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Abstract
Background: Evaluation of technical skill is notoriously
difficult because of the subjectivity and time-consuming
expert analysis. No ongoing evaluation scheme exists to
assess the continuing competency of surgeons. This
study examined whether surgeons� self-assessment
accurately reflects their actual surgical technique.
Methods: Hierarchical task analysis (HTA) of laparo-
scopic cholecystectomy was constructed. Ten expert
surgeons were asked to modify the HTA for their own
technique. The HTAs of these surgeons then were
compared with their actual operations, which had been
recorded and assessed by two observers.
Results: A total of 40 operations were assessed. All the
gallbladders subjected to surgery were classified as
grades 1 to 3. The mean interrater reliability for the two
observers had a k value of 0.84 (p< 0.05), and the mean
intrarater reliability between surgeons and observers
had a k value of 0.79 (p < 0.05).
Conclusions: Surgeons� self-evaluation is accurate for
technical skills aspects of their operations. This study
demonstrates that self-appraisal using HTA is feasible,
accurate, and practical. The authors aim to increase the
numbers in their study and also to recruit residents.
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Assessing surgical technical skills in a structured manner
is a topical issue in light of revalidation, shorter and
higher surgical training periods, and recent high-profile
medicolegal cases. The General Medical Council [15] is
implementing compulsory revalidation for every doctor

every 5 years. This is mainly a paper process. However,
it does not evaluate surgeons� operative technique or
skill. The ability to assess a surgeon�s technical skill in a
structured manner would be beneficial for this process.

Technical skills self-appraisal previously used video
tapes of operations by trainees/residents and consul-
tants/attending [3, 17], with the surgeon evaluating his
or her own technical skill performance using structured
assessment criteria. However, to date, no analysis has
assessed the detailed self-appraisal of expert surgeons.

A prospective, objective method for analyzing sur-
gical technical skills error can take the form of hierar-
chical task analysis (HTA). This technique, with its
origins in industry, combines task analysis with objec-
tive and systematic assessment of errors to permit
analysis of procedures that previously were prohibitively
complex [9, 11, 20]. Hierarchical task analysis allows a
systematic breakdown of the complex surgical proce-
dure for a clear definition of the actions used, allowing
easier elicitation of associations between specific actions
and errors and permitting more directed evaluation of
technical skill [6].

In recent years, HTA has become increasingly
popular in studies evaluating surgical techniques. Pre-
vious studies concentrated on analyzing surgical
procedures, using task analysis to understand the
complexities of procedures, with an aim to improve
training systems [4, 5, 13, 16]. Studies combining task
analysis of procedures with error analysis have focused
on surgical trainees, and thus have detected the skill-
based errors that constitute the greater proportion of
novice errors, implying targets for improved teaching of
skills [10, 12].

Some studies have analyzed technical errors in lap-
aroscopic surgery, using task analysis and technical skill
scales [8, 18, 21]. However, applying HTA to laparo-
scopic operations performed by expert surgeons and
using it to self-appraise each individual surgeon has not
been done to date. The current study evaluated the
practicality, feasibility, and reliability of using HTA in
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the self-appraisal of surgeons performing complex lap-
aroscopic operations.

Methods

Because laparoscopic cholecystectomy is the most common laparo-
scopic procedure in the United Kingdom and worldwide, it was the
chosen laparoscopic operation. The consultant/attending surgeons
recruited all had performed more than 150 unsupervised laparoscopic
cholecystectomies. The surgeons were recruited from the Imperial
College network of hospitals in West London.

A template hierarchical task analysis of laparoscopic cholecys-
tectomy (Table 1) was constructed by using textbooks, articles, papers,
Web pages, surgical skill course manuals, and expert panel discussions.
The HTA also was evaluated and modified if required by each of the
surgeons participating to assess whether it differed from their own
prescribed set of tasks for completion of the operation. The task
analysis was performed to a level that described the tasks and subtasks
required to achieve the goal, but did not describe the technique and
instruments that should be used. This was done so that the natural
style of the surgeons was unbiased by any implied technique.

Full-length versions of operations were recorded on digital vid-
eotape. These were then transferred without editing onto DVD using
Sony Click to DVD Software (Sony, Tokyo, Japan). Two observers
assessed each operation blindly and independently. These observers
had formal training by an expert in hierarchical task analysis. Both
observers watched a pilot batch comprising five DVDs of laparoscopic
cholecystectomies together so they could agree on criteria. They wat-
ched the DVDs on large-screen televisions and assessed them using the
consultants� modified standard HTA of the laparoscopic cholecystec-
tomy. All the operations were seen, and only slow (nonessential) parts
of the operations were fast forwarded.

The expert surgeons had no time limit for completing the lapa-
roscopic cholecystectomy. To be included in the study, each expert
surgeon had to complete each major task satisfactorily using the
template HTA as a guide. The HTAs of the operations were not
graded, but were used to develop an assessment tool for grading
technical skills in laparoscopic surgery [19]. This assessment tool is an
amalgamation of the template task analysis and the 10 individual ex-
pert surgeons� individual HTAs. This was done to avoid bias by one
expert surgeon in constructing the assessment tool so the tool could be
potentially used on a large scale, and 7to determine a level of technical
skill to maintain surgical certification.

Statistical analysis

Data were collated in an Excel database (Microsoft, Redmond, WA,
USA). Statistical analysis was performed using the SPSS software
statistical package (SPSS, Chicago, IL, USA). Kappa coefficients were
used, and r values greater than 0.61 were deemed indicative of signif-
icant reliability. A p value less than 0.05 was regarded as statistically
significant.

Results

There were no major postoperative complications. No
laparoscopic cholecystectomies were converted to open
surgery, and two patients had on-table cholangiograms.
A total of 40 laparoscopic cholecystectomies were as-
sessed, involving 14 men and 26 women with a mean age
of 56 years (range, 23–69 years) and mean body mass
index (BMI) of 27. The American Society of Anesthe-
siology (ASA) classifications of the patients ranged from
1 to 3. Gallbladders were graded as follows: grade 1
(thin walled with no adhesions), grade 2 (thin walled
with adhesions), grade 3 (thick walled), grade 4 (thick
walled and chronically inflamed), and grade 5 (thick

walled and acutely inflamed). There were 40 cases clas-
sified as grades 1 to 3, and none as grades 4 to 5.

There were 10 consultant/attending surgeons re-
cruited to the study, including 9 male surgeons and 1
female surgeon, 9 right-handed surgeons and 1 left-
handed surgeon. All the operations were performed
unsupervised by the consultant surgeons. There were 40
consultant episodes (mean, 3; range, 6–2).

The interrater reliability for the two observers had a
k value of 0.84 (p < 0.05), and the mean intrarater
reliability between the surgeons and the observers had a
k value of 0.79 (range, 0.71–0.86; p < 0.05). The mean
time required by the surgeons to complete the operation
was 32 min (range, 15–70 min).

Discussion

Over the past few years, attempts have been made to
create technical skill assessment tools for surgery [14].
Initially, these were on-bench models and virtual reality
simulators [1]. They subsequently were transferred to
real live operations [7]. However, these tools focused
mainly on trainee surgeons, assessing their generic
technical skills.

It has been shown that expert surgeons can make
technical errors in real live laparoscopic operations [18].
Therefore, a practical tool for self-appraisal of technical
skills may be of practical use, especially with the General
Medical Council implementing the compulsory intro-
duction of revalidation and appraisal of doctors in the
United Kingdom.

Appraisal and self-appraisal for the assessment of
technical skills and errors in surgery have been topical,
with a few studies highlighting their value [3, 17]. Re-
cently, there has been an attempt to assess consultant
surgeons on the General Medical Council�s Performance
Procedures, but these have involved only on-bench
models [2].

In the current study, we assessed the practicality of
using HTA as a self-appraisal tool in laparoscopic sur-
gery. The current study demonstrates that the HTA of
individual surgeons has face and content validities. It
seems to have good interrater and intrarater reliability.
Although it is not practical to use this process of self-
appraisal for every operation performed by consultant
surgeons, it could easily be performed at sequential
intervals throughout the surgeon�s working year. An
HTA could be constructed for the portfolio of opera-
tions each surgeon performs regularly in his or her
surgical practice. This would produce a portfolio of self-
appraisal HTA and DVDs for each surgeon�s opera-
tions, which could be externally assessed if required.

We aim to continue the study and expand it to other
laparoscopic and open operations. In addition to con-
sultant surgeons, we aim to recruit registrar/resident
surgeons and use the HTA as a possible teaching and
learning tool for acquiring technical skills needed in
performing a particular chosen operation. Finally, we
aim to analyze and construct an HTA for assessing
surgical theater team performance, evaluating how the
HTAs for the key members of the theater team interact
and influence each surgeon�s own HTA.
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Table 1. Standard surgical hierarchical task analysis of laparoscopic cholecystectomy

No. Task Plan No. Subtasks Recovery

1 Position patient, prep & Do subtasks 1.1, 1.2, 1.3, 1.1 Position patient supine A subtask fails.
drape abdomen, position 1.4 in consecutive order 1.2 Prep abdomen Repeat 1.1
& attach laparoscopic instruments and equip- 1.3 Drape abdomen to 1.4 if necessary in

ment 1.4 Position & attach laparo-
scopic instruments and
equipment (camera, gas
and diathermy leads,
monitor & camera)

consecutive order.

2 Inform the anesthetist that
you (the surgeon) intend
to start operation

Do subtasks 2.1 to 2.2 2.1

2.2

Speak to anesthetist that
you intend to start

Acknowledge anesthetist
has given approval

Anesthetist says not to start.
Wait for approval and
repeat 2.1 to 2.2 in
consecutive order.

3 Create CO2 pneumoperito-
neum

Do subtasks 3.1, 3.2, 3.3 in
consecutive order

3.1
3.2

Perform open technique
Insert 10-mm umbilical port
without trocar

Pneumoperitoneum not
created. Repeat 3.1 to 3.3
in consecutive order.

3.3 Insufflate abdomen with
CO2

4 Insert laparoscopic ports Do subtasks 4.1, 4.2, 4.3 in
consecutive order

4.1 Insert 10-mm port
(epigas-tric)

Ports not inserted correctly.
Repeat 4.1, 4.2, 4.3 as

4.2
4.3

Insert 5-mm port (lateral)
Insert 5-mm port (lateral)

required.

5 Perform laparoscopy,
retraction, dissect &
expose Calot‘s triangle
(cystic artery, cystic duct)

Do subtasks 5.1, 5.2, 5.3 in
consecutive order

5.1

5.2
5.3

5.4
5.5
5.6

Perform laparoscopy of
abdomen

Retract gallbladder
Dissect adhesions to
gallbladder

Dissect & mobilize
Hartmann’s pouch
Dissect & isolate cystic
duct Dissect & mobilize
cystic artery

Abnormal intraabdominal
pathology. Decide to
continue or not. Bleeding
from port site. Rectify
before proceeding. Gras-
pers detach from gallbla-
dder. Reapply graspers.
Any significant bleeding
during subtasks 5.3 to 5.6
will need correcting

6 Rectify anesthetic or opera-
tive difficulty (not all
cases and can be at any
part of operation)

Do subtasks 6.1, 6.2, 6.3 if
required

6.1
6.2

6.3

Speak to anesthetist
Halt operation if necessary
or rectify operative
problem

Continue with operation

Wait until anesthetist gives
approval to continue if
anesthetic problem.

Major operative problem.
Convert to open chole-
cystectomy; 6.1 to 6.2
may need several repeti-
tions before 6.3 can be
achieved.

7 Secure cystic artery & cystic
duct

Do subtasks 7.1, 7.2, 7.3 in
any order

7.1

7.2

7.3

Place 2 clips on proximal
end of cystic artery

Place clip on distal end of
cystic artery

Place clip at gallbladder end
of cystic duct

Clips are not placed cor-
rectly or fall into abdomen.
Retrieve & remove incorrect
clips. Reapply clips 7.1 to
7.3 as necessary.

8 Divide cystic artery between
clips

Do task 8

9 Perform operative cholangi-
ogram (not all cases)

Do subtasks 9.1, 9.2, 9.3,
9.4, 9.5 in consecutive

9.1 Incise anterosuperior wall
of cystic duct

order 9.2 Insert cholangiogram cath-
eter into cystic duct

Catheter falls out.
Repeat 9.2

9.3

9.4
9.5

Inject contrast–fluorochol-
angiogram

Shoot cholangiogram
Remove catheter

Cholangiogram fails or of
poor quality. Repeat 9.3
& 9.4 in consecutive order.

10 Secure proximal end of
cystic duct

Do 10.1 10.1 Place 2 clips on proximal
end of cystic duct
proximal to incision
on cystic duct

Clips are not placed cor-
rectly or fall into abdomen.
Retrieve & remove incor-
rect clips. Reapply clips.

11 Divide cystic duct between
clips

Do task 11

12 Dissect gallbladder from
liver bed

Do subtasks 12.1, 12.2, &
12.3 in any order

12.1 Dissect left (medial) side of
gallbladder up to fundus

then 12.4 12.2 Dissect right (lateral) side of
gallbladder up to fundus

12.3 Separate undersurface of
gallbladder from liver

(Continued)
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12.4 Secure any bleeding from
liver bed

Excessive bleeding. Irrigate
area and diathermy where
necessary. Apply Surgical
or similar material.

13 Remove dissected
gallbladder

Do subtasks 13.1, 13.2, 13.3
in consecutive order

13.1
13.2

Insert retrieval bag
Place gallbladder inside bag

13.3 Extract bag containing
gallbladder

Bag bursts. Remove bag &
repeat 13.1 to 13.3 in
consecutive order.10-mm
port too small for gall-
bladder and bag. Enlarge
port site or remove gall-
stones from gallbladder
before doing 13.3.

14 Inform anesthetist the Do subtasks 14.1, 14.2 14.1 Speak to anesthetist
gallbladder is out and the
operation is drawing to
an end

14.2 Acknowledge that anesthe-
tist has heard you

15 Perform final check (all
cases) irrigation & place-
ment of drain (not
all cases)

Do subtasks 15.1, 15.2,
15.3, 15.4, 15.5 in
any order

15.1
15.2

Check & coagulate any
bleeding areas

Check cystic artery stump &
clips

15.3 Check cystic duct & clips
15.4 Irrigate & suction operative

field
15.5 Place drain under liver bed Drain not placed correctly.

Repeat 15.5.
16 Check with scrub nurse

whether swabs & instru-
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Ask scrub nurse that swab
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that you have heard her
or him
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count.

17 Close up patient Do subtasks 17.1, 17.2,
17.3, 17.4, 17.5 in
consecutive order

17.1

17.2

Remove epigastric and
lateral ports

Check port sites
Bleeding from port site.
Rectify before proceeding

17.6, 17.7 17.3 Release CO2 from abdomen with subtasks 17.3 to 17.7
17.4 Remove umbilical port
17.5 Suture port sites
17.6 Clean port-site areas
17.7 Place dressings over port

sites

639



technical skill in laparoscopic cholecystecomies. Surg Endosc 18:
s233

18. Sarker SK, Chang A, Vincent C, Darzi A (2005) Technical skills
errors in laparoscopic cholecystectomies by expert surgeons. Surg
Endosc 19: 832–835

19. Sarker SK, Chang A, Vincent C, Darzi A (2006) Development of
assessing generic and specific technical skills in laparoscopic sur-
gery. Am J Surg In press

20. Shepherd A (1989) Analysis and training in information
technology tasks in: diaper D: task Analysis for human
computer interaction. 1st ed. Ellis Horwood, Chichester,
UK

21. Tang B, Hanna GB, Joice P, Cuschieri A (2004) Identification and
categorization of technical errors by observational clinical human
reliability assessment (OCHRA) during laparoscopic cholecystec-
tomy. Arch Surg 139: 1215–1220

640


