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Summary
Drawing samples from an indwelling arterial line is the method of
choice for frequent blood analysis in adult critical care areas. Sodium
chloride 0.9% is the recommended flush solution for maintaining the
patency of arterial catheters, but it is easy to confuse with glucose-con-
taining bags on rapid visual examination. The unintentional use of a
glucose-containing solution has resulted in artefactually high glucose
concentrations in blood samples drawn from the arterial line, leading to
insulin administration causing hypoglycaemia and fatal neuroglycopenic
brain injury. Recent data show that it remains a common error for
incorrect fluids to be administered as arterial line flush infusions.
Adherence to the National Patient Safety Agency’s 2008 Rapid Response
Report on this topic may not be enough to prevent such errors. This
guideline makes detailed recommendations on the prescription, checking
and administration of arterial line infusions in adult practice. We also
make recommendations about storage, arterial pressure monitoring and
sampling systems and techniques. Finally, we make recommendations
about glucose monitoring and insulin administration. It is intended that
adherence to these guidelines will reduce the frequency of sample
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contamination errors in arterial line use and capture events, when they
do occur, before they cause patient harm.
....................................................................................................

This is a consensus document produced by expert members of a Sprint
Working Party established by the Association of Anaesthetists of Great
Britain and Ireland (AAGBI). It has been seen and approved by the
AAGBI Board.
Accepted: 5 November 2013

• What other guideline statements are available on this topic?
In July 2008, a National Patient Safety Agency (NPSA) Rapid Response
Report was released [1], highlighting examples of patient harm result-
ing from glucose-containing flush infusions contaminating blood sam-
ples drawn from arterial lines [2, 3]. Subsequently, it was reported to
the Safe Anaesthesia Liaison Group in 2011 that the NPSA had
received 169 further incident reports, featuring 31 glucose monitoring
errors (personal communication, Prof. D. Cousins, NHS England).
The Medicines and Healthcare products Regulatory Authority
(MHRA) issued a Drug Safety Update on the issue in 2012 [4].

• Why was this guideline developed?
Experiment and experience show that compliance with the procedures
required in the NPSA’s 2008 Rapid Response Report, even with good
sampling technique using a simple open arterial line system, is not suf-
ficient to prevent injury or death arising from sample contamination
error. In a series of 102 cases where a glucose-containing solution was
incorrectly infused, sample contamination error occurred in 30 (per-
sonal communication, Prof. D. Cousins, NHS England). Recent data
show that using incorrect arterial line fluid infusions is a common
error, with an average of one such event reported to the National
Reporting and Learning System every week [5]. More than 30% of
intensive care units have reported recent arterial line errors, with a fur-
ther 30% reporting errors from operating theatres or the emergency
department [5]. In one case, neuroglycopenia contributed to the
patient’s death [6].

• How and why does this statement differ from existing guidelines?
The Working Party identified three error-prone processes that can
lead to iatrogenic hypoglycaemia. Our recommendations are
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designed to address each of these processes and reduce the likelihood
of active errors and latent risks leading to patient harm [7]. The
error-prone processes are:

• use of arterial flush solution (prescription, dispensing, check-
ing and administration)

• blood sampling technique for glucose concentration measure-
ment

• administration of insulin to treat apparent hyperglycaemia.

• For each error-prone procedure, the Working Party systematically
considered whether it was possible or practicable to: eliminate the
procedure; apply safeguard technology; use warning or alarm sys-
tems; specify training requirements for practitioners; and protect the
patient from the consequences of occasional error.
The evidence that informs these guidelines mostly concerns arterial
blood sampling in adult patients. Our recommendations can also be
applied to venous cannulae that are flushed and used for blood sam-
pling. There may be additional considerations for paediatric practice
that are outside our remit.

Basic knowledge for all practitioners
‘Dextrose’ and ‘glucose’ are interchangeable biological terms for dextro-
rotatory glucose (C6H12O6). Figure 1 illustrates the arrangement of
‘open’ and ‘closed’ systems for maintaining patency and drawing blood
samples from flushed vascular access systems. The open system has a
single three-way tap, close to the vascular catheter, that is used for both
removing residual flush solution and obtaining the blood sample. The
volume of residual fluid between the sampling point and the blood-
stream is referred to as the dead space. To prevent contamination of a
blood sample with flush solution, it has been recommended that 39
dead space volume be withdrawn and discarded (or saved for return to
the circulation) before a sample is taken [8]. However, bench-top exper-
iments have shown that significant glucose contamination of the blood
sample occurs even with 59 dead space removal when using an open
arterial line sampling system with a glucose 5% flush solution [9]. A
solution of glucose 5% contains approximately 280 mmol.l�1, hence
contamination of a 1-ml blood sample with just 0.03 ml flush solution
would conceal true hypoglycaemia or make a normal sample hypergly-
caemic, potentially leading to inappropriate insulin therapy. Erroneous
administration of glucose 10% or 20% would result in even greater
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contamination. With sodium chloride 0.9% flush, only gross sample
contamination (e.g. due to incorrect sampling technique) will cause dan-
gerous sampling errors. Contamination of a sample with heparinised
saline also leads to artefactually increased phosphate concentrations.
Erratic or highly varying sequential test results should heighten the sus-
picion of blood sample contamination error.

The closed system has a port for removal of dead space beyond a
separate sampling point and, if used as intended by its designers, effec-
tively eliminates the risk of significant contamination of the sample [9].
Moreover, it reduces the risk of bacteraemia and minimises wastage of
blood because the withdrawn flush and blood can be returned to the
circulation without opening the system.

Nervous tissue is not able to sustain functional or basal metabolic
activity during hypoglycaemia, and prolonged neural glucose deprivation
(neuroglycopenia) leads to permanent or fatal neural injury. Hypoglyca-
emia reduces conscious level and causes sympathetically mediated symp-
toms of anxiety, tachycardia, tachypnoea, pupillary dilation and
sweating. Beta-blocker therapy blunts some of these symptoms. Hypo-
glycaemia is difficult to diagnose clinically in patients with an altered
level of consciousness and in those treated with exogenous catecholam-
ines. In these patients, practitioners should therefore check for hypo-
glycaemia in the presence of a new increase in heart rate or respiratory
rate, sweating, convulsions, pupillary changes, or a fall in conscious
level. Continuous electroencephalography has the potential to detect
neuroglycopenia in monitored patients [10]. Fatal neuroglycopenic brain
injury can occur within two hours of the onset of hypoglycaemia [2].
Neuroglycopenia is therefore not reliably prevented by routine checking
of glucose levels (e.g. once per nursing shift) with blood from an alter-
native site.

Sodium chloride 0.9% with glucose 5% has been recommended as
an intravenous fluid for use in paediatric practice [11]. Figure 2 illus-
trates how this fluid is particularly easy to confuse with sodium chloride
0.9%. Currently, at least twelve other fluids containing combinations of
sodium chloride, glucose and potassium exist for use in a variety of clin-
ical circumstances. They all carry increased risk of misidentification,
accidental use as arterial line flush solution and glucose contamination
of blood samples.

Peripheral glucose testing by pricking a finger or ear lobe may be inac-
curate in patients with poor peripheral perfusion, on vasopressor therapy,
or with severe peripheral oedema [12]. Continuous intravascular glucose
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monitoring is under development for introduction into clinical practice
[13, 14], but until that technique is established, it is necessary to draw
frequent blood samples for glucose analysis to guide insulin therapy in
critically ill patients.

Recommendations
The Working Party’s recommendations apply to any clinical areas where
blood is sampled from arterial access devices and includes critical care
areas, operating theatres and emergency departments.

Policy and training
Hospitals must raise awareness among relevant staff of the serious
patient harm that can result from arterial line sample contamination
errors and must have a policy that defines local procedures for arterial
line use, including prescribing, administering and monitoring flush
solutions and blood sampling technique.

Policies about the prescribing, administering and monitoring of
intravenous infusions and policies about intravenous insulin therapy

(a) (b)

Figure 2 Appearance of sodium chloride 0.9% and glucose 5% fluid bag
(a) when placed inside a pressure bag and (b) when removed, showing
the ease of confusion with plain sodium chloride. Reproduced from [6],
with permission.
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should be cross-referenced to the arterial line and blood sampling
policy.

All staff involved in the insertion of, management of, or sampling
from, arterial lines must be appropriately trained and competent to deli-
ver the standards set out in the policy, and performance against these
standards should be regularly audited.

Fluids for flush infusions
Sodium chloride 0.9%, with or without heparin, should be the only solu-
tion to be used for arterial line infusion and flushing. Blood sampling
from a cannula lumen that carries other solutions is not recommended.

Identifying arterial lines
Arterial infusion lines must be clearly identifiable. Labels and colour dif-
ferentiation are appropriate measures to achieve this.

Fluid stock and storage
In clinical areas that use arterial lines, bags of sodium chloride 0.9% for
use as arterial line flush should be stored away from fluids for intrave-
nous use. Bags should be stored in a suitable receptacle and not scat-
tered across a shelf.

Only those fluid solutions in regular use should be stored in a
clinical area. For example, sodium chloride 0.9% with glucose 5%,
which is recommended for use in paediatric practice, should not be
stored in clinical areas where paediatric practice is unusual. If practi-
cality dictates that such solutions must be stored, an additional risk
assessment and management plan must be made to prevent their
erroneous use.

Prescription and setting up
An arterial line flush solution must be documented by prescription or
record of administration (e.g. anaesthetic chart) or standard operating
procedure as defined in the hospital’s arterial line policy.

The flush solution must be independently double-checked by a sec-
ond practitioner before setting up and attaching to an arterial line. Also
known as independent validation, an independent double-check of a
high-alert medication is a procedure in which two clinicians separately
check, alone and apart from each other, then compare results of each
component of prescribing, dispensing and verifying the high-alert medi-
cation before administering it to the patient [15].
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Pressurising devices
All pressurising devices must be designed to permit unimpaired inspec-
tion of the contained flush infusion bag while in use. A fully transparent
front panel is strongly recommended.

Checking during use
The flush infusion bag must be independently double-checked at least
once during each nursing shift and whenever nursing care of the patient
is handed over. This double-check must include removal of the flush
bag from its pressurising device (Fig. 2).

Sampling techniques
To avoid sample contamination with flush infusions, the use of ‘closed’
arterial line sampling systems is recommended.

Where an ‘open’ system is to be used for blood sampling, inevitable
contamination must be kept to a minimum by making the dead space
volume between the sampling port and the arterial lumen as small as
practicable in the clinical situation. The syringe used for removal of
dead space volume must be readily distinguishable from the sampling
syringe. Throughout the sampling process and until the sample syringe
is removed, the sampling technique must avoid flush solution’s entering
the dead space, the sample or any three-way tap at the sampling site.

Glucose concentration thresholds
When an arterial line is used to take blood samples for measurement of
blood glucose concentrations, a value that is unexpectedly high must
trigger a medical review and a check of the blood sampling system for
possible sample contamination error. The source of the blood sample
should be checked to ensure no possibility of sample contamination. If
this is not possible, a confirmatory sample must be drawn from the
most appropriate alternative site.

Initiating and increasing insulin infusions
Before commencing an insulin infusion in a patient not previously
known to be an insulin-dependent diabetic and before increasing an
insulin infusion rate above a policy-defined threshold (e.g. 6 IU.h�1) on
the basis of samples drawn from a flushed line, there must be a medical
review. The source of the blood sample should be checked to ensure no
possibility of sample contamination. If this is not possible, a confirma-
tory sample must be drawn from the most appropriate alternative site.
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Abnormal blood tests
A blood test that shows an unexpected abnormality or unusual variation
from previous results should prompt a check of the source of the blood
sample to ensure no possibility of sample contamination. If this is not
possible, a confirmatory sample must be drawn from the most appropri-
ate alternative site.

Recording trends in measured glucose levels and physiological
variables
Variations in blood chemistry and vital signs are easier to appreciate
from a graphic trend display, which may facilitate earlier detection of
hypoglycaemia. Graphic trend displays, particularly of glucose readings
and of vital signs including heart rate and respiratory rate, are recom-
mended.

Monitoring for signs of hypoglycaemia
Hypoglycaemia should be considered and specifically checked for in any
sedated or unconscious patient receiving insulin therapy who exhibits a
new increase in heart rate or respiratory rate, or sweating, pupillary
changes or a fall in conscious level.

Incident reporting
Any incident causing potential or actual patient harm related to con-
tamination of blood samples obtained from an arterial line should be
reported to both local and national incident reporting systems. Any
incident causing patient harm must be disclosed to the patient or his/
her next of kin in accordance with local policy.

National monitoring of incidents
National patient safety organisations should monitor the occurrence of
incidents relating to arterial line and flush infusion errors to determine
whether further actions are needed to reduce their incidence.

Engineered solutions
Equipment manufacturers, pharmaceutical suppliers and clinicians should
engage in a collaboration to develop safer systems for the prevention of
arterial cannula clotting. Potential solutions to be considered will include:

• highly visible and easily distinguishable fluid bags for exclusive use
with arterial pressure monitoring and sampling systems.
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• special connections between the fluid bag and the arterial pressure
monitoring and sampling system.

• integrated systems, possibly incorporating both the above solutions.

Supporting healthcare providers when errors occur
When errors occur, staff and organisations must “promise to learn and
commit to act” [16]. It is often the systems, procedures, conditions, envi-
ronment and constraints faced by healthcare providers that lead to patient
safety problems. Rather than blame individuals, trust should be placed in
the goodwill and good intentions of the staff and attention focused on
learning from (and remembering) errors [16, 17].
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