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Background: Chloride-rich fluid administration is frequently employed in the management of aneurysmal subarachnoid hemorrhage
(aSAH). However, the incidence and consequences of hyperchloremia in aSAH remain poorly defined. This study aimed to describe the
incidence of hyperchloremia in aSAH, the contribution of fluid sources to chloride exposure, and the potential associations of hyper-
chloremia with patient outcomes.

Methods: This was a single-center retrospective cohort study of patients admitted to a neurointensive care unit with aSAH. The pri-
mary outcome was incidence of hyperchloremia (chloride >109 mEg/L). Secondary outcomes included incidence of severe hyperchlor-
emia (chloride >115 mEq/L), incidence of acute kidney injury (AKI), need for renal replacement therapy (RRT), intensive care unit (ICU)
length of stay (LOS), hospital LOS, and in-hospital mortality.

Results: Of the 234 patients included in the analysis, hyperchloremia occurred in 75% (n=175), and 58% (n=101) developed severe
hyperchloremia. Median time to onset was 3 days (interquartile range, 1-5) after admission. Hyperchloremia was associated with pro-
longed ICU LOS (12 vs. 8 days, P<0.001), duration of mechanical ventilation (16 vs. 10 days, P<0.001), hospital LOS (15 vs. 9 days,
P<0.001), and in-hospital mortality (14.3% vs. 0%, P=0.002) compared to no hyperchloremia. No significant difference was observed
in the incidence of AKI or the need for RRT. Maintenance intravenous fluids accounted for the highest proportion of the cumulative
chloride burden.

Conclusion: Hyperchloremia occurs at a high frequency in aSAH and is associated with poor patient outcomes. Maintenance intrave-
nous fluids accounted for the highest proportion of cumulative chloride burden.

Keywords: Critical care; Chloride; Fluid therapy

INTRODUCTION survivors, nearly 45% suffer from long-term disabling side effects

[2]. The neurologic consequences associated with aSAH includ-
Aneurysmal subarachnoid hemorrhage (aSAH) is a neurosurgical ing delayed cerebral ischemia (DCI), cerebral vasospasm, and ce-
emergency with an estimated mortality rate of 20% [1]. Among rebral edema portend a poor prognosis and carry a high degree of

© 2022 The Korean Neurocritical Care Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

WWW.e-jnc.org 113


http://crossmark.crossref.org/dialog/?doi=10.18700/jnc.220068&domain=pdf&date_stamp=2022-12-31

Brooke Barlow, et al. ® Consequences of chloride-rich fluids in SAH

morbidity and mortality. Aside from the direct neurologic sequel-
ae, patients with aSAH are at a higher risk of developing second-
ary non-neurologic complications including cardiac dysfunction,
infection, hepatic and renal failure, which negatively impact pa-
tient outcomes [3]. Despite the contemporary shift away from
hypervolemia, as historically targeted in so-called Triple-H thera-
py, fluid administration to maintain euvolemia remains a corner-
stone in the management of aSAH to mitigate the effects of DCI,
prevent secondary brain injury, and optimize organ perfusion [4-
6].

Furthermore, the selection of optimal fluid type in aSAH treat-
ment remains ill-defined and lacks standardization. It is well un-
derstood that hypertonic or isotonic chloride-rich fluids such as
hypertonic saline or normal saline are most commonly employed
due to the perceived risk of cerebral swelling with hypotonic fluids
[4]. However, hyperchloremia secondary to chloride-rich fluid
administration has been linked with adverse consequences, in-
cluding acute kidney injury (AKI), acid-base disturbances, and a
prolonged need for mechanical ventilation in critically ill patients
[7]. Moreover, in animal models, hyperchloremia has been shown
to result in immunosuppression, increased presence of inflamma-
tory markers, and a subsequent risk of infection [8]. Although the
risks of fluid therapy have been well characterized in medically
critically ill patients, the risks in neurocritically ill patients with
aSAH remain to be elucidated.

While patients with aSAH receive a majority of the fluid intake
from intravenous (IV) bolus or maintenance IV infusions, there
are various hidden sources of chloride-rich fluids in the form of
enteral fluids and medication diluents such as intermittent IV in-
fusions (so-called piggybacks; for example, antibiotics, antiseizure
medications) and/or titrated continuous infusion (for example,
sedatives and vasoactive medications). Hidden obligatory fluid in-
take from medications/diluents is often an unrecognized yet sig-
nificant contribution to the overall fluid balance [9]. Observation-
al studies have shown that patients receive high volumes of crys-
talloid administration, with an estimated five liters or more in the
acute phase of aSAH and only a modest reduction to a minimum
of three liters by day 13 of hospitalization [ 10]. Characterizing the
source and contribution of this significant volume of cumulative
fluid intake in patients with aSAH will not only increase aware-
ness of cumulative fluid burden but also assist in identifying key
areas for implementation of fluid stewardship interventions.

This retrospective, single-center, cohort study aimed to de-
scribe the incidence of hyperchloremia in patients with aSAH and
the contribution of fluids, medication diluents, and other fluid
sources to chloride administration. We hypothesized that hyper-
chloremia, defined as a serum chloride level > 109 mEq/L, occurs
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at a high incidence in patients with aSAH due to excessive chlo-
ride-rich fluid intake, and is associated with worse patient out-
comes, such as AK], length of stay (LOS), and mortality.

METHODS

Setting and participants

This was a retrospective, single-center, cohort study of patients
admitted to the neurointensive care unit with a diagnosis of aSAH
between January 1, 2015, and August 31, 2019. Patients between
18 and 85 years were enrolled if they had an index International
Classification of Diseases, 9/10 diagnosis code for aSAH, received
oral nimodipine, and were admitted to the neurointensive care
unit for longer than 48 hours. The receipt of oral nimodipine was
chosen to ensure a homogeneous patient population with an in-
dex admission for acute spontaneous aSAH. Patients were exclud-
ed if they were diagnosed with traumatic SAH, pregnant, or incar-
cerated; had AKI or chronic kidney disease (CKD) requiring re-
nal replacement therapy (RRT) on admission; were moribund; or

had early withdrawal of care.

Study outcomes and definitions

The primary outcome of the study was the incidence of hyper-
chloremia, defined as a serum chloride level > 109 mEq/L. [11]
Secondary outcomes included the incidence of severe hyperchlo-
remia > 115 mEq/L, incidence of AKI, need for RRT, characteri-
zation of the source of fluid intake (mL/day) and chloride intake
(mEq/day), length of intensive care unit (ICU) stay (days), length
of hospital stay (days), and in-hospital mortality.

Data collection
Data were collected from the University of Kentucky electronic
health record and included baseline demographics, pre-existing
comorbidities, pertinent laboratory values, the presence of cere-
bral vasospasm, assessment of renal function (serum creatinine,
urine output, need for RRT), daily IV medication/fluids, enteral
sodium tablets/solution received during ICU LOS up to day 14,
nephrotoxin exposure, daily total daily fluid intake and output,
length of hospital/ICU stay, and mortality. AKI was defined ac-
cording to the Kidney Disease: Improving Global Outcomes
(KDIGO) criteria as stage 1 and above [12]. Data regarding the
Hunt Hess score and modified Fisher grade were individually col-
lected by the investigator team. Patient data were evaluated for the
duration of admission, and no follow-up or data collection was
performed after discharge.

To quantify the contribution of hyperchloremia from medica-
tions, daily data on IV medications administered including dilu-
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ent, volume, dose, and frequency were obtained. Data collection
on fluid intake was limited to 14 days due to the decline in sample
size after 14 days and because the first 14 days portend the highest
risk for vasospasm and DCl in patients with aSAH, thus constitut-
ing the period with the most aggressive fluid supplementation.
Potential nephrotoxin exposure was defined as receipt of any of
the following medications: vancomycin (IV), amphotericin (IV),
aminoglycosides (IV), acyclovir (IV), angiotensin-converting en-
zyme inhibitors (IV/ oral [PO]), angiotensin receptor blockers
(PO), nonsteroidal anti-inflammatory medications (IV/PO),
piperacillin-tazobactam (IV), loop diuretics (IV/PO), contrast
(IV), and trimethoprim-sulfamethoxazole (IV/PO).

Statistical analysis

The a priori statistical analysis plan included dividing the cohort
into those who met the primary outcome of hyperchloremia and
comparing the baseline characteristics and outcomes to those
who did not develop hyperchloremia. No sample-size calculations
were performed. Data are presented as means with standard devi-
ations (SDs) or medians with interquartile ranges (IQRs) de-
pending on their underlying distributions. Continuous variables
were analyzed using either Student t-test or the Mann-Whitney
U-test. Categorical variables were analyzed using Pearson’s chi-
square or Fisher’s exact test as appropriate and were reported as

counts with percentages. The missing values were not imputed.

Multivariable regression

Multivariable logistic regression was used to model the primary
outcome of hyperchloremia and secondary outcome of AKI. For
the primary outcome, variables found to be significant in the bi-
variate analysis were selected for the hyperchloremia model and
included basic demographic variables (age, sex), Sequential Organ
Failure Assessment (SOFA) score, Hunt-Hess score, modified
Fisher grade, cumulative fluid intake, baseline serum chloride
concentration, mean daily chloride dose, and chloride dose with-
in the first 48 hours of admission). Given the wide degree of vari-
ability in the volume of fluid administration and intake during the
study period, cumulative fluid intake was assessed as a continuous
variable and divided into quartiles ( < 25%, 25%-50%, $1%-75%,
and >75%) to improve interpretation. The primary independent
variable during the study period was hyperchloremia. A backward
elimination selection criterion was used at a level of 0.05. Bivariate
analysis was performed using statistical software, IBM SPSS ver-
sion 27 (IBM Corp., Armonk, NY, US), and multivariable model-
ing was performed using SAS version 9.4 (SAS Institute, Cary,
NC, USA). A multivariable logistic regression model was also
used to identify predictive factors for AKI using the same proce-
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dures. The variables selected for this model were a priori and in-
cluded sex, age, Hunt-Hess score, Fisher grade, development of
hyperchloremia, CKD, sepsis, and nephrotoxin exposure at 48

hours.

RESULTS

Demographics

A total of 234 patients with aSAH admitted to the ICU over a
four-year period met the inclusion criteria for the primary analy-
sis. Baseline demographics were similar between groups. Most of
the cohort was female sex (59%), with a mean age of SS years
(SD, 13). Hypertension (79.5%) and diabetes (22.2%) were the
most common preexisting comorbidities. A total of 4% of the
population had CKD at baseline, and none of the patients re-
quired RRT. The median Hunt-Hess score and modified Fisher
scale on admission were 2 (IQR, 1-4) and 3 (IQR, 2—4), respec-
tively. The mean SOFA score was 5.6 (SD, 3.8). The median
length of ICU stay for the entire cohort was 10 days, correspond-
ing to a median total hospital stay of 13 days. The overall mortali-
ty during hospital admission in this population was 11%. A full
description of the baseline characteristics of both cohorts is pro-
vided in Table 1.

Primary outcome

The primary outcome of the incidence of hyperchloremia (chlo-
ride > 109 mEq/L) was 75% (n=175) of the study population,
with 58% (n=101) developing severe hyperchloremia (chloride
> 115 mEq/L). The median chloride in patients who developed
hyperchloremia was significantly higher at 115 mEq/L (IQR,
112-120 mEq/L) compared to 108 mEq/L (IQR, 106-109
mEq/L) in those who did not develop hyperchloremia (P < 0.001)
(Table 2). The median time to the onset of hyperchloremia was 3
days (IQR, 1-5 days) after admission. Females were more likely
to have hyperchloremia than males (64% vs. 36%; odds ratio
[OR], 2.4; 95% confidence interval [CI], 1.3—-4.4). No differences
in the incidence of hyperchloremia were associated with race or
ethnicity (P=0.59). The Hunt-Hess score and modified Fisher
grade were both significantly associated with an increased inci-
dence of hyperchloremia (Table 1), although there was no signifi-
cant difference. Chloride concentrations increased to the maxi-
mum mean concentration on day 4 in patients with hyperchlore-
mia (day 2 in those without hyperchloremia) and were consistent-
ly sustained throughout the first 14 days of admission (Fig. 1).

Secondary outcomes
The development of hyperchloremia was associated with pro-
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Table 1. Baseline patient characteristics (n=234)

Variable Hyperchloremia (n=175) No hyperchloremia (n=59) P-value
Age (yr) 55+13 53113 0.328
Race 0.591

Caucasian/white 152 (87) 53 (90)

African American 19 (11) 4(7)

Other 4(2) 2(3)
Body mass index (kg/m?) 28 (24-33) 28 (24-34) 1.000
Female sex 112 (64) 25 (42) 0.004
Comorbidity

Hypertension 141 (81) 45 (76) 0.479

Diabetes 37 (21) 15 (25) 0.494

CKD 7 (4) 3(5) 0.716
Charlson comorbidity index 3 (2-5) 3(2-4) 0.200
SOFA score 8 (2-9) 2(1-7) <0.001
Sepsis on admission 8(5) 0 0.206”
Hunt-Hess score 2 (1-4) 2 (1-4) <0.001
Fisher grade 3(2-4) 3(2-4) <0.001
Glasgow Coma Score <0.001

15 29 (17) 23 (39)

13-14 18 (10) 17 (29)

10-12 27 (16) 9(15)

6-9 62 (36) 9(15)

<6 38(22) 1(2)
Admission SCr (mg/dL) 0.79 (0.66-0.96) 0.83 (0.68-1.02) 0.523
Admission BUN (mg/dL) 13 (10-17) 12 (11-16) 0.602
Admission chloride (mEg/L) 10245 100+3 <0.001
Admission sodium (mEgq/L) 140+4 14042 0.132
Mechanical ventilation (day) 16 (11-23) 10 (8-13) <0.001
ICU LOS (day) 12 (8-18) 8 (6-10) 0.001
Hospital LOS (day) 15 (11-22) 9(7-12) 0.001
Discharge disposition 0.005”

Home 139 (79) 57 (97)

Rehabilitation or SNF 1(7) 2(3)

Death >48 hours or hospice 25 (14) 0

Values are presented as meanzstandard deviation, number (%), or median (interquartile range).
CKD, chronic kidney disease; SOFA, Sequential Organ Failure Assessment; SCr, serum creatinine; BUN, blood urea nitrogen; ICU, intensive care unit; LOS,

length of stay; SNF, skilled nursing facility.
INot reliable owing to zero observations.

longed length of ICU stay (12 vs. 8 days, P<0.001), duration of
mechanical ventilation (16 vs. 10 days, P< 0.001), longer length
of hospital stay (15 vs. 9 days, P< 0.001), and a higher rate of hos-
pital mortality (14.3% vs. 0%, P=0.002) than in patients who did
not develop hyperchloremia. The rates of AKI were similar in the
two groups (4% vs. 5.1%, P=0.716; OR, 2.1; 95% CI, 0.6-7.5),
with no further difference in KDIGO stage or the need for RRT
(Table 2). The mean serum chloride level by hospital day also did
not differ between patients with and without AKI (Fig. 1).
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Multivariate regression

In the multivariable logistic regression analysis for hyperchloremia
when accounting for SAH severity, age, and chloride dose within
the first 48 hours, variables such as sex, higher admission SOFA
score, cuamulative fluid intake, serum chloride concentration on
admission, and daily mean chloride dose were independently pre-
dictive of hyperchloremia (Table 3). For every 1 liter increase in
chloride-rich fluid intake, the risk of hyperchloremia increased by
4% (OR, 1.04; 95% CI, 1.01-1.06). Male sex and daily chloride
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Table 2. Secondary outcomes

Outcome Hyperchloremia (n=175) No hyperchloremia (n=59) P-value
Daily chloride (mEq/L) 107 (98-124) 103 (99-106) <0.001
Maximum chloride (mEq/L) 115 (107-145) 108 (106-109) <0.001
Incidence of severe hyperchloremia 101 (58) 0 <0.001
Hypernatremia® 143 (81.7) 11 (18.6) <0.001
Incidence of severe hypernatremia” 41 (23.4) 0 <0.001
Acute kidney injury 18 (10.3) 3(5.1) 0.298

KDIGO stage 1 15 (8.6) 2(3.4)

KDIGO stage 2 3(1.7) 1(1.7)

KDIGO stage 3 or RRT 0 0
Cumulative fluid intake® (mL) 463,358 (293,349-60,439) 29,662 (18,354-46,410) <0.001
Cumulative chloride exposure over first 3 days (mEq) 824 (135-1,672) 787 (68-1,784) 0.879
Mean daily chloride dose over first 3 days (mEq) 275 (45-557) 262 (23-595) 0.940

Values are presented as median (interquartile range) or number (%).

KDIGO, Kidney Disease: Improving Global Outcome; RRT, renal replacement therapy; ICU, intensive care unit.
PHypernatremia defined as >145 mEq/L; “Severe hypernatremia defined as >155 mEq/L; “Throughout study duration (up to 14 days of ICU stay or ICU

discharge); INot reliable owing to zero observations.
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Fig. 1. Median daily serum chloride trend over the 14-day study period. AKI, acute kidney injury.

dose were inversely associated with the development of hyper-
chloremia.

In the multivariate logistic regression model for AKI, account-
ing for sex, age, Hunt-Hess score, Fisher grade, development of
hyperchloremia, CKD, sepsis, and nephrotoxin exposure at 48
hours, the presence of CKD, sepsis, and nephrotoxin exposure

were all independent predictors of AKI (Supplementary Table 1).

Fluid intake
While there was a statistically significantly higher median cumula-
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tive fluid intake over the first 14 days in patients who developed
hyperchloremia (47.6 L vs. 26.6 L, P<0.0001), there was no dif-
ference in the mean daily or median cumulative chloride exposure
within the first 72 hours of hospital stay. Serum chloride mirrored
daily fluid intake and overall daily fluid balance throughout the
first 14 days of admission (Fig. 2). Overall, patients received a
mean daily fluid intake of 3.7 liters between days 1 and 7, with
only a small reduction to 3.6 liters on days 8 to 14. Maintenance
IV fluids contributed to the highest volume, chloride content, and
sodium content per day. Patients with hyperchloremia had a me-
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dian daily chloride dose of 334 mEq (IQR, 150-683 mEq) com-
pared to 405 mEq (IQR, 233-789 mEq) in patients with no hy-
perchloremia (P=0.228). In the overall cohort, the mean sodium
and chloride dose per day was 636.5 mEq (SD, 112) and 646
mEq (SD, 113), respectively.

Over the course of the study period, the majority of fluid intake
was from enteral nutrition (47% ), maintenance IV fluids (19%),
and titrated IV infusions (18%) (Fig. 3). The majority of fluid in-
take came from maintenance IV fluids early in the study period
(day 1, 57.5%) but reduced in proportion over the length of the
study period (Supplementary Fig. 1A). The amount of chloride
administered was primarily from maintenance IV fluids (overall

Table 3. Multivariable logistic regression model for hyperchloremia

Independent variable 0dds ratio (95% Cl)

Male sex 0.43 (0.21-0.89)
SOFA score 1.19 (1.07-1.33)
Serum chloride-day of ICU admission (mEqg/L) 1.18 (1.06-1.31)
Daily chloride dose (mEq) 0.999 (0.998-1.00)
Cumulative fluid intake (per liter increase) 1.04 (1.01-1.06)
Cumulative fluid quartile 2” 1.28 (0.51-3.22)
Cumulative fluid quartile 3” 3.58 (1.90-11.7)

6.06 (1.79-20.5)

Cl, confidence interval; SOFA, Sequential Organ Failure Assessment; ICU,
intensive care unit.

JCumulative fluid quartiles (throughout the 14-day study period) in
reference to quartile 1 (0-29,348 mL); quartile 2 (25%-50%; 29,349-46,357
mL); quartile 3 (51%-75%; 46,358-60,438 mL); quartile 4 (>75%; >60,439
mL).

Cumulative fluid quartile 4”

48.1%) (Supplementary Fig. 1B). Enteral sodium supplementa-
tion and nutrition (31%) and IV boluses (12%, typically 3% sodi-
um chloride) also substantially contributed to the daily chloride
dose. Over the first 14 days, the percentage of chloride delivered
each day shifted from maintenance IV fluids (67.1% of all chloride
provided) to an almost equal split of maintenance IV fluids
(43.2%) and enteral sodium supplementation (42.1%, usually so-
dium chloride tablets) (Supplementary Fig. 1B).

DISCUSSION

In the current observational study of 234 patients with aSAH, a
high incidence of hyperchloremia (75%) was observed. Elevated
serum chloride concentrations were associated with the volume
of maintenance IV infusion but not with the dose of chloride ad-
ministered. While the overall outcomes of the population were
similar to those expected in the aSAH population, the develop-
ment of hyperchloremia was associated with worse outcomes re-
lated to prolonged duration of ICU/hospital LOS, prolonged du-
ration of mechanical ventilation, numerically higher rates of AKI,
and an increased risk of in-hospital mortality. The need for me-
chanical ventilation, higher SOFA score, and presence of sepsis
likely contributed to the indication for increased fluid intake, re-
sulting in hyperchloremia, and was associated with worsened out-
comes in this study.

Hyperchloremia has been demonstrated to be strongly associat-
ed with AKT in critically ill patients admitted to the medical ICU
[7]. In the current study, AKI occurred in 10.3% of patients over-
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Fig. 2. Fluid intake, fluid balance, and serum chloride concentration by hospital day.
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Fig. 3. Total fluid volume (A) and chloride dose (B) received, by category. IV, intravenous; IVPB, intravenous piggyback; MIVF, maintenance

intravenous fluid.

all and was not significantly associated with the occurrence of hy-
perchloremia. The presence of sepsis, CKD, and nephrotoxin ex-
posure at 48 hours was found to be an independent predictive fac-
tor for AKI, similar to previous studies evaluating the risk factors
for AKI in neurologically injured patients [13]. In a retrospective
analysis by Sadan et al. [1], every 10 mEq/L increase in serum
chloride level was associated with a 7.39 increase in the odds of
AKI among patients with aSAH (OR, 7.39; 95% CI, 3.44-
18.23). Potential factors that may have contributed to the lower
incidence of AKI in this population were the small population co-
hort and the detection of AKI based on serum creatinine levels
alone.

Previous studies have identified that medication diluents con-
tribute to the highest volume and chloride intake among critically
ill patients admitted to the medical ICU [9]. Normal saline (0.9%
sodium chloride) has been used as the primary diluent for most
medications and was identified to independently increase the risk
of hyperchloremia and subsequent AKI compared with substitu-
tion with a dextrose-containing diluent [9]. The implications of
the findings by Magee et al. [9] and those of the current study
suggest a potential need for intervention in substituting medica-
tion diluents as a mitigation strategy to prevent hyperchloremia.
However, dextrose-containing fluids are often avoided in patients
with acute neurologic injuries because of the risk of exacerbating
cerebral edema or promoting hyponatremia. Potential therapeutic
alternatives to normal saline to mitigate chloride exposure and
avoid the use of hypotonic fluids may include the use of sodium
acetate or mixed sodium acetate/chloride solution (that is, “buff-
ered saline”) [14].

The recently published ACETatE trial (A Low-Chloride Hy-
pertonic Solution For Brain Edema) was a randomized pilot trial
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assessing the efficacy of 23.4% sodium chloride vs a mixture of
16.4% sodium chloride/sodium acetate for the treatment of cere-
bral edema. The trial demonstrated a lower chloride load and in-
cidence of AKI in patients who had received a mixed saline/ace-
tate solution compared to sodium chloride solution alone (11.8%
vs. 53.3%, P=0.01) [11]. This study supports the hypothesis that
excess chloride load may be a potentiator of AKI in this popula-
tion and that interventions targeted at mitigating chloride load
may preserve renal function among patients with aSAH. The cur-
rent study found that the highest proportion of the chloride load
came from the maintenance of IV fluids. Ongoing studies are
needed to assess the safety and feasibility of substituting other so-
dium salts with sodium chloride as a maintenance IV fluid or re-
ducing the use of hypertonic saline and targeting high serum sodi-
um concentrations [15].

The limitations of the current study include its retrospective
observational design. While the data extracted from the electronic
health record were validated by selected manual confirmation,
documentation of fluids in and out daily is subject to some natural
variability in the course of patient care (in particular, oral con-
sumption that may go unmeasured). However, great attention has
been paid to the fluid balance of these patients after aSAH, so
there is confidence that the documentation is as precise and accu-
rate as is reasonable to expect for a non-prospective study scenar-
io. Owing to inconsistencies in documentation, the incidence of
vasospasm could not be accurately assessed in all patients based
on retrospective data collection. The presence of vasospasm
would be predicted to result in a higher volume of fluid adminis-
tration to optimize cerebral perfusion, and thus, a higher cumula-
tive chloride load. Patients with vasospasm may also receive more
IV contrast agents or have a higher systemic inflammatory state,

119



Brooke Barlow, et al. ® Consequences of chloride-rich fluids in SAH

both of which could increase the risk of AKI. The use of serum
creatinine as a marker of kidney function has known limitations,
and its use for the diagnosis of AKI may have limited accuracy.
Thus, the incidence of AKI may be underreported [16]. Further
studies should evaluate AKI using more accurate biomarkers of
kidney injury in this population.

In this retrospective observational cohort study of 234 patients
with aSAH, the incidence of hyperchloremia was 75%. Hyper-
chloremia was not associated with a statistically significant in-
creased risk of AKI; however, patients who developed hyperchlor-
emia experienced worse outcomes such as prolonged ICU LOS,
hospital LOS, duration of mechanical ventilation, and mortality.
Maintenance IV fluids, followed by bolus and continuous IV flu-
ids, contributed to the highest chloride burden. Awareness of and
adjustments to the chloride load in maintenance IV fluids and
medication diluents may assist in reducing the chloride burden in
this patient population as well as the risk of hyperchloremia. Fur-
ther prospective studies are needed to assess the impact of reduc-
ing the chloride burden and the incidence of hyperchloremia in
patients with aSAH on the improvement of clinically important

patient outcomes.
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