

ed to ICU, and chloride increase from baseline was associated

ith higher mortality. Although our findings support an associa-
280 
ion with perturbation in chloride from baseline and ICH patient

ortality, stronger evidence is needed to establish the nature of

he relationship, whether an association, an epiphenomenon, or

ausation. 

onclusions 

An increase in chloride from baseline is common among ICH

atients admitted to ICU. In our analysis, chloride increase from

aseline was independently associated with 90-day mortality in

CH patients, supporting the significance of diligently monitor-

ng chloride levels in this population. Further studies are needed

o determine whether this is a causal relationship. 
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