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ABSTRACT
Hyperchloremia is a repeated insult in critically ill subjects, leading to more morbidity and 
mortality. There is a strong relation between hyperchloremia with mortality and morbidity, as 
renal injury, more extended ICU stay, more mechanical ventilation (MV) period, and other 
electrolyte disturbances. Our aim is to evaluate the association of hyperchloremia in critically ill 
subjects with the incidence of mortality and also to study the development of morbidities such 
as renal injury and electrolyte disturbances and development of metabolic acidosis and its 
relationship to the period of MV and ICU stay time. A total number of 400 patients subjected to 
hyperchloremia estimation and laboratory tests were divided into two groups: hyperchloremic 
group (HG) and non-hyperchloremic group (NHG). The whole incidence of hyperchloremia for 
the total cohort has been estimated, as well as the whole incidence of mortality, duration of 
MV, ICU stay time, development of renal injury, and its association with occurrence of meta
bolic acidosis and electrolyte disturbances among the HG and NHG. The study included 400 
patients, 180 of them (45%) were HG, and 220 (55%) were NHG. Mortality was more in 128 HG 
patients (71.1%), while 48 patients died (21.8%) in NHG (p-value = 0.005). The incidence of 
morbidities was more in HG than NHG as more; period of MV, ICU stay, renal injury, acidosis and 
more electrolyte disturbances (p-value < 0.05). Hyperchloremic patients had an increased 
incidence of mortality. Moreover, they were susceptible to longer mechanical ventilation, ICU 
stay, renal injury, metabolic acidosis, and electrolytes disorders.
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1. Introduction

Chloride is the primary anion of the extracellular 
fluid and is essential for serum electroneutrality, 
acid–base balance, muscular contraction, neutro
phils activity, and osmolarity [1]. Hyperchloremia is 
defined as plasma chloride concentrations of more 
than 111 mmol/l, according to local laboratory var
iations [2]. Increased chloride levels in critically ill 
subjects in the ICU may result from infusion with 
fluids with a low bicarbonate level or by giving Cl- 
rich fluids excessively [3]. Also, increased Cl- levels 
probably may affect the end outcome of critically ill 
subjects, leading to renal injury, longer hospitaliza
tion, or death [4].

2. Our study aimed to

The aim is to evaluate the association of hyper
chloremia in critically ill subjects with the inci
dence of mortality as the primary outcome and 
also to study the development of morbidities 
such as renal injury and electrolyte disturbances 
and development of metabolic acidosis and its 
relationship to the period of MV and ICU stay 
time, as secondary outcomes.

3. Patients and methods

This analytic prospective cohort study included a total 
number of 400 eligible adult patients of both sexes, 
their age range was from 18 to 60 years old, as a total 
coverage for all critically ill patients admitted to Sohag 
University Hospital ICU (from April 2019 to 
March 2021), after a signed informed consent from all 
patients or their relatives and after medical research 
ethics committee approval of Faculty of Medicine, 
Sohag University, under (IRB) Registration number: 
Soh-Med-22-07-32. All included patients were within 
normal renal function (Creatinine level less 1.3 mg/dL) 
at the time of admission and were hospitalized for 
more than 48 hours in ICU. Renal injury is calculated 
using the RIFLE score [5], based in our study on serum 
creatinine elevation (Table 1).

4. Exclusion criteria

Patients with diabetes mellitus, on dialysis, for plas
mapheresis, with creatinine more than 1.3 mg/dl 
before ICU admission, and who admitted to the ICU 
for less than 48 hours were excluded. We considered 
106–111 mEq/L as the normal chloride value. If, after 
48 hours of ICU admission, the chloride level was at 

CONTACT Fawzy Abbas Badawy fabadawy@gmail.com Department of Anesthesiology, ICU and Pain Management, Faculty of Medicine, Sohag 
University, Sohag, Egypt

EGYPTIAN JOURNAL OF ANAESTHESIA               
2022, VOL. 38, NO. 01, 665–671 
https://doi.org/10.1080/11101849.2022.2143181

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/11101849.2022.2143181&domain=pdf&date_stamp=2022-11-11


≥111 mEq/L, the patient was considered in the 
exposed cohort group (HG), and if <111 mEq/L, the 
patient was considered NHG. The whole incidence of 
hyperchloremia for the total cohort has been esti
mated, and the whole incidence of mortality among 
HG and NHG and also the incidence of mortality 
among the HG itself were calculated; MV duration, 
ICU stay time, development of renal injury in patients 
admitted with normal renal function, and its associa
tion with development of metabolic acidosis and 
electrolyte disturbances among HG and NHG were 
calculated.

5. Data collection

Age, sex, height (BMI), cause of ICU admission, the 
period of MV, and ICU stay time were recorded. In 
addition to laboratory tests; (including serum electro
lytes (Na, Cl, K), ABG, and serum creatinine level, every 
24 hours), and a daily clinical follow-up throughout the 
ICU stay. ICU physician informed by all values, includ
ing hyperchloremia, which managed according to the 
policy of the department.

5.1. Primary outcome

Incidence of mortality between HG and NHG and 
among HG itself is the primary outcome.

5.2. Secondary outcomes

Incidence of renal injury, acidosis, and electrolyte dis
turbances, period of MV, and ICU stay time between 
HG and NHG are secondary outcomes.

5.3. Statistical analysis

Data analysis was performed using a statistical pack
age for social science IBM SPSS 26.0 software. 
Categorical variables were described by the number 
and percent and were compared by the chi-square test 
and Fisher's exact test. Continuous variables are 
described by the mean and standard deviation and 
compared by independent samples student’s t-test. 
For prediction, we used the Cox regression model, 
Kaplan–Meier survival curves, and binary logistic 

regression. A two-tailed p-value < 0.05 was considered 
statistically significant. No sample size calculation was 
performed because it was a total coverage study.

6. Results

The study included 400 patients who were admitted to 
ICU after 24 months, 180 of them (45%) were hyperchlore
mic considered as HG and 220 patients (55%) were con
sidered NHG. One hundred seventy-six patients (44%) out 
of 400 patients included in the study died, whereas 224 
(56%) were discharged from ICU with improvement; mor
tality was more in HG in which 128 patients died (71.1%), 
while 48 patients died (21.8%) in NHG, with the p-value < 
0.001, which is clinically significant. There is a statistically 
significant difference with death as the outcome and 
hyperchloremia, and the number of deaths was 128 
patients (72.73%), while the number of discharged 
improved was 52 patients (23.21%) with the p-value > 
0.001 (Figure 1). In relation to sex out of 400 participants, 
252 were males (63%) and 148 were females (37%), and in 
HG, 100 patients were males (55.6%) and 80 were females 
(44.4%), while in NHG, 152 (69.1%) were males and 68 
(30.9%) were females in NHG, with the p-value of 0.005 
(statistically significant) (Table 2).

The causes of admission were confined to all types 
of critically ill patients, mostly combined causes and 
the most common causes were neurocritical (78%), 
dysnatremic (56%), and septic (30%) (Table 3).

As regard hyperchloremia and renal injury, more 
renal injury is observed in HG than NHG, and as there 
is a statistically significant difference by RIFLE score 
(p-value = 2.8 × 10−1), the RIFLE score ranged from 0– 
3. Relating the hyperchloremic state to acid–base bal
ance, there are more metabolic acidosis, less PH, and 
less HCO3 in HG than NHG with the p-value of 0.045 
and 0.005, respectively, and they are significant. Serum 
electrolytes (Na and K) were more in HG than NHG as 
p-values are 3.9 × 10−1 and 4.7 × 10−7, respectively, so 
there is a significant difference between the two 
groups. The duration of ICU stay ranged from 3–27 
days, with longer ICU stay in HG than NHG as the 
p-value is 0.000006, which is significant. A longer per
iod of mechanical ventilation is 0–26 days, as the 
p-value is 1.7 × 10−9, which is also significant among 
HG and NHG (Tables 4 and 5).

Table 1. RIFLE score for AKI.
RIFLE criteria Creatinine criteria Urine output criteria Score

Risk of injury to the kidney Increased serum creatinine×1.5 
Above the baseline

UO < 0.5 ml/kg/h for 6 hours 1

Injury of renal function Increased serum creatinine ×2 
Above baseline

UO < 0.5 ml/kg/h for 12 hours 2

Failure of renal function Increased serum creatinine×3 
Above baseline

UO < 0.3 ml/kg/h for 24 hours 
Or anuria for 12 hours

3

Loss Persistent ARF, complete loss of renal function > 4 weeks 4
End stage End-stage renal disease (ESRD), complete loss of renal function > 3 months 5

AKI: acute kidney injury, ARF: acute renal failure, UO: urine output
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Figure 1. Outcome of hyperchloremic and nonhyperchloremic patients.

Table 2. Outcome of hyperchloremia and relation between hyperchloremia with sex.
NHG (n = 220) HG (n = 180) Total p-value

Outcome Death 48 (27.2%) 128 (72.8%) 176 (44%) <0.001*
Discharge improvement 172 (76.8%) 52 (23.2%) 224 (56%)

Sex Male 152 (69.1%) 100 (55.6%) 252 (63%) 0.005*
Female 68 (30.9%) 80 (44.4%) 148 (37%)

Data are represented by n (%) ; * Significant p-value

Table 3. Relation between hyperchloremia and the cause of admission.
NHG (n = 220) HG (n = 180) Total

Neurocritical 188 (85.5%) 124 (68.9%) 312 (78%)
Sepsis 4 (420.0%) 76 (42.2%) 120 (30%)
Dysnatremia 92 (41.8%) 132 (73.3%) 224 (56%)
Operative and surgical Abdominal exploration 44 (20.0%) 68 (37.8%) 112 (28%)

Extradural 80 (36.4%) 96 (53.3%) 176 (44%)
Subdural 8 (3.6%) 8 (4.4%) 16 (4%)
Depressed fracture\fracture base 48 (21.8%) 24 (13.3%) 72 (18%)
Brain tumour 64 (29.1%) 0 (0.0%) 64 (16%)
SAH 12 (5.5%) 12 (6.7%) 24 (6%)
IVH 16 (7.3%) 12 (6.7%) 28 (7%)
Posticteal convulsions 0 (0.0%) 12 (6.7%) 12 (3%)
Brain contusion 16 (7.3%) 32 (17.8%) 48 (12%)
Pneumocephaly 4 (1.8%) 12 (6.7%) 16 (4%)

Medical  
comorbidities

HTN 8 (3.6%) 24 (13.3%) 32 (8%)
Epilepsy\status epilepticus 20 (9.1%) 0 (0.0%) 20 (5%)
Cerebral infarction 8 (3.6%) 0 (0.0%) 8 (2%)
Heat stroke 8 (3.6%) 0 (0.0%) 8 (2%)
Paraplegia 8 (3.6%) 0 (0.0%) 8 (2%)
Hypoxic encephalopathy 0 (0.0%) 4 (2.2%) 4 (1%)
Burn 4 (1.8%) 0 (0.0%) 4 (1%)
Pulmonary oedema 4 (1.8%) 4 (2.2%) 8 (2%)
SLE 0 (0.0%) 4 (2.2%) 4 (1%)

Data are represented by n (%), SAH: subarachnoid haemorrhage, IVH: intraventricular haemorrhage, HTN: hypertension, SLE: Systemic lupus 
erythematosus.

Table 4. Distribution of studied patients according to BMI 
and other parameters including ICU stay, period of 
mechanical ventilation, RIFLE score, ABG, and serum 
electrolytes

Range Mean ± SD

BMI (kg/m2) 21–36 27.5 ± 3.65
Period of MV (days) 0–26 3.56 ± 4.83
ICU stay (days) 3–27 6.14 ± 4.38
RIFLE score 0–3 0.38 ± 0.73
PH 7.11–7.56 7.4 ± 0.06
PCO2 (mmHg) 10.8–63 38.45 ± 7.06
HCO3 (meq/L) 12–38.7 24.07 ± 4.05
CL (mmol/L) 87–154 110.63 ± 6.71
Na (mmol/L) 113.2–176 140.33 ± 9.45
K (mmol/L) 2.3–6.3 3.78 ± 0.52

BMI, Body Mass Index; SD, Standard Deviation; MV, Mechanical 
Ventilation
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Age, sepsis, dysnatremia, and hyperchloremia are 
risk factors for death as there is a significant difference 
between death as an outcome and these have p-values 
of 0.010, 0.016, 0.000, and 0.041, respectively (Table 6).

In Figure (2), the curve is an estimation of the survival 
function, and the X-axis represents the period of ICU 
admission in days, while the Y-axis represents the percen
tage of survived patients. Horizontal line lengths along 
the X-axis represent the duration of survival of the sub
ject. The occurrence of an event terminates the interval; 
the vertical lines are events of interest happening (death). 
Vertical distances between horizontals are important 
because they illustrate a change in the cumulative prob
ability of surviving at a given time seen on the Y-axis. The 
probability of surviving five days, for example, was about 
70% for HG, while it was 85% for NHG. The probability of 
surviving 15 days, for example, was about 10% for HG, 
while it was 30% for NHG (Figure 2).

The probability of surviving five days, for example, 
during MV was about 62% for HG, while it was 70% for 
NHG (Figure 3).

There is a significant difference in cumulative survi
val probability between HG and NHG in relation to ICU 
stay, as the p-value is less than 0.001 (Table 7).

There is a statistically significant difference in cumu
lative survival probability between HG and NHG in 
relation to MV, as the p-value is equal to 0.007 
(Table 8).

Variables of Na and K with odds ratios of 1.102 and 
1.599, respectively, dysnatremia, and serum K disorders 
are considered risk factors for mortality and bad prog
nosis in hyperchloremic patients, (Table 9).

7. Discussion

The appearance of hyperchloremia is a repeated insult 
in hospitalized critically ill subjects, leading to more 
morbidity and more mortality than subjects without 
hyperchloremia [6]. In our research, mortality was more 
in HG than NHG as the p-value is 5.6 × 10−23, so there is 
a significant difference. There is a significant difference 
regarding death as outcome and hyperchloremia, with 
the p-value > 0.001. Age, sepsis, dysnatremia, and 
hyperchloremia are risk factors for death as there is 
a significant difference between death as an outcome 
and these have p-values of 0.010, 0.016, 0.000, and 
0.041, respectively. The probability of survival accord
ing to the duration of MV and hospital stay time was 

Table 5. Distribution of hyperchloremic patients according to demographic data 
and laboratory findings.

NHG (n = 220) HG (n = 180)

p-value
Mean ± SD Mean ± SD

Range Range

Age (years) 39.33 ± 13.92 38.27 ± 15.98 0.479
18–60 18–60

BMI (kg/m2) 27.45 ± 3.9 27.56 ± 3.33 0.784
21–36 22–34

Period of MV (days) 2.27 ± 4.71 5.13 ± 4.5 1.7 × 10−9*
0–26 0–23

ICU stay (days) 5.25 ± 3.86 7.22 ± 4.73 0.000006*
3–26 3–27

RIFLE score 0.15 ± 0.48 0.67 ± 0.87 2.8 × 10−1*
0–2 0–3

PH 7.41 ± 0.05 7.4 ± 0.07 0.045*
7.28–7.56 7.11–7.56

PCO2 (mmHg) 38.22 ± 6.53 38.65 ± 7.5 0.125
22–63 10.8–60.1

HCO3 (meq/L) 24.31 ± 3.31 23.85 ± 4.59 0.005*
14–37 12–38.7

87–111 87–154
Na (mmol/L) 135.65 ± 6.84 144.5 ± 9.5 3.9 × 10−1*

113.2–176 115–170
K (mmol/L) 3.72 ± 0.43 3.83 ± 0.58 4.7 × 10−7*

2.7–5.9 2.3–6.3

Data are represented as mean and standard deviation (SD), BMI: body mass index, MV: mechanical 
ventilation, *: significant p-value,

Table 6. Cox regression model for time to death outcome.

Hazard ratio

95% CI

p-valueLower Upper

Age (years) 1.014 1.003 1.024 0.010*
Sex 1.391 0.947 2.042 0.092
Neurocritical 0.671 0.382 1.178 0.164
Sepsis 1.858 1.121 3.079 0.016*
Dysnatremia 0.300 0.170 0.530 0.000**
Hyperchloremia 1.450 1.015 2.072 0.041*

CI: Confidence Interval, *: significant p-value.
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less in HG than NHG. Renal injury by RIFLE score was 
more in HG than NHG, with the p-value =of 2.8 × 10−1, 
which is statistically significant. More metabolic acido
sis as lower PH less HCO3 in HG than NHG, 
p-value = 0.045 and 0.005 respectively. Electrolyte dis
turbances (Na and K) were more in HG than NHG as 
p-values are 3.9 × 10−1 and 4.7 × 10−7, respectively, and 

considered as risk factors for mortality and bad prog
nosis in hyperchloremic patients. ICU stay time in HG 
was higher than that in NHG as the p-value is 0.000006, 
the period of MV is higher in HG than in NHG as 
p-value is 1.7 × 10−9, and both are statistically signifi
cant. Neyra et al. [7] studied 1,940 ICU subjects with 
sepsis, included hyperchloremia patients only in the 

Figure 2. Expected mortality and morbidity in HG and NHG during ICU stay.

Figure 3. Expected mortality and morbidity in HG and NHG during the period of MV.
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study, and concluded a chloride elevation at 72 hours, 
which was a risk element for death in agreement with 
our study. Contrary to our study, Neyra [7] research was 
restricted to septic persons, and no data about MV 
duration or hospital stay time were found. Lee et al. 
[8] included 266 polytraumatized persons, by retro
spective chart review and concluded that the fre
quency of chloride disorders was around 25% (45% in 
our study) and hyperchloremia is an independent risk 
factor for death (agreed with our study). Contrary to 
our study cohort, that was a prospective cohort, includ
ing all patients in general ICU, but no data about 
hospital stay duration, MV period, or risk of acidosis 
were found. Megahed et al. [9] studied 375 general ICU 
subjects for the effects of hypochloremia (<99meq/l) 
and hyperchloremia (>110meq/l) on mortality and 
length of stay (LOS) in ICU and hospital with normo
chromic subjects. They concluded that the rate of mor
tality was significantly increased in patients with high 
Cl- levels of 67.3% (45% in our study) and low Cl- levels 
(72.1%) than in patients with normal levels (36.3%) 
(P < 0.001). It was also concluded that patients with 
low Cl- levels had significant LOS in the ICU and hospi
tal (P < 0.0001). Contrary to our study, Megahed [9] 
allowed the inclusion of dyschloremic (hypo, hyper, 
and normochloremic) patients in a study; he did not 
study the duration of MV, the incidence of renal injury, 
electrolyte disturbances, or metabolic acidosis. 
Thongprayoon et al. [6] studied 76,719 hospitalized 
subjects, retrospectively to know the spread and the 

effect of Cl- disorders on the death rate. They con
cluded that Cl- disorders (outside 100–108 mEq/L) 
were an independent factor for mortality in hospita
lized persons, and this partially agrees with our study. 
Compared to our findings, this research was retrospec
tive, included a large number of patients in 
a generalized ICU, and did not study the ICU stay 
time, MV duration, the incidence of renal failure, elec
trolyte disorders, or metabolic acidosis. Tani et al. [6] 
study, on 844 adults in ICU retrospectively, aimed to 
search for the incidence of death and time of hospita
lization in dyschloremic patients, concluded that only 
hypochloremia had significant death rates; 14% 
(P < 0.0001), longer hospital stay and more alkalemia 
than other groups in disagreement to our study, it was 
the only study that did not conclude a relation 
between hyperchloremia and death, and he did not 
study the MV period, the prevalence of renal failure, 
electrolyte disturbances or metabolic acidosis in rela
tion to dyschloremia. Bonatti et al. [10], on 
a retrospective cohort study on 175 persons in ICU, 
concluded that hyperchloremia had not been consid
ered a single risk element to death, but hyperchlore
mia with hypoalbuminemia had a high significant 
relation to mortality. Contrary to our study, the 
Boniatti [10] study disagreed with our study, as it was 
retrospective research, on a small number of patients, 
with no data about hospital stay time, MV duration, or 
incidence of renal impairement. Van Regenmortel et al. 
[11] studied a big retrospective cohort including 6480 

Table 7. Kaplan−Meier survival curves for time to death as an outcome according to ICU 
stay related to hyperchloremia.

Mean ± SE

95% CI

p valueLower Bound Upper Bound

NHG 12.307 ± 1.182 9.989 14.624 <0.001*
HG 9.083 ± 0.538 8.028 10.137

SE: Standard Error, CI: confidence Interval, *: significant p-value

Table 8. Kaplan−Meier survival curves for time to death as an outcome according to the 
period of MV related to hyperchloremia.

Mean ± SE

95% CI

p-valueLower Bound Upper Bound

NHGHT 9.715 ± 1.048 7.660 11.770 0.007*

HG 6.835 ± 0.389 6.074 7.597

MV; Mechanical Ventilation, SE: Standard Error, CI: confidence Interval, *: significant p-value

Table 9. Binary logistic regression.
p-value ODDR (CI)

Hyperchloremia
PH 0.012* 0.04 (0.003–0.492)
PCO2 (mmHg) 0.000* 0.958 (0.936–0.98)
HCO3 (mmol/L) 0.010* 0.946 (0.907–0.987)
CL (mmol/ L) 0.000* 1.548 (1.483–1.616)
Na (mmol/ L) 0.000* 1.102 (1.082–1.122)
K (mmol/ L) 0.000* 1.599 (1.255–2.038)

ODDR: Odd’s Ratio, CI: Confidence Interval (upper and lower bound), 
*: significant p-value
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subjects (general ICU), in agreement with our study, 
and concluded that severe hyperchloremia is asso
ciated with a high death rate, and so considered it as 
a risk element of mortality in ICU. Van Regenmortel [11] 
disagreed with our study in some points, as he con
sidered serum CL 107−110 mmol/L as moderate hyper
chloremia; his study was retrospective in nature, and 
no data about the hospital stay duration or MV dura
tion were found. Moreover, Zahid et al. [12] performed 
retrospective research on 205 adults who died in ICU in 
1 year with any disease after at least three days in the 
ICU. They considered chloride levels ≥107 meq/l as 
hyperchloremia. In agreement with our study, they 
concluded that patients with hyperchloremia had a 
higher percent of mortality (50.5%) after three days of 
admission. They concluded that solutions with a less 
amount of chloride, like lactated ringer, might be given 
in a big amount without causing hyperchloremia. 
Zahid [12,13] disagreed with our study, as it has a low 
number of participants and was retrospective in nat
ure; they did not study the length of hospital stay, MV 
duration, the prevalence of renal injury, electrolyte 
disturbances, or metabolic acidosis in relation to 
hyperchloremia.

8. Conclusion

Hyperchloremia had an increased incidence of 
mortality as an outcome and may operate as an 
independent predictor of death in intensive care 
critically ill patients. Moreover, they are more sus
ceptible to the development of acute renal injury, 
as well as they are vulnerable more than normo
chromic critically ill patients to other electrolytes 
disorders, hyperchloremic metabolic acidosis, 
longer ICU time, and longer periods of MV.

8.1. Limitations

Limitations of our research are as follows: small sample 
size, performed for patients with different (heteroge
neous) pathological diseases, without a controlled 
fluid resuscitation protocol prior to admission, serum 
lactate values were not obtained, RIFLE score 
depended on serum creatinine only, and the incidence 
of acute renal injury on the first day was not 
concluded.

8.2. Recommendations

Further studies on a larger sample size and 
a multicentric study on a larger geographical 
scale that emphasizes our conclusion to assess 
the clinical effect of elevated chloride values on 
a critically ill patient of specific pathology not 
only heterogeneous and to assess the relation 

between hyperchloremia as a risk factor and 
death as an outcome are recommended.
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