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Abstract

Background: Concerns have been raised regarding the use of various
intravenous fluids resulting in hyperchloremic acidosis and associated
acute kidney injury; however, this has primarily been in the context of
resuscitation and critical care, and not ward-based medical or surgical
patients who receive lower volumes of infusion fluid. We aimed to
determine whether normal saline use is more likely to produce hyper-
chloremic metabolic acidosis than compound sodium lactate, in acute
general medical and surgical patients.

Methods: This was a retrospective study, conducted in 2015 in a met-
ropolitan hospital in Melbourne, Australia, and of 1,158 sequentially
admitted general medical and surgical patients receiving either intra-
venous normal saline or compound sodium lactate. Demographics,
admission diagnosis, comorbidities, and medications were compared.
Serum biochemistry results 24 - 48 h post-infusion were analyzed.
Primary outcome was incidence of serum hyperchloremia post-infu-
sion. In addition, mean shift in serum chloride concentration as well
as mean normalized chloride concentration (mmol/L per day per L of
infusion) were calculated. Acute kidney injuries and deaths during
admission were also reported.

Results: A total of 221 patients (169 medical and 52 surgical pa-
tients) were included for analysis (mean age 71.6 years, 72% female),
with 174 normal saline and 61 compound sodium lactate infusions.
No difference in hyperchloremia rate was found (normal saline vs.
compound sodium lactate; n = 8 (4.6%) vs. n =2 (3.3%), P = 1.0).
Post-infusion serum chloride concentration was also not significantly
different (99.0 + 5.1 mmol/L vs. 100.0 + 3.4 mmol/L, P = 0.1700)
between infusion groups. Normal saline infusions resulted in an in-
crease of mean normalized chloride concentration compared to com-
pound sodium lactate (1.2 + 4.0 mmol/L per day/L vs. -0.3 = 1.5, P
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=0.0121).

Conclusions: We conclude that 2 - 3 L normal saline infusions in this
population do not appear to be associated with hyperchloremic acido-
sis more frequently than compound sodium lactate infusions, allaying
concerns of normal saline use in wards.

Keywords: Intravenous fluid therapy; Acute kidney injury; Hyper-
chloremic metabolic acidosis; Normal saline; Compound sodium
lactate

Introduction

Extensive literature has been published regarding the asso-
ciation between large volume intravenous normal saline (NS)
infusions and hyperchloremic metabolic acidosis (HCMA).
Well-established theories have been put forth explaining the
process of saline-induced acidosis, including the proposal that
the increase in chloride ion concentration and the dilution of
bicarbonate results in systemic acidosis [1, 2].

The reported clinical effects of these large volume NS in-
fusions however, are varied and often contrasting but concern-
ing enough to limit NS use. NS use has been shown to lead
to renal vasoconstriction, delayed micturition, increased acute
kidney injury (AKI), and hyperkalemia [3, 4]. The resultant
HCMA has also been shown to be pro-inflammatory [5]. This
is opposed to other studies, which have shown that HCMA is
not associated with AKI, the high chloride concentration pre-
sumed to be a benign effect of large volume infusions [6].

Much of the above discussion has currently been in the
critical care setting or in resuscitation, where determining the
presence of HCMA can be crucial for guiding further manage-
ment [7]. It is not known whether the concerns for HCMA are
equally relevant in a general medical or surgical unit, with a
different patient population. The investigation of non-critically
ill patients has been recently reported in a large-scale rand-
omized trial, however the outcomes measured in this study
were primarily clinical outcomes: hospital-free days and ad-
verse kidney events like death, renal-replacement therapy
and persistent renal dysfunction [8]. Our study focuses on the
intermediate biochemical measure of hyperchloremia, while
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Assessed for eligibility (n=1158)

General medical unit
o n=820
General surgical unit

]

n=338

Excluded (n=937)*
e No IV fluids given (n=405)
* Insufficient biochemistry data (n=97)
e Multiple/other fluids given (n=435)
e Patients with ICU admissions (n=43)

Patients who received NS infusion only (n=164)
¢ General medical unit
o n=153
e General surgical unit
o n=11

Analysis
Y ¥

Patients who received CSL infusion only (n=57)
+ General medical unit
o n=16
+ General surgical unit
o n=41

Figure 1. Criteria used for exclusion to obtain list of patients for final analysis. “Number of patients satisfying each exclusion
criteria overlapped with other criteria. In total, there were 937 patients excluded from this study. CSL: compound sodium lactate;

ICU: intensive care unit; IV: intravenous; NS: normal saline.

also further exploring the effects of infusing NS with lower
volumes (typically volumes less than 3 L per 24 h), than in the
critically ill population [1, 2].

Our study therefore aimed to investigate any significant
biochemical effects of maintenance intravenous NS infusions
compared to a buffered crystalloid solution, compound sodium
lactate (CSL), in acute general medical and surgical patients
with a variety of diagnoses.

Methods

We performed a retrospective single-centre cohort study con-
ducted of inpatients at a secondary care hospital in metropoli-
tan Melbourne, Australia. Data were collected from sequen-
tially admitted patients from a general medical and a general
surgical unit. These patients were sequentially admitted be-
tween May to October 2015. This study was approved through
the Eastern Health Human Research Ethics Committee.

The electronic records accessed included laboratory re-
sults and scanned medical records. Relevant data were obtained
from discharge summaries, medication charts, and fluid infu-
sion charts. Data included patient demographics, comorbidi-
ties, admission length and reason, medications administered,
and intravenous fluid infusions administered during the admis-
sion. Any intensive care admissions were noted for patients in
this study. Comorbidity data were collected for any chronic
cardiovascular, renal, or respiratory disease. Any medication
data were also collected for patients, for angiotensin convert-
ing enzyme (ACE) inhibitors, angiotensin II receptor block-
ers (ARBs), non-steroidal anti-inflammatory drugs (NSAIDs),
and diuretics.
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Patients were excluded from this study depending on the
suitability of their fluid or biochemistry data (Fig. 1). The ex-
clusion criteria included: not having received any fluids during
the course of the admission, receiving multiple types of fluids
within their infusion course or receiving other fluids not rel-
evant to this study, and also if there were insufficient biochem-
istry results to allow for analysis. Patients were also excluded
from this study if they were admitted to intensive care during
the course of their hospital admission.

For the purpose of this study, infusions of NS only or CSL
only were considered for analysis. Any intravenous therapy
that the patient received was recorded based on the number
of days into admission the fluid was given, the volume, as
well as the type of fluid given. The biochemistry data were
collected 24 - 48 h post-infusion therapy. A baseline set of bio-
chemistry data, typically pre-infusion (e.g. at admission) were
also obtained. The serum biochemistry results collected were:
sodium, chloride, bicarbonate, potassium, creatinine, and esti-
mated glomerular filtration rate (¢GFR). The measure of hy-
perchloremia, defined as >105 mmol/L, was used to indirectly
indicate HCMA, as laboratory data on pH was not collected.

The proportion of patients who became newly hyper-
chloremic post-infusion was compared between NS and CSL
groups. In addition, mean post-infusion serum electrolyte con-
centrations were compared between patients of the two infu-
sion types. To further explore the effects of fluid administration
on serum chloride levels, a normalized chloride concentration
ratio was reported. This was calculated through the difference
in chloride concentration before and after each infusion, and
accounting for time (days) as well as volume (L). The value
reported was the mean change in chloride concentration per
day, per L of infusion (ACl/day/L).
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Table 1. Characteristics of Patients Who Received Intravenous Fluids During Their Admission

Fluid infusion given

Demographics All patients (n =221) P-value
NS (n =164) CSL (n =57)
Age, mean (SD), year 76.4 (17.5) 57.9 (21.6) 71.6 (20.3) <0.0001
Men 62 (37.8%) 22 (38.6%) 84 (38.0%) 0.9155
Admitting unit
Medical 153 (93.3%) 16 (28.1%) 169 (76.5%) <0.0001
Surgical 11 (6.7%) 41 (71.9%) 52 (23.5%) <0.0001
Comorbidities
Hypertension 79 (48.2%) 18 (31.6%) 97 (43.9%) 0.0297
Ischemic heart disease 32 (19.5%) 5 (8.8%) 37 (16.7%) 0.0614
Diabetes mellitus 46 (28.0%) 12 (21.1%) 58 (26.2%) 0.3010
Chronic respiratory disease 30 (18.3%) 9 (15.8%) 39 (17.6%) 0.6693
Medications
ACEI/ARBs 58 (35.4%) 10 (17.5%) 68 (30.8%) 0.0651
NSAIDs 62 (37.8%) 10 (17.5%) 72 (32.6%) 0.0049
Loop diuretics 56 (34.1%) 9 (15.8%) 65 (29.4%) 0.0088
Thiazide diuretics 9 (5.5%) 4 (7.0%) 13 (5.9%) 0.6724
Potassium sparing diuretics 11 (6.7%) 3 (1.8%) 12 (5.4%) 0.6998

SD: standard deviation; ACEI: ACE inhibitor; ARB: angiotensin Il receptor blocker; NSAID: non-steroidal anti-inflammatory drug. The specific ACEls
(ramipril, perindopril, fosinopril, enalapril), ARBs (candesartan, irbesartan, telmisartan, olmesartan), and NSAIDs (aspirin, ibuprofen, celecoxib, di-

clofenac) were also recorded.

For additional characterisation of the patients in this study,
the number of individuals who had AKI during their admis-
sion was also recorded from the biochemistry data. For this
study, AKI was defined based on the Kidney Disease: Improv-
ing Global Outcomes (KDIGO) criteria of an increase in serum
creatinine of > 26.5 mmol/L or > 1.5% increase from baseline
serum creatinine within 48 h, during the course of their admis-
sion [9].

Statistical analysis

The mean volume of infusion was calculated for the num-
ber of infusion courses given across all inpatients. Data were
analyzed comparing the NS and CSL cohorts, for all patients
pooled together from both medical and surgical units. A fur-
ther subgroup analysis was also completed for both medical
patients and surgical patients. The primary analysis was to de-
termine any significant difference in the proportion of patients
developing hyperchloremia post-infusion in the NS and CSL
groups, using Fisher’s exact test. Means and standard devia-
tions were also calculated for all measured serum electrolyte
values post-infusion between the NS and CSL groups. A two-
sided #-test was used to compare mean post-infusion electrolyte
values between the two infusion types, and statistical signifi-
cance was reported using P-values. An a-value of P <0.05 was
used to deem significance. The mean and standard deviation of
the normalized chloride concentrations were calculated for the
two infusion groups. A two-sided ¢-test was used to identify
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any difference in the change of serum chloride concentration
normalized to time and volume. Multivariate analysis of the
data was considered initially but was omitted due to the small
sample size.

A secondary analysis regarding fluid therapy prescribing
differences between the medical and surgical units was also
calculated, using Fisher’s test calculations. This was used to
determine whether there was an association with a particular
type of fluid prescribed as single fluid therapy, in relation to a
particular hospital unit.

Results

Data were collected from a total of 820 general medical and
338 general surgical inpatients. A total of 937 patients were
excluded from this study (Fig. 1), leaving 169 medical and 52
surgical patients for analysis. Comparing baseline character-
istics of the NS (164 patients) and CSL (57 patients) cohorts,
there was a significant difference in the mean age (P <0.0001),
as well as the proportion of medical versus surgical units pre-
scribing the fluid. Other demographic comparators, including
gender and comorbidities, were mostly similar between the
two groups (Table 1).

From the 221 patients included for analysis, there were
235 fluid infusion data sets (174 NS infusions and 61 CSL in-
fusions). The medical group was given 161 NS and 17 CSL in-
fusions, while the surgical group was given 13 NS and 44 CSL
infusions. The mean volume of infusion was 1.8 + 1.3 L and
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Figure 2. Post-infusion mean values of electrolytes between NS and
CSL cohorts. There were no significant differences in the mean values
of serum sodium, chloride and bicarbonate post-infusion of both normal
saline and compound sodium lactate.

2.6 £ 1.6 L for the NS and CSL cohorts respectively. The mean
volume of infusion for all patients combined was 2.0 + 1.4L.

Differences in serum biochemistry

Of the 174 NS infusions analyzed, six infusions led to the de-
velopment of hyperchloremia that was not present at baseline
(4.6%). Of the 61 CSL infusions analyzed, two infusions led
to the development of hyperchloremia (3.3%). There was no
significant difference in the proportion of infusions that led to
the development of hyperchloremia between the NS and CSL
groups (P = 1.000).

There were no significant differences in post-infusion mean
serum electrolyte values between NS and CSL infused patients
(Fig. 2). There was no difference in serum sodium (NS: 139.3 +
4.6 mmol/L vs. CSL: 140.1 £2.7 mmol/L, P=0.2164), chloride
(99.0 = 5.1 mmol/L vs. 100.0 = 3.4 mmol/L, P = 0.1700), or
bicarbonate levels (26.9 + 3.6 mmol/L vs. 27.4 £ 2.8 mmol/L,
P = 0.3418). No significant differences were also observed
in subgroup analysis of general medical and surgical patients
(Table 2). In the subgroup of general medical patients, serum
bicarbonate (26.9 = 3.6 mmol/L vs. 27.0 £ 3.6 mmol/L, P =
0.9159) or chloride (98.9 + 5.2 mmol/L vs. 99.4 + 5.5mmol/L,
P = 0.7163) in those treated with NS and CSL respectively,

Table 2. Post-Infusion Mean Serum Electrolyte Values Com-
paring Normal Saline and Compound Sodium Lactate Infused
Patients

Concentration (mmol/L) = SD

Biochemistry
NS CSL P-value
Medical (n=153) (n=16)
Serum sodium 1392+47 140.0+4.0 0.5127
Serum chloride 98.9+5.2 99.4+£5.5 0.7163
Serum bicarbonate  26.9 + 3.6 27.0+3.6 0.9159
Surgical (n=11) (n=41)
Serum sodium 140.9+3.7 140.1+2.1  0.3511
Serum chloride 100.6+3.4 1002+22  0.6378
Serum bicarbonate  26.7 +3.3 27.5+2.5 0.3834
All patients (n=164) (n=1757)
Serum sodium 1393+4.6 140.1+2.7 0.2164
Serum chloride 99.0£5.1 100.0+3.4  0.1700
Serum bicarbonate  26.9 + 3.6 27.4+£2.8 0.3418

CSL: compound sodium lactate; NS: normal saline; SD: standard de-
viation.

were not significantly different. The results in the surgical sub-
group including bicarbonate (26.7 + 3.3 mmol/L vs. 27.5 £ 2.5
mmol/L, P=0.3834) or chloride (100.6 = 5.2 mmol/L vs. 100.2
+ 2.2 mmol/L, P = 0.6378) in those treated with NS and CSL
respectively were also not significantly different.

The normalized serum chloride concentration change was
calculated for the NS and CSL infusion groups. For patients
who received NS infusions, the mean serum ACl/day/L was
calculated to be an increase of 1.2 + 4.0 mmol/L per day per L
of infusion. Patients who received CSL infusions had a mean
decrease of 0.3 = 1.5 mmol/L per day per L of infusion. A sta-
tistical significance was noted between the NS and CSL infu-
sion groups (95% CI 0.35 - 2.82, P=0.0121).

Fluid infusion and patient outcomes

Patients who received NS infusions were more likely to have
a longer hospital stay (Table 3). The mean length of admission
was 5.8 days for patients who received NS infusions, compared
to 3.5 days for patients who had CSL infusions (P < 0.0007).

Of the patients who received NS infusions, there were also 10
patients (6.1%) who experienced AKI (according to biochemi-

Table 3. Summary Statistics of Patient Outcomes Broken Down by Fluid Infusion Received

Outcomes Ne.

NS (n =164) CSL (n =57) P-value
Length of stay, mean (SD), days 5.8(4.9) 3522 0.0007
Acute kidney injury (KDIGO) 10 (6.1%) 0 (0.0%) 0.0564
Death during admission 6 (3.7%) 0 (0.0%) 0.1432

KDIGO: Kidney Disease: Improving Global Outcomes clinical practice guideline 2009.
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cal criteria from KDIGO) during their admission, and six pa-
tients (3.7%) who died during admission. There were no cases
of AKI or deaths, from the CSL cohort. These results for AKI
and deaths during admission were however not statistically
significant, hence no associations were found for a particular
fluid infusion.

Fluid prescribing differences between units

There was a significant difference in the choice of prescribing
fluids between the general medical unit and the general surgi-
cal unit. The medical unit was associated with more prescrip-
tions of NS infusions, where 161 NS and 17 CSL infusions
were given. Meanwhile, the surgical group was more likely to
prescribe CSL infusions, where 13 NS and 44 CSL infusions
were given (P <0.0001).

Discussion

This study aimed to provide an insight into how fluid prescrib-
ing practices in general medical and surgical units affect the
serum biochemistry of patients. In particular, we sought evi-
dence for differences in the incidence of HCMA relating to
the type of fluid infused. In our study, there was no significant
increase in the development of hyperchloremia for patients
who received NS infusions, compared to those receiving CSL
infusions. The surrogate measure of hyperchloremia without
measuring pH was used to indirectly infer HCMA. There was
a low occurrence of hyperchloremia, comparable between
both infusion groups, with a highly non-significant P-value (P
= 1.0). Although the study was limited by not being able to
collect data on acidosis, these findings suggest that HCMA is
a condition that would infrequently affect general medical and
surgical patients given under 3 L of fluid. Furthermore, there
was no significant difference in the post-infusion mean serum
sodium, chloride or bicarbonate levels when comparing NS to
CSL infusions for all patients, as well as in the medical and
surgical subgroups. The normalized change in chloride con-
centration per day per L of infusion was calculated for both the
patients who were infused with NS and those with CSL. There
was a significant difference in the change in chloride concen-
tration noted (95% CI 0.34 - 2.82, P = 0.0121), however this
change is clinically insignificant.

These findings are consistent with the recently published
data from Self et al [8] in fluid administration for non-critically
ill patients. Outcome measures used in their controlled trial
were primarily clinical, although changes in serum biochemis-
try were also reported. In their study however, serum biochem-
istry changes were studied for patients upon presentation to the
emergency department, the patient population hence differs to
our general medical and surgical unit inpatients who receive
intravenous therapy in lower rates. Nevertheless, our results
strengthen the suspicion that there is no discernible difference
in the use of NS compared to CSL infusions in outcomes rel-
evant to kidney function, in non-critically ill patients. It is also
worthy to note that our study represents the first Australian
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based cohort study in this field, extending the generalisabil-
ity of the large-scale trial results demonstrated in the United
States [8, 10].

In addition to the above biochemical findings, our second-
ary clinical outcome results demonstrated no significant differ-
ence for deaths during admission between NS and CSL infused
groups. AKI rates between NS and CSL groups bordered sig-
nificance (P = 0.0564). The possibility of NS infusions leading
to AKI from this study should be interpreted alongside other
studies investigating the effect of NS infusions. NS infusions
have been associated with greater chloride administration and
high rates of resultant renal dysfunction in some cases [1, 11].
On the contrary, recent evidences in both the critical and non-
critical care setting (with both small and large volume infu-
sions), have suggested that there is no significant difference in
severe AKI rates when comparing NS to a balanced crystalloid
solution [2, 7, 8, 10]. Our data add to the literature investigat-
ing the effects of intravenous infusions on AKI incidence.

We believe this is the first study to investigate the pres-
ence of adverse effects of NS infusions in a general medical or
surgical setting with volumes under 3 L. Our study is strength-
ened by robust data collecting methods for fluids administered,
along with objective and standardised biochemistry results for
analysis. Nonetheless, there are also limitations relating main-
ly to the limits of collecting medical record data. In particu-
lar, the comorbidities taken from discharge summaries may be
incomplete when compared to accessible investigation results
(e.g. chronic kidney disease (¢GFR < 60 mL/min) was not in-
cluded in this study as a comorbidity, as this condition in the
discharge summaries did not correspond when audited against
the biochemical results that were available, i.e. a proportion of
the patients were underreported). This study has also not ex-
plored the impact that concurrent medications have (we did not
exclude the use of diuretics as an example). Data on oral intake
were also not available. These parameters would be useful for
a future prospective study as opposed to a retrospective collec-
tion in this study. Our data on fluid infusions were limited not
only by the manual recording of volume infused, but also from
not stating the volume status of the patient before and after, but
also the reason why particular fluids were prescribed, masking
potential indications such as correcting fluid imbalances. Un-
fortunately, due to the nature of retrospective studies like this,
our sample population cohorts were also not completely simi-
lar in patient demographics potentially causing confounding
by selection biases. Any imbalance in comorbidity prevalence,
as well as absence of diagnosis information may also be a con-
founder in the study regards fluid choices. Finally the limi-
tation of only studying patients with sufficient data available
affects the overall impact of our findings. Multivariate analysis
was omitted from this study, as additional strong inferences
would not be likely drawn from our relatively small sample
size. In addition, a choice to not implement a severity of ill-
ness score (such as a Charlson comorbidity index), was made
due to the heterogeneous data that were obtained from medical
records. The varying amount of information recorded would
limit the application and utility of this additional analysis.

An unexpected positive result was the longer length of
stay in patients receiving NS compared to CSL. Other previous
studies on this topic have not observed this effect. We believe
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that confounders may have contributed to our positive result.
Despite the cohorts exhibiting mostly similar baseline charac-
teristics, there was a very significant difference in the propor-
tion of patients from medical or surgical units in the NS and the
CSL cohorts. It is likely that the length of stay is influenced by
age as well as the reason for admission, related to the admitting
unit for which the patients were categorised under. Depend-
ing on the diagnosis that the patient is admitted for, as well as
the indication for the fluid being prescribed, this may account
for the effects observed on length of stay, and in association,
severity of illness. Future studies researching the use of crys-
talloid infusions in general medical and surgical patients may
be able to expand on the findings seen here, by looking at the
indications for fluids administered like dehydration.

Conclusions

Our study did not find an association with HCMA when vol-
umes of under 3 L of fluid (NS compared to CSL) for general
medical or surgical patients. This study is in contrast with previ-
ous studies of large volume use, where NS infusions have been
suggested to result in adverse effects. This study will aid fluid
prescription preferences when considering clinician’s concern
for adverse effects accompanying intravenous fluid therapy.
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