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Aetiology of hyponatraemia after hip fracture
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Abstract In this study, we report the prevalence and
aetiology of hyponatraemia after surgery for hip fracture. We
conducted a retrospective analysis of 144 consecutive patients
who underwent surgery after sustaining a hip fracture. Data
were collected frommedical case records, operative notes and
electrolyte results. Univariate and logistic regression analysis
was conducted in order to identify significant independent risk
factors for the development of hyponatraemia. Mild
hyponatraemia was relatively common affecting 19 % (28/
144) of patients pre-operatively and 28 % (40/144) post-oper-
atively. However, moderate/severe hyponatraemia (plasma so-
dium concentration <130 mmol/l) was uncommon, affecting
1 % (2/144) of patients at the time of admission and 6 %
(9/144) of patients post-operatively. Univariate analysis iden-
tified: female gender, pre-operative hyponatraemia, hypotonic
fluid administration and thiazide diuretic use as being associ-
ated with the development of post-operative hyponatraemia.
Age had no statistically significant association. Logistic re-
gression analysis identified female gender, pre-operative
hyponatraemia and hypotonic fluid administration being sig-
nificant, independent risk factors for the development of
hyponatraemia. Age and thiazide diuretics both had positive
risk associations; however, these were not statistically signif-
icant. Mild hyponatraemia is a common finding in hip fracture
patients; however, more severe cases are relatively rare. Pre-

operative hyponatraemia and hypotonic fluid administration
were the only modifiable risk factors identified.
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Introduction

Hyponatraemia is one of the most common electrolyte distur-
bances to affect the elderly population affecting up to 12% of
individuals over 75 years of age [1]. In hospitalised patients,
the prevalence is even higher and is often iatrogenic in origin
[1]. Severe hyponatraemia is associated with considerable
morbidity and mortality; however, even mild hyponatraemia
may negatively affect outcomes in patients with co-
morbidities such as cardiac failure [2–4]. Hyponatraemia can
be very difficult to diagnose clinically, particularly in the peri-
operative period. Symptoms of hyponatraemia are non-specific
and include nausea, vomiting, malaise muscle cramps and fa-
tigue. Consequently, hyponatraemia may initially go
unrecognised unless a high degree of clinical suspicion is main-
tained. More severe cases may result in confusion, seizures and
permanent brain damage or death secondary to cerebral oedema.

The potential problem of hyponatraemia in orthopaedic
patients was highlighted by a somewhat controversial article
by Lane et al. [5]. The authors claimed that Btoo many ortho-
paedic surgeons seem unaware of the dangers of
hyponatraemia or its characteristic neurological symptoms^.
Whilst there is undoubtedly a degree of truth in this statement,
it was however based on an anecdotal experience rather than
scientific evidence from the medical literature. As such, this
article provoked much debate regarding the issue of
hyponatraemia in post-operative orthopaedic patients [6–10].
Each year, in the United Kingdom, approximately 80,000

* Alison Winter
alison.winter@doctors.org.uk

1 Department of Trauma and Orthopaedic Surgery, University Hospital
Crosshouse, Kilmarnock Road, Kilmarnock KA2 0BE, UK

2 Department of Mathematics and Statistics, University of the West of
Scotland, Paisley PA1 2BE, UK

Eur Orthop Traumatol (2015) 6:163–168
DOI 10.1007/s12570-015-0303-5



patients undergo surgery after sustaining a hip fracture. There
is however a relative paucity of evidence regarding the true
prevalence and independent risk factors for the development
of hyponatraemia in elderly trauma patients [11, 12]. Hip frac-
ture patients represent a complex cohort to manage due to the
requirement of multiple disciplines in their management and
often significant past medical history. As such hip fractures are
often described as a tracer condition, whereby the manage-
ment of these patients represents the wider standard of trauma
care.

Patients and methods

We performed a retrospective analysis of 144 consecu-
tive patients who underwent surgery after sustaining a
hip fracture. Medical case records were reviewed to
identify patient demographics, drug prescription charts,
operation notes and documentation of post-operative
morbidity/mortality. Electrolyte results were also collect-
ed from the time of admission to discharge from the
acute orthopaedic ward. Fluid administration charts were
used to calculate the type and volume of intravenous
fluids administered in the pre-operative, intra-operative
and post-operative period. Normal (0.9 %) saline,
packed red cells and Hartmann’s solution were classed
as isotonic fluids and 5 % dextrose as hypotonic.
Saline/dextrose and colloid solutions were not pre-
scr ibed to any pat ient involved in the s tudy.
Hyponatraemia was subclassified into 3 categories based
on the serum sodium concentration (mmol/l) as follows:
mild (134.9–130.0), moderate (129.9–125.0) and severe
(<125.0).

Statistical analysis was performed using SPSS versus 16.0
software (SPSS Inc, Chicago, Illinois). Univariate analysis
was performed to determine the effects of five previously re-
ported risk factors for the development of hyponatraemia in-
cluding age, gender, thiazide diuretic use, pre-operative
hyponatraemia and hypotonic fluid administration. As these
factors may have confounding effects we subsequently used
logistic regression models to investigate the independent ef-
fects of each variable.

Results

A total of 155 consecutive patients who underwent operative
treatment of a hip fracture were initially identified. Due to
incomplete data being available, 11/155 (8 %) patients were
excluded. The mean age of the remaining cohort of 144 pa-
tients was 80 years (range 32–102 years, SD±11.3 years).
Females accounted for 75 % of those in the study. Operative
procedures included dynamic hip screw 70/144 (49 %), hemi-

arthroplasty 69/144 (48 %), intra-medullary nail 3/144 (2 %)
and total hip arthroplasty 2/144 (1 %).

Hyponatraemia was identified in 21 % (30/144) of pa-
tients at the time of admission. However, although
hyponatraemia was relatively common, 28/30 (93 %) cases
were mild and only 2/30 (7 %) moderate. As such, 19 %
(28/144) of patients were diagnosed with mild
hyponatraemia and 1 % (2/144) moderate hyponatraemia
on admission. No severe cases were identified. Correction
of hyponatraemia was initiated in all patients on admis-
sion, but achieved pre-operatively in only ten of these 30
cases (33 %). In the patients who had hyponatraemia at
the time of surgery, anaesthetic review was preformed pre-
operatively, and the risks of proceeding in the presence of
hyponatraemia balanced against the risks of delaying sur-
gery. Consequently, at the time of surgery, 124/144 (86 %)
patients had a normal serum sodium concentration, and
20/144 (14 %) had on-going hyponatraemia (two moderate
cases and 18 mild).

Post-operatively, the number of patients identified as hav-
ing hyponatraemia increased from 20/144 (14 %) to 49/144
(34 %) patients. Of the 20 patients who underwent surgery
with a low serum sodium concentration, all remained
hyponatraemic post-operatively up to 72 h. Of the 18 cases
of uncorrected mild hyponatraemia, 11/18 remained un-
changed, 6/18 developed moderate and 1/18 developed severe
hyponatraemia. The two remaining patients with uncorrected
moderate hyponatraemia both improved tomild within 72 h of
surgery.

In the remaining 124/144 patients who underwent
surgery with a normal serum sodium concentration, 29/
49 (59 %) cases of post-operative hyponatraemia devel-
oped. As such, 23 % (29/124) of patients with a normal
serum sodium concentration at the time of surgery de-
veloped hyponatraemia post-operatively. Again, the ma-
jority of these new cases were mild (27/29, 93 %) and
2/29 (7 %) moderate. Of this cohort of new onset cases
of hyponatraemia, all were corrected prior to discharge
from the acute orthopaedic unit.

At the time of transfer/discharge from the acute orthopaedic
ward, 7/141 (5 %) surviving patients had a serum sodium
concentration less than 135 mmol/l; all of whom had uncor-
rected mild hyponatraemia at the time of surgery. Of this co-
hort, 5/7 cases had mild, 1/7 moderate and 1/7 severe
hyponatraemia. No permanent neurological impairment was
recorded as a consequence of hyponatraemia.

Three deaths occurred in the peri-operative period,
two of which involved patients with no history of
hyponatraemia. The remaining death occurred in a pa-
tient who developed severe congestive cardiac failure
post-operatively with a plasma sodium concentration of
127 mmol/l. The hyponatraemia was secondary to the
cardiac failure and not the cause of death.
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Risk factors for the development of post-operative
hyponatraemia

Pre-operative hyponatraemia One hundred percent (20/20)
of patients who had hyponatraemia at the time of surgery
continued to have a low plasma sodium concentration at
72 h post-operatively compared to 23 % (29/124) of those
who had a normal plasma sodium concentration. Although
mild hyponatraemia was relatively common, only 2 %
(2/124) of patients who underwent surgery with a normal
plasma sodium concentration developed moderate
hyponatraemia post-operatively (no severe cases recorded)
compared to 35 % (7/20) in the cohort who were known to
have hyponatraemia at the time of surgery. Univariate analysis
identified a significant association between pre-operative
hyponatraemia and the risk of post-operative hyponatraemia
(chi2=18.0, odds ratio=5.72 (95 % CI 2.40–14.0, p<0.001)).

Dextrose administration The mean total volume of all intra-
venous fluids administered to each patient in the peri-
operative period (from admission to 72 h post-op) was
6436 mls (range 2000–14500 mls, SD±2390 mls). The mean
volume of 5 % dextrose administered was 1150 mls (range 0–
4000 mls, SD±930 mls). Five percent dextrose accounted for
a total of 18 % of pre-operative, 0 % of intra-operative and
23 % of post-operative fluids administered.

We subsequently analysed the effects of volume of dex-
trose administration and risk of post-operative hyponatraemia.
An initial analysis using volume four categories (with the first
being 0 mls and the second being 1–999 mls) showed no
difference in risk of developing post-operative hyponatraemia
between the first two categories. As such, three categories
were subsequently used to improve the power of the analysis:
0–999 mls, 1000–1999 mls and 2000 mls or greater (as a total
administered over the peri-operative period). Univariate anal-
ysis identified a significant association (chi2=9.94, p<0.001)
between volume of dextrose administered and the proportion
of patients who developed post-operative hyponatraemia.

Age The incidence of hyponatraemia in patients over 80 years
of age was 58 % (29/50) versus 24 % (4/17) for those under
70 years of age. In order tomore accurately assess the association
between age and the risk of post-operative hyponatraemia we
divided age into 10-year cohorts. Univariate analysis did not
identify any significant relationship between age and post-
operative hyponatraemia (chi2=4.9, p=0.45). A similar analysis
had similar findings for the risk of pre-operative
hyponatraemia.

Thiazide diuretic administration At the time of admission,
15/144 (10 %) patients were prescribed thiazide diuretics. Of
this cohort, 6/15 (40 %) were diagnosed with hyponatraemia
on admission and 9/15 (60 %) post-operatively (all cases

mild). Univariate analysis identified a significant relationship
between thiazide diuretic use and the development of post-
operative hyponatraemia (odds ratio=3.3 (95 % CI 1.1–10.0,
p=0.03)).

Gender The incidence of post-operative hyponatraemia was
significantly different between genders. Seventy-one percent
(44/62) of females developed post-operative hyponatraemia
versus 15 % (5/3) of males (chi2=10.0, odds ratio=3.2
(95 % CI 1.4–7.4, p=0.001)).

Such univariate analyses are complicated by the fact that
each of the variables analysed may confound the effects of the
others. To control for such effects a hierarchical logistic re-
gression model was constructed (with post-operative
hyponatraemia as the dependent variable). In the first block,
four potential confounding variables were entered, such as
gender, age, thiazide diuretic use and pre-operative
hyponatraemia. The −2Log Likelihood value fell by 29.72
showing that these four variables were significantly related
to post-operative hyponatraemia (chi2=29.7, p<0.001). In
the second block, volume of dextrose was added as a three
level categorical variable with those with under 1 L of dex-
trose as the baseline. This significantly reduced the −2Log
Likelihood value by a further 9.44 (chi2 (2)=9.44, significant
at p<0.05). Hence, percentage of dextrose was a significant
predictor of post-operative hyponatraemia even after allowing
the effects of the other confounding variables.

Table 1 lists the regression coefficients for the final model.
Of the five predictor variables, three of them are significant,
such as gender, pre-operative hyponatraemia and volume of
dextrose administered. Increasing age and prescription of thi-
azide diuretics had coefficients that were in line with existing
literature and increased the odds of post-operative
hyponatraemia, however, were not statistically significant
predictors.

Discussion

Despite the fact that each year, in the United Kingdom, ap-
proximately 80,000 patients undergo surgery after sustaining a
hip fracture; very few studies directly address the important
issue of hyponatraemia in this patient group [11, 12].
Hyponatraemia warrants investigation and assessment as mor-
tality risk increases with even mild derangement and is asso-
ciated with increased length of hospital stay [13]. Admission
hyponatraemia has been associated with increased in hospital
death in hip fracture patients with an odds ratio of 3.64 [14].

Post-operative hyponatraemia has also been reviewed.
Tambe et al. [12] found a hyponatraemia incidence of 2.8 %;
however, this study included all trauma patients admitted.
However, 78 % of the patients that developed hyponatraemia
had sustained hip fractures, reiterating that hyponatraemia is a
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particular concern in this patient group. Hyponatraemia is not
a problem specific to trauma admissions. Rates of up to 40 %
have been identified in patients undergoing elective
arthroplasty surgery [15].

However, this is the first study of elderly orthopaedic pa-
tients to use logistic regression models to investigate the inde-
pendent effects of several risk factors for the development of
hyponatraemia in the peri-operative period. In an earlier study
of the prevalence hyponatraemia in hip fracture patients,
McPherson et al. [11] reported an incidence of pre-operative
and post-operative hyponatraemia of 2.8 % (defined as a plas-
ma sodium concentration less than 130 mmol/l). This com-
pares to 1 % and 6 %, respectively, in this series.

The clinical presentation of hyponatraemia depends upon
both the severity and the rate of fall in the plasma sodium
concentration. Reduced plasma sodium concentration creates
an osmotic gradient between the extracellular and intracellular
fluid in brain. This leads to movement of water molecules into
cells causing cerebral oedema and raised intracranial pressure.
Patients with mild hyponatraemia (plasma sodium 130–
135 mmol/l) are often asymptomatic. When the plasma sodi-
um concentration falls to 125–130 mmol/l, the patient may
report nausea and malaise [16]. Headache, lethargy and dis-
orientation may follow as the sodium concentration falls fur-
ther. With severe and rapidly evolving hyponatraemia the pa-
tient may develop acute cerebral oedema resulting in seizures,
coma, respiratory arrest, permanent brain damage and ulti-
mately death [16]. In patients who develop chronic
hyponatraemia over a long period of time, the brain is able
to adapt and the patient may be entirely asymptomatic even in
the presence of quite severe hyponatraemia [16].

Although there are many causes of hyponatraemia, the
aetiology in the post-operative hip fracture patient is generally
consistent, although it is usually multi-factorial (Table 2). Fe-
males account for up to 80 % of patients admitted to hospital
with a hip fracture and are more likely to develop post-
operative hyponatraemia as a consequence of their relatively
smaller total body fluid volume [5]. Many patients who sus-
tain a hip fracture (in this series 10 %) have long term

prescriptions for thiazide diuretics to control hypertension,
which may cause chronic mild/moderate hyponatraemia
[16]. The use of spinal anaesthesia may result in excessive
intravenous fluid administration to counteract the effects of
sympathetic block [10].

When a patient sustains a significant trauma and/or un-
dergoes surgery, electrolyte homeostasis is often altered. Me-
diated by vasopressin (anti-diuretic hormone), the rennin an-
giotensin system and cathecholamines, water is retained, thus
effectively diluting serum sodium concentrations. One should
however remember that although commonly cited as a cause
of hyponatraemia in post-surgical patients, the syndrome of
inappropriate diuretic hormone (SIADH) release is a diagnosis
of exclusion in the euvolaemic patient, and other causes of
hyponatraemia must always be considered and excluded.

Five percent dextrose solution is termed a hypotonic fluid
as the dextrose is the solution that is quickly metabolised in
the blood leaving free water which is hypotonic [16, 17].
Although 5 % dextrose is an important source of free water
for maintenance, it should be used with great caution as ex-
cessive amounts may cause dangerous hyponatraemia, espe-
cially in the elderly. Similarly, 5 % dextrose is not appropriate
for resuscitation or replacement therapy except in conditions
of significant free water deficit such as diabetes insipidus [16,
17]. Several studies have linked hypotonic infusions with in-
creased morbidity and mortality in post-operative patients
[1–4]. This is a particular problem in elderly trauma patients
who are already at significant risk of developing
hyponatraemia for the reasons listed previously. The principle
patient group who require administration of 5 % dextrose is
the diabetic patient who is prescribed an insulin/dextrose/po-
tassium infusion whilst fasting for surgery. However, only 3/
144 (3 %) patients required glycaemic control to be managed
in our study cohort. However, in our study, there were rela-
tively large amounts of dextrose given to patients, and further
education of junior staff on the appropriate use of 5 % dex-
trose is clearly imperative.

The British Consensus Guidelines on Intravenous Fluid
Therapy for Adult Surgical Patients (GIFTASUP 2008) makes

Table 1 Predictor coefficients from logistic regression analysis

Variable B S.E. Significance p Relative risk 95 % CI

Female gender 1.25 0.56 0.03 3.49 1.16 10.48

Age 0.03 0.02 0.16 1.03 −0.85 4.35

Prescription of thiazide 1.11 0.64 0.09 3.02 −0.92 14.21

Pre-operative hyponatraemia 1.62 0.50 0.00 5.03 1.91 13.27

1000–1999 mls dextrose 1.29 0.50 0.01 3.63 1.37 9.64

>2000 mls dextrose 1.47 0.58 0.01 4.34 1.39 13.56

Overall the final model was a reasonable fit (Nagelkerke R square=0.33). Dependent variable: post-operative hyponatraemia. Variables highlighted in
italicised text are significant at p<0.05

B logistic regression coefficient, SE standard error, CI confidence interval
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Table 2 Common causes of hyponatraemia [13]

Normovolaemic Hypovolaemic Hypervolaemic

Urine sodium >30 mmol/l
• Syndrome of inappropriate anti-diuretic
hormone secretion (SIADH)a

• Hypothyroidism
• Hypopituitarism
• Primary polydipsia
• Excessive administration of parenteral
hypotonic fluidsa

• Post-transurethral prostatectomy

Extra-renal loss, urine sodium <30 mmol/l
• Dermal losses e.g. burns
• Gastrointestinal losses e.g. vomiting, diarrhoea
• Pancreatitis
• Surgical lossesa

Urine sodium <30 mmol/l
• Congestive cardiac failurea

• Cirrhosis with ascites
• Nephrotic syndrome

Renal loss, urine sodium >30 mmol/l
• Diureticsa

• Salt wasting nephropathy
• Cerebral salt wasting
• Mineralocorticoid deficiency

Urine sodium >30 mmol/l
• Chronic renal failurea

a Denotes likely aetiology in a post-operative hip fracture patient

Fig. 1 Assessment and
management of hyponatraemia
[16, 18]
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the following evidence based recommendations on fluid re-
placement therapy [17]. No intravenous infusion should be
continued routinely and intravenous infusions discontinued
as soon as possible. Prescribers of intravenous fluidsmust take
care to assess the patient’s sodium, chloride, potassium and
water requirements, and prescription should not bemadewith-
out such knowledge. No intravenous fluid should be regarded
as Bintrinsically safe^ [16, 17].

Whilst detailed descriptions of the causes and treatment
of hyponatraemia are beyond the scope of this article, the
authors would refer the reader to a comprehensive article
by Reynolds et al. which covers this topic in great detail
[16]. All hip fracture patients should have their serum
electrolytes checked on admission, on the first post-
operative day and regularly thereafter. If a patient is found
to be hyponatraemic, an assessment should be made of
their fluid status to guide further investigation and man-
agement (Fig. 1). If a patient is unable to tolerate oral
fluids, then the electrolytes should be monitored daily
whilst receiving intravenous fluids. A patient who displays
any of the non-specific symptoms or signs associated with
hyponatraemia should have their serum electrolytes
checked as a matter of urgency. If hyponatraemia develops
then management should be discussed at an early stage
with a clinical biochemist or endocrinologist. It is impor-
tant that patients who are acutely confused are investigated
thoroughly, so that potentially reversible causes such as
hyponatraemia can be identified and treated. Although
the confusional state associated with more severe
hyponatraemia may be reversible, it can result in perma-
nent brain damage or even death. Table 2 outlines the
common causes of hyponatraemia.

Conclusion

Mild hyponatraemia is a common diagnosis in hip fracture
patients both pre and post-operatively. Whilst the majority of
cases in this series were mild, only 6 % of patients developed
moderate/severe hyponatraemia post-operatively. Female gen-
der, pre-operative hyponatraemia and hypotonic fluid admin-
istration are all important and independent risk factors for the
development of hyponatraemia. Hypotonic intravenous fluids
should be avoided unless specifically clinically indicated in
hip fracture patients. The orthopaedic surgeon must be aware
that hyponatraemia is a common and potentially life threaten-
ing condition which must be considered in any confused or
unwell patient.
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