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Abstract. controlling the actual efficiency level or correctness of task
ObjectivesThis study demonstrates the application of time-performance [1, 2, 5, 6, 17]. In surgery, the importance of
action analysis to the evaluation of task performance ofjuality assessment studies is increasingly recognized. How-
diagnostic laparoscopy with laparoscopic ultrasonographyever, the surgeon-resident relationship of most education
Methods: The first 25 diagnostic laparoscopies with lapa- programs makes objective task analysis difficult [11].
roscopic ultrasonography performed by a surgical resident The literature assumes that a surgeon is experienced if
were analyzed and compared with the outcomes of thestne total operation times and complication rates are stabi-
procedures performed by an experienced surgeon. The timbzed at a certain minimum level after a number of proce-
actions, and correctness of task performance were evalaures, which varies from 5 to more than 25 procedures [8].
ated. Furthermore, outcome correctness and postoperatiBeveral studies stress the importance of expertise in reduc-
complications were assessed. ing mortality rates, hospital stay, and costs [12]. However,
Results:No postoperative complications occurred. The resi-operative time reduction and hospital mortality rates do not
dent made one wrong diagnosis, for which the cause wagrovide insight into the actual peroperative complications or
detected by peroperative analysis. Additionally, 1% of therisks nor the expertise of each single surgeon. Therefore,
subtasks were performed only partially, 4% not at all, andanalysis of the learning process should address not only the
2% using the wrong technique. The efficiency for mostoutcome in terms of morbidity, mortality, and overall op-
diagnostic tasks remained significantly lower than that oferative time reduction, but it should also analyze task per-
the experienced surgeon (p < 0.001). formance. Laparoscopic training uses both simulated and
Conclusions:Time-action analysis can be used to provideactual surgery, and time-action analysis could be used to
detailed insight into the quality and efficiency of learning evaluate either approach. In this article we analyze actual
surgical skills. It enables objective measurement of correcteperative training.
ness in task performance as well as time and action effi- This article provides an example of time-action analysis
ciency. used to analyze the learning of new tasks (the first 25 pro-
cedures) of a surgical resident being introduced to diagnos-
Key words: Laparoscopy — Learning curve — Quality tic laparoscopy with laparoscopic ultrasonography (DLLU).
assessment — Surgical task analysis — Time-action analyFhis basic laparoscopic procedure was selected to demon-
sis strate how the learning of diagnostic laparoscopic skills is
evaluated with respect to time and action efficiency and
correctness of task performance by comparing a resident
with an experienced surgeon. Actions within each phase are

. , . identified using a reference table of 35 basic actions and
Laparoscopic surgery demands detailed analysis and Sugyeir corresponding recorded action times.
port of learning surgical skills because it has introduced

numerous new techniques and skills the surgeon needs to

acquire [16]. Several suggestions have been made for stapiants and methods
dardizing skill training programs and assessing guidelines

for resident education [6, 16]. However, no standardizeqDatients

method exists for assessing the quality of education and

Patients with a suspected periampullary tumor were selected after standard
E— noninvasive staging (e.g., ultrasonography combined with color Doppler
Correspondence tK. T. den Boer and spiral computed tomography [CT] scan) showed that the tumor was
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Table 1. Specific US phase action thesaurus

Main task

Definition

Searching a structure

Scanning the liver for suspect lesions
Locating the place of the suspect lesion
Following a structure

Examining a suspect lesion in detail

Freezing the US image
Waiting

Search, find, and recognize a structure on the US image.
Scan the liver superficially and deep for suspect lesions (metastasis) using the US probe.
Locate and name the 3D position of the suspect lesion.
Follow the path of a structure (e.g., vessel, bile duct) in the US image.
Examine the lesion’s characteristics (e.g., diameter, regularity, growth, consistency) and relation t
surrounding tissue (e.g., ingrowth) in detail.
Freeze the US image to measure the lesion’s size.
Wait for personnel to hand over instrumentation or execute an order.

Table 2.Correctness of diagnostic laparoscopy with laparoscopic ultra sonography (DLLU) subtasks performed according to the standard protocol

No. Task No. Subtasks C P N w N.A.
1 Create carbon dioxide 11 Insert Veress needle 18
pneumoperitoneum 1.2 Insufflate the abdomen with carbon dioxide 18
1.3 Remove Veress needle 18
2 Insert access ports 2.1 Insert first (optical) port 18
2.2 Insert laparoscope 18
2.3 Inspect abdomen 18
2.4 Insert second port under direct sight 18
25 Insert third port under direct sight 18
2.6 Inspect possible bleeding site 18
3 Inspect using laparoscope 3.1 Insert first forceps 17 1
3.2 Insert second forceps 18
3.3 Inspect Treitz ligament 13 2 3
3.4 Inspect mesocolon 15 2 1
35 Inspect hepatoduodenal ligament 17 1
3.6 Inspect omentum 18
3.7 Remove first forceps 18
3.8 Remove second forceps 18
3.9 Insert irrigation equipment 18
3.10 Insert lavage fluid 18
3.11 Suck off 200 ml lavage fluid 18
3.12 Inspect liver (all segments) 16 2
3.13 Inspect lymph nodes 18
3.14 Inspect peritoneum 18
Examine each suspect lesion in detail (seize,
3.15 consistency, aspect, ingrowth) 12 6
3.16 Remove irrigation equipment 18
4 Inspect using US probe 4.1 Insert US probe 18
4.2 Inspect liver (all segments) 18
4.3 Inspect pancreatic duct 18
4.4 Inspect common bile duct 18
4.5 Inspect superior mesenteric vein 16 2
4.6 Inspect portal vein 18
4.7 Inspect confluens 16 2
4.8 Inspect celiac trunk 17 1
4.9 Inspect lymph nodes 18
4.10 Inspect common hepatic artery 18
411 Inspect superior mesenteric artery 17 1
412 Examine vessel ingrowth and tumor extension 15 2 1
Examine a suspect lesion in detail
4.13 (seize, consistency, aspect, ingrowth) 16 2
4.14 Freeze, measure, and save the US image 18
5 Take a biopsy 5.1 Insert biopsy forceps or needle 4 1 13
5.2 Position the instrument in the suspect lesion 4 1 13
5.3 Take a biopsy from the suspect lesion 4 1 13
5.4 Hand over the specimen 4 1 13
55 Check possible bleeding site 4 1 13
5.6 Control hemostasis 3 1 1 13
6 Close up patient 6.1 Remove irrigation fluid 18
6.2 Remove instruments 18
6.3 Remove operating ports 18
6.4 Check access wounds 4 14
6.5 Release carbon dioxide from abdomen 18
6.6 Remove laparoscope 18
6.7 Remove optical port 18
6.8 Suture the port wounds 18
Total 807 10 33 20 84

2 C, correctly; P, partially; N, not at all; W, using the wrong technique; NA, not applicable
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locally resectable and did not show signs of distant metastases. Patient@ble 3. Failure of lapararoscopy, complications, and outcome diagnostic
were excluded if they were not fit for an extensive surgical procedure. Ndaparoscopy with laparoscopic ultrasonography (DLLU)
patient-specific data were recorded except for the diagnosis and outcome of

operation, and the recordings were labeled by a specific number. The study Experienced surgeons
protocol was approved by the Ethics Committee of the Academic Medical Residentsr{ = 187 (n = 18) [3]
Center (AMC) of Amsterdam.

Failure of laparoscogy 0 0

Complication$ 0 0

Outcome correctne$s  correct/incorrect correct/incorrect
Procedure Resectable 14/1 8/0

) . . Possibly irresectable 0/0 5/0

The DLLU procedure was selected for study, first, because it is a basic Proven irresectable 1 5

laparoscopic procedure, and second, because this standardized procedur
has been performed on a regular basis in more than 500 patients at AMC
since 1992, in accordance with a strictly defined standard protocol [7, 10, 18 DLLUS performed without a supervisor

13]. b :
. L ) ) ) A laparoscopic procedure that had to be converted to an open procedure
Briefly, the protocol was divided into five phases. The first phase, they ..o /ise of major complications

opening phase, started with the first incision. It was followed by the in-c oy complications registered in the patient file (per i- and postoperative).
spection phase, in which metastases of the peritoneum, liver, mesentery. -« imber of times a diagnosis made during DLLU was proved to be
and hepatoduodenal ligament were sought. The third phase, the ultras i-)correct during laparotom
h - | y

nography phase, assessed tumor ingrowth into the vessels and surroundihg
tissue as well as metastases in the liver and lymph nodes of the celiac
vessels using a 7.5-MHz linear array ultrasonography (US) probe (UST-
5522-7.5, Aloka Co., Tokyo, Japan). In addition, the abdominal cavity waspartially, (P), not at all (N), or using the wrong technique (W). If no suspect
irrigated with 500 ml of isotonic saline, which was sampled for cytologic lesions were detected, some subtasks were considered not applicable (NA),
examination. In the fourth phase, the biopsy phase, biopsies of suspeffr example, taking a biopsy when no lesion was suspected.
metastatic lesions were taken under direct laparoscopic or ultrasonographic A quantitative time-action analysis was performed to evaluate the
guidance using biopsy forceps or core-biopsy needles. The last phase wageed of task performance and the number of basic actions. The time-action
the closing phase. results of the surgical resident were compared with those of a standard

Diagnostic laparoscopy was always performed in combination withDLLU based on the results of 18 DLLUs by an experienced laparoscopic
laparoscopic ultrasonography for tumor staging as a separate procedusérgeon, who had performed 800 basic and advanced laparoscopic proce-
before surgical exploration and resection. During the procedure, an expelures, 300 of which were DLLUs) [3]. First, for each phase, the time and
rienced radiologist interpreted the US image together with the surgeon oactions were analyzed using a general thesaurus of 35 actions strictly
resident performing the US or biopsy phase. The DLLUSs for periampullarydefined previously and validated quantitatively [3]. Second, for the learn-
tumor staging were carried out by one surgical resident, starting with higng of specific diagnostic skills, the US-phase tasks were studied in detail
first performed DLLU (under the supervision of an experienced surgeonyoecause the resident had no former experience in performing US tasks.
and continuing until the 25th DLLU. The surgical resident had never Table 1 shows the specific US-phase action thesaurus used to analyze the
performed a DLLU before the start of this study, but had performed 100efficiency of the resident as compared with the standard, which was based
other basic laparoscopic procedures. on the results of US phases performed by the experienced surgeon. Table

This article is closely related to an existing report [3] in which an 2 shows the specific protocol subtasks used to analyze the correctness of
experienced surgeon was analyzed and average values obtained for @k performance
patients. These reported results were treated as a reference for the current The data were processed using a spreadsheet program and analyzed
study. using SPSS, the statistical program for Windows. The differences between

the times and actions of the resident compared with the mean time and
actions of the experienced surgeon were analyzed by calculating a differ-
L . ence score (DS) for time and actions: S = tiMecigent— iMEsandar

Recording instrumentation The time-action results of the resident were log-normally distributed, so the

. . . . data were normalized by a log transformation. The differences in log-
During the surgical procedure, an overview image of the operating theatef s \sformed times and actions were tested using a one-saitesieand the

was recorded simultaneously with the image from the laparoscope angitferences in variances using Brtest (24, 1. A p value less than 0.05
laparoscopic ultrasonograph through the use of a four-channel video mixgas considered significant.

ing device. Sound also was recorded. All the actions performed by the

operating team were recorded with a video camera placed next to the

operating lights to guarantee a central overview. The instrumentation for

recording the procedures was mounted in a portable cabinet, thus allowinResults

instant use of any of the operating theatres and placement outside the

operating team’s range of action. The analysis of the recorded procedur€Fhis study analyzed 43 DLLUs performed for periampul—

took place outside the operating theater, so it would not interfere with thqary tumor staging' 18 performed by an experienced surgeon

operative process. 2" . ! . L
and 25 by a surgical resident. A supervisor actively partici-

pated in the first seven DLLUs performed by the resident,

controlling the correctness of subtasks performed. These

first seven DLLUs were therefore included only for the

The correctness of task performance was studied in the DLLUs with retime-action analysis and thus excluded from the correctness

spect to correctness of the technique applied, failure of DLLU, postoperagvaluation. The biopsy phase was evaluated only for cor-

tive complications, and outcome correctness. The outcomes of DLLUsactness of task performance and not for efficiency because

were divided into four groups, with the tumors diagnosed (a) as resectabl . . d
after DLLU; (b) as possibly irresectable, which could however not begUCh a small number of biopsies (4) was taken in the 25

proven by pathology; (c) as proved irresectable by pathology of the biops\PLLUS performed by the resident.
specimen; or as not present. The DLLU outcome of resectability or irre-

sectability was compared with the outcome at laparotomy, which was

considered the gold standard, proving whether the outcome of DLLU wa:
correct or not. The correctness of the resident’s performance was evaluatgaorrecmess

by an experienced surgeon after all 25 DLLUs were recorded. For each ..

subsequent task of the standard DLLU protocol, the experienced surgeohableé 3 shows the clinical outcomes of the procedures per-
verified whether the task was performed correctly (C), incorrectly, that is,formed by the resident without a supervisar£€ 18) and

fo malignancy 2

Data processing method
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those performed by the experienced surgeor=(18). No  of the experienced surgeon (p < 0.001). The inspection and
failures of DLLU or complications occurred in either group. US phases especially differed significantly between the resi-
The outcome of DLLU was correctly diagnosed in 17 of 18dent and the surgeon (Figs. 1 and 2).

procedures performed by the resident. The resident misdi- Figure 2 shows the DS for the times and number of
agnosed one tumor as resectable, which was proved incoactions for each consecutive DLLU performed by the resi-
rect during laparotomy because metastases were detecteddant relative to the standard for the opening, inspection,
the omentum and mesocolon of the patient. The cause of thdtrasonography, and closing phases, including linear trend
resident’s misdiagnosis could not be traced by the postopines. As shown, the O, for the opening and closing
erative outcomes. The experienced surgeon diagnosed all hases did not differ from the standard. The inspection and
procedures correctly, even in the five cases for which th&JS phases show a significant difference for theg;RsSand
irresectability could not be proved by pathology during theDS, ;ions(P < 0.01), and a larger variance than the standard
DLLUs. (p < 0.05).

Table 2 shows that the resident technically performed Figure 3 shows the three different time and action dis-
most of the subtasks correctly (93%;807 + NA = 84).  tributions encountered in the tasks of the US phase. Figure
The resident performed 33 subtasks incorrectly. He per3a shows the distribution of the DS for the task of scanning
formed the insertion of the Veress needle incorrectly in 18of the liver. The distribution remained significantly above
cases, blocking the safety mechanism by a slightly incorrecthe reference line and showed no significant decrease in the
positioning of the hand. Once, the first forceps was notlinear trend lines for the DS, and DSions(NO iNCrease in
inserted under direct sight, and in the closing phase, thefficiency). Figure 3b shows the DS for the search to find a
resident failed in 14 cases to double-check the insertiostructure in the US image, with decreasing trend lines (in-
wounds of the trocars for bleeding vessels. creasing efficiency), and Fig. 3c shows the DS for waiting

Table 2 also shows that the resident performed diagnosan personnel, which is distributed randomly around the ref-
tic subtasks not at all or only partially. The inspection for erence line without any correlation, and varied widely
tumor ingrowth into the ligaments or vessels was not peramong the procedures. Accordingly, the Rsand DS«
formed in 11 cases and partially performed in 9 cases. Ifons for waiting on personnel is not significantly different
one DLLU, the resident wrongly omitted taking a biopsy of between the resident and the standard, showing that the task
a suspect intrahepatic lesion and thus failed to perform alis dependent on the operating team and independent of the
the subtasks of the biopsy phase. He once controlled theperating surgeon. The distribution of the diagnostic US
hemostasis wrongly, resulting in slight coagulation damagéasks: (i.e., following and locating an anatomic structure or
to the liver. Furthermore, the subtask analysis showed thdésion) is similar to that seen in Fig. 3a. The examination of
the misdiagnosis occurred because the resident only paa suspect lesion in detail is similar to that observed in Fig.
tially performed a crucial diagnostic subtask, thereby miss3b, which also shows decreasing trend lines, and the freez-
ing the metastasis. The recorded comments of the surgeang of the US image (performed by the radiologist) is simi-
during the operation showed clearly that the resident waar to that in Fig. 3c. The standard variations of the US tasks
convinced that he had performed all the diagnostic subtaskso not differ from the standard, except for the time required
correctly and completely. In 84 cases, the resident correctljo examine the lesion in detaiF (= 3.4; 24, 17df).
considered a subtask as not applicable because no suspect
lesions were observed.

Discussion

Time-action analysis Time-action analysis, recently developed to evaluate the
peroperative surgical procedure, proved capable of detect-
Figure 1 shows that the total operation time and the numbeng and quantifying the efficient actions, the limiting fac-
of actions of the resident were significantly higher as com-ors, and the time spent on different phases of surgical pro-
pared with the standard based on the mean times and actionsdures, accurately and reproducibly [3, 5]. The current
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Fig. 2. The difference scores (DS) for the time in mi@)(and the number ~ postoperative outcomes [8]. It applied the method to a rela-
of actions @) between the resident and the standard are shown for thejvely simple laparoscopic procedure (DLLU) with many
Eﬁ]‘zr;?%(:r)]a'rl‘ifgzcg?g(i‘r’])crll:’('jtézsg’or;ot%r:pé‘éc()d;{‘g dﬁ:gi')”gn%h%?)- new laparoscopic tasks to illustrate the application. How-
(dashed lines). Thp values shown are based on the one-sartmtm())r} ever, t'me'aPt'O“ z_analy3|s can be applied .to all types of
the log-normalized values. procedures, including open and laparoscopic procedures.
Caution should be taken not to generalize the conclu-
sions of this study to other surgical tasks. This study dem-
study demonstrated that time-action analysis also could benstrated the applicability of a method to DLLUs. For other
used to evaluate learning of skills with respect to efficiencysurgical tasks, the method should be used to analyze other
and correctness of task performance, providing insight intdypes of operations. A database of quality and efficiency
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reference parameters should be determined for each specifi@an support the generation of guidelines for efficient train-
procedure. These data could be used to control the quality ahg [4, 14, 15]. Specific skill training could be started in
surgical courses, and to assess the expertise of residentslaboratory settings, without the need for an extra supervisor.
both laparoscopic and open surgery. Caution also should beor example, in DLLUS, the interpretation of the ultrasono-
taken not to answer the question of clinical benefit fromgraphic image could well be trained in skills laboratories
DLLUs on the basis of the postoperative outcomes for theénvolving surgical trainers, computer simulations, or animal
43 patients studied, because that was not the aim of thisiodels [4]. This would enhance the quality of the surgical
study, and a reliable answer is described in the literaturéechnique before the procedure is performed in the operat-
[13]. ing room, thereby reducing the risk of complications and
The literature describes the quality of performancewrong diagnosis in a human patient. In addition, time-action
mostly in terms of mortality rates, number of postoperativeanalysis could help the supervisor to focus his or her in-
complications, or local recurrences in cancer surgery [9]structions on the difficult tasks required for a particular
However, these studies do not provide insight into the unprocedure, and it could support transfer of training and in-
derlying causes of these complications or incorrect outdividual feedback [18]. Time-action analysis also could as-
comes. The subtask analysis of this study detected that theess the quality of courses, simulation programs, or conven-
misdiagnosis resulted from an incorrectly performed subtional education by a supervising surgeon, and therefore
task, showing additional incorrectly performed subtasksgcould be very well applicable for evaluating the learning of
which fortunately did not cause more incorrect diagnoses irstandard surgical skills in both laparoscopic and open sur-
these cases. Nevertheless, every incorrect task performangery.
increases the risk of complications, and thus should be re-
duced. The first step in reducing incorrect tasks is to detect
them. Conclusions
To residents, incorrectly performed tasks are usually
pointed out by the supervisor. However, experienced surThis study shows that peroperative analysis can evaluate the
geons supervise only the first procedures and, as this studsfficiency and quality of task performance, objectively and
shows, even supervision does not reveal all incorrect taskccurately. In the future, time-action analysis could become
performance. The incorrect insertion technique of the Verimplemented routinely to control the quality of surgical
ess needle was detected only by the detailed correctnessurses and the task performance of surgeons in both lap-
analysis and not during the first seven supervised DLLUs oaroscopic and open surgery. The learning of diagnostic lap-
other laparoscopic procedures the resident performed undaroscopic skills was analyzed to exemplify the use of time-
the supervision of an experienced surgeon. This highlight@ction analysis. The example shows that the resident’s ef-
the importance and additional benefit of detailed peroperaficiency for each specific diagnostic task remained
tive correctness and efficiency analysis. significantly lower than that of the experienced surgepn (
The method described in this study is detailed and there< 0.001), except for two US tasks. The subtasks were per-
fore relatively time consuming. The analysis of one proceformed correctly in 93% of the cases, partially in 1%, not at
dure generally takes as long as the total operation time ofll in 4%, and by use of the wrong technique in 2%. The
the analyzed procedure. However, the level of detail can bgostoperative analysis did not show these incorrect subtasks
reduced, depending on the objectives of each study. Fuperformance, nor did the supervisor correct all the techni-
thermore, software is becoming available to facilitate andcally wrong task performance.
quicken the data collection and evaluation (e.g., The Ob-
server; Noldus information technology, Wageningen, theAcknowledgmenté’.his research is part of the Minimally Invasive Surgery
Netherlands). and Interventional Techniques (MISIT) program of the Delft Interfaculty
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