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Providing feedback and 
comment on HSIB reports

At the Healthcare Safety Investigation 
Branch (HSIB) we welcome feedback 
on our investigation reports. The 
best way to share your views and 
comments is to email us at  
enquiries@hsib.org.uk or complete  
our online feedback form at  
www.hsib.org.uk/tell-us-what-you-think.

We aim to provide a response to all 
correspondence within five working days.

This document, or parts of it, can be 
copied without specific permission 
providing that the source is duly 
acknowledged, the material is 
reproduced accurately, and it is not 
used in a derogatory manner or in a 
misleading context. 

© Healthcare Safety Investigation Branch copyright 2021.
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About HSIB 

We conduct independent 
investigations of patient safety 
concerns in NHS-funded care across 
England. Most harm in healthcare 
results from problems within 
the systems and processes that 
determine how care is delivered. 
Our investigations identify the 
contributory factors that have led 
to harm or the potential for harm to 

patients. The safety recommendations 
we make aim to improve healthcare 
systems and processes, to reduce risk 
and improve safety. 

We work closely with patients, families 
and healthcare staff affected by 
patient safety incidents, and we never 
attribute blame or liability. 

Considerations in light of coronavirus (COVID-19) 

We have adapted some of our national 
investigations, reports and processes 
to reflect the impact that COVID-19 has 
had on our organisation as well as the 

healthcare system across England. For 
this report, the way we engaged with 
staff and families was revised.

A note of acknowledgement

We are grateful to Spencer, whose 
experience is documented in 
this report. The report’s safety 
recommendations, which have been 
developed by examining the care 
Spencer received and the issues 
which arose, support Spencer’s wish 
to prevent other patients having the 
same experience. 

We are also grateful to the various 
NHS organisations and their staff 
who contributed to the investigation 

at various stages. We would also like 
to thank stakeholders from medical 
royal colleges, professional bodies, 
allied health professional colleges, 
and industry. Their expertise and 
insight allowed greater depth of 
understanding of the issues explored, 
and supported the development of 
the safety recommendations and 
safety observations that will ultimately 
help to improve safe and effective 
care in future. 
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Our investigations

Our investigators and analysts have 
diverse experience of healthcare and 
other safety-critical industries and 
are trained in human factors and 
safety science. We consult widely 
in England and internationally to 
ensure that our work is informed 
by appropriate clinical and other 
relevant expertise.

We undertake patient safety 
investigations through two 
programmes: 

National investigations

Concerns about patient safety in 
any area of NHS-funded healthcare 
in England can be referred to us by 
any person, group or organisation. 
We review these concerns 
against our investigation criteria 
to decide whether to conduct a 
national investigation. National 
investigation reports are published 
on our website and include safety 
recommendations for specific 
organisations. These organisations 
are requested to respond to our 
safety recommendations within 90 
days, and we publish their responses 
on our website.

Maternity investigations 

We investigate all incidents in NHS 
maternity services that meet: 

• the criteria of the Royal College of 
Obstetricians and Gynaecologists’ 
Each Baby Counts programme, or 

• our HSIB defined criteria for 
maternal deaths. 

Incidents are referred to us by the 
NHS trust where the incident took 
place, and, where an incident meets 
the criteria, our investigation replaces 
the trust’s own local investigation. Our 
investigation report is shared with 
the family and trust, and the trust is 
responsible for carrying out any safety 
recommendations made in the report. 
In addition, we identify and examine 
recurring themes that arise from trust-
level investigations in order to make 
safety recommendations to local and 
national organisations for system-level 
improvements in maternity services.

For full information on our national 
and maternity investigations please 
visit our website. 

https://www.hsib.org.uk/investigations-cases/
https://www.hsib.org.uk/
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 Executive Summary

 Background

 This investigation examines the 
patient safety issues that occur 
when residual drug that has been left 
behind in intravenous (IV) cannulae 
and extension lines is inadvertently 
administered to a patient. As an 
example, the investigation focuses 
on a specific incident where residual 
drugs remained in a patient’s IV 
cannula and extension line following 
the administration of anaesthesia. 
This incident is referred to as ‘the 
reference event’. 

 Neuromuscular blocking agents 
(NMBAs) (also known as muscle 
relaxants) are a class of drug used 
when anaesthetising patients during 
an operation. When administered, 
the neuromuscular blocker produces 
paralysis of all skeletal muscle 
including those controlling the vocal 
cords. This allows an endotracheal 
tube (breathing tube) to be placed 
in the trachea (windpipe), as well as 
relaxing the patient’s muscles during 
surgery to aid surgical access.  

 NMBAs also paralyse the muscles 
required to breathe until the effects 
of the paralysing agent have ceased; 
during this period, the patient 
requires external support to breathe. 
NMBAs need to be given with an 
anaesthetic to prevent the patient 
being awake and unable to move 
and breathe. 

 To administer muscle relaxants and 
anaesthetic drugs, a thin plastic 
tube called a cannula is inserted 

into a patient’s vein. Extension lines 
may be attached to the cannula 
to increase the points of access to 
allow multiple drugs to be given at 
the same time. After administration, 
the drugs should be flushed through 
the cannula and extension line. This 
is to prevent any residual drugs 
inadvertently entering the patient’s 
bloodstream later on. 

 A patient safety alert issued by NHS 
Improvement in November 2017 
stated that in the three years from 
April 2014, 58 incidents of residual 
anaesthetic or sedative drugs 
in cannulae and extension lines, 
involving either adults or children, 
were reported to the National 
Reporting and Learning System (a 
central database of patient safety 
incident reports). Eighteen were 
reported as causing respiratory 
arrest (that is, the patient stopped 
breathing) and the remaining 
incidents described effects including 
temporary paralysis, muscle spasms, 
and difficulty breathing.  

 The issue of residual drugs in 
cannulae and extension lines has 
existed for many years. Actions have 
been taken to mitigate the likelihood 
of such events occurring, such as 
the publication of papers within 
the anaesthetic community and the 
issuing of patient safety information.

 The NHS patient safety alert issued 
in 2017 required all organisations to 
add prompts to existing procedure 
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documentation. This included an 
extra question in the ‘Sign Out’ of 
trusts’ locally adapted World Health 
Organization (WHO) surgical safety 
checklists, asking the anaesthetist 
if all cannulae and intravenous lines 
have been flushed or removed. 

 The reference event

 Spencer, a man aged 42 years with a 
complex health history, was admitted 
to hospital with a kidney infection. 
On the second day in hospital, it 
was decided that he needed an 
operation, that same day, to drain 
his infected kidney. The procedure, 
known as a nephrostomy, was 
undertaken in the interventional 
radiology (IR) department as it 
uses X-ray imaging to guide the 
doctors. It is a keyhole procedure, 
so is less invasive than carrying out 
an equivalent operation in the main 
operating theatres. 

 The procedure required Spencer 
to be under general anaesthetic. A 
request was made to the operating 
theatre co-ordinator to arrange 
for an anaesthetist and operating 
department practitioner (ODP) to 
attend the IR suite at the agreed 
start time. For ‘same-day’ cases, 
the anaesthetic team was formed 
dynamically, using staff who were on 
call or were available.

 The procedure was scheduled for 
early afternoon. Blood needed to 
be taken from Spencer prior to 
the operation, but the team on the 
ward had trouble finding a vein to 
take blood from. This meant the 
procedure was delayed by around 

90 minutes. Spencer arrived at the 
IR suite with a non-ported IV cannula 
(a cannula without an opening for 
a syringe) already in place. Due 
to the anticipated difficulty with 
inserting a further ported cannula 
(the type used more typically for 
an anaesthetic), the anaesthetist 
opted to administer the anaesthetic 
drugs via the existing cannula. 
After Spencer was asleep, a further 
cannula was inserted and the 
remainder of the anaesthetic was 
managed via this additional cannula. 

 The procedure was completed and 
the team used a locally adapted 
version of the WHO surgical safety 
checklist to confirm required actions 
at the end of the procedure. The 
cannulae and extension lines were 
reported to be flushed and Spencer 
was woken from the anaesthetic. 
At that point, it was usual practice 
for a patient’s recovery to be 
overseen by a post-anaesthetic 
recovery practitioner, but one was 
not available. The IR department 
was about to close, and this meant 
arrangements had to be made to 
move Spencer to an alternative 
post-anaesthetic recovery unit 
(PACU). The ODP attempted to 
have Spencer accepted into the 
day-case operating theatre and 
main operating theatre PACUs; 
however, both initial attempts were 
unsuccessful due to these units 
being full. The anaesthetist decided 
that the safest course of action was 
to return to the main theatre PACU 
as the IR was being shut and it was 
not appropriate to continue in that 
environment. Spencer was in the 
operating theatre PACU for a short 
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period of time before being taken 
back to the surgical assessment 
ward. The usual process for 
admitting and discharging patients 
from the PACU was not undertaken.

 Shortly after arriving on the ward, 
Spencer complained of feeling 
unwell and was diagnosed as having 
an infection. The urology registrar (a 
doctor who specialises in diseases of 
the kidneys, bladder and prostate) 
prescribed IV antibiotics to treat the 
infection and IV paracetamol to treat 
the pain and fever. 

 A member of the nursing team 
gave the antibiotics and set up 
the IV paracetamol infusion (drip) 
according to the prescription. 
However, it was later identified 
that Spencer’s IV paracetamol had 
‘stopped working’. The agency nurse 
who was caring for Spencer was not 
trained to administer IV drugs and 
sought an IV-trained nurse to assist. 

 The IV-trained nurse flushed both 
cannulae with sodium chloride 
to restore the administration of 
the paracetamol. Soon after the 
flushing was done, Spencer started 
to complain of feeling strange, 
stating he could not breathe, before 
going limp. Fortunately, Spencer’s 
respiratory arrest was witnessed 
by a doctor who immediately 
commenced manual ventilation via 
a bag-valve mask. Spencer began 
to breathe on his own a few minutes 
later and suffered no physical harm. 
However, he has reported significant 

psychological impact and is suffering 
from both nightmares and flashbacks.

 
 The investigation found that the 

most likely cause of Spencer’s 
respiratory arrest was that a 
residual volume of the NMBA, 
suxamethonium, had remained 
in Spencer’s non-ported cannula 
and extension line following the 
administration of his anaesthetic. 
It had then been flushed through a 
few hours later by the nurse on the 
surgical ward, causing Spencer to go 
into respiratory arrest.

 National investigation

 The HSIB investigation explored the 
perioperative pathway (the care 
provided before, during and after 
an operation) in relation to residual 
drugs in intravenous cannulae and 
extension lines. This included:

• observing how surgical safety 
checklists are used in operating 
theatre and non-theatre settings 
to ensure that cannula flushing is 
undertaken 

• exploring the design, procurement 
and change management of 
intravenous consumables, such as 
cannulae and extension lines

• examining medicines safety, 
management, and governance 
arrangements, including prescribing 
arrangements, record keeping, 
medicines dosage and presentations, 
and reporting of incidents. 



8

 Summary of findings

 The findings are grouped into three 
key themes:

• measures that could be put in place 
(mitigations) which could reduce the 
risk of residual drugs in cannulae and 
extension lines

• planning for and delivery of 
emergency procedures in the non-
theatre setting

• reporting of incidents.

 Key findings associated with 
mitigations which could reduce 
the risk of residual drugs in 
cannulae and extension lines

 The investigation found:

• One of the key risk factors associated 
with residual drugs in cannulae and 
extension lines is the risks associated 
with the drug itself – particularly 
drugs that can have a clinically 
significant effect in low volumes. 

• Flushing is a key mitigation for 
preventing the risk of residual 
drugs in cannulae and extension 
lines; however, it is a less effective 
solution for preventing these events 
than removing, substituting or 
engineering out the risk.

• There are issues associated with 
the design of IV equipment which 
increase the risk of residual drugs 
in cannulae and extension lines. 
There may be opportunities to 
improve the design of equipment to 

‘design out’ the potential for errors. 
The unintended consequences 
of redesign would need to be 
considered. 

• Where certain drugs are used, such 
as NMBAs and some strong opioids 
(relaxant or pain-relieving drugs), 
flushing becomes a safety-critical 
task. However, the task of flushing is 
functionally the same and there are 
limited additional steps or process 
alterations that mark the flushing of 
a consequential drug versus flushing 
to maintain the flow of fluid through 
a cannula.

• Surgical safety checklists are used 
to mitigate the risk of residual 
drugs in cannulae and extension 
lines following anaesthesia. Items 
on the surgical safety checklist act 
as prompts for expected actions or 
tasks, and do not include second/
independent checks or other hazard 
control activities proportionate to the 
risks being addressed by the process.

• Greater attention and focus is given 
to the initial ‘Sign In’ and ‘Time Out’ 
phases of the surgical safety checklist 
compared to the ‘Sign Out’ phase. The 
Sign Out process appears to compete 
with other tasks and processes and 
is often rote-learned and anticipated. 
This presents the risk that the purpose 
of the checklist is lost and safety-
critical checks overlooked. 

• There is variation between IV 
devices and associated equipment. 
Many of these devices appear 
outwardly similar but, according to 
manufacturers’ information, have 
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variable specifications relating to 
the potential for regurgitation (fluid 
going in the opposite direction 
than intended).

• Consumable intravenous equipment 
may be subject to change for a 
range of reasons which may include 
availability, cost, newer/better 
variants, and quality. Training and 
awareness of these changes is rarely 
provided, but there is a risk that 
staff are not made aware of changes 
to specification and/or device 
performance. 

• Several years ago, healthcare trusts 
acted upon guidelines issued in 2014 
for the prevention of healthcare-
associated infections in NHS hospitals 
in England to minimise the number 
of ports on cannulae. The change 
management process at the time to 
the use of non-ported cannulae was 
sub-optimal and did not consider a 
wide range of stakeholders, including 
the end users. 

• In adult care, the administration of 
flushes is rarely listed or recorded on 
perioperative documentation. 

• Patients with multiple IV access 
sites are believed to be at greater 
risk of incidents involving residual 
drugs in cannulae and extension 
lines. Recording of IV sites in 
documentation is not consistent. 

• Paediatric anaesthetic practice 
differs from adult practice as flushes 
are prescribed and reconciled due to 
the specific additional considerations 
when administering anaesthetics to 
small children. 

 Key findings associated with 
planning for and delivery of 
emergency procedures in the non-
theatre setting

 The investigation found:

• There is limited guidance around the 
planning process for undertaking 
anaesthesia in the non-theatre 
setting. This may impact on the 
follow-up actions should an adverse 
event occur. 

• Guidance from the Royal College 
of Anaesthetists promotes the use 
of co-ordinators in the booking 
of emergency cases, but there 
is a lack of specific guidance on 
oversight of patients throughout the 
perioperative pathway, particularly 
for cases in the non-theatre setting.

• Anaesthetists report that the team 
dynamics in non-theatre settings are 
different from those they experience 
when working as part of a surgical 
team in the operating department. 

• Medicines given during perioperative 
care may not be transcribed into the 
patient’s main drug chart/record. 

 Key findings associated with the 
reporting of incidents

• The reporting of incidents 
of ‘awareness under general 
anaesthetic’ is well established but 
the circumstances of the reference 
event may not fulfil the published 
definition. This may result in under-
reporting of such incidents. 
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• The reporting of incidents will be 
moving away from lists of specific 
incident types in order to improve 
the ability to learn and target 
improvements at the right areas.

 
 Impact of COVID-19 and intention 

for safety recommendation

 The investigation report was finalised 
during the COVID-19 pandemic. At 
the time, much of HSIB’s and key 
stakeholders’ work was necessarily 
redirected to supporting frontline 
services and focusing on issues 
specifically related to COVID-19.  

 HSIB intends to develop and issue 
a safety recommendation around 
identifying medicines that present 
a high risk if inadvertently retained 
in a cannula and/or extension 
line, and to assess and strengthen 
the mitigations in place for each 
identified medicine. HSIB has 
identified a potential stakeholder 
to lead on this work; however, the 
stakeholder’s capacity to discuss a 
recommendation is currently limited 
owing to COVID-19 pressures.  

 Given the importance of the 
findings in this report, HSIB decided 
to publish the findings, safety 
recommendations and safety 
observations so far and to issue a 
further safety recommendation in 
due course.  

 

HSIB makes the following  
safety recommendations

Safety recommendation R/2021/115: 
HSIB recommends that the Royal 
College of Anaesthetists and Centre 
for Perioperative Care work with 
relevant stakeholders, such as 
the Association of Anaesthetists, 
College of Operating Department 
Practitioners, and Association for 
Perioperative Practice, to review, 
update and integrate new guidance 
on the surgical safety checklist ‘Sign-
Out’ process. Specifically, the guidance 
should be updated in relation to the 
flushing of cannulae and extension 
lines by strengthening the current 
administrative barriers, considering 
the hierarchy of hazard control, and 
the issues identified by the HSIB 
investigation. 

Safety recommendation R/2021/116: 
HSIB recommends that the Royal 
College of Anaesthetists reviews 
its ‘Guidelines for the provision of 
anaesthetic services’ regarding 
the planning and oversight of peri-
anaesthetic care in non-theatre 
settings. This should include:

1 guidance to assist anaesthetic 
departments to consistently plan 
for short-notice or emergency 
cases which take place in the non-
theatre setting

2 planning which considers and 
mitigates against unexpected 
changes in conditions.
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HSIB makes the following 
safety observations

Safety observation O/2021/098: 
It may be beneficial for healthcare 
trusts to adopt the programme 
provided by Health Education 
England for intravenous (IV) skills, 
which supports the competency 
requirements published by the Nursing 
and Midwifery Council.  

Safety observation O/2021/099:  
It may be beneficial to increase the 
use of body maps to record the 
presence of all indwelling items, such 
as cannulae, catheter and drains, 
during an anaesthetic procedure. The 
body map could be used as part of 
an enhanced sign-out and to provide 
instructions for the management 
of each indwelling item in the post-
operative period.   

Safety observation O/2021/100: 
It may be beneficial for manufacturers 
to further standardise product 
specifications to design out the 
potential for errors. For example, items 
such as Y-connectors, extension lines 
and needle-free connectors often 
look similar but may have differing 
specifications. 
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Further  
information 
More information about HSIB – including 
its team, investigations and history – is 
available at www.hsib.org.uk 

If you would like to request an  
investigation then please read our  
guidance before contacting us.

 @hsib_org is our Twitter handle.  
We use this feed to raise awareness of 
our work and to direct followers to our 
publications, news and events.

Contact us
If you would like a response to a query or 
concern please contact us via email using 
enquiries@hsib.org.uk 

We monitor this inbox during normal office 
hours - Monday to Friday (not bank holidays) 
from 09:00 hours to 17:00 hours. We aim to 
respond to enquiries within five working days.

To access this document in a different format 
– including braille, large-print or easy-read – 
please contact enquiries@hsib.org.uk


