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Abstract 

Background. Procedures carried out in the intensive care unit are prone to human error. 

Standardisation has been suggested as an approach for reducing errors. This study used human 

reliability analysis methodologies to examine commonly performed critical care procedures: 

endotracheal suctioning; ultrasound-guided right internal jugular vein cannulation; and rapid-

sequence intubation. 

Methods. The subgoals, or individual steps, required to complete the three procedures were 

identified using hierarchical task analysis. The systematic human error reduction and prediction 

approach was then used to identify potential human errors at each subgoal, the level of risk and 

how these potential errors could be prevented.  

Results.  Endotracheal suctioning procedure was broken down into 129 subgoals, of which 49 

(38.0%) were high-risk. Ultrasound-guided right internal jugular venous cannulation was divided 

into 224 subgoals, of which 131 (58.4%) were medium-risk, and 20 (8.9%) were identified as 

high-risk. Rapid sequence intubation was divided into 167 subgoals. A total of 73 (43.7%) of 

these subgoals were judged to be high-risk.  

Conclusions. The use of human reliability analysis techniques can support healthcare 

professionals to gain an in-depth understanding of how particular procedures are carried out in 

order to reduce the risk of, and improve training in, how to perform these procedures.  

 



 

 

1. Background 

Patients in the intensive care unit (ICU) are at high-risk of medical error. Adverse event rates of 

20% have been reported in the ICU, with 45% of these events judged to be preventable 

[1].Therefore, there is a significant potential for reducing human error in such settings. It has 

been suggested that standardisation of most aspects of intensive care medicine has great potential 

to improve patient care and outcomes, reduce length of stay, and reduce healthcare expenditure 

[2]. However, despite promising results from large studies, standardisation has not been widely 

implemented in critical care [2]. A particular barrier to standardisation is the lack of a common, 

and agreed, understanding as to how particular procedures should be carried out.   

 

In other high-risk industries (e.g. nuclear power, aviation) there are high levels of 

standardisation. A common approach used in these industries to standardize task performance is 

through the use of human reliability analysis. Human reliability analysis consists of a range of 

techniques and approaches to systematically identify the impact of human error on a system [3]. 

A specific human reliability technique used to study how people complete a specific task is 

called task analysis. Task analysis breaks a task down into the component parts that must be 

carried out in order to complete the task. Task analysis is used to examine how people interact 

with equipment and their working environment. Task analyses can be organised and presented in 

a number of different ways, but the most common method is to arrange information 

hierarchically [4]. 

 



 

In a hierarchical task analysis (HTA), the overall goal (e.g. perform hand hygiene), is broken 

down into a series of sub-goals that must be completed in order to achieve the overall goal (apply 

a palm full of alcohol-based hand rub in a cupped hand, rub hands palm to palm, etc.). Examples 

of the use of the use of HTA in critical care settings include preparing and delivering anaesthesia 

[5] and the identification and management and communication errors in the ICU [6]. 

 

Although the output of a HTA is useful for documenting a procedure for teaching and 

dissemination [7], it does not allow for the identification and mitigation of potential errors. When 

standardizing a task a consideration of the potential for error is important and has implications 

for both the technique and equipment used for completing a task. An approach to analysing 

potential error has been developed called systematic human error and risk reduction approach 

(SHERPA)[8]. SHERPA is an approach, first used in the nuclear industry, in which the subgoals 

derived from an HTA are scrutinized in order to identify where errors in the task may occur and 

to suggest the most suitable solutions to mitigate these errors [4, 7]. The SHERPA approach 

explicitly links error reduction measures to the underlying causes of human error in a task.  

 

There are few examples of the application of human reliability analysis techniques in healthcare, 

as compared to other high-risk industries [7]. This is surprising given the large number of safety 

critical procedures carried out in healthcare- particularly in critical care settings. Given the 

potential benefits of an improved understanding of critical care procedures, the aims of this study 

are to: (1) carry out a detailed examination of three commonly performed ICU procedures using 

HTA; (2) identify those steps in these procedures that are particularly vulnerable to human error 



 

using a SHERPA; and (3) consider the utility of carrying out these types of analyses in critical 

care settings to inform standardisation and training. 

 

2. Methods 

A standard approach for completing a HTA and SHERPA of a procedure was used [4, 5]. This 

approach consists of three stages: (1) Identification of procedures for analysis; (2) Hierarchical 

Task Analysis; and (3) SHERPA analysis. Each of these stages are outlined below. 

 

2.1 Setting 

The study took place at a large Irish university teaching hospital. Data collection was carried out 

between April and June 2018. 

 

2.2 Ethics 

Ethical approval for the study was received from University College Cork’s Clinical Research 

Ethics Committee. 

 

2.2.1 Identification of procedures for analysis 

We wished to analyse procedures that are representative of the broad spectrum of tasks that are 

routinely performed by both ICU physicians and nurses. Therefore, the procedures that were 

chosen to evaluate in this study were:  

 Endotracheal suctioning: the mechanical aspiration of pulmonary secretions from a 

patient who cannot clear their own secretions, due to the presence of an artificial 



 

airway (e.g. endotracheal tube, tracheostomy). This procedure is generally carried out 

by ICU nurses. 

 Ultrasound-guided right internal jugular vein cannulation: using ultrasound to 

introduce a central venous line into the internal jugular vein under sterile technique. 

This procedure is generally carried out by ICU physicians [9]. 

 Rapid-sequence intubation: an established method of securing the airway in patients 

who are at risk of aspiration of gastric contents into the lungs. This technique is 

generally performed in the ICU by a physician, assisted by an ICU nurse [10]. 

 

2.3 Hierarchical Task Analysis 

Separate HTAs were developed for the three procedures. Data was collected for the HTAs from 

three sources of data.  

 

2.3.1 Literature review 

A literature search was conducted to identify articles relating to appropriate technique and best 

practice for the three procedures of interest. Three sources were identified and used to construct 

an initial HTA for endotracheal suctioning through an artificial airway [11-13]. Similarly, three 

sources were used to construct an initial task analysis for right internal jugular vein central 

venous cannulation [9, 14, 15]. Finally, four sources were identified and used to guide 

construction of an initial HTA on rapid sequence intubation outside of the operating theatre [16-

19].  

 

 



 

2.3.2 Observations 

A total of 10 instances of each of the procedures being performed in the clinical environment 

were video recorded.  

 

2.3.3 Subject Matter Experts (SMEs) 

Three consultant intensivists and three clinical nurse managers were recruited as SMEs for the 

development of the HTAs. The SMEs provided an initial review of the information gathered 

from the literature and observations. Interviews with SMEs were recorded, and the data obtained 

was used to refine the three HTAs.  

 

2.3.4 Construction of HTAs.  

HTAs for each of the three procedures were constructed by an experienced Trainee Anaesthetist 

(KR), a Consultant Anaesthetist (DB), and a human factors psychologist (POC). A standard 

approach was used to develop the HTA [20]. This process is described as follows: 

1. The overall goal was identified (e.g. complete endotracheal suctioning on an adult 

patient). 

2. The series of steps that need to be carried out to achieve this goal were identified- 

these are the subgoals. It is a matter of judgment as to how detailed these subgoals 

should be. To illustrate, a subgoal could be ‘complete hand hygiene’, or it could be 

more detailed (i.e. apply a palm full of alcohol-based hand rub in a cupped hand, rub 

hands palm to palm, etc.). The level of detail required was determined by consensus 

between the two anaesthesiologists carrying out the SHERPA based upon whether 

further decomposition was impossible or was judged to add little value [20]. 



 

3. The circumstances under which each subgoal is carried out and the order in which 

they are conducted is identified (e.g. if alcohol rub is available then complete 

subgoals, x, y, and z, if not, then complete subgoals a, b, and c). In the language of 

HTA this is called the plan. 

  

2.4. SHERPA analysis 

The subgoals of the task analyses were evaluated using SHERPA [8]. The SHERPA analyses 

were carried out by the same two anaesthetists who constructed the HTAs (KR and DB). The 

two anaesthetists worked together to carry out the SHERPA analysis. Any disagreements were 

resolved through discussion until consensus was reached. The method used to complete the 

SHERPA analysis was as follows: 

1. Subgoals were classified based on the behaviour involved, from the following: action 

(e.g. inserting a needle), retrieval (e.g. getting information), checking (e.g. checking 

that equipment is working), selection (e.g. choosing one technique over another), 

information communication (e.g. delivering information to a patient or healthcare 

provider). 

2. Using the classification of error types that is shown in Table 1, errors were 

determined that could credibly occur during performance of the different subgoals. 

3. The consequences of each identified potential error were described. The two 

anaesthetists classified the probability of an error into one of four levels: (1); ‘low’, 

<1/1000; (2) ‘medium’, >1/1000 but <1/100; (3) ‘high’, >1/100 but <1/50; and (4) 

‘very high’, >1/50 [5].  



 

4. The “recovery potential” of each error was described, i.e. points occurring later in the 

HTA where the error could be identified before it had an effect were noted. 

5. The “criticality” of each error was rated using the three levels: (1) ‘low’, unnoticeable 

clinical effect; (2) ‘medium’, transient clinical effect but not life threatening; and (3) 

‘high’, a potentially life threatening clinical effect [5]. 

6. The probability and criticality scores were multiplied together to calculate the level of 

risk. A score from 0 or 2 is considered ‘low-risk’, from 3 to 6 ‘medium-risk’, and 7 to 

12 ‘high-risk.’ 

7. Potential remedial strategies were suggested to prevent each error from occurring or 

propagating at the individual level, the equipment level, the environmental level and 

the organisational level. 

 

  



 

Table 1: Error classifications used in SHERPA (adapted from [4,5]).  

Error type Error mode 
Action A1 Too long or too short 

A2 Mistimed 
A3 Wrong direction 
A4 Too little/too much 
A5 Misaligned 
A6 Wrong object 
A7 Wrong action 
A8 Omitted 
A9 Incomplete 
A10 Wrong action on wrong object 

Retrieval R1 Information not obtained 
R2 Wrong information obtained 
R3 Information retrieval incomplete 

Checking C1 Omitted 
C2 Incomplete 
C3 Wrong object 
C4 Wrong check 
C5 Mistimed 
C6 Wrong check, wrong object 

Selection S1 Omitted 
S2 Wrong selection made 

Information communication I1 Information not communicated 
I2 Wrong information communicated 
I3 Information communication incomplete 

 

3. Results 

 

3.1 Endotracheal suctioning  

A simplified HTA for endotracheal suctioning is shown in Table 2. The complete HTA, with all 

of the subgoals described, is provided in Supplemental Material A.  

 

  



 

Table 2. Simplified endotracheal suctioning HTA. 
 

 Task Plan 

1 Prepare the patient in all cases do 1.1-1.3; optionally do 1.4-
1.6 - if using a closed-suction system, 1.4-
1.5 can be done concurrently while 
performing suctioning 

1.1 Perform hand hygiene 
 

1.2 Place a pulse oximeter on the patient 
 

1.3 Hyperoxygenate the patient 
 

1.4 Hyperventilate the patient 
 

1.5 Hyperinflate the patient's lungs 
 

1.6 Instill sterile normal saline through 
the artificial airway to mobilize 
secretions (perform lavage) 

 

2 Perform suctioning in most cases do one of 2.1-2.2 - if the 
patient requires a high inspired oxygen 
concentration or high positive end-
expiratory pressure do not do 2.1; do 2.2 

2.1 Use a single-use disposable suction 
catheter 

do in sequence 2.1.1-2.1.6 

2.1.1 Perform hand hygiene and apply 
gloves 

 

2.1.2 Prepare the suction catheter 
 

2.1.3 Insert the suction catheter through 
the artificial airway into the trachea 

 

2.1.4 Apply negative pressure while 
withdrawing the suction catheter and 
stabilizing the artificial airway with 
the opposite hand 

 

2.1.5 Discard the suction catheter in 
medical waste 

 

2.1.6 Remove gloves and perform hand 
hygiene 

 

2.2 Use a multi-use closed suction 
system 

if a closed suction system is not attached 
to the breathing circuit do in sequence 
2.1.1-2.1.5 - if a closed suction system is 
already attached to the breathing circuit 
do 2.2.1 do not do 2.2.2; do in sequence 
2.2.3-2.2.5 

2.2.1 Perform hand hygiene and apply 
gloves 

 

2.2.2 Prepare and attach the closed suction 
system 

 



 

 
 

A summary of the data from the SHERPA analysis is provided in Table 3, with the detailed 

analysis provided in Supplemental Material A. It can be seen that the vast majority of the 

subgoals were ‘action’ behaviours, with an even distribution of interventions across the four 

levels. The most commonly suggested remedial strategy was hand hygiene (38 subgoals; see 

Supplemental Material A). The probability of making errors was ‘high’ or ‘very high’ for the 

majority of the subgoals, with the criticality of the errors ‘low’ for just over half of the subgoals 

(see Table 3). There was a medium-risk of an error for the majority of subgoals.  

 

  

2.2.3 Advance the closed suction catheter 
through the artificial airway into the 
trachea 

 

2.2.4 Withdraw the suction catheter until 
the tip is out of the artificial airway 
and secretions have been aspirated 

 

2.2.5 Remove gloves and perform hand 
hygiene 

 

3 Perform follow-up care do 3.1-3.2; optionally do 3.3; do 3.5 
3.1 Hyperoxygenate the patient 

 

3.2 Monitor the patient for adverse 
reactions 

 

3.3 Hyperventilate the patient 
 

3.5 Perform hand hygiene 
 



 

Table 3. Summary of SHERPA analysis for the three procedures. 
 
  Endotracheal 

suctioning 
Central venous 

cannulation 
Rapid sequence 

intubation 
Number of subgoals  129 224 167 

T
yp

e 
of

 b
eh

av
io

ur
 Action 109 (84.4%) 172 (76.8%) 109 (65.2%) 

Checking 13 (10.1%) 31 (13.8%) 21 (12.6%) 

Selection 7 (5.4%) 17 (7.6%) 15 (9.0%) 

Retrieval 0 3 (1.3%) 10 (6.0%) 

Information communication 0 1 (0.4%) 12 (7.2%) 

P
ro

ba
b

ili
ty

 o
f 

er
ro

r 

Low 25 (19.4%) 63 (28.1%) 51 (30.5%) 

Medium 8 (6.2%) 56 (25.0%) 22 (13.2%) 

High 89 (69.0%) 70 (31.2%) 45 (26.9%) 

Very high 7 (5.4%) 35 (15.6%) 49 (29.3%) 

C
ri

ti
ca

li
ty

 
of

 e
rr

or
 Low 69 (53.5%) 153 (68.3%) 23 (13.8%) 

Medium 11 (8.5%) 28 (12.5%) 19 (11.4%) 

High 49 (38.0%) 43 (19.2%) 125 (74.9%) 

R
is

k 

Low 17 (13.2%) 73 (32.6%) 9 (5.4%) 

Medium 72 (55.8%) 131 (58.4%) 85 (50.9%) 

High 40 (31.0%) 20 (8.9%) 73 (43.7%) 

L
ev

el
 o

f 
in

te
rv

en
ti

on
 Individual* 118 (27.9%) 154 (32.8%) 163 (26.5%) 

Equipment 104 (24.6%) 96 (20.4%) 138 (22.4%) 

Environment 94 (22.2%) 59 (12.6%) 151 (24.5%) 

Organisation 107 (25.3%) 161 (34.3%) 164 (26.6%) 

*Interventions can be identified at more than one level. 
 
 

3.2 Ultrasound-guided right internal jugular venous cannulation  

The simplified HTA is shown in Table 4, with the complete HTA available in Supplemental 

Material B.  

 



 

Table 4. Simplified ultrasound-guided right internal jugular central venous cannulation HTA. 
 

 Task Plan 

1 Prepare for cannulation If patient is awake and 
oriented [do in sequence 1.1-
1.8] - if patient is sedated or 
has altered consciousness [ do 
not do 1.1; do in sequence 
1.2-1.8] 

1.1 Explain the procedure and conduct procedural time 
out 

 

1.2 Perform hand hygiene 
 

1.3 Organize equipment 
 

1.4 Position the patient supine, head-down, and with 
the head rotated to the left 

 

1.5 Identify landmarks and perform ultrasound survey 
 

1.6 Perform full surgical scrub and prepare a sterile 
field 

 

1.7 Prepare equipment by removing protective sheaths 
and positioning ergonomically 

 

1.8 Position yourself at the head of the bed 
 

2 Perform cannulation Do in sequence 2.1-2.16 
2.1 Identify the internal jugular vein and carotid artery 

with ultrasound 

 

2.2 Inject local anaesthetic in the skin and soft tissues 
overlying the internal jugular vein 

 

2.3 Choose a puncture site and puncture the skin with 
the introducer needle/angiocatheter 

 

2.4 Guide the introducer needle/angiocatheter into the 
right internal jugular vein 

 

2.5 Confirm venous blood flow from the introducer 
needle/angiocatheter; if using an angiocatheter, 
advance it over the needle into the vein and 
reconfirm venous blood flow 

 

2.6 Thread the guidewire 
 

2.7 Confirm venous position of the guidewire with 
ultrasound 

 

2.8 Use a scalpel to make a small incision at the point 
where the guidewire meets the skin 

 

2.9 Dilate a tract from the skin to the right internal 
jugular vein 

 

2.10 Place the central venous catheter at an appropriate 
depth 

 

2.11 Remove the guidewire 
 



 

 

A summary of the SHERPA analysis is shown in Table 3, with the complete analysis provided in 

Supplemental Material B. As with the previous procedure, the majority of the subgoals were 

‘action’ behaviours. Individual and organizational level interventions were the most commonly 

identified. The most frequently suggested remedial strategy were good infection control 

technique (48 subgoals; see Supplemental Material B). Almost half of the subgoals were judged 

to have a ‘high’ or ‘very high’ probability, and ’high’ criticality of error (see Table 3). There was 

a medium-risk in two thirds of the subgoals (see Table 3 and Supplemental Material B). 

 

3.3 Rapid sequence intubation (RSI) outside the operating theatre 

The summarized HTA is shown in Table 5 (see Supplemental Material C for all of the sub-goals 

identified in the HTA).  

  

2.12 Confirm venous blood flow from all ports of the 
central venous catheter by aspiration 

 

2.13 Flush all ports of the catheter with saline and close 
them 

 

2.14 Secure the catheter with sutures 
 

2.15 Dress the catheter with an antimicrobial-
impregnated sterile central venous catheter dressing 

 

3 Perform follow-up care Do all in any order 3.1-3.2; 
do in sequence 3.3-3.5 

3.1 Return the patient to a comfortable position 
 

3.2 Dispose of sharps and contaminated material 
 

3.3 Perform hand hygiene 
 

3.4 Monitor for adverse events 
 

3.5 Obtain a chest radiograph to confirm position of the 
catheter 

 



 

Table 5. Simplified rapid sequence intubation outside the operating theatre  HTA. 

 Task Plan 

1 Prepare for intubation Do 1.1; then do concurrently 1.2-1.6 
1.1 Perform hand hygiene 

 

1.2 Use a checklist for preparation 
 

1.3 Prepare the patient by ensuring venous 
access, optimising medical state, 
assessing airway, and preoxygenating 

 

1.4 Prepare the equipment, including 
monitors, airway equipment, and drugs 

 

1.5 Prepare the team by assembling all 
available senior staff, allocating roles, 
and discussing the plan 

 

1.6 Prepare for difficulty by going over the 
plan/back-up plan(s) and addressing 
team member concerns 

 

2 Perform intubation Optionally do 2.1; then concurrently 
do 2.2-2.3; then cycle through 2.4-2.6 - 
if successful intubation at any point, 
skip to 2.7 

2.1 Apply cricoid force 
 

2.2 Induce anaesthesia intravenously 
 

2.3 Give peroxygenation at the onset of 
apnoea and neuromuscular blockade 

 

2.4 Perform intubation attempt(s) Do in sequence 2.4.1-2.4.2 - if 
successful intubation at any point, skip 
to 2.7 - if unsuccessful intubation, do 
2.4.3 and repeat 2.4.1-2.4.2 a 
maximum of three times + one by a 
senior colleague - if still unsuccessful, 
do in sequence 2.4.5-2.4.6 and proceed 
to 2.5. 

2.4.1 Perform attempt at laryngoscopy 
 

2.4.2 Perform manoeuvres to improve 
layngoscopic view/ease of 
intubation, such as changing 
device/operator/position 

 

2.4.3 Provide facemask ventilation 
 

2.4.4 Ensure senior help is summoned 
 

2.4.5 Ensure front-of-neck access (FONA) 
set is immediately to hand 

 

2.4.6 Declare “failed intubation” and open 
the front-of-neck airway (FONA) set 

 



 

2.5 Perform rescue oxygenation Attempt all in any order 2.5.1-2.5.2 a 
maximum of three times + one by a 
senior colleague - if successful 
oxygenation do 2.5.3-2.5.4 
concurrently - if unsuccessful 
oxygenation do 2.5.5 and proceed to 
2.6 

2.5.1 Provide facemask ventilation 
 

2.5.2 Ventilate with a 2nd generation 
supraglottic airway 

 

2.5.3 Consider waking patient 
 

2.5.4 Wait for expert help while 
maintaining oxygenation 

 

2.5.5 Declare "can't intubate, can't 
oxygenate" 

 

2.6 Establish front of neck airway 
 

 

2.7 Inflate cuff of endotracheal tube, 
ventilate through endotracheal tube, and 
secure endotracheal tube 

 

2.8 Confirm position of tube with 
auscultation and capnography 

 

3 Perform follow-up care Optionally do 3.1; do all of 3.2-3.5 

3.1 Perform endotracheal suctioning and/or 
recruitment manoeuvre 

 

3.2 Confirm position of endotracheal tube 
on chest x-ray 

 

3.3 Monitor for complications 
 

3.4 Establish follow-up airway plan and 
document airway alert 

 

3.5 Perform hand hygiene 
 

 
A summary of the SHERPA analysis is shown in Table 3, with the complete analysis provided in 

Supplemental Material C. Again, the majority of the subgoals were action behaviours. There was 

an even distribution of interventions identified across all four levels. The most frequently 

suggested remedial strategy were the use of checklists to standardize practice (29 subgoals; see 

Supplemental Material B). More than half of the subgoals were judged to have a ‘high’ or ‘very 

high’ probability of error, with almost three quarters of these errors judged to have the potential 



 

to have a life-threatening clinical effect. Almost half of the subgoals were rated as having a high-

risk of occurrence (see Table 3).  

 

4. Discussion 

 

Procedures conducted in the intensive care unit are complex and prone to error [1, 21]. It has 

been suggested that standardisation is an approach to reducing error in critical care settings [2]. 

In other industries standardisation has been achieved through the use of human reliability 

analysis techniques such as HTA and SHERPA. This proactive approach is uncommon in 

healthcare, where there is a much greater reliance on retrospective analysis after an adverse event 

has occurred [22]. Therefore, the aims of our study were to use HTA and SHERPA to examine 

three procedures commonly carried out in the ICU and, consider the utility of carrying out these 

types of analyses for fostering standardisation and training to carry out critical care procedures.  

 

In order for standardisation to be effective, there is a need to be able to establish whether it is 

possible to identify ‘a correct way’ for carrying out these procedures [23]. This was achieved in 

the current study, with HTAs constructed for all three procedures evaluated in this paper. 

Although HTAs may seem similar to a clinical protocol, they differ in that they focus on the 

behaviours necessary to execute the procedures. Therefore, HTAs complement existing clinical 

protocols rather than replaces them [5]. Future research should consider how HTAs can be 

integrated with clinical protocols, rather than seen as add-ons to existing protocols.   

 



 

Human reliability analysis also has substantial implications for the improvement of the training 

healthcare professionals. It is broadly recognised that the traditional ‘see one, do one, teach one’ 

approach to medical education are inadequate [24]. The traditional approach to learning lacks 

components known to be important to both learning a procedure, and ensuring that learning has 

occurred [24]. These components include consistent guidance for the learner, measurement of 

performance, and feedback by the teacher to the learner in a systematic and structured way [24]. 

Integrating these components into the training of healthcare professionals to perform a particular 

procedure requires a clear understanding of the steps in that procedure- as can be provided 

through human reliability analysis. The development and use of clear, and detailed, human 

reliability task analyses can form the foundation for approaches to teaching procedural skills 

such as mastery learning,[25, 26] and fluency training[23, 27, 28]. 

 

Although not commonly used in healthcare, mastery learning and fluency training have been 

shown to be effective as compared to the traditional approach. To illustrate, mastery learning has 

been found to increase skills in simulated central venous catheter insertion and decrease 

complications in actual patients [26]. Although the detail included in the supplemental materials 

is necessary to carry out the SHERPA, and to evaluate the potential for error at each step, it is 

not suggested that this level of detail is required to teach healthcare providers to carry out the 

procedures. However, as can be seen from the summary HTAs presented in the results, the HTAs 

can be simplified. The level of detail of the HTA can be tailored to the needs of the potential 

user, and the purpose of the task analysis [3]. It is suggested that task analyses could be used to 

support the use of approaches, such as mastery learning, for a range of critical care procedures. 

 



 

Appropriate infection control and hand hygiene practices are crucial to patient safety in the ICU 

[29]. For the endotracheal suctioning procedure, effective hand hygiene practices were the most 

commonly identified intervention for reducing risk in this procedure. For the internal jugular 

vein cannulation procedure, good infection control practices were the most commonly identified 

intervention. These findings can be considered in the context of a recent systematic review of 

hand hygiene compliance in ICUs that identified ‘before aseptic tasks’ as having the lowest level 

of compliance (31.5%) of five World Health Organisation Moments of hand hygiene [29]. This 

low level of compliance demonstrates the importance of fully integrating good hand hygiene and 

infection control practices into procedures, rather than being viewed as an additional task. 

Consideration should be given how appropriate hand hygiene and other infection control 

practices can be better integrated into procedures in critical care environments. 

 

The HTA and SHERPA methods and analyses reported in this paper have demonstrated that 

these human reliability analysis approaches have utility in providing an improved understanding 

of how a procedure is carried out, as well as the associated risks of error in order to consider 

whether the risk can be reduced or mitigated [7]. This information has implications for 

standardisation of how a procedure is performed and the identification of ‘a correct way’ of 

teaching someone to carry out a procedure. However, an important caveat is that standardisation 

is not necessarily always appropriate in all critical care activities. For example, healthcare 

delivery under an ultra-adaptive risk management model (e.g. trauma) relies heavily on the 

judgement, adaptability and resilience of the healthcare professionals as opposed to procedures 

and standardisation [30]. Therefore, it is important to identify when and where standardisation 



 

may negatively impact performance, as well as considering when and where it can positively 

impact patient safety.  

 

4.1 Limitations 

The subjectivity of the output of this study presents a potential limitation to its generalizability, 

with input provided from only two SMEs, from one institution. A small number of SMEs is not 

only a limitation of this particular study, but is an issue with all HTA and human reliability 

methodologies. Due to the time required to carry out the analysis, it is common for there to be 

only a small number of participants involved. The HTAs were based upon a literature review, so 

is not solely based upon the SME opinions. However, particularly for the SHERPA analysis it 

would have been desirable to have input from a greater number of SMEs. 

 

The use of SHERPA, as opposed to other more advanced HTA approaches (e.g. Cognitive 

Reliability and Error Analysis Method; CREAM) could be criticised. We reviewed a number of 

approaches to human reliability analysis, and decided to use SHERPA as it has been used 

previously in anaesthetic setting [5], it can be applied by clinicians with limited human factors 

training or support, and focuses specifically on the procedure. However, it is recognised that 

SHERPA fails to take into account the impact of the context in which the procedure is being 

carried out. SHERPA also does not consider the systems issues that contribute to poor 

performance. 

 

Although the human reliability analysis reported in this paper provides a comprehensive 

description of task-related behaviour, it provides little insight on the cognitive processes of the 



 

individual carrying out the procedure. In order to fully understand what the healthcare 

professionals carrying out the task were thinking about requires an alternative task analysis 

approach- such as cognitive task analysis [31]. Cognitive task analysis has previously been 

successfully used in medicine to teach surgical skills [32], to aid in the teaching of percutaneous 

tracheostomy placement in the ICU [33], and preparation and delivery of anaesthesia [34]. 

Therefore, future research might consider examining the cognitive processes as the healthcare 

professional carries out the procedure. 

 

The human reliability analysis reported in this paper was led by clinicians, and not healthcare 

safety experts. This could be considered a limitation as in other industries, such as nuclear power 

generation, this type of analysis is carried out by a designated safety expert [7]. However, 

healthcare practitioner led human reliability analysis also has advantages in terms of the validity 

of the analysis, as they are the people that actually carry out the procedure. 

 

The main barriers to the widespread use of human reliability analysis in healthcare are the time 

and resources required to carry it out. However, there are changes occurring in graduate medical 

education that may make human reliability analyses in healthcare more commonplace. In recent 

years there has been a move towards a competency-based approach to medical education, and 

away from the traditional apprenticeship model [35]. A competency-based approach to learning 

is focused on educational outcomes. Under this paradigm, assessment must demonstrate that the 

newly trained healthcare professional is competent for clinical practice [36]. Human reliability 

analysis techniques provide a method for identifying the steps in a procedure which is required to 

facilitate both teaching and assessment within competency-based education. 



 

 

 

5. Conclusion 

Human reliability analysis provides a proactive approach to the mitigation and management of 

risk. The human reliability analyses of the three procedures evaluated in this paper have 

demonstrated that it can be carried out on critical care procedures, and that the outputs can 

potentially be used to support standardisation of critical care procedures. The use of human 

reliability analysis can support healthcare professionals to gain an in-depth understanding of how 

particular tasks are carried out in order to reduce the risk of, and improve training in, how to 

perform these procedures.  

 

List of abbreviations 

Hierarchical task analysis ; ICU- intensive care unit; SHERPA- systematic human error and risk 

reduction approach; SME- Subject Matter Expert. 

 

Declarations 

 
Ethics approval. Ethics approval was granted from University College Cork’s Clinical Research 

Ethics Committee, and all participants consented to participation. 

Consent for publication. Not applicable 

Availability of data and materials. All collected data is available in the supplemental material 

Competing interests. The authors declare that they have no competing interests. 

Funding. The study was partially supported by funding from the Irish Health Research Board 

(Grant no. HRA-HSR-2015-1071). 



 

Acknowledgements. We would like to acknowledge Sarah Morrissey and Bronwyn Reid-

McDermott’s contribution to the development of the hierarchical task analyses.  



 

References 

1. Rothschild JM, Landrigan CP, Cronin JW, Kaushal R, Lockley SW, Burdick E, Stone 

PH, Lilly CM, Katz JT, Czeisler CA et al: The Critical Care Safety Study: The 

incidence and nature of adverse events and serious medical errors in intensive care. 

Critical Care Medicine 2005, 33(8):1694-1700. 

2. Hasibeder WR: Does standardisation of critical care work? Current Opinions in 

Critical Care 2010, 16(5):493-498. 

3. Kirwan B, Ainsworth L: A guide to task analysis: the task analysis working group: 

CRC press; 1992. 

4. Lane R, Stanton NA, Harrison D: Applying hierarchical task analysis to medication 

administration errors. Applied Ergonomics 2006, 37(5):669-679. 

5. Phipps D, Meakin GH, Beatty PC, Nsoedo C, Parker D: Human factors in anaesthetic 

practice: insights from a task analysis. British Journal of  Anaesthesia 2008, 

100(3):333-343. 

6. Donchin Y, Gopher D, Olin M, Badihi Y, Biesky M, Sprung CL, Pizov R, Cotev S: A 

look into the nature and causes of human errors in the intensive care unit. 1995. 

Quality and Safety in Health Care 2003, 12(2):143-147. 

7. Sujan MA, Embrey D, Huang H: On the application of human reliability analysis in 

healthcare: opportunities and challenges. Reliability Engineering and System Safety 

2018. 

8. Embrey D: SHERPA: A Systematic Human Error Reduction and Prediction 

Approach to modelling and assessing human reliability in complex tasks. Safety, 

Reliability and Risk Analysis 2014:311-316. 



 

9. Ortega R, Song M, Hansen CJ, Barash P: Videos in clinical medicine. Ultrasound-

guided internal jugular vein cannulation. New England Journal of Medicine 2010, 

362(16):e57. 

10. Sinclair RCF, Luxton MCCEiACCP, 5(2), 45-4: Rapid sequence induction. Continuing 

Education in Anaesthesia Critical Care & Pain 2005, 5(2):45-48. 

11. American Association for Respiratory Care: AARC clinical practice guideline. 

Endotracheal suctioning of mechanically ventilated adults and children with 

artificial airways. American Association for Respiratory Care. Respiratory care 

1993, 38(5):500-504. 

12. American Association for Respiratory Care: AARC Clinical Practice Guidelines. 

Endotracheal suctioning of mechanically ventilated patients with artificial airways 

2010. Respiratory care 2010, 55(6):758-764. 

13. Pedersen CM, Rosendahl-Nielsen M, Hjermind J, Egerod I: Endotracheal suctioning of 

the adult intubated patient--what is the evidence? Intensive and critical care nursing 

2009, 25(1):21-30. 

14. French JL, Raine-Fenning NJ, Hardman JG, Bedforth NM: Pitfalls of ultrasound guided 

vascular access: the use of three/four-dimensional ultrasound. Anaesthesia 2008, 

63(8):806-813. 

15. Rupp SM, Apfelbaum JL, Blitt C, Caplan RA, Connis RT, Domino KB, Fleisher LA, 

Grant S, Mark JB, Morray JP et al: Practice guidelines for central venous access: a 

report by the American Society of Anesthesiologists Task Force on Central Venous 

Access. Anesthesiology 2012, 116(3):539-573. 



 

16. Higgs A, Cook TM, McGrath BA: Airway management in the critically ill: the same, 

but different. British Journal of Anaesthesia 2016, 117 Suppl 1:i5-i9. 

17. Higgs A, McGrath BA, Goddard C, Rangasami J, Suntharalingam G, Gale R, Cook TM: 

DAS guidelines on the airway management of critically ill patients. Anaesthesia 

2018, 73(8):1035-1036. 

18. Poveda Jaramillo R, Dueñas Castell C, Ortiz Ruiz G: Rapid sequence intubation in the 

intensive care unit. Colombian Journal of Anesthesiolog 2013, 41:24-33. 

19. Reynolds SF, Heffner J: Airway management of the critically ill patient: rapid-

sequence intubation. Chest 2005, 127(4):1397-1412. 

20. Sheperd A: Hierarchical Task Analysis. . London: Taylor & Francis; 2001. 

21. Dijkema LM, Dieperink W, van Meurs M, Zijlstra JG: Preventable mortality 

evaluation in the ICU. Critical Care 2012, 16(2):309. 

22. Potts HW, Anderson JE, Colligan L, Leach P, Davis S, Berman J: Assessing the validity 

of prospective hazard analysis methods: a comparison of two techniques. BMC 

Health Services Research 2014, 14:41. 

23. Lydon S, Burns N, Healy O, O'Connor P, Reid-McDermott B, Byrne D: Preliminary 

evaluation of the efficacy of an intervention incorporating precision teaching to 

train procedural skills among final cycle medical students. BMJ Simulation and 

Technology Enhanced Learning 2017, 3(3):116-121. 

24.  Rodriguez-Paz JM, Kennedy M, Salas E, Wu AW, Sexton JB, Hunt EA, Pronovost PJ: 

Beyond "see one, do one, teach one": toward a different training paradigm. Quality 

and Safety in Health Care 2009, 18(1):63-68. 



 

25. McGaghie W, Siddall V, Mazmanian P, Myers J: Committee AC of CPH and SP. 

Lessons for continuing medical education from simulation research in 

undergraduate and graduate medical education: effectiveness of continuing medical 

education: American College of Chest Physicians Evidence-Based Educational 

Guidelines. Chest 2009, 135(3). 

26. Barsuk J, McGaghie WC, Cohen ER, O’Leary KJ, Wayne DB: Simulation-based 

mastery learning reduces complications during central venous catheter insertion in 

a medical intensive care unit. Critical Care Medicine 2009, 37(10):2697-2701. 

27. Lydon S, McDermott BR, Ryan E, O’Connor P, Dempsey S, Walsh C, Byrne D: Can 

simulation-based education and precision teaching improve paediatric trainees’ 

behavioural fluency in performing lumbar puncture? A pilot study. BMC Medical 

Education 2019, 19(1):138 

28.  Reid-McDermott B, Browne M, Byrne D, O’Connor P, O’Dowd E, Walsh C, Madden C, 

Lydon S: Using simulation to explore the impact of device design on the learning and 

performance of peripheral intravenous cannulation. Advances in Simulation 2019, 

4(1):1-9. 

29. Lambe KA, Lydon S, Madden C, Vellinga A, Hehir A, Walsh M, O’Connor P: Hand 

hygiene compliance in the intensive care unit: a systematic review. Critical Care 

Medicine 2019. 

30. Vincent C, Amalberti R: Safer healthcare. Cambridge: Springer International 

Publishing; 2016. 

31. Seamster TL, Redding RE, Kaempf GL: Applied cognitive task analysis in aviation. 

Aldershot, UK: Avebury Aviation; 1997. 



 

32. Sullivan ME, Brown CV, Peyre SE, Salim A, Martin M, Towfigh S, Grunwald T: The 

use of cognitive task analysis to improve the learning of percutaneous tracheostomy 

placement. American Journal of Surgery 2007, 193(1):96-99. 

33. Velmahos GC, Toutouzas KG, Sillin LF, Chan L, Clark RE, Theodorou D, Maupin F: 

Cognitive task analysis for teaching technical skills in an inanimate surgical skills 

laboratory. American Journal of Surgery 2004, 187(1):114-119. 

34. Phipps DL, Meakin GH, Beatty PCW: Extending hierarchical task analysis to identify 

cognitive demands and information design requirements. Applied Ergonomics 2011, 

42(5):741-748. 

35. Frank JR, Snell LS, Cate OT, Holmboe ES, Carraccio C, Swing SR, Harris P, Glasgow 

NJ, Campbell C, Dath D: Competency-based medical education: theory to practice. 

Medical Teacher 2010, 32(8):638-645. 

36. Iobst WF, Sherbino J, Cate OT, Richardson DL, Dath D, Swing SR, Harris P, Mungroo 

R, Holmboe ES, Frank JR: Competency-based medical education in postgraduate 

medical education. Medical Teacher 2010, 32(8):651-656. 

 
 


