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Objective : While balanced crystalloid (BC) could be a relevant fluid regimen with buffer system compared with normal
saline (NS), there have been no studies on the optimal fluid for surgery of an unruptured intracranial aneurysm (UIA).
This study aimed to compare the effects of fluid regimens between NS and BC on the metabolic and clinical outcomes of
patients who underwent surgery for UIA.

Methods : This study was designed as a propensity score matched retrospective comparative study and included adult patients
who underwent UIA clipping. Patient groups were categorized as NS and BC groups based on the types of pre-operative fluid
and the amount of fluid administered during surgery. The primary outcomes were defined as electrolyte imbalance and acidosis
immediately after surgery. The secondary outcomes were the length of stay in the intensive care unit (ICU) and duration from the
end of the operation to extubation.

Results : A total of 586 patients were enrolled in this study, with each of 293 patients assigned to the NS and BC groups, respec-
tively. Immediately after surgery, serum chloride levels were significantly higher in the NS group. Compared to the NS group, the
BC group had lower incidence rates of acidemia (6.5% vs. 11.6%, p=0.043) and metabolic acidosis (0.7% vs. 4.4%, p=0.007). As com-
pared to NS group, BC group had significantly shorter duration from the end of the operation to extubation (250+824 vs. 122+372
minutes, p=0.016) and length of stay in ICU (1.37+1.11 vs. 1.12+0.61 days, p=0.001). Throughout multivariable analysis, use of BC was
found to be significant factor for favorable post-operative results.

Conclusion : This study showed that the patients who received BC during UIA clipping had lower incidence of metabolic acidosis,

earlier extubation and shorter ICU stay compared to those who received NS. Therefore, using BC as a peri-operative fluid can be
recommended for patients who undergo surgery for UIA.
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INTRODUCTION

The incidence of unruptured intracranial aneurysms
(UIAs) has exhibited a marked increase owing to an increase
in healthcare screenings"”. Although treatment of UIA is ef-
fective in preventing subarachnoid hemorrhage, a tailored de-
cision for the treatment of UIA should be made in consider-
ation of possible complication profiles, because window of the
benefit over risk is relatively narrow in UIA treatment, unlike
treatment for subarachnoid hemorrhage®'”. To maximize the
risk-benefit ratio of clipping surgery for UIA, surgical and
medical complications need to be controlled. Many comple-
mentary methods, such as intraoperative neuromonitoring
and indocyanine green angiography, have been introduced to
reduce the risk of complications during clipping surgery for
UIA™,

The adequate peri-operative fluid management should be
considered, also. The general principle of fluid management
for neurosurgical anesthesia is maintaining normovolemia
and plasma osmolality to avoid cerebral edema. Hence, nor-
mal saline (NS) has been recommended for severe brain inju-
ry"”. However, NS can cause metabolic acidosis and can
slightly inhibit kidney function”. Thus, to lower post-opera-
tive adverse events in the setting of UIA, post-operative acido-
sis (POA) and post-operative electrolyte imbalance (POEI)
should be considered with NS administration. In a previous
meta-analysis, the use of buffered fluids has been associated
with less metabolic derangement, in particular hyperchlore-
mia and metabolic acidosis, compared with non-buffered flu-
ids such as NS”. Another prospective randomized controlled
study revealed that balanced crystalloid (BC) provided signifi-
cantly better control over acid-base balance, sodium and chlo-
ride levels with elective neurosurgery”. Moreover, NS infusion
increased variation in serum chloride compared with BC in
children undergoing brain tumor resection'”.

As a result, fluid management for UIA clipping has been
gradually changed from a NS-based regimen to a buffered BC
regimen at our institute. Thus, in this report, we compared
the clinical data related with UIA clipping for describing the
differences in POA, POEI, and clinical outcomes according to

the fluid regimens.
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MATERIALS AND METHODS

This study was approved by Institutional Review Board of
Seoul National University Bundang Hospital (IRB No.
B-1909-562-109) and adhered to the recommendations of the
Declaration of Helsinki for biomedical research involving hu-
man subjects. This retrospective cohort study included adult
patients (18 years of age or older) who underwent UIA clip-
ping at our institute between April 1, 2003 and July 31, 2019.

The inclusion and exclusion criteria are summarized in Fig.
1. Patients administered with fluids other than NS or BC were
excluded. The NS group consisted of patients administered
with NS as pre-operative fluid and administered with NS in
an amount greater than 50% of the total fluid volume during
surgery. The same criteria were applied to the BC group. The
fluid administered to the BC group was a single product
(Plasma Solution-A, HK inno.N Corp., Seoul, Korea) contain-
ing sodium chloride (5.26 g), sodium gluconate (5.02 g), sodi-
um acetate hydrate (3.68 g), potassium chloride (0.37 g), and
magnesium chloride (0.3 g) in 1000 mL of fluid. Propensity
score matching was performed to minimize selection bias.

We collected the following data through electronic medical
records and a clinical data warehouse system, which was a big
data querying platform. The classification of aneurysms tar-
geted for surgery is as follows. Anterior cerebral artery (ACA)
aneurysms were defined as aneurysms arose from the ACA,
including the anterior communicating artery. Internal carotid
artery (ICA) aneurysms included the posterior communicat-
ing artery aneurysms, the anterior choroidal artery aneurysms
and other aneurysms arose along the ICA. Middle cerebral ar-
tery (MCA) aneurysms were all kind of aneurysms belonged
to the MCA and bifurcation. Posterior circulation aneurysms
were defined as all aneurysm arose from the posterior circula-
tions.

To compare POEI and POA, the laboratory results of arteri-
al blood gas analysis and serum electrolytes were recorded im-
mediately after surgery and on post-operative day 1. Through
this study, acidemia was defined as an arterial blood pH <7.35.
Metabolic acidosis was defined as a serum bicarbonate con-
centration <22 mEq/L with acidemia. For analysis of clinical
outcomes, we collected information on the length of stay in
the intensive care unit (ICU) (in days) and the duration from
the end of the operation to extubation (in minutes). Through-

out the study period, extubation had been conducted under
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same criteria (Glasgow coma score >13, patient able to initiate
an inspiratory effort, and normal PaO, without ventilator sup-
port).

Age, sex, body mass index (BMI), hypertension, diabetes
mellitus, and pre-operative glomerular filtration rate (GFR)
were recorded to control potential confounding factors. Fac-
tors related with surgery (operation time, total fluid volume
and transfusion volume administered) were also investigated.

All statistical analyses were performed using R software

(version 3.5.3; The R Foundation for Statistical Computing,

Vienna, Austria). Continuous variables are presented as mean
+standard deviation and were analyzed by an independent t-
test. The chi-square test was used to compare categorical vari-
ables. Variables showed statistical significance through uni-
variable analysis were selected for multivariable analysis.
Binomial logistic regression was performed to measure the as-
sociation between incidence rates of acidemia, metabolic aci-
dosis, and other variables. The goodness of fit and the simplic-
ity of the model was evaluated using Akaike information

criterion (AIC). For the continuous outcome variable, multi-
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Fig. 1. Flowchart shows enrollment of study subjects. Following the inclusion and exclusion criteria, a total 906 patients (293 NS group and 613 BC

group) were matched by propensity score. As a result, 293 patients are
saline, BC: balanced crystalloid, ICU : intensive care unit.
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variable linear regression was used to analyze the linear coef-
ficients of variables using bi-directional variable selection
based on AIC. With each final model, additional fitting was
conducted with variables showing multicollinearity and their
interactions. p-values <0.05 were regarded as statistically sig-

nificant.

RESULTS

A total of 906 patients met the inclusion criteria : 293 and

Table 1. Patients characteristics
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613 patients of NS and BC group, respectively. Throughout
propensity score matching with age, sex, BMI, pre-operative
measurement of serum levels of sodium, potassium, chloride,
GFR, history of hypertension, diabetes mellitus, operation
time and the amount of total volume of fluid and transfusion,
293 patients could be allocated to each group. The basic char-
acteristics of patients and distribution of aneurysms are sum-
marized in Table 1. The two groups showed a similar distribu-
tions of all variables used in matching process.

Table 2 shows the results of the laboratory tests immediately
after surgery. The serum levels of sodium and potassium did
not show statistical differences, however, the mean serum
chloride level of the NS group (109.1£2.9 mmol/L) was signifi-
cantly higher than that of the BC group (107.8+3.1 mmol/L)
(p<0.001). The arterial blood gas analysis results showed that
the arterial pH was significantly lower in the NS group (7.39%
0.04) than in the BC group (7.42+0.05, p<0.001). HCO;" level
was also significantly lower in the NS group compared to that
of the BC group (22.7+1.8 vs. 24.1+2.1, p<0.001). On the other
hand, partial pressure of carbon dioxide (pCO,) showed simi-

lar results. There were three patients in the BC group and zero

Table 2. Immediate post-operative laboratory tests and clinical

outcomes by fluid types

J e
Sodium (mmol/L) 1424424 1425+2.6 0476
Potassium (mmol/L) 391+£033 396+032 0.070
Chloride (mmol/L) 109.14£29 1078431  <0.001*
GFR (mL/min/1.73 m’) 1129+457  1119+289  0.763
pH 739+0.04  742+0.05 <0.001*
pCO, (MmHg) 379+49  378+63  0.836
HCO,™ (mmol/L) 22.7+1.8 241+21  <0.001*
Anion gap (mmol/L) 10.51£2.23  10.74£240 0.244
Base excess (mmol/L) -1.67+£1.78  -0.05£2.35 <0.001*
Acidemia 34(11.6) 19 (6.5) 0.043*
Metabolic acidosis 13 (4.4) 2(0.7) 0.007*
Vasopressor 0(0.0) 3(1.0) 0.249
Length of stay in ICU (days) 1.37+41M 1124061 0.001%
Duration from the end of the 2504824 1224372 0.016*

ozos nay Pvlue

Age (years) 56.5+9.7 56.9+10.2 0.660
Female sex 194 (66.2) 198 (67.6) 0.792
BMI (kg/mz) 250433 24.843.6 0.616
Sodium (mmol/L) 140.8+2.3 140.8+2.2 0971
Potassium (mmol/L) 4.20+0.39 4.20+0.38 0.966
Chloride (mmol/L) 103.8+2.4 1041124 0.197
GFR (mL/min/1.73 m) 91.0+31.5 9304247 0481
Hypertension 155 (52.9) 158 (53.9) 0.868
Diabetes 26 (8.9) 31(10.6) 0.577
Operation time (minutes) 24094864 241041097 0996
Total fluid volume (mL) 16994619 1683+852 0.799
Total transfusion volume (ml) ~ 215+444 164+447 0.167
Location of aneurysms

MCA 144 (49.1) 57 (53.6)

ACA 75 (25.6) 62 (21.2)

ICA 34(11.6) 40(137)

POST 1(0.3) 4(14)

ACA+MCA 16 (5.5) 15(5.1)

ICA+MCA 1(3.9) 4(14)

ACA+ICA 7(24) 7024

MCA+POST 2(07) 2(0.7)

ICA+POST 1(0.3) 0(0.0)

ACA+ICA+MCA 2(0.7) 0(0.0)

ACA+MCA+POST 0(0.0) 1(03)

ICA+MCA+POST 0(0.0) 1(0.3)

operation to extubation (minutes)

Values are presented as meantstandard deviation or number (%). NS :

normal saline, BC : balanced crystalloid, BMI : body mass index, GFR :
glomerular filtration rate, MCA : middle cerebral artery, ACA : anterior
cerebral artery, ICA : internal carotid artery, POST : posterior circulation

Values are presented as mean+standard deviation or number (%).
*Indicates statistical significance (p<0.05). NS : normal saline, BC :
balanced crystalloid, GFR : glomerular filtration rate, ICU : intensive care
unit
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patients in the NS group who required the administration of
vasopressor after surgery, but there was no statistical differ-
ence. The incidence of acidemia was significantly higher in the
NS group compared to the BC group (11.6% vs. 6.5%,
Pp=0.043). The rate of metabolic acidosis was also significantly
higher in the NS group compared to the BC group (4.4% vs.
0.7%, p=0.007). An analysis of the clinical outcomes showed
that the length of stay in the ICU was significantly shorter
among patients in the BC group (1.3741.11 days) compared to

those in the NS group (1.12+0.61 days, p=0.001). With regards
to the mean duration from the end of the operation to extuba-
tion, the NS group required twice as much time (250+824
minutes) compared to the BC group (122£372 minutes)
(p=0.016).

The binomial logistic regression analysis showed that BMI,
operation time, total fluid volume and fluid type were signifi-
cantly related with development of acidemia. Throughout

multivariable analysis, interaction variable between operation

Table 3. Binomial logistic regression forimmediate post-operative acidemia and metabolic acidosis

Univariable analysis

Multivariable analysis

OR 95% Cl p-value OR 95% Cl p-value
Outcome : acidemia
Age 099 0.95-1.03 0.574
Sex (female) 098 0.51-1.81 0957
BMI (kg/mz) 1.14 1.04-1.25 0.007* 1.12 1.03-1.21 0.006*
Pre-OP sodium (mmol/L) 0.92 0.79-1.06 0.242
Pre-OP potassium (mmol/L) 094 044-2.03 0.874
Pre-OP chloride (mmol/L) m 096-1.27 0.152
Pre-OP GFR (mL/min/1.73 m’) 1 098-1.01 0480
Hypertension 1.05 0.55-1.97 0.891
Diabetes 0.76 0.27-2.13 0.596
Operation time (minutes) 1 1.00-1.01 0.035* Eliminated
Total fluid volume (mL) 1 1.00-1.00 0.006* Eliminated
Total transfusion volume (mL) 1 1.00-1.00 0.950
NS group 1.96 1.07-3.58 0.030* 19 1.05-3.44 0.033*
Outcome : metabolic acidosis
Age 091 0.84-0.98 0.011* Eliminated
Sex (female) 273 0.59-12.70 0.200
BMI (kg/m’) 1.23 1.01-1.49 0.036* Eliminated
Pre-OP sodium (mmol/L) 0.87 0.66-1.15 0.321
Pre-OP potassium (mmol/L) 0.89 0.21-3.82 0.870
Pre-OP chloride (mmol/L) 117 0.92-1.50 0.210
Pre-OP GFR (mL/min/1.73 m’) 0.95 0.92-0.98 0.003* 097 0.95-0.99 0.009%
Hypertension 1.08 0.30-3.90 0.908
Diabetes 0.72 0.08-6.76 0.771
Operation time (minutes) 1.01 1.00-1.01 0.106
Total fluid volume (mL) 1 1.00-1.00 0.263
Total transfusion volume (mL) 1 1.00-1.00 0.529
NS group 5.16 1.060-25.06 0.042% 6.14 1.36-27.70 0.018*

*Indicates statistical significance (p<0.05). OR : odds ratio, Cl : confidence interval, BMI : body mass index, OP : operation, GFR : glomerular filtration rate,

NS : normal saline
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time and the total fluid volume was added and evaluated.
Throughout additional fitting, operation time, total fluid vol-
ume and their interaction variable were eliminated from the
final model. According to the final model, BMI of patients
(adjusted odds ratio [OR], 1.12; 95% confidence interval [CI],
1.03-1.21; p=0.006) and the use of NS for fluid management
(adjusted OR, 1.90; 95% CI, 1.05-3.44; p=0.033) were signifi-
cant predictors for the development of acidemia.

With regards to metabolic acidosis, age, BMI, pre-operative

GFR and fluid type were statistically significant variables by

Table 4. Linear regression for clinical outcomes
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univariable analysis. Interactions were found between BMI
and pre-operative GFR, and between age and pre-operative
GFR. Using two second-ordered interaction variables among
them, age, BMI and interaction variables were eliminated
from the final model. According to the final model, pre-oper-
ative GFR (adjusted OR, 0.97; 95% CI, 0.95-0.99; p=0.009)
and the use of NS for fluid management (adjusted OR, 6.14;
95% CI, 1.36-27.70; p=0.018) were significantly associated
(Table 3).

The factors affecting the duration from the end of the oper-

Univariable analysis Multivariable analysis

Coefficient+SE p-value Coefficient+SE p-value
Outcome : duration from end of operation to extubation (minutes)
Age -0.753+3.284 0.819
Sex (female) 18.7453.6 0.726
BMI (kg/m’) 9734813 0.232
Pre-OP sodium (mmaol/L) 10.7+12.0 0.376
Pre-OP potassium (mmol/L) 26.3+63.0 0.676
Pre-OP chloride (mmol/L) -5.19+11.44 0.650
Pre-OP GFR (mL/min/1.73 m’) -1.09+1.25 0.385
Hypertension 77.3£51.8 0.136
Diabetes -145+82 0.078
Operation time (minutes) -0.397+0.368 0.280
Total fluid volume (mL) 0.0731£0.0491 0.137
Total transfusion volume (mL) 0.651+0.065 <0.001* 0.655+0.053 <0.001*
NS group 95.1+474 0.045* 99.8+474 0.036*
Outcome : length of stay in ICU (days)
Age 0.00136+0.00463 0.768
Sex (female) -0.0957+0.0764 0.21
BMI (kg/m’) 0.00885+0.01149 0442
Pre-OP sodium (mmaol/L) 0.00861+0.01716 0.616
Pre-OP potassium (mmol/L) 0.0225+0.0894 0.802
Pre-OP chloride (mmol/L) -0.00797+0.01629 0.625
Pre-OP GFR (mL/min/1.73 m’) -0.00246+0.00165 0.136
Hypertension -0.0707+0.0734 0.335
Diabetes 0.0861+0.1178 0465
Operation time (minutes) 0.00124+0.00052 0.016* 0.00154+0.00039 <0.001*
Total fluid volume (mL) 0.0000718+0.0000695 0.302
Total transfusion volume (mL) 0.000608+0.000092 <0.001* 0.000627+0.0000867 <0.001*
NS group 0.210+0.068 0.002* 0.217+0.067 0.001*

*Indicates statistical significance (p<0.05). SE : standard error, BMI : body mass index, OP : operation, NS : normal saline, ICU : intensive care unit
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ation to extubation and the length of stay in the ICU are sum-
marized in Table 4 with the results from the linear regression.
By univariable analysis for extubation time, total transfusion
volume and fluid type were selected for multivariable regres-
sion. As there was no collinearity between two variables, the
final model was fitted to use total transfusion volume and
fluid type as a predictive variable for extubation time. The use
of NS resulted delay of 99.8 minutes of extubation time. The
R’ of this model was 0.22 (95% CI, 0.16-0.28).

As to length of stay in ICU, operation time, total transfu-
sion volume and fluid type showed statistical significance by
univariable linear regression. Because there was strong linear
correlation between operation time and total transfusion vol-
ume, further fitting including interaction variable resulted in
the elimination of only interaction variable, leaving each vari-
able related. According to the final model, the use of NS, a
longer operation time and a larger total transfusion volume
were significantly correlated with a longer stay in the ICU. The
use of NS resulted delay of 0.2 days of ICU stay. The R” of this
model was 0.19 (95% CI, 0.14-0.25).

DISCUSSION

In this study, the use of BC as a management fluid during
surgery for UIA was related with a lower occurrence of POEI
and POA. Furthermore, duration from the end of the opera-
tion to extubation and ICU stay were significantly shorter
among patients in the BC group compared to those in the NS
group.

Although there had been no reports regarding the effects of
using BC instead of NS during surgery for UIA, the superiori-
ty of BC has been reported in critically ill adults when com-
paring clinical results such as mortality, hospital days, and re-
nal function®”. Similar to previous reports, the use of BC
rather than NS also resulted in a shorter length of stay in the
ICU in this study. These clinical findings might be due to the
substances and buffer system making up the fluid and the re-
sulting metabolic acidosis. Several reports corroborated our
findings : the use of BC was superior to that of NS, especially

when comparing serum pH and chloride levels™”

. A previous
study showed that the major determinant of [H+] was the
strong ion difference in the body™. Changes in [Cl-], which is

a major anionic contributor, affects changes in [H+] homeo-
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stasis. The development of significant hyperchloremia with
large volumes of NS for fluid resuscitation would result in a
decrease in strong ion differences and metabolic acidosis'®.
Hyperchloremic metabolic acidosis is a pathological state that
results from bicarbonate loss, rather than acid production or
retention. The major pH buffer system in the human body is
the bicarbonate/carbon dioxide (HCO, /CO,) chemical equi-
librium system. A decrease in HCO, will shift the acid-base
balance towards acidic. The pulmonary system regulates CO,
levels through respiration; this condition increases the respira-
tory rate as the body attempts to decrease CO, to compensate
and then delays the time to extubation'**”. In this study, those
who received BC required approximately half as much time
from the end of the operation to extubation compared to
those who received NS.

Neurological manifestations, headache, lethargy, stupor,
and coma in most severe cases can result from metabolic de-
rangement. Additionally, during periods of profound acidosis,
cerebral hypoxia may occur. Signs and symptoms of raised in-
tracranial pressure occur less often when the acidosis is sec-
ondary to a metabolic cause rather than a respiratory cause, as
alluded to previously, because the development of respiratory
acidosis is often more acute™. Therefore, our findings indicat-
ing that NS was six times more likely to trigger metabolic aci-
dosis provided important clinical insights for caring of pa-
tients who underwent neurologic surgery, as metabolic
acidosis was considered as a risk factor potentially leading to
poor clinical course in these patients.

Also, some studies found the development of moderate hy-
perchloremia to be associated with increased in-hospital mor-
tality in patients who experienced an intracerebral hemor-
rhage'”. For those who were hyperchloremic during ICU
admission, every 5 mmol/L increase in chloride was associated
with a 37% increase in odds for hospital mortality. This can
be explained by the fact that hyperchloremic metabolic acido-
sis has been linked to an increased rate of infection via a theo-
retical augmented neutrophil response and a proinflammato-
ry imbalance"”. Infection has been associated with increased
hospital mortality as well as worse 3-month outcomes in pa-
tients who experienced intracerebral hemorrhage'”. Other
studies have demonstrated a possible hypocoagulable state
and the need for a large volume of blood products after ad-
ministration of sodium chloride-based fluids during surgical

procedures™. In addition, one study found that BC therapy



was more effective in maintaining normal potassium level and
reducing the trend toward hyperchloremic metabolic acidosis
than NS therapy during prolonged fluid therapy post-opera-
tively in patients treated for traumatic brain injury"”. Similar
to these studies, hyperchloremic metabolic acidosis could af-
tect the clinical outcomes of patients in the neurocritical ICU.

This study had some limitations. This was a retrospective
study, and the data were derived from a single center, which
could not completely exclude a selection bias. Furthermore,
the two groups might be not fully comparable due to chrono-
logical differences. Thus, we performed propensity score
matching to reduce the bias. As a result, statistical differences
were not observed between two groups indicating that com-
parative groups were secured with a certain degree of homo-
geneity. Furthermore, compared to previous studies that ana-
lyzed the effects of fluid regimens in critically ill patients who
had various primary diagnoses, one strength of our study was
the focus on patients who underwent UTA clipping; therefore,
relatively homogeneous characteristics of the patients group
could show better comparable effects of fluid management in
POEIL POA, and clinical outcomes. Still, further prospective
randomized clinical trials are needed to determine a more
solid recommendation for the selection of fluid regimen dur-
ing surgery for UIA.

CONCLUSION

BC resulted in lower serum chloride ion levels, lower inci-
dence of metabolic acidosis, and shorter duration of intuba-
tion and ICU stay. Therefore, using BC can be recommended
as an appropriate fluid than NS for managing patients who

undergo surgery for UIA in the pre- and intra-operative peri-
ods.
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