
PPuurrppoossee::  Cumulative sum (cusum) analysis is a statistical and
graphical tool that examines trends for sequential events over time.
It has been used to determine proficiency in technical procedures.
We used cusum to determine the number of labour epidural
attempts necessary for proficiency in our training program.
MMeetthhooddss::  Residents unfamiliar with epidural anesthesia kept a log
of their labour epidural successes and failures during a six-month
hospital rotation. Failure was defined as a dural puncture or relin-
quishing the procedure to staff. Cusum analysis was performed
using an acceptable failure rate of 10%. Residents were deemed
competent when their graph remained below the calculated cusum
boundary.
RReessuullttss::  Eleven anesthesia residents were recruited. The number
of epidural attempts over six months ranged from 75 to 128. Ten
residents attained competency by cusum between one and 85
attempts. One resident failed to achieve competency by cusum
after 75 attempts.
CCoonncclluussiioonn::  After a period of training, residents are expected to
perform the skill of labour epidural insertion independently. This
study illustrates that some residents may need as many as 75
attempts to ensure proficiency. Training programs could use cusum
to track the progress of their residents’ technical skills in order to
guarantee an adequate experience.

Objectif : L’analyse des sommes cumulées (cusum) est un outil sta-
tistique et graphique qui permet de vérifier les tendances d’événe-
ments séquentiels dans le temps. Elle a été utilisée pour déterminer la
maîtrise d’habiletés techniques. Nous l’avons donc choisie pour pré-
ciser le nombre de ponctions nécessaires à la maîtrise de la technique
épidurale pendant le travail.

Méthode : Les résidents, inexpérimentés en anesthésie épidurale, ont
noté leur taux de succès et d’échec à réaliser cette anesthésie pen-
dant leur rotation de six mois à l’hôpital. L’échec était défini comme
une ponction durale ou l’abandon de la technique à un membre du
personnel. L’analyse cusum utilisée comportait un taux d’échec
acceptable de 10 %. Les résidents ont été jugés compétents si le
graphique de leur performance était sous la limite de cusum calculée.

Résultats : Onze résidents ont été recrutés. Au cours des six mois,
le nombre d’essais épiduraux a été de 75 à 128. Dix résidents sont
devenus compétents par cusum de un à 85 essais. Un résident n’a pu
maîtriser la technique par cusum après 75 essais.

Conclusion : Après une formation, les résidents devraient pouvoir
réaliser seuls une anesthésie épidurale pour le travail obstétrical.
L’étude illustre que certains résidents peuvent avoir besoin d’autant
d’essais que 75 pour acquérir l’habileté nécessaire. Les programmes
de formation peuvent se servir de cusum pour suivre l’évolution des
compétences techniques de leurs résidents dans le but de garantir une
expérience suffisante.

NESTHESIA residents in their first year of
specialty training receive regular practical
and didactic teaching of the technical skills
in the specialty. Trainees must learn to per-

form certain technical skills independently by the end
of their training. Neuraxial regional anesthesia and
analgesia using an epidural catheter is one of the more
advanced technical skills that must be demonstrated
with expertise.1

Logbooks are commonly used to track a trainee’s
progress with a particular skill. For example, some cer-
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Cusum analysis is a useful tool to assess resident
proficiency at insertion of labour epidurals
[L’analyse des sommes cumulées permet d’évaluer la maîtrise, par les résidents, 

de l’insertion du cathéter épidural pour le travail obstétrical]
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tifying bodies require that trainees perform a mini-
mum number of procedures to be competent.2
Despite the limitations of defining competency with
log books, they continue to be widely used because of
their simplicity and feasibility.

Cumulative sum (cusum) analysis is a statistical and
graphical tool that can be used to track the success and
failure at a technical skill and examines trends over
time.3 It can be used to demonstrate proficiency in a
newly learned technical skill or as a measure of quality
assurance once a technical skill has been mastered.
When compared against a standard, cusum provides
an objective tool that utilizes the data gathered
through log books to determine whether or not a res-
ident has achieved competency in a particular skill.4
Cusum has been previously described as a means of
quality control in medical procedures such as colono-
scopies.4 More recently, it has been used as a measure
of competence for technical procedures learned by
postgraduate anesthesia trainees.5

In our training program, we teach labour epidural
analgesia to anesthesiology residents during a six-
month rotation in their first year of clinical anesthesia.
Supervision of this procedure decreases with increasing
experience and success. We expect residents to be pro-
ficient in performing this skill independently at the end
of this time. Clearly, an objective assessment of profi-
ciency would be beneficial to declare competency. 

The purpose of this study was to determine the
number of epidural attempts required to attain profi-
ciency as defined by cusum and determine the number
of residents in our sample who obtained proficiency in
the six-month period.

MMeetthhooddss
After Institutional Ethics approval, anesthesiology res-
idents in their first year of clinical training were
recruited as subjects at the beginning of a six-month
rotation through Mt. Sinai Hospital, University of
Toronto (Toronto, Ontario, Canada) between July
1999 and December 2000. We obtained informed
consent from each subject and asked them to com-
plete a questionnaire to assess their previous experi-
ence with training in the performance of epidural
anesthesia and analgesia. Subjects who had performed
any combination of ten lumbar, labour, or thoracic
epidurals were excluded.

All subjects received a formal 45-min lecture on
performing an epidural for labour analgesia. All sub-
jects also received an informal one-to-one didactic ses-
sion with a staff anesthesiologist, which included one
demonstration on a patient before their first attempt
in the clinical setting. These interventions are standard

prior to the first patient attempt in our training pro-
gram. Subjects were then observed directly and
coached verbally by staff anesthesiologists during their
first several attempts. The degree and duration of
supervision varied depending on a subjective evalua-
tion made by the staff anesthesiologist.

During their six-month rotation, subjects per-
formed labour epidurals for all patients requesting
epidural analgesia. Consent was not required from
patients because labour epidural analgesia by trainees
is part of routine clinical care and patients were not
considered “subjects” of the study.

The subjects recorded the success or failure of each
labour epidural attempt sequentially in a log book
immediately after each procedure. We defined a suc-
cessful epidural as an independently placed epidural
catheter that provided some degree of analgesia, with-
out physical assistance from a staff anesthesiologist.
Advice on the choice of epidural site and verbal instruc-
tion was allowed. We defined a failed epidural as a dural
puncture or if physical assistance by a staff anesthesiol-
ogist was required. In our training program, residents
must ask for staff assistance after three unsuccessful
attempts on the same patient. We did not consider
“inadequate analgesia” as a failure because of its multi-
factorial etiology in this setting. The subjects returned
their log books anonymously to the investigators at the
end of the rotation.

The primary objective of the study was to determine
the number of epidural attempts required to attain pro-
ficiency over the six-month training period. In addition,
we wished to determine the number of subjects who
became proficient in this period as defined by cusum.

Statistical analysis
We used Minitab 12.2 (Minitab version 12.2, Minitab
Inc., State College, PA, USA) for all statistical and
graphical analyses. Subject demographics were ana-
lyzed using descriptive statistics.

Cusum analysis
To perform a cusum analysis, an acceptable and unac-
ceptable failure rate must be determined. For this study,
an acceptable labour epidural failure rate (fo) of 10%
(0.10) was determined by departmental consensus
using a modified Delphi approach.6 Given an acceptable
failure rate of 10%, the unacceptable failure rate (f1) was
set by the statistical software at 15% (0.15).

The cusum graphical trend is summarized as fol-
lows:

Sn = Σ (Xn – fo) where Xn = 0 for success and 1 for
failure, n is the number attempted, and fo = the accept-
able failure rate.5,7



We then constructed a graph for each subject such
that they increased by a value of 1-fo (0.90) with fail-
ures and decreased by a value of fo (0.10) with success-
es. For example, three epidural failures followed by a
success would take the values 0.9, 1.8, 2.7, and 2.6.

Graphical boundary lines were calculated as fol-
lows:7

-   ho = b/(P+Q)
-   h1 = a/(P+Q)
where P = ln (f1/fo), Q = ln (1-fo)/(1-f1), a = ln (1-

ß)/α, and b = ln (1-α)/ß
Cusum declares competence or incompetence

when the graphical trend crosses the lower boundary
limit (ho) or the upper boundary limit (h1). Type I
error (α) is the risk of declaring competence when it is
not achieved. Type II error (ß) is the risk of not
declaring competence when it has been attained. To
calculate our boundary lines, the probability of type I
(α), and II (ß) were both set at 0.1. By setting the
type I and II error rates to be equal, ho = h1, and sub-
sequent boundary lines can be constructed as multi-
ples of ho.

4 Competency is achieved when a subject’s
graphical trend fell below two adjacent calculated
boundary lines (ho, 2ho, 3ho, 4ho,…). Competency
was lost if the graphs again ascended and crossed two
calculated boundary lines.

Individual cusum graphs were plotted for each stu-
dent.

RReessuullttss
Thirteen subjects were enrolled in the study. None of the
subjects met the exclusion criteria. Two subjects failed to
complete the study; one because of non-compliance in
log book record keeping, and the other because the log
book was lost. Demographic data for those who com-
pleted the study are summarized in Table I.

Figures 1 and 2 are examples of cusum graphs for two
trainees. The point at which each graph crossed and
remained below two boundary lines was recognized as
the critical number of attempts for competence.

The median number of attempts over a six-month
period was 114.5. The median number of attempts to
achieve competency by cusum was 57 (Table II).

Of the 11 subjects, ten achieved competency by
cusum analysis.

DDiissccuussssiioonn
In anesthesiology, factual knowledge is assessed upon
certification through paper and pencil based examina-
tion, while decision making skills have historically
been examined orally. However, graduating residents
must also be competent from a technical perspective.
To date in anesthesiology, there is no standardized
method of assessing technical skills competency.8
Medical educators are realizing that certifying a
trainee as competent in a technical skill based on an
impression during a clinical rotation is no longer ade-
quate.9 Furthermore, the “see one, do one, teach
one” philosophy is rapidly becoming dated as it may
threaten patient safety.10

Logbooks are utilized by many subspecialties includ-
ing anesthesiology. Their popularity is based primarily
on their simplicity and feasibility because direct obser-
vation is not always possible. However, educators often
criticize logbooks because committees decide by con-
sensus rather than experimentation the number of pro-
cedures a trainee requires to be deemed competent.11

Cusum analysis may serve to improve the validity of
logbooks for several reasons. First, it has the potential of
providing the trainee with timely graphical feedback.
This graphical representation can function as a powerful
kind of formative assessment throughout the training
process for both the trainee and the educational pro-
gram. Cusum analysis can be used to identify students
with persistent difficulties early in their education. More
importantly, it can identify a training program that does
not provide students with adequate exposure to a partic-
ular procedure. Pietroni argued strongly that if a forma-
tive assessment is done well “it identifies strengths and
weaknesses not only in the trainee, but also in the train-
er and the institution.”12 Cusum analysis is a useful tool
in promoting both of these goals of assessment.
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TABLE I Subject demographics

Male/Female 4/7

# Previous epidural attempts
(80% independently)
•  0 4
•  1 2
•  2 2
•  3 1
•  5 1
•  7 1

TABLE II Labour epidural attempts over a six-month period

Number of epidural attempts (n = 11) 114.5 (75–128)
Number of attempts for subjects who 
obtained competency by cusum (n = 10) 57 (1–85)
Number of attempts for subject who did not 
obtain competency by cusum (n = 1) 75

Data expressed as median (range).



Trainees who obtained competency by cusum did
so within a wide range of epidural attempts. One
trainee with no prior experience, never failed to cor-
rectly place a labour epidural catheter. As many as 9%
of residents may continue to have difficulty perform-
ing labour epidurals after six months of regular expo-

sure to the skill. One trainee failed to achieve compe-
tency after as many as 75 epidural attempts. One other
study has examined labour epidural proficiency using
the cusum method. In this study, five of 12 residents
obtained competency after 29 to 185 procedures with
a 5% acceptable failure rate.5 This wide variation is
similar to our findings and similar to the variation
found with other intraoperative neuraxial procedures
that have been analyzed using cusum.5,13

There were several limitations in this study. Patient
characteristics were not recorded and as such, it is pos-
sible that subjects were exposed to different patient
populations during their six-month rotation. Having
said that, our patient population is similar to those
encountered in both primary and tertiary centres.
Secondly, catheter placement in the epidural space
cannot be confirmed with absolute confidence from a
patient’s subjective assessment of analgesia. By specif-
ically examining the technical skill of labour catheter
placement as opposed to catheter management, we
were unable to use analgesia as an end-point for suc-
cess. Repeating the study using nerve stimulation via
the catheter to confirm proper placement would veri-
fy our results.14 Lastly, logbooks are criticized because
self-reporting by trainees may not be truthful.2 All of
our data was collected in an anonymous fashion and as
such, may be more of an accurate reflection of the res-
idents’ experience.

While cusum analysis is a powerful tool for forma-
tive assessment, its usefulness for summative evalua-
tions requires further investigation. Specifically,
further studies need to be undertaken that strengthen
the validity of cusum analysis by comparing its results
with other more valid measures of technical skills
assessment, such as direct observation with task spe-
cific checklists and global rating assessments.2,15 With
further validation, cusum analysis could provide edu-
cators with a practical measure of competency for this
and other skills. Furthermore, cusum analysis could
also be used to assess the efficacy of future teaching
interventions including practice on models and virtu-
al reality training.16,17

In conclusion, this study illustrates that residents at
our institution achieved labour epidural proficiency by
cusum anywhere between one and 85 attempts. More
importantly, it shows that some residents may require
as many as 75 attempts to ensure proficiency. Training
programs could consider cusum as a useful tool to
track the progress of their residents’ technical skills.
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FIGURE 1 Cusum graph. Each point represents a labour
epidural attempt. Graph rises by a value of 0.9 (1-f) with failure
and declines by 0.1 (f) with success. Graph falls and remains below
two calculated boundary lines after 48 labour epidural attempts
indicating competency with the procedure as defined by cusum.

FIGURE 2 Cusum graph. Each point represents a labour
epidural attempt. Graph rises by a value of 0.9 (1-f) with failure
and declines by 0.1 (f) with success. Graph never falls and remains
below two calculated boundary lines after 75 labour epidural
attempts. This subject requires further exposure to the procedure
to obtain competency as defined by cusum.
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