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ABSTRACT
Objective: The objective of this study was to establish
an evidence-based clinical practice guideline for the
primary management of obstetrical brachial plexus
injury (OBPI). This clinical practice guideline addresses
4 existing gaps: (1) historic poor use of evidence, (2)
timing of referral to multidisciplinary care, (3)
Indications and timing of operative nerve repair and (4)
distribution of expertise.
Setting: The guideline is intended for all healthcare
providers treating infants and children, and all
specialists treating upper extremity injuries.
Participants: The evidence interpretation and
recommendation consensus team (Canadian OBPI
Working Group) was composed of clinicians
representing each of Canada’s 10 multidisciplinary
centres.
Outcome measures: An electronic modified Delphi
approach was used for consensus, with agreement
criteria defined a priori. Quality indicators for referral to
a multidisciplinary centre were established by
consensus. An original meta-analysis of primary nerve
repair and review of Canadian epidemiology and
burden were previously completed.
Results: 7 recommendations address clinical gaps
and guide identification, referral, treatment and
outcome assessment: (1) physically examine for OBPI
in newborns with arm asymmetry or risk factors; (2)
refer newborns with OBPI to a multidisciplinary centre
by 1 month; (3) provide pregnancy/birth history and
physical examination findings at birth; (4)
multidisciplinary centres should include a therapist and
peripheral nerve surgeon experienced with OBPI; (5)
physical therapy should be advised by a
multidisciplinary team; (6) microsurgical nerve repair is
indicated in root avulsion and other OBPI meeting
centre operative criteria; (7) the common data set
includes the Narakas classification, limb length, Active
Movement Scale (AMS) and Brachial Plexus Outcome
Measure (BPOM) 2 years after birth/surgery.
Conclusions: The process established a new network
of opinion leaders and researchers for further guideline
development and multicentre research. A structured
referral form is available for primary care, including
referral recommendations.

INTRODUCTION
The brachial plexus is a network of periph-
eral nerves providing innervation to the
upper extremity. Obstetrical brachial plexus
injury (OBPI) is an injury in newborns,
thought to be sustained during labour and
delivery.1 Incidence is estimated to be
between 1.6 and 2.6 in 1000 births,2 equiva-
lent to autism3 and congenital deafness.4 It is
greater than for type 1 diabetes mellitus5 and
cystic fibrosis.6 Shoulder dystocia is the main
risk factor; others are related to fetal size and
presence of comorbid birth trauma.7 Clinical
presentation immediately following delivery
is consistent regardless of injury severity; new-
borns demonstrate unilateral flaccid paralysis
of the involved upper limb.8 Given the
absence of an effective baseline investigation
(as with other mechanisms of nerve injury),9

serial examinations are required to deter-
mine severity and recovery potential.
Recovery of upper extremity function is the

outcome guiding management. Most cases of
OBPI are transient,10 with complete spontan-
eous recovery expected. However, children
with incomplete recovery experience lifelong
functional impairment; long-term sequelae

Strengths and limitations of this study

▪ The methodology for the first obstetrical brachial
plexus injury guideline was rigorous, following
an established framework.

▪ Recommendations provide clinical guidance on
the divergence of opinion and practice between
primary care and specialists.

▪ A baseline for system performance and quality
indicators for referral are established.

▪ In selecting the working group, the positional
approach identified only surgeons (plastic and
orthopaedic).

▪ The working group did not formally solicit
guardian preferences.
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include weakness, joint deformity and limb length discrep-
ancy.11 12 Beyond physical impairment, OBPI impacts the
family dynamic13 and the child’s global development.11

For all injury severities, assessment14 and non-
operative (occupational and physical) therapy15 are pro-
vided at specialised multidisciplinary centres.16–19 For
infants with residual deficits, numerous operative algo-
rithms,14 20–24 repair techniques25–33 and evaluation
methods34 are available. Authors have expressed the
need for guidelines for OBPI management35 36 addres-
sing clinical gaps.

Gap 1: historic poor use of evidence
Residual deficits with non-operative therapy are underes-
timated,10 37 and surgical outcomes are evaluated incon-
sistently.30 Nerve repair has not been analysed with a
high-quality study,38 despite acknowledgment of its
need.39 40 The existing literature is not optimised; no
synthesis has addressed existing cohort studies of nerve
repair versus non-operative therapy.

Gap 2: timing of referral to multidisciplinary care
While a proportion of injuries spontaneously recover,10

they are not discernible at baseline from those that
require repair.41 Primary care providers may overesti-
mate recovery, causing guardian distress and delayed
multidisciplinary referral. Ideal referral timing is not
established. Early referral to a multidisciplinary centre is
important; it allows guardian education,42 treatment by
specialised therapists,12 14 and serial assessment for
recovery and operative planning if necessary.41

Peripheral nerve injuries require timely repair. The
optimal age for nerve repair is 3 months for the most
severe injuries.14 However, up to 12% of referrals to
multidisciplinary clinics are 3 years or older with long-
standing functional impairment.24

Gap 3: indications and timing of operative nerve repair
Mild injuries with significant recovery by 1 month do
not require repair.24 Total plexus injuries require early
repair to preserve function.14 24 However, 50–90% of
referrals to specialty centres have injuries between these
extremes, with surgical indications and timing varying
between centres.21 22 43–45

Gap 4: distribution of expertise in Canada
OBPI expertise is not evenly distributed across the
country, with 10 multidisciplinary centres in Canada
located at academic institutions in large cities. Unified
recommendations from OBPI specialists do not exist to
guide practice or inform the public.
There is a clear opportunity to improve the quality of

OBPI care,46 and the clinical conditions are appropriate
for guideline development.47 A rigorous review of
current literature47 48 would address an evidence base
insufficient to support decisions of clinicians.46

Improving the knowledge and intent of behaviours49

would minimise unwanted practice variation, as well as

the divergence of opinion between primary care and
OBPI specialists. A consistent national message would
inform guardians.47 50 Establishing quality indicators
would inform policy, access to care and funding.51

Ultimately, implementation would result in improved
outcomes.52 The process of guideline development itself
can also foster collaboration and cohesion among
national specialists,49 providing a platform for a national
research programme.51 Currently, no comprehensive
guideline exists in Canada, or elsewhere, to guide the
management of OBPI.
This guideline examines the evidence for: (1) primary

management of OBPI, including treatment with nerve
repair and physical/occupational therapy, (2) timing of
referral to a multidisciplinary centre and (3) standardised
outcome measurement. Intended users are those delivering
care to infants in the first year of life, and peripheral
nerve surgeons, therapists and other specialists treating
OBPI impairment.

METHODS
The development of guideline recommendations fol-
lowed Cancer Care Ontario’s Program in Evidence-Based
Care framework, the Guideline Development Cycle.46 53

Governance
A small group consisting of a plastic surgeon with
expertise in management of OBPI ( JRB), a health ser-
vices researcher with expertise in the science and prac-
tice of clinical practice guidelines (MCB), and a trainee
in both plastic surgery and health research methodology
(CJC) provided oversight to the project. Recruitment for
the OBPI Working Group49 followed a positional
approach.54 Lead physicians at each Canadian OBPI
multidisciplinary centre of excellence were invited to be
members of this team. Twelve physicians agreed to par-
ticipate in guideline development, with representation
from every Canadian multidisciplinary centre (table 1).

Table 1 Members of the working group participating in

the consensus process

Consensus group

members Institution

Dr James Bain McMaster University

Dr Michael Bezuhly Dalhousie University

Dr Sean Bristol University of British

Columbia

Dr Howard Clarke University of Toronto

Dr Robertson Harrop University of Calgary

Dr Jennifer Lin Universite de Montreal

Dr Jaret Olson University of Alberta

Dr Douglas Ross Western University

Dr Constantin Stanciu Universite de Montreal

Dr Susan Thompson University of Manitoba

Dr Cynthia Verchere University of British

Columbia

Dr Yvonne Ying University of Ottawa
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This established the Canadian OBPI Working Group.
The group’s tasks included: providing feedback on the
systematic review of primary management, approving
quality indicators for referral timing analysis, collecting
and providing volume and timing of referrals at their
centres, participating in the formal consensus process to
craft, refine and agree on recommendations for the clin-
ical practice guideline, and establishing a common data
set for future OBPI research.
Recommendations were developed through two

in-person meetings, and electronic correspondence
from June 2013 to June 2015. The guideline was further
reviewed for methodology (AT, SHV), and clinical sens-
ibility to plastic surgery (AT, SHV) and obstetrics and
gynaecology (MKC).

Recommendation development
The working group generated a preliminary topic list
reflecting opportunities for quality improvement,55 56

and assigned evidence to each topic (box 1). For
primary management (nerve repair, physical/occupa-
tional therapy), functional impairment was considered
the primary outcome; pooled adverse events were the
secondary outcome. For referral to a multidisciplinary
centre, the working group identified importance of con-
servative timing among guardians.36 42 57 The consensus
group concurred early referral was favoured, in order to
maximise education and therapy, and capture patients
for operative planning. Outcome measures addressed
each domain of the WHO’s International Classification
of Function, Disability and Health (ICF).58 Quality of
evidence, bias and uncertainty were considered in all
outcomes.59 Recommendations were based on best avail-
able evidence and focused exclusively on the clinical
perspective. While implementation will ultimately neces-
sitate consideration of resources, this will be tailored to
each jurisdiction.59

Sources of evidence
Identification of existing guidelines
Recognised databases were searched for existing clinical
practice guidelines. OBPI is referred to by many terms,60

with specific variation in the leading (eg, neonatal or
paediatric instead of obstetrical) and end (eg, palsy

instead of injury) terms. For sensitivity, only the term
‘brachial plexus’ was used in searches.

Systematic review and meta-analysis of primary
management
A new systematic review and meta-analysis was designed
investigating the effect of primary nerve repair versus
non-operative management on physical function.2

Review of Canadian epidemiology and burden of disease
A new analysis of Canadian epidemiology and burden
was designed establishing quality indicators for referral,
and investigating volume and timing of referral to multi-
disciplinary centres, incidence and risk factors.61

Systematic review of outcome assessment
To inform the selection of outcome measures for multi-
centre research, a focused search for systematic reviews
investigating OBPI outcome measures was performed.
Records meeting each of the following criteria were
included: systematic review, published in peer-reviewed
journals as full reports, reviewed outcome measures,
included patients with OBPI, English language and pub-
lished since 2009.
The same electronic search strategy from the system-

atic review and meta-analysis was used2 and executed on
15 February 2014: Ovid MEDLINE(R) In-Process and
Other Non-Indexed Citations and Ovid MEDLINE(R)
2009 to present, Ovid MEDLINE Daily Update 15
February 2014, EMBASE 2009 to 2014 week 6 and
reviews in the Cochrane Library 2014, issue 1 (list 1).
Quality assessment was performed using the AMSTAR
tool.62

Environmental scan
A search was performed to provide an estimate of refer-
ral processes in other jurisdictions, and inform recom-
mendations.46 Relevant professional organisations were
searched for applicable documents (as in identification of
existing guidelines). An untargeted web search was com-
pleted on 1 November 2012 and updated on 15
February 2014. The following terms were queried: ‘bra-
chial plexus’, referral and guidelines.
Multidisciplinary clinic websites were reviewed for the

referral process from primary care, timing and specific
criteria.

Formal consensus
A formal consensus process was selected.46 63 All
members participated in consensus to improve owner-
ship and consistency in national recommendations.47 63

An electronic modified Delphi approach64 was selected
for its transparent, explicit and structured method-
ology.46 65 66 Recommendations and key evidence sum-
maries were distributed to the consensus group.
Members rated agreement for each recommendation

using a nine-point Likert scale (1=‘strongly disagree’,
9=‘strongly agree’),67 and had the ability to provide

Box 1 Preliminary topic list to be addressed by
recommendations

▸ Recommendation topics;
▸ Identification of obstetrical brachial plexus injury by primary care;
▸ Timing of referral to a multidisciplinary centre;
▸ Information to communicate between primary care (diagnosis),

multidisciplinary care (specialised therapy) and primary care
(follow-up);

▸ Personnel at multidisciplinary centres;
▸ Timing of operative therapy;
▸ Common data set elements for national multicentre research.
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written feedback. Thresholds for consensus to ‘support’
or ‘reject’ recommendations were conservative and
defined a priori.67 Consensus was defined based on a
group size of 12.67 A median of 7–9 with 3 or fewer
ratings outside of the 7–9 range was defined as consen-
sus to support the recommendation. A median of 1–3
and 3 or fewer ratings outside of the 1–3 range was
defined as consensus to reject the recommendation.
Further, four or more members rating in the 1–3 and
7–9 ranges were defined as consensus to reject the rec-
ommendation. Other combinations were defined as
uncertain, indicating the need for modification.
Qualifying statements were added to recommenda-

tions based on consensus group feedback. This allowed
for the necessary clarification and contextualisation to
be provided even in cases when consensus was obtained
according to the a priori criteria.

Review
No external review process was specified a priori.
Recommendations were established by a formal consen-
sus process including national key stakeholders and clin-
ical experts. The guideline was reviewed for completeness
of literature review68 (AT, SHV), clinical sensibility68 to
plastic surgery (AT, SHV) and obstetrics and gynaecology
(MKC), and by an expert in systematic review and guide-
line development (MCB).68 Further external review was
not appropriate and would be redundant.46 Education of
primary care was a goal of the guideline; in cases where
there is disagreement between specialists and primary
care, and referrals need to be increased, review by
primary care may be detrimental.69

RESULTS
Sources of evidence
Identification of existing guidelines
No existing guideline or set of recommendations
adequately addressed the objectives of the working
group, or used an optimised synthesis of the OBPI
literature.

Systematic review and meta-analysis of primary
management
A systematic review and meta-analysis was completed
investigating the effect of primary nerve repair versus
non-operative management on physical function.2

Review of Canadian epidemiology and burden of disease
An analysis of Canadian epidemiology and burden was
completed establishing quality indicators for referral,
and investigating volume and timing of referral to multi-
disciplinary centres, incidence and risk factors.61

Systematic review of outcome assessment
A focused search for systematic reviews of outcome
assessment was performed, identifying three
reviews.34 70 71 Full results are reported in online
supplementary appendix 1.

Environmental scan
The environmental scan identified seven documents advis-
ing referral for identified OBPI to specialty care.72–78 Full
results are reported in online supplementary appendix 1.

Recommendations
Seven recommendations were developed addressing
the topic list. The consensus group supported all re-
commendations in the first round of review (table 2).
The evidence was judged to be universally low for
all recommendations. Recommendations and qualifying
statements were distributed to the consensus group; no
member disapproved or provided additional feedback.

1. Physically examine newborns for OBPI if upper
extremity movement is asymmetric or delivery was
complicated by shoulder dystocia, humeral fracture
or clavicular fracture.
A primary care physician with experience in newborn assess-

ment should perform a focused physical examination on new-
borns with an identified deficit or risk factor.

Table 2 Results of the consensus process for recommendations

Responses (n=12)

Recommendation 1 2 3 4 5 6 7 8 9 Median Feedback

1 1 1 10 9 Not all children are born in a hospital, and/or with physicians

present, primary care to examine as a gatekeeper for referral

2 2 2 8 9 Small proportion of cases recover before discharge

3 1 5 6 8 Clinical records are important and useful but not necessary

4 i 1 2 9 9 Provide definition of therapist

4 ii 1 11 9 Provide definition of surgeon

5 5 2 5 8 Communication and/or follow-up

6 i 4 8 9 Clarify total plexus +T1 avulsion

6 ii 2 3 7 9 None

7 i 1 7 1 3 7 Root levels, an alternative to formal Narakas

7 ii 1 4 2 5 8 Outcomes are not a substitute for operative indications; limb

length to nearest 0.5 cm as in original report

Green = support; red = reject; yellow = uncertain.
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▸ From the analysis of Canadian epidemiology, inci-
dence is 1.24/1000 live births, and consistent from
2004 to 2012, with all potential biases underestimating
incidence.61 From the meta-analysis of primary man-
agement, pooled incidence in demographic samples
was 2.1/1000 births (95% CI 1.6 to 2.6).2

▸ From the analysis of Canadian epidemiology, very
strong risk factors were ‘birth injury to humerus’
OR=115.0 (95% CI 86.7 to 152.5), ‘shoulder dystocia’
OR=59.8 (95% CI 55.5 to 64.5) and ‘fracture of clav-
icle’ OR=31.0 (95% CI 26.4 to 36.4).61

▸ In Canada, referrals to specialty physicians (ie, OBPI
centres) are generated by other physicians. A primary
care physician with experience in newborn assess-
ment should examine children with asymmetric
upper extremity movements to detect OBPI,
comorbidities and possible alternate diagnosis for
appropriate management, including referral.

2. Refer all newborns with OBPI to a multidisciplinary
centre by 1 month of age.
A proportion of newborns will completely recover within days

of birth and do not necessitate referral to a multidisciplinary
centre. Newborns with complete recovery as assessed by primary
care providers experienced in the assessment of musculoskeletal
and neurological deficits do not necessitate referral.
▸ The selection of 1 month was informed by the envir-

onmental scan, practice patterns,14 24 Malessy et al’s41

referral algorithm and the previous Canadian pos-
ition statement.79

▸ The consensus group formally approved quality indica-
tors for infant age at initial assessment by a multidiscip-
linary centre; ‘good’ by 1 month of age, ‘satisfactory’ by
3 months of age and ‘poor’ thereafter.61

▸ Early referral to a multidisciplinary centre permits
guardian education,42 early treatment by specialised
therapists,12 14 serial assessment for recovery and
appropriate operative assessment.41

▸ Guardians prefer early referral to a multidisciplinary
centre.36 42 57

▸ Neuropraxic injuries recover rapidly, and infants are
substantially to completely recovered by
1 month.14 21 24 79 From the meta-analysis of primary
management, this proportion is 35% of patients
(95% CI 23% to 48%).2

▸ Primary care providers may underestimate residual
impairment in OBPI. From the meta-analysis of
primary management, non-operative management of
OBPI in demographic populations results in func-
tional impairment in 18% (95% CI 14% to 23%).
Only three reports assess outcomes with physical
scales; the remainder rely on subjective assessment.
This reflects traditional reports of OBPI from primary
care, reporting transient injury without seque-
lae.17 80 81 In contrast, full recovery occurs in 73%
(95% CI 64% to 81%) of patients from demographic
samples. ‘Full recovery’ itself is most likely

overestimated.10 Interpreted inversely, the author-
defined incidence of any residual impairment is 27%
(19% to 36%). This proportion demonstrates that at
least 19% to 36% of OBPI cases have an uncharac-
terised, unidentified residual impairment.2

▸ A systematic review by Pondaag et al10 agreed that
OBPI prognosis is worse than that identified in the
literature and predicted in practice.

3. With referral, provide complete pregnancy and birth
history, and physical examination findings (including
Horner’s syndrome) at birth.
Clinical records should indicate risk factors, severity of injury

and course of recovery. While clinical records are important,
they are not necessary; do not delay referral to a multidisciplin-
ary centre to obtain records.
▸ No study identified and analysed the impact of refer-

ral information or communication on outcome.
▸ Given the absence of a gold standard baseline investi-

gation,9 serial examination is required to determine
severity. Clinical records may provide an estimate of
initial severity and progression of recovery.

▸ Discussion of risk factors contributes to guardian edu-
cation,42 especially for future pregnancies.82

▸ Clinical root level involvement (eg, presence of hand
paralysis) and Horner’s syndrome are discerning
characteristics in the Narakas classification83 for base-
line injury classification (recommendation 7).

4. Teams at multidisciplinary centres should include:
i. A dedicated therapist with experience in the assess-

ment and treatment of OBPI.
ii. A peripheral nerve surgeon with experience in micro-

surgical repair of OBPI.
Teams at multidisciplinary centres are responsible for the

assessment, treatment, rehabilitation and education of children
with OBPI and their parents/guardians. Teams should include
the personnel necessary to deliver the highest level of treatment
available in Canada. The recommendation does not pertain to
healthcare providers involved in diagnostic investigations or sec-
ondary treatment. A therapist is a physical or occupational ther-
apist, or equivalent. Ideally, the therapist will have paediatric
experience and/or be mentored to develop skills to manage
patients with OBPI. A peripheral nerve surgeon is a plastic,
neurosurgeon or orthopaedic surgeon, or equivalent. The periph-
eral nerve surgeon will have the training, experience and infra-
structure to perform microsurgical nerve reconstruction
procedures on paediatric patients.
▸ No study identified and analysed the impact of multi-

disciplinary teams or their included disciplines on
OBPI outcomes.

▸ The meta-analysis of primary management pooled all
non-operative management, including natural history;
outcomes did not analyse specific non-operative therapy
interventions or protocols. Descriptions of non-
operative management protocols were poor. The only
reliable factor was involvement of a therapist in
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management. Among 65 studies with patients treated by
specialists, the care team was multidisciplinary in 43.2

▸ Two previous systematic reviews84 85 addressed non-
operative interventions excluding natural history.
Each review highlighted the importance of therapists
delivering non-operative treatment,43 85 and sug-
gested that all infants be assessed by a specialised ther-
apist,84 for management and parent/guardian
education.57 Non-operative protocols were descrip-
tively reviewed in these prior reviews; details of inter-
ventions were poor prohibiting replication,85 and
insufficient evidence exists to support specific treat-
ment recommendations beyond therapist referral.84 85

5. Non-operative therapy delivered outside of a multi-
disciplinary centre should be advised by a multidis-
ciplinary team.
No qualifying statement.

▸ No study identified and analysed the impact of non-
operative therapy delivered or supervised by a specia-
lised multidisciplinary centre versus in the
community.

▸ Community providers may not have the expertise to
recognise and characterise residual impairment.
Ongoing communication between multidisciplinary
and community providers may identify patient issues
throughout the child’s growth and development, and
expedite specialised assessment.

6. Offer microsurgical nerve repair:
i. For injuries clinically consistent with root avulsion

injury.
ii. For all other injuries meeting centre-defined opera-

tive criteria applied beginning at 3 months of age.
Total plexus injuries with clinical evidence consistent with

T1 root avulsion (eg, Horner’s syndrome) should be offered
nerve repair as soon as the injury pattern is apparent and the
child is fit for the procedure.
▸ From the meta-analysis of primary management,

pooled analysis of 222 patients from nine cohort studies
shows that nerve repair reduces impairment; relative
risk (RR) 0.58, 95% CI 0.43 to 0.79, p<0.001, absolute
risk reduction (ARR) 19%, number needed to treat
(NNT) 6. This outcome may underestimate the effect-
iveness of primary nerve repair. Results are consistent in
analysis of case series, RR 0.39, 95% CI 0.33 to 0.45.2

▸ Avulsion injuries are the most severe; these injuries
are worse than the severity represented by our pooled
analysis. The nerve root is physically separated from
the motor cell body within the spinal cord. No motor
spontaneous recovery is expected.12

▸ From the meta-analysis of primary management, mor-
tality and major adverse events are not common risks
of modern microsurgical nerve repair. Adverse events
were reported in 19 series of operative management
in our review. No deaths were reported. Major events
occurred in 1.5% of cases.2

7. For objective outcome collection, a common data set
includes:

i. Clinical distribution using the Narakas classification
at the initial multidisciplinary centre assessment.

ii. Limb length,11 Active Movement Scale (AMS)86 and
Brachial Plexus Outcome Measure (BPOM) when
age applicable71 at 1, 3, 6, 12 and 24 months of age,
then annually for the duration of follow-up.
The common data set provides consistent baseline stratifica-

tion and outcome measurement, facilitating multicentre
research. Data set outcomes are not operative indications.
Alternatively to the Narakas classification, injury distribution
can be classified by involved nerve roots and evidence of
Horner’s syndrome. For consistency, each outcome should be
measured as defined in the primary literature (eg, limb length to
nearest 0.5 cm).
▸ For injury baseline classification, the Narakas classifi-

cation83 87 is the most common classification system
used, though reliability and validity are not formally
established, and modifications have been suggested.87

▸ Three systematic reviews34 70 71 suggested assessing
OBPI using the ICF domains. An ICF Core Set is cur-
rently lacking.88

▸ The AMS86 is validated in OBPI with robust psycho-
metric properties. It measures ICF Body Functions
and Structure.

▸ The BPOM71 is a disease-specific functional assess-
ment tool with excellent construct validity. It comple-
ments the AMS. Psychometric evaluation and analysis
of evaluative validity are pending. In contrast to other
tools, it is practical to administer and score, and eval-
uates the complete upper extremity. It measures ICF
Activity and Participation in the context of a child’s
own environment.

▸ Physiologically, limb length and circumference11 are
reliable, and discrepancies are detected as early as
1 month in severe lesions. Growth discrepancy is
limited with nerve repair, and correlates with
impairment.89

▸ Timing of outcome assessment was not discussed in
reviews. In the meta-analysis of primary management,
outcomes were measured until at least 2 years of age
for non-operative management, or 2 years following
operative management.2

DISCUSSION
This is the first formal clinical practice guideline for the
primary management of OBPI. In situations where prac-
tice is heterogeneous and evidence is unclear, rigorous
approaches to knowledge synthesis and application have
the greatest capacity to impact practice.49

Context
Early referral is guardian important, it provides early
coordinated assessment and education at multidisciplin-
ary centres. Recommendations 1–3 address primary care
awareness of OBPI, and inform referral. The 1 month
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time point is conservative, reflecting guardian, physician
and therapist preference. The proportion of neuropraxic
injuries will recover substantially within 1 month.
However, the consensus group reflected each centre’s
preference to assess all infants identified with OBPI.
While a novel algorithm endorses early identification and
referral of only potential surgical candidates,41 it relies
on interpretation of electromyography and nerve con-
duction study. It is feasible that a referral system could be
overseen by multidisciplinary centres to interpret history
and investigations completed at satellite centres; timing
of consultation with physicians and therapists could then
be triaged appropriately. This could address geographic
distribution of specialists in Canada.
Recommendations 4–6 reflect the personnel and man-

agement to provide evidence-based care. Evidence is
insufficient to recommend specific non-operative inter-
ventions or therapy protocols. While functional impair-
ment with nerve repair reduces functional impairment
versus non-operative management, recommendations do
not differentiate OBPI severity beyond avulsion, or iden-
tify the best surgical algorithm and/or nerve repair pro-
cedure. While the evidence did not support one surgical
algorithm, it is sufficient to support the principle of
early nerve repair in patients failing to recover. Further
evidence is required to guide specifics of non-operative
and operative protocols.
Multicentre study is required to achieve sufficient

sample size to inform specific therapy recommen-
dations, given the range of OBPI clinical patterns
and nerve repair options available. In its design, this
guideline has formed a network of opinion leaders with
representation from every multidisciplinary centre. An
engaged network and consistent outcome assessment
will facilitate evaluation of the interventions and algo-
rithms already practised at Canadian centres.24 32 43 90 91

Strengths
Our methodology was rigorous, following an established
framework.46 Guideline implementation and dissemin-
ation were considered in design;49 opinion leaders were
chosen for their influence on local health policy and
resources.92 The formal consensus process64 was trans-
parent and structured;46 65 66 it accommodated the geo-
graphic distribution of the consensus group,93 and
anonymity prevented the process from being domi-
nated.94 Two original studies were performed to opti-
mise the evidence base, and clear connections were
established between the evidence base and recommen-
dations. The recommendations themselves addressed
broad, system-level questions; they provide clinical guid-
ance on the divergence of opinion between primary
care and specialists. A baseline for system performance
is established with quality indicators for referral.

Limitations
In selecting the OBPI Working Group, the positional
approach identified only surgeons. Future updates to this

guideline will be multidisciplinary. The guideline was
reviewed by experts for completeness of literature review,
clinical sensibility and methodology;68 further external
review would be redundant.46 Further, education of
primary care and addressing disagreement between spe-
cialists and primary care were goals of the guideline.69 An
estimation of cost was not available. The working group
did not formally solicit guardian preferences; recommen-
dations relied on patient preferences for referral, educa-
tion and management from the literature.36 41 42 95 The
GRADE approach was not used, reflecting many cancer
guideline bodies.96 OBPI is similar to cancer given its
small expert pool, treatment at specialised academic
centres, and absence of level I evidence. GRADE has a
number of limitations in this clinical setting.96 Instead,
we followed an established framework,46 interpreted
strength of evidence in every facet of the evidence base
and used a formal consensus process.

Implementation
With establishment and baseline measurement of quality
indicators for referral, an optimised meta-analysis for
nerve repair and a clinical practice guideline, this pro-
gramme of research provides the tools and means to
improve quality of care, health services, patient out-
comes and policy for OBPI in Canada. However, without
an approach to implementation, recommendations
often fail to achieve potential benefits in care process,
use of best evidence and practice consistency.52 97 98

There is insufficient evidence to support one guideline
implementation strategy, or a cluster of strategies.99

However, integrated knowledge translation (IKT) inter-
ventions are suited to OBPI. IKT integrates relevant end
users and researchers in intervention design and dissem-
ination.98 IKT is particularly relevant to OBPI given the
range of providers involved in perinatal care and the
multidisciplinary team involved in management.98

Collaboration between primary care, parents, specialists
and resource managers is critical to timely referral and
optimised care.

CONCLUSIONS
The Canadian OBPI Working Group: next steps
Referral to multidisciplinary care is a gap in OBPI care.
Referral recommendations are more effective if local
specialists are involved in dissemination, and structured
referral forms are available.100 The Canadian OBPI
Working Group already includes leaders at each national
multidisciplinary centre. To improve referral, and
provide consistent information to primary care and guar-
dians, the working group has developed a national refer-
ral form (see online supplementary appendix 2).
A multidisciplinary guideline can integrate a fragmen-

ted patient management system and enhance implemen-
tation. Only a multidisciplinary group can connect
public education and awareness, risk factor modification,
referral, assessment and therapy. The planned update to
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this guideline includes all relevant primary care and spe-
cialty disciplines: therapists, primary care, obstetrics,
perinatal care and child specialists. An introductory
multidisciplinary meeting occurred in June 2015.
Guideline development formed a network of opinion

leaders, and recommendations included outcome assess-
ment to establish a common data set. The working
group is endeavouring to establish a shared database for
novel research, and multicentre studies. Active national
research will improve access to evidence-based therapies
and measure outcomes across our healthcare system.
Overall, the Canadian OBPI Working Group’s goal is

to transform OBPI care with a model that recognises
patient priorities from labour/delivery to full maturity,
while achieving best care at every level of the healthcare
system. Resources are available, and our activities can be
followed at brachialplexus.ca.

Author affiliations
1Division of Plastic Surgery, Department of Surgery, McMaster University,
Hamilton, Ontario, Canada
2Department of Clinical Epidemiology and Biostatistics, McMaster University,
Hamilton, Ontario, Canada
3Department of Obstetrics and Gynecology, University of Toronto, Toronto,
Ontario, Canada
4Department of Oncology, McMaster University, Hamilton, Ontario, Canada

Twitter Follow Christopher Coroneos @cjcoroneos

Acknowledgements The authors thank Noor Alolabi, Forough Farrokhyar,
Serge R Goekjian and Lauren I Willoughby for their contributions to the
meta-analysis of primary nerve repair and review of Canadian epidemiology
and burden. The authors also thank Marija Bucevska, Angela Chiu, Carol
DeMatteo, Deborah Gjertsen, Emily Ho and Kathleen O’Grady for their time,
support and data contributions.

Collaborators The Canadian OBPI Working Group: James Bain (McMaster
University), Michael Bezuhly (Dalhousie University), Sean G Bristol (University
of British Columbia), Kevin Cheung (University of Ottawa), Howard M Clarke
(University of Toronto), Kristen M Davidge (University of Toronto), A
Robertson Harrop (University of Calgary), Jennifer C Lin (Université de
Montréal), Jaret L Olson (University of Alberta), Douglas C Ross (Western
University), Constantin Stanciu (Université de Montréal), David Tang
(Dalhousie University), Susan Thompson (University of Winnipeg), Cynthia
Verchere (University of British Columbia), and Yvonne Ying (University of
Ottawa).

Contributors CJC was involved in conception and design; acquisition,
analysis and interpretation of data; drafting of the manuscript; statistical
analysis; obtaining funding. SHV was involved in conception and design;
acquisition and interpretation of data; drafting of the manuscript; obtaining
funding. MKC was involved in acquisition of data; drafting of the manuscript;
critical revision of the manuscript for important intellectual content; obtaining
funding. AT was involved in conception and design; critical revision of the
manuscript for important intellectual content; supervision; obtaining funding.
JRB and MCB were involved in conception and design; critical revision of the
manuscript for important intellectual content; supervision; obtaining funding.

Funding CJC received unrestricted academic grants to fund research
fellowship training: (1) the Canadian Institutes of Health Research (CIHR)
Master’s Award: Frederick Banting and Charles Best Award. (2) Father Sean
O’Sullivan Research Centre Award, St Joseph’s Healthcare, Hamilton, Ontario,
Canada. (3) Juravinski Surgical Fellowship, Department of Surgery, McMaster
University, Hamilton, Ontario, Canada. The Canadian OBPI Working Group
received a Canadian Institutes of Health Research (CIHR) Planning and
Dissemination Grant.

Competing interests None declared.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1. Tan KL. Brachial palsy. J Obstet Gynaecol Br Commonw

1973;80:60–2.
2. Coroneos CJ, Voineskos SH, Coroneos MK, et al. Primary nerve

repair for obstetrical brachial plexus injury: a meta-analysis. Plast
Reconstr Surg 2015;136:765–79.

3. Newschaffer CJ, Croen LA, Daniels J, et al. The epidemiology of
autism spectrum disorders. Annu Rev Public Health
2007;28:235–58.

4. Patel H, Feldman M. Universal newborn hearing screening.
Paediatr Child Health 2011;16:301–10.

5. Newhook LA, Penney S, Fiander J, et al. Recent incidence of type
1 diabetes mellitus in children 0–14 years in Newfoundland and
Labrador, Canada climbs to over 45/100,000: a retrospective time
trend study. BMC Res Notes 2012;5:628.

6. Farrell P, Joffe S, Foley L, et al. Diagnosis of cystic fibrosis in the
Republic of Ireland: epidemiology and costs. Ir Med J
2007;100:557–60.

7. Foad SL, Mehlman CT, Ying J. The epidemiology of neonatal
brachial plexus palsy in the United States. J Bone Joint Surg Am
2008;90:1258–64.

8. Gjorup L. Obstetrical lesion of the brachial plexus. Acta Neurol
Scand 1966;42(Suppl 18):1–80.

9. Malessy MJA, Pondaag W, van Dijk JG. Electromyography, nerve
action potential, and compound motor action potentials in obstetric
brachial plexus lesions: validation in the absence of a “gold
standard”. Neurosurgery 2009;65(4 Suppl):A153–9.

10. Pondaag W, Malessy MJA, van Dijk JG, et al. Natural history of
obstetric brachial plexus palsy: a systematic review. Dev Med Child
Neurol 2004;46:138–44.

11. Bain JR, DeMatteo C, Gjertsen D, et al. Limb length differences
after obstetrical brachial plexus injury: a growing concern. Plast
Reconstr Surg 2012;130:558e–71e.

12. Waters PM. Update on management of pediatric brachial plexus
palsy. J Pediatr Orthop B 2005;14:233–44.

13. Alyanak B, Kılınçaslan A, Kutlu L, et al. Psychological adjustment,
maternal distress, and family functioning in children with obstetrical
brachial plexus palsy. J Hand Surg Am 2013;38:137–42.

14. Borschel GH, Clarke HM. Obstetrical brachial plexus palsy. Plast
Reconstr Surg 2009;124(1 Suppl):144e–55e.

15. Smania N, Berto G, La Marchina E, et al. Rehabilitation of brachial
plexus injuries in adults and children. Eur J Phys Rehabil Med
2012;48:483–506.

16. Clarke HM, Al-Qattan MM, Curtis CG, et al. Obstetrical brachial
plexus palsy: results following neurolysis of conducting
neuromas-in-continuity. Plast Reconstr Surg 1996;97:974–82;
discussion 983–4.

17. Laurent JP. Neurosurgical intervention for birth-related brachial
plexus injuries. Neurosurg Q 1997;7:69–75.

18. Mehta SH, Gonik B. Neonatal brachial plexus injury: obstetrical
factors and neonatal management. J Pediatr Rehabil Med
2011;4:113–18.

19. Zafeiriou DI, Psychogiou K. Obstetrical brachial plexus palsy.
Pediatr Neurol 2008;38:235–42.

20. Xu J, Cheng X, Dong Z, et al. Remote therapeutic effect of early
nerve transposition in treatment of obstetrical brachial plexus palsy.
Chin J Traumatol 2001;4:40–3.

21. Waters PM. Comparison of the natural history, the outcome of
microsurgical repair, and the outcome of operative reconstruction
in brachial plexus birth palsy. J Bone Joint Surg Am
1999;81:649–59.

22. Laurent JP, Lee R, Shenaq S, et al. Neurosurgical correction of
upper brachial plexus birth injuries. J Neurosurg 1993;79:197–203.

23. Gilbert A, Tassin JL. Obstetrical palsy: a clinical, pathologic, and
surgical review. In: Terzis JK, ed. Microreconstruction of nerve
injuries. Philadelphia: WB Saunders, 1987:529.

8 Coroneos CJ, et al. BMJ Open 2017;7:e014141. doi:10.1136/bmjopen-2016-014141

Open Access

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-014141 on 27 January 2017. D

ow
nloaded from

 

http://twitter.com/cjcoroneos
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1111/j.1471-0528.1973.tb02132.x
http://dx.doi.org/10.1097/PRS.0000000000001629
http://dx.doi.org/10.1097/PRS.0000000000001629
http://dx.doi.org/10.1146/annurev.publhealth.28.021406.144007
http://dx.doi.org/10.1186/1756-0500-5-628
http://dx.doi.org/10.2106/JBJS.G.00853
http://dx.doi.org/10.1227/01.NEU.0000338429.66249.7D
http://dx.doi.org/10.1111/j.1469-8749.2004.tb00463.x
http://dx.doi.org/10.1111/j.1469-8749.2004.tb00463.x
http://dx.doi.org/10.1097/PRS.0b013e318262f26b
http://dx.doi.org/10.1097/PRS.0b013e318262f26b
http://dx.doi.org/10.1097/01202412-200507000-00001
http://dx.doi.org/10.1016/j.jhsa.2012.09.036
http://dx.doi.org/10.1097/PRS.0b013e3181a80798
http://dx.doi.org/10.1097/PRS.0b013e3181a80798
http://dx.doi.org/10.1097/00006534-199604001-00014
http://dx.doi.org/10.1016/j.pediatrneurol.2007.09.013
http://dx.doi.org/10.2106/00004623-199905000-00006
http://dx.doi.org/10.3171/jns.1993.79.2.0197
http://bmjopen.bmj.com/


24. Bain JR, Dematteo C, Gjertsen D, et al. Navigating the gray zone:
a guideline for surgical decision making in obstetrical brachial
plexus injuries. J Neurosurg Pediatr 2009;3:173–80.

25. Xu J, Cheng X, Gu Y. Different methods and results in the
treatment of obstetrical brachial plexus palsy. J Reconstr Microsurg
2000;16:417–20; discussion 420–2.

26. Terzis JK, Kostas I. Outcomes with suprascapular nerve
reconstruction in obstetrical brachial plexus patients. Plast Reconstr
Surg 2008;121:1267–78.

27. Pondaag W, Gilbert A. Results of end-to-side nerve coaptation in
severe obstetric brachial plexus lesions. Neurosurgery
2008;62:656–63; discussion 656–63.

28. Pondaag W, Malessy MJA. Recovery of hand function following
nerve grafting and transfer in obstetric brachial plexus lesions.
J Neurosurg 2006;105(1 Suppl):33–40.

29. Pondaag W, de Boer R, van Wijlen-Hempel MS, et al. External
rotation as a result of suprascapular nerve neurotization in obstetric
brachial plexus lesions. Neurosurgery 2005;57:530–7; discussion
530–7.

30. Kawabata H, Kawai H, Masatomi T, et al. Accessory nerve
neurotization in infants with brachial plexus birth palsy.
Microsurgery 1994;15:768–72.

31. Lin H, Hou C, Chen D. Contralateral C7 transfer for the treatment of
upper obstetrical brachial plexus palsy. Pediatr Surg Int
2011;27:997–1001.

32. Lin JC, Schwentker-Colizza A, Curtis CG, et al. Final results of
grafting versus neurolysis in obstetrical brachial plexus palsy. Plast
Reconstr Surg 2009;123:939–48.

33. Luo PB, Chen L, Zhou CH, et al. Results of intercostal nerve
transfer to the musculocutaneous nerve in brachial plexus birth
palsy. J Pediatr Orthop 2011;31:884–8.

34. Chang KWC, Justice D, Chung KC, et al. A systematic review of
evaluation methods for neonatal brachial plexus palsy. J Neurosurg
Pediatr 2013 [Epub ahead of print]. https://www.ncbi.nlm.nih.gov/
pubmed/23931766.

35. Sparagana SP, Ezaki M. Microneurosurgery for neonatal brachial
plexus palsy: the need for more information. Arch Neurol
2006;63:1033–4.

36. Squitieri L, Larson BP, Chang KWC, et al. Medical decision-making
among adolescents with neonatal brachial plexus palsy and their
families: a qualitative study. Plast Reconstr Surg
2013;131:880e–7e.

37. Hoeksma AF, ter Steeg AM, Nelissen RGHH, et al. Neurological
recovery in obstetric brachial plexus injuries: an historical cohort
study. Dev Med Child Neurol 2004;46:76–83.

38. Smith NC, Rowan P, Benson LJ, et al. Neonatal brachial plexus
palsy. Outcome of absent biceps function at three months of age.
J Bone Joint Surg Am 2004;86-A:2163–70.

39. Waters PM, Bae DS. Brachial plexus birth palsy: rationale for
a multicenter prospective study. Semin Plast Surg 2004;18:
377–84.

40. Bodensteiner JB, Rich KM, Landau WM. Early infantile surgery for
birth-related brachial plexus injuries: justification requires a
prospective controlled study. J Child Neurol 1994;9:109–10.

41. Malessy MJA, Pondaag W, Yang LJS, et al. Severe obstetric
brachial plexus palsies can be identified at one month of age. PLoS
ONE 2011;6:e26193.

42. Bellew M, Kay SP. Early parental experiences of obstetric brachial
plexus palsy. J Hand Surg Br 2003;28:339–46.

43. Clarke HM, Curtis CG. An approach to obstetrical brachial plexus
injuries. Hand Clin 1995;11:563–80; discussion 580–1.

44. Al-Qattan MM. The outcome of Erb’s palsy when the decision to
operate is made at 4 months of age. Plast Reconstr Surg
2000;106:1461–5.

45. Gilbert A. Long-term evaluation of brachial plexus surgery in
obstetrical palsy. Hand Clin 1995;11:583–94; discussion 594–5.

46. Cancer Care Ontario. Program in evidence-based care handbook.
2012:1–14.

47. Burgers JS, Smolders M, van der Weijden T, et al. Clinical practice
guidelines as a tool for improving patient care. In: Grol R, Wensing
M, Eccles M, Davis D, eds. Improving patient care: the
implementation of change in health care. 2nd edn. West Sussex:
Wiley-Blackwell, 2013, chapter 6.

48. Robinson KA, Saldanha IJ, McKoy NA. Identification of research
gaps from evidence-based guidelines: a pilot study in cystic
fibrosis. Int J Technol Assess Health Care 2011;27:247–52.

49. Wong RKS, Brierley J, Brouwers M. What is the best way to
produce consensus and buy in to guidelines for rectal cancer?
Curr Colorectal Cancer Rep 2012;8:83–9.

50. Krahn M, Naglie G. The next step in guideline development:
incorporating patient preferences. JAMA 2008;300:436–8.

51. Brouwers MC, Stacey D, O’Connor AM. Knowledge translation
tools. In: Straus SE, Tetroe J, Graham ID, eds. Knowledge
translation in health care: moving from evidence to practice. 1st
edn. West Sussex: Wiley-Blackwell, 2009, chapter 2.3.

52. Grimshaw J, Eccles M, Thomas R, et al. Toward evidence-based
quality improvement. Evidence (and its limitations) of the
effectiveness of guideline dissemination and implementation
strategies 1966–1998. J Gen Intern Med 2006;21(Suppl 2):S14–20.

53. Browman GP, Levine MN, Mohide EA, et al. The practice
guidelines development cycle: a conceptual tool for practice
guidelines development and implementation. J Clin Oncol
1995;13:502–12.

54. Valente TW, Pumpuang P. Identifying opinion leaders to promote
behavior change. Health Educ Behav 2007;34:881–96.

55. Institute of Medicine of the National Academies. Knowing what works
in health care: a roadmap for the nation. Eden J, Wheatley B, McNeil
B, Sox H, eds. Washington DC: National Academies Press, 2008.

56. Rosenfeld RM, Shiffman RN, Robertson P. Clinical Practice
Guideline Development Manual, Third Edition: a quality-driven
approach for translating evidence into action. Otolaryngol Head
Neck Surg 2013;148(1 Suppl):S1–55.

57. Bellew M, Kay SP, Webb F, et al. Developmental and behavioural
outcome in obstetric brachial plexus palsy. J Hand Surg Br
2000;25:49–51.

58. World Health Organization. International Classification of
Functioning, Disability, and Health (ICF). Geneva, Switzerland:
Organization WH, 2001.

59. National Institute for Health and Clinical Excellence. The guidelines
manual. London: National Institute for Health and Clinical
Excellence, 2012.

60. Phua PD, Al-Samkari HT, Borschel GH. Is the term “obstetrical
brachial plexus palsy” obsolete? An international survey to assess
consensus among peripheral nerve surgeons. J Plast Reconstr
Aesthet Surg 2012;65:1227–32.

61. Coroneos CJ, Voineskos SH, Coroneos MK, et al. Canadian OBPI
Working Group. Obstetrical brachial plexus injury: burden in a
publicly funded, universal healthcare system. J Neurosurg Pediatr
2016;17:222–9.

62. Shea BJ, Grimshaw JM, Wells GA, et al. Development of AMSTAR:
a measurement tool to assess the methodological quality of
systematic reviews. BMC Med Res Methodol 2007;7:10.

63. Murphy MK, Black NA, Lamping DL, et al. Consensus development
methods, and their use in clinical guideline development. Health
Technol Assess 1998;2:i–iv, 1–88.

64. Linstone HA, Turnoff M, eds. The Delphi Method: techniques and
applications. Don Mills: Addison-Wesley Publishing, 2002.

65. Loblaw DA, Prestrud AA, Somerfield MR, et al. American Society of
Clinical Oncology Clinical Practice Guidelines: formal systematic
review-based consensus methodology. J Clin Oncol
2012;30:3136–40.

66. Falkson CB, Bezjak A, Darling G, et al. The management of
thymoma: a systematic review and practice guideline. J Thorac
Oncol 2009;4:911–19.

67. Fitch K, Bernstein SJ, Aguilar MD, et al. The RAND/UCLA
appropriateness method user’s manual. Santa Monica, CA: RAND,
2001.

68. Shekelle PG, Woolf SH, Eccles M, et al. Clinical guidelines:
developing guidelines. BMJ 1999;318:593–6.

69. Fertig A, Roland M, King H, et al. Understanding variation in rates
of referral among general practitioners: are inappropriate referrals
important and would guidelines help to reduce rates? BMJ
1993;307:1467–70.

70. Bialocerkowski A, O’shea K, Pin TW. Psychometric properties of
outcome measures for children and adolescents with brachial
plexus birth palsy: a systematic review. Dev Med Child Neurol
2013;55:1075–88.

71. Ho ES, Curtis CG, Clarke HM. The brachial plexus outcome
measure: development, internal consistency, and construct validity.
J Hand Ther 2012;25:406–16.

72. Yorkhill Hospital, Glasgow NOBPIS. Guidelines on initial
management and referral of Obstetric Brachial Plexus Palsy (cited
15 February 2014). http://www.brachialplexus.scot.nhs.uk/files/
OBPIguides.pdf

73. Storment M. GUIDELINES FOR THERAPISTS: Treating Children
with Brachial Plexus Injuries. 2014 (cited 15 February 2014). http://
www.ubpn.org/resources/medical/pros/therapists/122-
therapyguidelins

74. Musson R. Management of Congenital Brachial Plexus Injury.
North Trent Neonatal Netw. Guidel. 2011 (cited 15 February 2014).
http://www.northtrentneonatal.nhs.uk/UserFiles/File/
BrachialplexusCOMPLETED.pdf

Coroneos CJ, et al. BMJ Open 2017;7:e014141. doi:10.1136/bmjopen-2016-014141 9

Open Access

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-014141 on 27 January 2017. D

ow
nloaded from

 

http://dx.doi.org/10.3171/2008.12.PEDS0885
http://dx.doi.org/10.1055/s-2006-947147
http://dx.doi.org/10.1097/01.prs.0000305537.74910.bf
http://dx.doi.org/10.1097/01.prs.0000305537.74910.bf
http://dx.doi.org/10.1227/01.neu.0000317314.54450.79
http://dx.doi.org/10.1227/01.NEU.0000170557.13788.D2
http://dx.doi.org/10.1002/micr.1920151105
http://dx.doi.org/10.1007/s00383-011-2894-4
http://dx.doi.org/10.1097/PRS.0b013e318199f4eb
http://dx.doi.org/10.1097/PRS.0b013e318199f4eb
http://dx.doi.org/10.1097/BPO.0b013e318230a783
http://dx.doi.org/10.1001/archneur.63.7.1033
http://dx.doi.org/10.1097/PRS.0b013e31828bd52b
http://dx.doi.org/10.1111/j.1469-8749.2004.tb00455.x
http://dx.doi.org/10.2106/00004623-200410000-00006
http://dx.doi.org/10.1055/s-2004-837263
http://dx.doi.org/10.1177/088307389400900201
http://dx.doi.org/10.1371/journal.pone.0026193
http://dx.doi.org/10.1371/journal.pone.0026193
http://dx.doi.org/10.1016/S0266-7681(03)00081-0
http://dx.doi.org/10.1097/00006534-200012000-00003
http://dx.doi.org/10.1017/S0266462311000225
http://dx.doi.org/10.1007/s11888-012-0121-x
http://dx.doi.org/10.1001/jama.2008.731
http://dx.doi.org/10.1177/1090198106297855
http://dx.doi.org/10.1177/0194599812467004
http://dx.doi.org/10.1177/0194599812467004
http://dx.doi.org/10.1054/jhsb.1999.0331
http://dx.doi.org/10.1016/j.bjps.2012.03.037
http://dx.doi.org/10.1016/j.bjps.2012.03.037
http://dx.doi.org/10.1186/1471-2288-7-10
http://dx.doi.org/10.1200/JCO.2012.42.0489
http://dx.doi.org/10.1097/JTO.0b013e3181a4b8e0
http://dx.doi.org/10.1097/JTO.0b013e3181a4b8e0
http://dx.doi.org/10.1136/bmj.318.7183.593
http://dx.doi.org/10.1136/bmj.307.6917.1467
http://dx.doi.org/10.1111/dmcn.12194
http://dx.doi.org/10.1016/j.jht.2012.05.002
http://www.brachialplexus.scot.nhs.uk/files/OBPIguides.pdf
http://www.brachialplexus.scot.nhs.uk/files/OBPIguides.pdf
http://www.brachialplexus.scot.nhs.uk/files/OBPIguides.pdf
http://www.ubpn.org/resources/medical/pros/therapists/122-therapyguidelins
http://www.ubpn.org/resources/medical/pros/therapists/122-therapyguidelins
http://www.ubpn.org/resources/medical/pros/therapists/122-therapyguidelins
http://www.ubpn.org/resources/medical/pros/therapists/122-therapyguidelins
http://www.northtrentneonatal.nhs.uk/UserFiles/File/BrachialplexusCOMPLETED.pdf
http://www.northtrentneonatal.nhs.uk/UserFiles/File/BrachialplexusCOMPLETED.pdf
http://www.northtrentneonatal.nhs.uk/UserFiles/File/BrachialplexusCOMPLETED.pdf
http://bmjopen.bmj.com/


75. Barr S. Guideline for the management of Brachial Plexus Injury
(BPI). 2010 (cited 15 February 2014). http://www.cardiffandvaleuhb.
wales.nhs.uk/opendoc/195783

76. Crowther J, Losa D, Moran M. Guideline on Suspected/Actual
Brachial Plexus Injury or any other injury associated with the
complications of a Shoulder Dystocia Delivery. 2013 (cited 15
February 2014). http://www.eastcheshire.nhs.uk/About-The- Trust/
policies/M/Maternity Neonatal Brachial PlexusInjury1893.pdf

77. Specialty Specific Guidelines. 2013 (cited 15 February 2014). http://
www.departmentofmedicine.com/MAS/documents/mas_pediatrics.pdf

78. PAEDIATRIC PLASTIC AND RECONSTRUCTIVE SURGERY
REFERRAL RECOMMENDATIONS. No Title. CPAC Guidel.
Paediatr. Plast. Reconstr. Surg. 2012 (cited 15 February 2014). http://
www.gp.health.wa.gov.au/CPAC/speciality/guidelines/Paediatric
Plastic Surgery CPAC Referral Recommendations 2013.pdf

79. Andersen J, Watt J, Olson J, et al. Perinatal brachial plexus palsy.
Paediatr Child Health 2006;11:93–100.

80. Hentz VR, Meyer RD. Brachial plexus microsurgery in children.
Microsurgery 1991;12:175–85.

81. Sjöberg I, Erichs K, Bjerre I. Cause and effect of obstetric (neonatal)
brachial plexus palsy. Acta Paediatr Scand 1988;77:357–64.

82. al-Qattan MM, Al-Kharfy TM. Obstetric brachial plexus injury in
subsequent deliveries. Ann Plast Surg 1996;37:545–8.

83. Narakas AO. The treatment of brachial plexus injuries. Int Orthop
1985;9:29–36.

84. ter Steeg AM, Hoeksma AF, Dijkstra PF, et al. Orthopaedic
sequelae in neurologically recovered obstetrical brachial plexus
injury. Case study and literature review. Disabil Rehabil
2003;25:1–8.

85. Bialocerkowski A, Kurlowicz K, Vladusic S, et al. Effectiveness
of primary conservative management for infants with obstetric
brachial plexus palsy. Int J Evid Based Healthc 2005;3:27–44.

86. Curtis C, Stephens D, Clarke HM, et al. The active movement
scale: an evaluative tool for infants with obstetrical brachial plexus
palsy. J Hand Surg Am 2002;27:470–8.

87. Al-Qattan MM, El-Sayed AAF, Al-Zahrani AY, et al. Narakas
classification of obstetric brachial plexus palsy revisited. J Hand
Surg Eur Vol 2009;34:788–91.

88. Duijnisveld BJ, Saraç C, Malessy MJA, et al., Brachial Plexus
Advisory Board TI. Developing core sets for patients with

obstetricbrachial plexus injury based on the International
Classification of Functioning, Disability and Health. Bone Joint Res
2013;2:116–21.

89. Terzis JK, Kokkalis ZT. Bone discrepancy as a powerful indicator
for early surgery in obstetric brachial plexus palsy. Hand (N Y)
2010;5:386–96.

90. Ladak A, Morhart M, O’Grady K, et al. Distal nerve transfers are
effective in treating patients with upper trunk obstetrical brachial
plexus injuries: an early experience. Plast Reconstr Surg
2013;132:985e–92e.

91. Verchere C, Durlacher K, Bellows D, et al. An early shoulder
repositioning program in birth-related brachial plexus injury:
a pilot study of the Sup-ER protocol. Hand (N Y) 2014;9:
187–95.

92. Howard KA, Rogers T, Howard-Pitney B, et al. Opinion leaders’
support for tobacco control policies and participation in tobacco
control activities. Am J Public Health 2000;90:1283–7.

93. Jairath N, Weinstein J. The Delphi methodology (part one): a useful
administrative approach. Can J Nurs Adm 1994;7:29–42.

94. Boulkedid R, Abdoul H, Loustau M, et al. Using and reporting the
Delphi method for selecting healthcare quality indicators: a
systematic review. PLoS ONE 2011;6:e20476.

95. Baskett TF, Allen AC. Perinatal implications of shoulder dystocia.
Obstet Gynecol 1995;86:14–17.

96. Brouwers MC, Somerfield MR, Browman GP. A for effort: learning
from the application of the GRADE approach to cancer guideline
development. J Clin Oncol 2008;26:1025–6.

97. Woolf SH, Grol R, Hutchinson A, et al. Clinical guidelines: potential
benefits, limitations, and harms of clinical guidelines. BMJ
1999;318:527–30.

98. Munce S, Kastner M, Cramm H, et al. Applying the knowledge to
action framework to plan a strategy for implementing breast cancer
screening guidelines: an interprofessional perspective. J Cancer
Educ 2013;28:481–7.

99. Grimshaw JM, Thomas RE, MacLennan G, et al. Effectiveness and
efficiency of guideline dissemination and implementation strategies.
Health Technol Assess 2004;8:iii–iv, 1–72.

100. Akbari A, Mayhew A, Al-Alawi MA, et al. Interventions to improve
outpatient referrals from primary care to secondary care. Cochrane
Database Syst Rev 2008;(4):CD005471.

10 Coroneos CJ, et al. BMJ Open 2017;7:e014141. doi:10.1136/bmjopen-2016-014141

Open Access

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-014141 on 27 January 2017. D

ow
nloaded from

 

http://www.cardiffandvaleuhb.wales.nhs.uk/opendoc/195783
http://www.cardiffandvaleuhb.wales.nhs.uk/opendoc/195783
http://www.cardiffandvaleuhb.wales.nhs.uk/opendoc/195783
http://www.departmentofmedicine.com/MAS/documents/mas_pediatrics.pdf
http://www.departmentofmedicine.com/MAS/documents/mas_pediatrics.pdf
http://www.departmentofmedicine.com/MAS/documents/mas_pediatrics.pdf
http://dx.doi.org/10.1002/micr.1920120307
http://dx.doi.org/10.1111/j.1651-2227.1988.tb10660.x
http://dx.doi.org/10.1097/00000637-199611000-00015
http://dx.doi.org/10.1007/BF00267034
http://dx.doi.org/10.1080/09638280210142185
http://dx.doi.org/10.1053/jhsu.2002.32965
http://dx.doi.org/10.1177/1753193409348185
http://dx.doi.org/10.1177/1753193409348185
http://dx.doi.org/10.1302/2046-3758.26.2000153
http://dx.doi.org/10.1007/s11552-010-9270-z
http://dx.doi.org/10.1097/PRS.0b013e3182a97e13
http://dx.doi.org/10.1007/s11552-014-9625-y
http://dx.doi.org/10.2105/AJPH.90.8.1283
http://dx.doi.org/10.1371/journal.pone.0020476
http://dx.doi.org/10.1016/0029-7844(95)00099-D
http://dx.doi.org/10.1200/JCO.2007.14.6373
http://dx.doi.org/10.1136/bmj.318.7182.527
http://dx.doi.org/10.1007/s13187-013-0490-0
http://dx.doi.org/10.1007/s13187-013-0490-0
http://dx.doi.org/10.3310/hta8060
http://dx.doi.org/10.1002/14651858.CD005471.pub2
http://dx.doi.org/10.1002/14651858.CD005471.pub2
http://bmjopen.bmj.com/

	Obstetrical brachial plexus injury (OBPI): Canada's national clinical practice guideline
	Abstract
	Introduction
	Gap 1: historic poor use of evidence
	Gap 2: timing of referral to multidisciplinary care
	Gap 3: indications and timing of operative nerve repair
	Gap 4: distribution of expertise in Canada

	Methods
	Governance
	Recommendation development
	Sources of evidence
	Identification of existing guidelines
	Systematic review and meta-analysis of primary management
	Review of Canadian epidemiology and burden of disease
	Systematic review of outcome assessment
	Environmental scan

	Formal consensus
	Review

	Results
	Sources of evidence
	Identification of existing guidelines
	Systematic review and meta-analysis of primary management
	Review of Canadian epidemiology and burden of disease
	Systematic review of outcome assessment
	Environmental scan

	Recommendations

	Discussion
	Context
	Strengths
	Limitations
	Implementation

	Conclusions
	The Canadian OBPI Working Group: next steps

	References


