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A B S T R A C T

Objective: To develop a modified version of Objective Structured Assessment of Technical Skill (OSATS)
rating scale for evaluation of surgical skills specific to caesarean and to assess its relevance in
documenting the residents’ learning curve during their training. Secondarily, to verify the scale’s stability
to caesarean’s level of difficulty and comparing self-assessment to hetero-assessment in order to propose
a practical application of this rating scale during residency.
Study Design: We conducted a multicentre observational prospective study, from May 2018 to November
2018. All residents at that time could participate and fill in the rating scale after caesarean. Senior
surgeons had to fill in the same rating scale. We analysed correlation between self-assessments and
hetero-assessments and sensitivity to change of the rating scale. Analysis of feature’s relevance was
performed by principal component analysis, factor analysis and reliability analysis.
Results: In total, 234 rating scales were completed evaluating 18 residents. Our study demonstrated that
our rating scale could be used to evaluate surgical skills of residents during caesarean and distinguish
their year of residency (p < 0.001) with a high correlation between self and hetero-assessment (Intraclass
Correlation coefficient for global score: 0.78; 95% CI 0.68�0.86). The principal component analysis
revealed two dimensions corresponding to the two parts of the rating scale and the factorial analysis
allowed us to confirm distribution of features according to these two dimensions. Cronbach’s alpha
allowed us to highlight the percentage of representation of the scale’s features in relation to all potential
theoretical features (0.93, 95% CI 0.82�0.95).
Conclusion: Our rating scale could be used for self-assessment during residency and as a hetero-
assessment tool for validating defined stages of the internship.

© 2020 Elsevier Masson SAS. All rights reserved.
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Introduction

Learning the technique of surgery is central in every surgical
residency program. To gain autonomy, the resident has to have
theoretical knowledge, technical dexterity, communication skills,
leadership and to be able to make decisions [1]. For a few years,
new teaching and evaluation approaches have been developed [2].
Assessment methods have to be objective, standardized, feasible,
validated, reliable, practical and inexpensive [3]. The senior
surgeon have to maintain control by gradually reducing
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supervision as the resident gains surgical skills [4]. In 2005, the
Royal College of Obstetricians and Gynaecologists (RCOG) defined
six surgical procedures that need specific assessment procedures:
caesarean section (CS), instrumental delivery, perineal repair,
uterus revision, hysterectomy and exploratory laparoscopy [5].

CS is the most frequently performed conventional open surgical
procedure in the world with 29.7 millions of births per year; it
represented 20.4% of deliveries in France in 2016 [6]. This surgery is
performed in a repeated and precocious manner by obstetrics and
gynaecology (OB/GYN) residents [7]. Several surgical skills can be
acquired by simulation software [8] or simulators [9,10], educa-
tional videos [11], or even anatomic dissection [10,12] but all these
methods are insufficient for residents training [13]. In 2007, the
RCOG officially used an educational tool called “objective
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structured assessment of technical skills” (OSATS) [14,15]. This
model, initially created for simulation, was modified and adapted
to CS in 2005 by the RCOG [5]. It is composed of a first part when
the assessor determines whether the resident needs help in a
series of key steps of CS, called “task list”. The second part evaluates
the resident’s overall surgical skills (“global rating scale”) [16,17].
This surgical learning assessment has shown excellent external
validity in several studies [15,17–19]. The validity of OSATS scale
adapted to caesarean has been studied only by reporting trainees’
experiences [20].

In France, the resident’s logbook is rarely used [7]. There is an
actual request from residents for a formative assessment of
theoretical knowledge and weighted practical assessments [7].
Unlike RCOG, there is no assessment scale of CS difficulty in France.
Residents self-assessment is a current concern [21–24].

Our primary objective was to develop an original surgical skills
assessment scale adapted to CS and integrating a task list with a
Likert scale to use by self and hetero-assessment and to evaluate its
relevance in documenting the progression of resident’s scores with
the year of residency. Secondary objectives consisted in checking
the scale’s stability to caesarean section difficulty and comparing
self-assessment to hetero-assessment in order to propose a
practical application of this rating scale during internship.

Material and methods

Study design and data collection

This prospective observational multicentre study was con-
ducted from May 2018 to November 2018 in three university
hospitals where residents could perform CS with a senior surgeon
from the first year of residency. All residents present at that time
could participate and fill-in the rating scale right after CS whatever
gestational ages (GA). Senior surgeons had to fill in the same rating
scale. The ones that were not completed by both residents and
senior doctors were excluded from our analysis.

The Aix-Marseille University Ethics Committee approved this
study (N�2017-14-12-003).

The criteria related to CS difficulty and its characteristics were
collected: time of procedure, GA, number of uterine scars, cervix
dilation, body mass index (BMI), characteristics of CS (type of
emergency code), total estimated blood loss, multiple pregnancy,
clotting disorders, placentation abnormalities, general anaesthe-
sia. Data were collected and anonymised. A composite end-point of
preoperative characteristics was defined by: BMI � 30 or full
dilation or gestational age < 28 weeks or uterine scar � 1 or
placenta praevia or accreta or polymyomatous uterus or clotting
disorders.

Rating scale

The rating scale included the OSATS scale used by RCOG for CS.
Several elements of global rating scale (GRS) adapted to obstetrics
according to recent publications were added to the rating scale.
[15,25,26] The relevance of the scale’s content was verified and
validated by three experts (JB, LB, XC) with more than 10 years of
experience in OB/GYN. The scale was divided in two parts. The first
part assessed resident autonomy for each surgery procedure step
and the second part evaluated overall procedure of technical and
non-technical skills [14,15,26,27].

Autonomy score – surgery procedure steps
The first part was worth maximum 70 points and reflected the

resident’s autonomy analysis during the different procedure steps
with a five-point Likert scale [28,29]. Likert scale is more
compelling than “pass/fail” [29]. “0” was given in case the senior
surgeon decided to perform the CS by himself. All Likert scores for
each procedure step were then added together in order to have a
global evaluation of autonomy. Features were the following ones:
appropriate skin incision (e.g. length, position), safe entry of
peritoneal cavity, careful management of bladder, appropriate
uterine incision (e.g. length, position), safe and systematic delivery
of baby, appropriate delivery of placenta, check uterine cavity (e.g.
intact, empty, configuration), safe securing of uterine angles, check
for ovarian pathology, appropriate closure of rectus sheath,
attention to haemostasis, neatness of skin closure, appropriate
management of deeply engaged head.

Technical and behavioural score
The second part assessed the resident’s overall technical skills

such as tissue respect, movement fluidity, long-term planning,
suture technique, and management of operational assistance.
Subjective aspects were also collected such as involvement in
management, relational attitude with the patient and the surgical
team, adaptation to emergency and/or to situation. Total score was
worth a maximum of 35 points with a five-point Likert scale for
each assessed item. Features are detailed below: (i) respect for
tissue, (ii) time, motion and flow of operation and forward
planning, (iii) suturing and knotting skills as appropriate for the
procedure, (v) relations with patient and the surgical team, (vi)
insight/attitude, (vii) documentation of procedures.

Global score
Global score (105 points maximum) was the sum of first- and

second-part assessment scores.
Global subjective assessment of the procedure’s difficulty was

marked from 1 to 5. A final feature allowed the senior surgeon to
give a global evaluation of the resident’s behaviour (1–4 points);
“simple supervision; passive assistance; active assistance; shows
and explains” (Fig. 1).

Assessment scale validity

We analysed the distribution of global self- and hetero-
assessment scores according to year of residency (from 1st to
5th year) and to pre- and intraoperative characteristics: “English
three-point score” (1=first caesarean or one scar with longitudinal
incision, 2=twins and preterm before 28 weeks of gestation and
two scars and obesity, 3=preterm before 28 weeks and placenta
praevia and accreta), BMI � 30, full dilation, CS urgency,
postpartum haemorrhage (PPH) � 500 mL, subjectivity level from
1 to 5, composite criterion of preoperative CS characteristics: BMI
� 30 or full dilation or GA < 28 weeks or uterine scar �1 or placenta
praevia or placenta accreta or polymyomatous uterus or clotting
disorders.

Statistical analysis

Statistical analysis was performed using RStudio V.1.0.44. We
first carried out a descriptive analysis. Qualitative variables were
expressed as absolute values and percentages. Quantitative
variables were expressed as mean and standard deviation. In
order to evaluate correlation between self-assessments and
hetero-assessments, we calculated an intra-class correlation
coefficient (ICC) with its 95% confidence interval (CI) for:
autonomy score, technical and behaviour score, global score,
subjective evaluation of CS difficulty and senior surgeon’s
behaviour. Sensitivity to change of the rating scale was analysed
by comparing total scores according to: residents’ year of
residency, preoperative characteristics (“English score”),
BMI � 30, full dilation, occurrence of PPH, subjectivity level,
composite criterion of caesarean section characteristics (BMI � 30
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or full dilation or GA < 28 weeks or uterine scar �1 or placenta
praevia or placenta accreta or polymyomatous uterus or clotting
disorders), emergency of CS defined by red code alert. Compar-
isons were done for binary variables with Student t test when
Fig. 1. Ratin
appropriate, or with Mann-Whitney U test. For categorical
variables, comparisons were done with the Kruskal–Wallis test.
Analysis of feature’s relevance was performed by principal
component analysis for identification of the number of
g scale.



Fig. 1. (Continued)
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dimensions in the rating scale. Factorial analysis then allowed to
present distribution of features according to the identified
dimensions and to assess factor loadings in order to retain only
the most relevant ones. Finally, according to the feature universe
model, we estimated the Cronbach’s alpha coefficient, and the
95% CI was obtained by bootstrap method. In order to evaluate the
relevance of the “subjective difficulty of CS”, we described and
compared values of this quantitative variable according to the
composite criterion of CS characteristics, occurrence of PPH and
red code alert with a Mann–Whitney U test. All tests were two-
tailed. P < 0.05 was considered statistically significant.
Results

Study design and population

During the period of our study, 886 CS (of which 27.76% were
elective) were performed in three maternity units where 25 residents
were present. Among the 167 caesarean deliveries assessed, we
excluded from our analysis 23 rating scales filled in only by residents
and 12 filled in only by senior surgeons. Fifteen rating scales were also
excluded because filled in by a resident who decide to change medical
speciality from OB/GYN to psychiatry during the study time.
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A total of 234 assessments by residents and senior surgeons
(117 CS) were analysed. The majority of the assessments, 92
(39.31%) were carried out by a 5th-year resident; three 4th-year
residents carried out 58 assessments (24.78%); four 3rd-year and
six 1st-year residents carried out respectively 36 assessments
(15.38%); finally, four 2nd-year residents carried out only 12
assessments (5.13%). Among the 18 evaluated residents, 1 (5.55%)
was a 5th-year resident, 3 (16.67 %) by a 4th-year resident, 4
(22.22%) by a 3rd-year resident, 4 (22.22%) by a 2nd-year resident
and 6 (33/33%) by a 1st-year resident.

Among the 234 assessments, 60 (25.64%) and 68 (29.06%) were
performed in two tertiary care level maternities, and 108 (46.15%)
in one secondary care level maternity.

Among the 24 senior surgeons, one (4.17%) was a university
professor, 14 (58.33%) were hospital practitioners and 9 (37.50%)
were clinic head assistants.

Characteristics of evaluated caesarean deliveries

CS characteristics are presented in Table 1.

Analysis of self-assessment and hetero-assessment rating scales

Mean scores for different parts of the modified OSATS scale as
well as total scores were calculated (Table 2). Global mean score of
the two parts (on 105 points) was 95.08 (� 12.30) for self-
assessments and 97.48 (� 11.01) for hetero-assessments. ICC
evaluated correlation between residents and senior surgeons
scores for the different assessed factors. We observed ICC > 0.5 for
CS difficulty, senior surgeon behaviour, first and second parts
scores as well as global score.

Evaluation according to year of residency

We observed progression of total self- and hetero-assessment
scores with year of residency (Fig. 1). Indeed, 1st-year residents
obtained lower assessment scores than 4th and 5th-year residents
Table 1
Characteristics of evaluated caesareans.

Characteristics Results

Time of procedurea (min) 36.14 �
16.63

Total estimated blood lossa (mL) 297.43 �
265.70

� Post-Partum Haemorrhageb 10 (8.55%)

Gestational agea (weeks) 37.48 � 4.34
� Gestational age < 28 weeksb 7 (5.98%)

Body Mass Index (BMI)aN=66 28.51 � 6.15
� BMI � 30b 30 (45.45%)

Number of uterine scarsa 0.63 � 0.91
Cervix dilatationa (cm) 2.62 � 3.10
� Full dilatationb 7 (5.98 %)

Caesarean
� Electiveb 35 (29.91%)

� Green codeb 43 (36.75%)

� Orange codeb 34 (29.06%)

� Red codeb 5 (4.27%)

Post-Partum Haemorrhage defined by total estimated blood loss �.500 mL.
Colour code defined by expected decision-birth duration: green > 30 min, orange
<30 min, red < 15 min.

a Quantitative variables: Mean � Standard Deviation.
b Qualitative variables: n (%).
(Table 3). Our analysis showed a statistically significant difference
(p < 0.001) among mean scores, which varied increasingly with the
year of residency.

Assessment scores progression according to CS difficulty

We did not observe any significant difference in the mean
assessment score according to the “English” score (p = 0.51), full
dilation (p = 0.07), preoperative composite criterion (see Methods
section) (p = 0.71) and CS code (p = 0.29) (Table 4). Impact of BMI on
assessment score was on the borderline of significance (p = 0.05).
Mean scores were quite close for patients with BMI � 30
(97.32 � 9.88) and those with BMI < 30 (96.55 � 12.83). Occurrence
of PPH during CS was statistically associated with assessment scores
(p < 0.001). Finally, subjectivity level (based on senior surgeon’s and
resident’s perception) was statistically associated to assessment
scores (p = 0.002): the higher was the subjectivity level, the lower the
assessment score was.

Subjective difficulty of CS

Subjective difficulty score was significantly associated with the
composite criterion of preoperative characteristics (mean subjec-
tive score 2.8 � 1.04 in case of composite criterion vs 1.89 � 0.98
when non composite criterion, p < 0.001) and PPH (mean
subjective score 3.6 � 1.14 in case of PPH vs 2.38 � 1.04 in
absence of PPH, p < 0.001).

Rating scale features’ relevance

The principal component analysis revealed two dimensions,
two logical sets of features, corresponding to the two parts of the
rating scale. Then, factorial analysis of the different stages of CS
allowed us to confirm distribution of features according to these
two dimensions and to sort them according to their factor loadings.
Skin suture was the feature with the lowest factor loading (0.29).
Several aspects of the factorial analysis obtained by senior
surgeons’ and residents’ assessments were similar.

Cronbach’s alpha allowed us to highlight the percentage of
representation of the scale’s features in relation to all potential
theoretical features (0.93, 95% CI 0.82�0.95).

Discussion

Our study showed that this rating scale is a reliable tool that
could be used to evaluate surgical skills of residents during CS
according to their year of residency and with a high correlation
between self and hetero-assessment. This suggests the relevance
of our scale in assessing residents and according to the CS level of
difficulty and its different procedure steps.

The difference in scores was more significant among first-year
residents and 5th-year residents in agreement with other
previously published studies. Unlike other studies [14,29,29,30],
we chose to integrate a task list by evaluating resident’s autonomy
during each procedure step of CS by using a Likert scale. We believe
that in an educational objective, it is interesting to highlight the
procedure steps that require special attention while pointing out
the simple ones that can be carried out independently.

We revealed that the degree of emergency of CS was not
statistically related to the total score unlike PPH. Indeed, in case of
PPH, the senior surgeons usually give less autonomy to the
residents since time is the key of the management of PPH. The
composite criterion was not statistically related to the total score
probably because lack of power. Some variable of the composite
criterion are at limit of significance (BMI � 30 and full dilatation). If
demonstrated by a larger study, the features of the composite



Table 2
Correlation between self and hetero-assessment rating scales. Mean � Standard Deviation.

Parts of rating scale Self-assessment scores N = 117 Hetero-assessment scores N = 117 ICC (95% CI)

Subjective evaluation of caesarean difficulty 2.33 � 1.08 2.63 � 1.11 0.71 (0.61�0.80)
Senior surgeon’s behaviour 3.02 � 1.01 3.12 � 0.86 0.69 (0.52�0.80)
First Part = Autonomy score 64.05 � 8.91 64.84 � 8.94 0.83 (0.71�0.91)
Second Part = Technical and behaviour score 31.03 � 4.42 32.64 � 2.79 0.55 (0.46�0.64)
Global score 95.08 � 12.3 97.48 � 11.01 0.78 (0.68�0.86)

ICC, Intraclass Correlation Coefficient; CI, Confidence Interval.

Table 3
Mean global scores depending on year of residency and caesarean characteristics.

Year of residency Mean global scores p

1 80.61 � 17.44 <0.001
2 91.92 � 5.15
3 95.69 � 8.94
4 98.66 � 7.67
5 101.71 � 5.5
Caesarean characteristics Mean global scores p
« English » Score
1 97.06 � 9.50 0.51
2 96.62 � 11.66
3 90.45 � 18.93
BMI
< 30 96.55 � 12.83 0.053
� 30 97.32 � 9.88
Full dilatation
No 96.39 � 11.88 0.07
Yes 94.57 � 8.87
PPH
No 97.70 � 10.08 <0.01
Yes 81.10 � 16.66
Subjectivity level
1 97.24 � 9.66 <0.01
2 99.45 � 7.39
3 94.89 � 14.28
4 91.68 � 15.00
5 89.20 � 13.75
Preoperative composite criterion
No 96.48 � 11.92 0.71
Yes 96.17 � 11.63
Caesarean colour code
Red 92.50 � 12.12 0.29
Orange 96.01 � 10.77
Green 96.63 � 12.10

Mean � Standard Deviation.
BMI: Body Mass Index.
PPH: Post-Partum Haemorrhage defined by estimated blood loss � 500 mL.
Colour code defined by expected decision-birth duration: green > 30 min, orange
<30 min, red < 15 min.
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criterion (BMI � 30 or full dilation or gestational age < 28 weeks or
uterine scar � 1 or placenta praevia or accreta or polymyomatous
uterus or clotting disorders) could be considered to select CS for
self-assessment or hetero-assessment.

Even though filling-in the rating scale took less than 3 min, it
was not mandatory, and this could explain why all CS performed
during the study period were not evaluated. The proportion of
evaluated CS is low as previously reported in a study dealing with
the assessment of instrumental deliveries [31]. This could be
explained by the busy activity in the three maternity units most of
the time. Furthermore, in accordance with Gosman et al. [32], we
believe that the lack of surgical assessment was not related to the
resident’s performance, but rather to the constraint that may
represent, for some, the assessment process.

First limitation of our study is the duration of our study
(6 months), not long enough to allow progression follow-up of
residents over time. Secondly, we reported an unequal repartition
of the residents depending on their year of residency. This could be
explained by the distribution of the residents in the three
obstetrics units during only one semester. This could be avoided
by increasing the length of the study. Thirdly, it was impossible to
conduct a blinded study. This bias could be avoided by an external
independent assessor or by videos of surgical procedure sequen-
ces. Nevertheless, Goff et al. demonstrated that surgical skills could
be assessed with equally strong validity and reliability regardless
of whether administration of OSATS scales was blinded or not [33].
Several authors suggest that OSATS are biased [34]. This can be
avoided by increasing the sample size.

Our study presents several strengths, including its originality
and its prospective and multicentre design. To our knowledge, no
other study has been conducted for evaluation of OB/GYN
residents on their overall surgical skills of CS, by self- and
hetero-assessment. Similarities of the factorial analysis for the
self and hetero-assessment are an additional proof of the
conceptual validity of our tool. In addition, our study is the first
to look at the progression of surgical evaluation scores according
to CS clinical difficulty levels.

Direct observation of performance through specific assessment
criteria was considered to be a valid and reliable method for
evaluating the residents’ surgical skills [14,15,35,36]. Self-assess-
ment is generally approached in relation to the concept of
autonomy as an aim of the educational process. Colthart et al.
gave an operational definition to self-assessment as being a
“personal evaluation of ones’ characteristics and professional
abilities in relation to perceived standards” [37]. Several authors
demonstrated high validity and reliability of the OSATS scale
[15,35,38,39]. The correlation between self and hetero-assessment
was high for the global score but the ICC was between 0.5 and 0.75
for the technical and behaviour score. This could be explained by
the usual underestimation in case of self-assessment. The parallel
use of our assessment scale by residents and senior surgeons may
also serve as a basis for discussion and could facilitate the feedback
given by the senior surgeon. By revising the different features of
the rating scale together, senior surgeons could reveal potential
overvaluation errors, leading to improvement of the resident’s self-
assessment ability [40]. We think that this mode of assessment
with Likert scales is a better way to respect educational process
and accompany the residents than defining a threshold for each
part to confirm the autonomy of the residents in performing a CS.
However, further studies could evaluate the relevance of a
threshold for the global score to confirm the autonomy of residents
in performing a CS in pre-defined clinical situations at each stage of
residency.

Our assessment scale could be used for self-assessment during
the whole residency training. In addition, hetero-assessment could
be validating at the end of first-year as well as the fourth and fifth-
years of residency. Pre- and intraoperative criteria would allow
to « select» the appropriate surgical situations to assess each level.
These findings could be confirmed by evaluating this assessment
scale is a larger sample of residents.
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