
Preoperative abnormalities in serum sodium
concentrations are associated with higher in-hospital
mortality in patients undergoing major surgery
M. Cecconi1,*, H. Hochrieser2, M. Chew4, M. Grocott5, A. Hoeft6, A. Hoste7,
I. Jammer8, M. Posch2, P. Metnitz3, P. Pelosi9, R. Moreno10, R. M. Pearse11,
J. L. Vincent12 and A. Rhodes1 for the European Surgical Outcomes Study
(EuSOS) group for the Trials groups of the European Society of Intensive Care
Medicine and the European Society of Anaesthesiology
1Anaesthesia and Intensive Care, St George’s Hospital and St George’s University of London, London, UK, 2Center
for Medical Statistics, Informatics, and Intelligent Systems, 3Clinical Department of General Anaesthesiology,
Emergency- and Intensive Care Medicine, Department of Anaesthesiology and Intensive Care Medicine, LKH -
University Hospital of Graz, Medical University of Graz, Austria, 4Department of Anaesthesia and Intensive Care
and Institute of Clinical Sciences Malmö, Lund University, Lund, Sweden, 5Anaesthesia and Critical Care
Medicine, University of Southampton, Southampton, UK, 6Department of Anaesthesiology, University of Bonn,
Bonn, Germany, 7Intensive Care Unit, Ghent University Hospital, Ghent, Belgium, 8Department of Anaesthesia
and Intensive Care, Haukeland University Hospital, Bergen 5021, Norway, 9Department of Surgical Sciences and
Integrated Diagnostics, IRCCS San Martino IST, University of Genoa, Genoa, Italy, 10Hospital de São José, Centro
Hospitalar de Lisboa Central, EPE, UCINC, Lisbon, Portugal, 11Barts and The London School of Medicine and
Dentistry, Queen Mary University of London, London, UK, and 12Department of Intensive Care, Erasme Hospital,
Université Libre de Bruxelles, Brussels, Belgium

*Corresponding author. E-mail: mcecconi@sgul.ac.uk

Abstract
Background: Abnormal serum sodium concentrations are common in patients presenting for surgery. It remains unclear
whether these abnormalities are independent risk factors for postoperative mortality.
Methods: This is a secondary analysis of the European Surgical Outcome Study (EuSOS) that provided data describing 46 539
patients undergoing inpatient non-cardiac surgery. Patients were included in this study if they had a recorded value of
preoperative serum sodiumwithin the 28 days immediately before surgery. Data describing preoperative risk factors and serum
sodium concentrations were analysed to investigate the relationship with in-hospital mortality using univariate and
multivariate logistic regression techniques.
Results: Of 35 816 (77.0%) patients from the EuSOS database, 21 943 (61.3%) had normal values of serum sodium (138–142mmol
litre−1) before surgery, 8538 (23.8%) had hyponatraemia (serumsodium≤137mmol litre−1) and 5335 (14.9%) had hypernatraemia
(serum sodium ≥143 mmol litre−1). After adjustment for potential confounding factors, moderate to severe hypernatraemia
(serum sodium concentration ≥150 mmol litre−1) was independently associated with mortality [odds ratio 3.4 (95% confidence
interval 2.0–6.0), P<0.0001]. Hyponatraemia was not associated with mortality.
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Conclusions: Preoperative abnormalities in serumsodiumconcentrations are common, andhypernatraemia is associatedwith
increased mortality after surgery. Abnormalities of serum sodium concentration may be an important biomarker of
perioperative risk resulting from co-morbid disease.
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Editor’s key points

• Abnormalities of serum sodium (dysnatraemia) are likely to
be associated with increased perioperative risk.

• Dysnatraemias aremore common in thosewith co-morbid-
ity or undergoing emergency surgery.

• Dysnatraemia could be a useful biomarker of perioperative
risk and warrant further investigation before surgery.

Postoperative mortality and morbidity are significant problems
for health-care systems.1–3 A better understanding of the pre-
operative factors associated with postoperative complications
could lead to improved methods of risk stratification. This
could allow more effective allocation of perioperative care re-
sources in order to maximize the benefit to the greatest number
of patients.4–6 A number of tests are routinely performed before
surgery, but the predictive utility of most investigations is un-
clear.7 8 The UK National Institute for Health and Care Excellence
(NICE) has confirmed the paucity of information regarding the
clinical value of preoperative electrolyte testing.

Serum sodium concentrations are commonlymeasured before
major surgery. Sodium, chloride, and bicarbonate ions contribute
∼90% of the extracellular osmolality. In normal homeostatic con-
ditions, serum sodium concentrations are maintained within a
very tight range (138–142 mmol litre−1), although values slightly
outside this range are often considered normal. Previous studies
suggest that dysnatraemia, defined as either hyponatraemia or
hypernatraemia, is associated with worse outcomes in medical
and surgical patients in both hospital wards and intensive care
units (ICUs)9–14 and is associated with increased health-care
costs.15 However, there are few published data exploring the asso-
ciation between preoperative dysnatraemia and postoperative
adverse outcomes. Recently, Leung and colleagues16 17 reported
that both preoperative hypo- and hypernatraemia are independ-
ently associated with increased hospital mortality, length of hos-
pital stay, and complications in surgical patients. Similar
associations have been found in postsurgical ICUs.18 Given that
derangements of serum sodium are detected using routine pre-
operative blood tests and are potentially treatable, understanding
the implications of dysnatraemia for perioperative outcomes is of
great importance.

We therefore performed a secondary analysis of data col-
lected during the European Surgical Outcomes Study (EuSOS)19

to describe the relationship between preoperative serum sodium
concentration and postoperative mortality, in order to evaluate
whether dysnatraemia is independently associated with death
after surgery.

Methods
This study is a secondary analysis of data collected during amajor
prospective observational study of non-cardiac surgery (EuSOS).
The investigators collecteddataonall patientsundergoing surgery
in participating hospitals within a 1week period in April 2011. Full
methodological details can be found in the original publication.19

All surgical patients were enrolled unless they were <16 yr of age
or were having outpatient, obstetric, cardiac, or neurosurgical
procedures.

Cohort description

Patients were included in this analysis if there were complete
data describing preoperative serum sodium measurements and
postoperative hospital mortality in the database. For the pur-
poses of the present study, a preoperative serum sodium meas-
urement was the most recent measurement performed within
the 28 days before surgery. Patientswere excluded if theywere re-
cruited in a hospital that provided data describing 10 patients or
fewer in the study week, or in hospitals above the 95th centile for
mortality.

Definitions

For the analyses, seven intervals were defined from severe hypo-
natraemia to severe hypernatraemia,with the reference serumso-
dium interval defined as being between 138 and 142 mmol litre−1.

Statistical analysis

The primary outcome measure was in-hospital mortality, cen-
sored at 30 days. Statistical analyses were performed with SAS
(version 9.2, produced by Statistical Analytical Software, North
Carolina State Universtity, USA) and R (version 2.13.0 produced
by R Development Core Team). Categorical variables are pre-
sented as n (%) and continuous variables as mean (). Results
of statistical models are reported as adjusted odds ratios (ORs)
with 95% confidence intervals (CIs).

General estimating equations were used to assess the associ-
ation between preoperative serum concentration and subse-
quent postoperative in-hospital mortality. First, the association
between the risk factors and in-hospital mortality was explored
using logistic regression analysis, including the dysnatraemia
groups as fixed factors only. All factors significantly associated
with mortality (P<0.05) were then entered as covariables into a
general estimating equation regression model, accounting for
clustering of patients within sites. Patients were excluded if
their data were missing values for any of the covariates. Patients
with serum sodium concentrations within the normal range
(138–142 mmol litre−1) were used as the reference group. To
account for multiple comparisons, an adjusted two-sided signifi-
cance level of P<0.008 (0.05/6) was applied.

In order to illustrate graphically the association between pre-
operative serum sodiumconcentration andmortality, a logistic re-
gression function was estimated using splines. We expected the
association between mortality and extreme values for serum so-
dium concentrations to be unreliable because of low patient num-
bers. Patients with serum sodium values from the lowest and
highest 0.25% of valueswere therefore excluded from the analysis.
In a secondary analysis, resource utilization variables were com-
pared across the sodium categories in univariate analysis using
the analysis of variance () and χ2 tests.

Three sensitivity analyses were performed to assess the ro-
bustness of the results. Two multivariate generalized estimating
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