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ORIGINAL ARTICLE

Investigation and management of serum sodium after subarachnoid haemorrhage
(SaSH): a survey of practice in the United Kingdom and Republic of Ireland

Steven Tomineya� , Kirun Bawejab�, Julie Woodfieldc,d , Thomas J. G. Chamberse,f , Michael T. C. Poond,g ,
Anthony N. Wigginsd, Paul M. Brennanc,d and James J. M. Loanc,d,e

aDepartment of General Medicine, Queen Elizabeth University Hospital, Glasgow, UK; bDepartment of Surgery, Glasgow Royal Infirmary,
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Edinburgh, UK; eCentre for Discovery Brain Sciences, University of Edinburgh, Edinburgh, UK; fEdinburgh Centre for Diabetes and Endocrinology,
NHS Lothian, Royal Infirmary of Edinburgh, Edinburgh, UK; gUsher Institute, University of Edinburgh, Edinburgh, Edinburgh, UK

ABSTRACT
Background: Hyponatraemia is a common complication of aneurysmal subarachnoid haemorrhage (SAH).
We aimed to determine current neurosurgical practice for the identification, investigation and manage-
ment of hyponatraemia after SAH.
Methods: An online questionnaire was completed by UK and Irish neurosurgical trainees and consultant
collaborators in the Sodium after Subarachnoid Haemorrhage (SaSH) audit.
Results: Between August 2019 and June 2020, 43 responses were received from 31 of 32 UK and Ireland
adult neurosurgical units (NSUs). All units reported routine measurement of serum sodium either daily or
every other day. Most NSUs reported routine investigation of hyponatraemia after SAH with paired serum
and urinary osmolalities (94%), urinary sodium (84%), daily fluid balance (84%), but few measured glucose
(19%), morning cortisol (13%), or performed a short Synacthen test (3%). Management of hyponatraemia
was variable, with units reporting use of oral sodium supplementation (77%), fluid restriction (58%), hyper-
tonic saline (55%), and fludrocortisone (19%).
Conclusions: Reported assessment of serum sodium after SAH was consistent between units, whereas
management of hyponatraemia varied. This may reflect the lack of a specific evidence-base to
inform practice.
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Background

Subarachnoid haemorrhage (SAH) affects 6–12 persons per
100,000 population in the UK each year.1 Hyponatraemia is
found in 19–56% of patients with SAH,2–4 and is often attributed
to the syndrome of inappropriate antidiuretic hormone (SIADH),
cerebral salt wasting syndrome (CSW) or vomiting.4–6

Hyponatraemia due to SIADH may be compounded by high vol-
ume intravenous isotonic fluid supplementation administered to
reduce risk of, or to treat, delayed cerebral ischemia where
sodium and water excretion are not in equilibrium.7

Hyponatraemia is reported to be associated with increased risk of
seizures, length of hospital stay, mortality, and poor functional
outcome.6,8–12

Guidelines for the investigation and management of hypona-
traemia lack specific detail necessary for their application to
hyponatraemia after SAH.3 Guidance on the management of
hyponatraemia is available from a collaboration between the
European Society of Endocrinology, European Society of
Intensive Care Medicine, European Renal Association-European
Dialysis and Transplant Association (ESE) – however, its applic-
ability to SAH patients is unclear.13 The European Stroke
Organisation (ESO) guidance on the management of SAH advises

monitoring of urea and electrolytes at least every other day after
SAH, maintaining daily fluid intake at 3L per day initially and
targeting ‘normovolaemia’ in cases of hyponatraemia.14 This is in
contrast to the ESE who advocate investigation to ascertain the
cause for hyponatraemia, and fluid restriction should findings be
consistent with a diagnosis of SIADH.

We conducted a survey of practice at adult neurosurgical units
from the UK and Ireland that participated in the Sodium after
Subarachnoid Haemorrhage (SaSH) audit. We aimed to assess
current practice for the identification, investigation and manage-
ment of hyponatraemia after SAH.

Methods

Design and sampling strategy

An online 10 question questionnaire (Supplementary material)
was completed by at least one registrar or consultant grade repre-
sentative from every adult neurosurgical centre that participated
in the Sodium after Subarachnoid Haemorrhage (SaSH) audit.
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Data collection

Data were collected between August 2019 and April 2020 using
the Google Forms online questionnaire.15 Collected data were
stored securely online, protected by password and only viewable
by the steering committee.

Analysis

Data was exported to Microsoft Excel (v16.37). Where multiple
respondents from the same unit reported incongruent data, all
respondents were contacted by email to attain consensus. Units
that reported having protocols for investigation and/or for man-
agement were analysed in comparison to those without. Analysis
was conducted blind to both unit and respondent.

Results

A total of 43 responses were received representing 31 of the 32
(97%) neurosurgical units in the UK and Ireland. Among the
seven units that had more than one respondent, six returned
incongruent responses to at least one survey question. All of
these units were able to achieve consensus for all questions.
Units with multiple respondents reported a spread of responses

which was similar to that of units with one respondent (Figure
1). Four units reported having protocols for monitoring, investi-
gation and management of hyponatraemia after SAH. Four other
units reported having protocols for monitoring and investigation
but not management and five had protocols for manage-
ment only.

Monitoring and investigation

All units monitored serum sodium after SAH every one to two
days. In patients with hyponatraemia, all units measured serum
sodium at least daily (Table 1). Investigation of hyponatraemia
was reported to be triggered by serum sodium values below
135mmol/L for more than one day in 22 (71%) units (Table 1).
Lower serum sodium values or greater durations would trigger
investigation in a higher proportion of respondents (Table 1).

To investigate hyponatraemia after SAH 26 (84%) units report
measuring daily fluid balance, 29 (94%) units routinely per-
formed paired serum and urine osmolality, 26 (84%) units meas-
ured urinary sodium, 6 (19%) measured serum glucose, 4 (13%)
measured morning cortisol levels, and 1 (3%) performed a short
Synacthen test.
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Figure 1. Heat map of reported investigation and management strategies for hyponatraemia after SAH. Respondents consistently reported the use of a core set of
investigations used in patients with SAH. Management strategies were less consistent. Each row represents one neurosurgical unit. Blank boxes represent no response
to this question. � Denotes consensus responses from units with >1 respondent. Units reporting protocols are displayed separate from those with no protocol.
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Reported practices for monitoring and investigation were not
different between units with and without a protocol (Table 1;
Figure 1).

Management

Management of hyponatraemia after SAH was less consistent
between units, with 24 (77%) reporting routine use of oral
sodium supplements, 18 (58%) reporting use of fluid restriction,
17 (55%) using hypertonic saline and 6 (19%) fludrocortisone
(Figure 1). Sixteen units (52%) routinely sought advice from an
endocrinologist, and in 11 (35%) units this included clinical
review. No difference in reported management strategy was
observed between units with and without protocols (Figure 1).

Discussion

Our questionnaire has demonstrated consistent strategies for
monitoring of serum sodium and investigation of hyponatraemia
after SAH across the UK and Ireland. The threshold for investi-
gation of hyponatraemia varied across units with all units investi-
gating a value of 130mmol/L for more than one day but only
35% investigating a value of 130–135mmol/L for one day. The
reported routine management of hyponatraemia after SAH was
variable, particularly for fluid restriction (58%) and hypertonic
saline (55%). Use of a protocol was not associated with any par-
ticular investigation or management practice.

The variation in management reported by respondents to our
questionnaire is consistent with that reported by other studies of
diagnosis and management of hyponatraemia after SAH.16–18

Many of these studies have been observational, small, retrospect-
ive, at risk of bias, and used variable outcome measures which
has hindered meta-analysis.19

Guidelines

ESO guidelines for SAH recommend monitoring serum sodium
at least every other day.14 All respondents reported practices con-
sistent with this in patients with or without hyponatraemia.
European Society of Endocrinology (ESE) guidelines recommend
serum glucose as the first investigation to exclude non-hypotonic
hyponatraemia.13 Hyperglycaemia occurs in approximately 30%

of patients following SAH and is an independent predictor of
poor prognosis.20,21 Few respondents reported routine measure-
ment of serum glucose in our survey, perhaps because serum
osmolality was used to exclude non-hypotonic hyponatraemia. In
cases of hypotonic hyponatraemia with normal urinary osmolal-
ities, and urinary sodium consistent with euvolaemia, morning
cortisol or short Synacthen tests are recommended to assess
hypothalamus-pituitary-adrenal axis function. Few respondents to
our survey reported the routine measurement of morning corti-
sol. Cortisol measurement may be important SAH where hypona-
traemia may indicate an inadequate hypothalamic-pituitary
adrenal (HPA)-mediated stress response. Synacthen testing may
be less appropriate following SAH as primary adrenal insuffi-
ciency is less likely to be the cause of HPA axis dysfunction. ESE
guidance also suggests routine measurement of thyroid function,
although hyponatraemia would only be observed in severe hypo-
thyroidism and the results of these investigations may be difficult
to interpret following SAH.13 In general, investigation to rule out
hypopituitarism as a cause of hyponatraemia after SAH is reason-
able as hypopituitarism has been reported between 0–55% of
patients after SAH.22

In our survey, the most frequently reported management
option for routine correction of hyponatraemia was oral sodium
supplementation. This is included in the ESE guidelines for man-
agement of SIADH.13 ESE’s first-line treatment for SIADH is
fluid restriction, which was cited by 60% of respondents as a
management option in their practice. For CSW, ESE guidelines
recommended fluid resucitation.13 ESO guidance for manage-
ment of SAH recommends that normovolaemia be targeted in
cases of hyponatraemia after SAH but provides no detailed rec-
ommendations on management according to aetiology or risk of
vasospasm.14 These recommendations, in addition to our ques-
tionnaire findings of variation in management strategies, may
reflect uncertainty in differentiating aetiologies of hyponatraemia
following SAH and thus the optimal fluid management strategy
for patients with hyponatraemia after SAH. Fluid restriction is an
important management option for SIADH within general medical
patients without severe or acute features of hyponatraemia.
However, the use of fluid restriction to manage hyponatraemia
following SAH has been associated with increased risk of cerebral
ischaemia.16,23 Consequently, intravenous volume expansion is
widely used to treat and prevent delayed cerebral ischaemia after
SAH, although efficacy has not yet been demonstrated.24,25

Our study has the advantage of a high response rate with rep-
resentation from 31 of 32 (97%) adult neurosurgical units in the
UK and Ireland. We did not assess intra-unit variability, but
asked units to give a consensus of their usual practice and it is
possible that there is within unit as well as between unit variabil-
ity in investigation and management. Because not all units in our
study provided multiple respondents, it is likely that there is vari-
ation in practice in single respondent units which is unaccounted
for. Nonetheless, it is reassuring that a similar spread of
responses was reported by both units with multiple respondents
and those with single responses. Our study is limited by assessing
reported practice rather than actual practice, but a national audit
is underway to address that. Use of a protocol for investigation
and management of sodium after SAH was not associated with
any particular investigation or management strategy. However,
we did not define what a formal protocol entails, and it may be
that units follow standard practice for monitoring and investiga-
tion sodium following SAH without a formal written protocol.
Our survey directly enquired about common tests and manage-
ment options, leaving blank space text entry options for other

Table 1. Monitoring and threshold for investigation of hyponatraemia.

Total
(n¼ 31)

Protocol
(n¼ 8)

No protocol
(n¼ 23)

Serum sodium monitoring frequency
No known hyponatraemia
Daily 22 (71%) 6 (75%) 16 (70%)
Once every two days 9 (29%) 2 (25%) 7 (30%)

Hyponatraemia
More than once daily 10 (32%) 2 (25%) 8 (35%)
Daily 21 (68%) 6 (75%) 15 (65%)

Thresholds for investigation (cumulative)
130–135mmol/L for 1 day 11 (35%) 3 (38%) 8 (35%)
130–135mmol/L for 2–3 days 22 (71%) 6 (75%) 16 (70%)
130–135mmol/L for �4 days 25 (81%) 8 (100%) 17 (74%)
<130mmol/L for 1 day 30 (97%) 8 (100%) 22 (96%)
<130mmol/L for >1 day 31 (100%) 8 (100%) 23 (100%)

Usual frequencies of sodium monitoring for patient who are not known to have
hyponatraemia and those who have hyponatraemia after SAH. Threshold for
investigation indicates which sodium parameter and durations would trigger
investigation.
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approaches. Few units utilised these blank space sections and it is
possible that further investigative or management options were
not entered. For example, we did not directly enquire regarding
the use of loop diuretics.

Conclusions

NSUs consistently reported measurement of serum sodium every
one to two days after SAH. On diagnosis of hyponatraemia most
NSUs report that they would undertake measurement of daily
fluid balance, urine and serum osmolality and urinary sodium.
Serum glucose, cortisol and Synacthen testing were consistently
not used. Management practices were more variable particularly
with regards to use of hypertonic saline and fluid restriction.
Investigation and management of hyponatraemia after SAH may
therefore not adhere to general guidelines for investigation of
hyponatraemia, which may be appropriate in this setting. Further
investigation of management strategies for hyponatraemia after
SAH and correlation with clinical outcomes is needed to establish
the evidence base and specific guideline development. We are
addressing this through the Sodium after Subarachnoid
Haemorrhage (SaSH) audit, which is a prospective national audit
that will measure actual practice and provide a better under-
standing current practice and its relationship with
patient outcomes.
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