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Summary

Pain resulting from lower leg injuries and consequent surgery can be severe. There is a range of opinion on the
use of regional analgesia and its capacity to obscure the symptoms and signs of acute compartment syndrome.
We offer a multi-professional, consensus opinion based on an objective review of case reports and case series.
The available literature suggested that the use of neuraxial or peripheral regional techniques that resultin dense
blocks of long duration that significantly exceed the duration of surgery should be avoided. The literature
review also suggested that single-shot or continuous peripheral nerve blocks using lower concentrations of
local anaesthetic drugs without adjuncts are not associated with delays in diagnosis provided post-injury and
postoperative surveillance is appropriate and effective. Post-injury and postoperative ward observations and
surveillance should be able to identify the signs and symptoms of acute compartment syndrome. These
observations should be made at set frequencies by healthcare staff trained in the pathology and recognition of
acute compartment syndrome. The use of objective scoring charts is recommended by the Working Party.
Where possible, patients at risk of acute compartment syndrome should be given a full explanation of the
choice of analgesic techniques and should provide verbal consent to their chosen technique, which should be
documented. Although the patient has the right to refuse any form of treatment, such as the analgesic technique
offered or the surgical procedure proposed, neither the surgeon nor the anaesthetist has the right to veto a
treatment recommended by the other.
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Recommendations

1 Patients at risk of acute compartment syndrome (ACS)
should be identified on admission to hospital or at the
time of surgery, and should be managed within agreed,
multidisciplinary protocols.

2 Post-injury and postoperative ward observations and
surveillance should be able to identify the signs and
symptoms of ACS; these observations should be made
at set frequencies by healthcare staff trained in the
pathology and recognition of ACS. The use of objective
scoring charts is recommended.

3 The equipment necessary to measure
intracompartmental pressure should be available on
wards caring for patients at risk of ACS. Staff should
be trained in its use and there should be standard
operating procedures available and implemented
that address the performance of such measurements,
and the urgent steps to be taken if measurements are
abnormal.

4 All patients who have suffered trauma or who have
undergone surgery should be offered effective
analgesia.

5 Where possible, patients at risk of ACS should be given
a full explanation of the choice of analgesic techniques
and should provide verbal consent to their chosen
technique, which should be documented.

6 Although the patient has the right to refuse any form of
treatment, such as the analgesic technique offered or
the surgical procedure proposed, neither the surgeon
nor the anaesthetist has the right to veto a treatment
recommended by the other. Ideally, consensus should
be achieved but, if consensus is not achievable, the role
of the anaesthetist as the expert on pain relief should be
respected. It is, therefore, the anaesthetist who has the
right to offer the patient the range of what they consider

to be acceptable analgesic techniques provided they

express to the patient the concerns voiced by the
surgeon.

7 The available literature suggests that the use of
neuraxial or peripheral regional techniques that result in
dense blocks of long duration, that is, significantly
exceeding the duration of surgery, should be avoided.

8 The available literature suggests that single-shot or
continuous peripheral nerve blocks using lower
concentrations of local anaesthetic drugs without
adjuncts are not associated with delays in diagnosis
provided post-injury and postoperative surveillance is
appropriate and effective.

9 Given the lack of reliable, published data on the safety
and efficacy of analgesia in patients at risk of ACS, the
Working Party recommends that studies that address
the use of low-dose regional analgesia, spinal opioid
analgesia and wound infusion with local anaesthetic
drugs for patients undergoing surgery for tibial fractures
be conducted as a matter of urgency. The low incidence
of ACS means that prospective, randomised trials would
need to be large, and the conduct of prospective audit
should therefore be encouraged

What other guideline statements are
available on this topic?

There are no other guidelines currently available.

Why were these guidelines developed?
Pain resulting from lower leg injuries and consequent
surgery can be severe. There is a range of opinion on the
use of regional analgesia and its capacity to obscure the
symptoms and signs of ACS. However, a systematic review
of the available literature is absent. We offer a multi-
professional, consensus opinion based on an objective
review of case reports and case series. We aimed to provide
pragmatic guidance to enable optimal analgesia and to

2 ©2021 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.


mailto:

Nathanson etal. | Analgesia and compartmentsyndrome

Anaesthesia 2021

highlight the need for careful observation for ACS in any
patient atrisk (irrespective of the mode of analgesia).

How and why does this statement differ
from existing guidelines?

Opinion on the optimal choice of anaesthesia and analgesia
is often based on a single case or a small case series in which
the impact of the mode of analgesia was poorly understood.
Other evidence is often anecdotal. In the absence of high-
quality trials, consensus opinion offers the next best

guidance and should supplant personal opinion.

Introduction

Few topics divide orthopaedic surgeons and anaesthetists
quite so quickly and reliably as the question of whether
regional techniques should be used for analgesia during
and after surgery for lower leg trauma. This is in large part
because of the well-recognised association between lower
limb fracture and acute compartment syndrome (ACS), the
potentially life-changing complications of ACS, and the
assumption made by many that effective analgesia can
mask pain as one of the cardinal symptoms of this
syndrome.

This guidance document aims to provide a brief review
of ACS and an appraisal of the literature available on the
subject. It also aims to present the current consensus view of
a group of experts brought together by the Association of
Anaesthetists with the purpose of providing pragmatic
guidance to those managing these potentially challenging
cases.

This document will limit itself to trauma to the lower leg,
while accepting that ACS is by no means restricted to this
area of the body, in order to provide an exemplar of the
management of similar clinical situations for which there is

less supporting information.

Pathology and diagnosis

Incidence

Acute compartment syndrome has a reported incidence of
3.1 per 100,000 [1], with a range of 1-7.3 per 100,000 [2]. It
has an incidence in men of 10 times that in women, at 7.3
per 100,000 [2], although this difference is accentuated in
those who suffer ACS that is associated with fractures, for
which the male to female ratio is 13:1 [3]. Fractures account
for 69% of all ACS cases [4]. Up to 40% of all ACS episodes
involve a tibial shaft fracture, and approximately 4-5% of all
tibial fractures result in ACS [5]. There is an increased risk in
young men aged < 35y with tibial fractures [1, 4, 6].
Children are at a theoretically increased risk due to the
higher pre-existing compartment pressures. However, the

overall incidence in children is lower [1]. Acute
compartment syndrome is a recognised side-effect of intra
osseous access [1]. Acute compartment syndrome can
occur in the absence of a fracture if there is soft tissue
damage.

Additional risk-factors in developing ACS after lower
limb trauma include: open fracture; intramedullary nailing;
anticoagulation; high energy injury; penetrating trauma;
vascular injury; burns; the use of tourniquets; and
haemophilia[1].

Pathophysiology

Acute compartment syndrome is the result of an increased
pressure in a closed, relatively inelastic osteofascial
compartment[7]. There is then a spiralling action that results
in a rapid increase in pressure requiring early action (Fig. 1)
[8]. The increasing pressure reduces the capillary and
venous blood flow, and the resulting tissue ischaemia
results in more oedema and release of vaso-active
mediators, further increasing the pressure in the
compartment.

The above describes the arteriovenous gradient
hypothesis. However, there is an alternative hypothesis: the
mechanism [9]. Within both
hypotheses, there is increased pressure resulting in

ischaemic-reperfusion

decreased capillary blood flow, decreased oxygen delivery
to the tissues and a resulting metabolic deficit. However, the
latter hypothesis focuses on free radicals, calcium and
vasoactive substrates released under ischaemic conditions
resulting in the increased vessel permeability and
subsequent increase in extravascular fluid and pressure. In

both, the pressure cannot be relieved until the inability of

the compartment to expand has been resolved.

Fracture associated with
soft tissue injury

Intracompartmental
swelling
Vessel collapse
Tissue pressure > venous pressure

Decreased tissue
blood flow
Tissue
hypoxia

Figure 1 Pathophysiology of acute compartment
syndrome (adapted from [8]).

©2021 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 3



Anaesthesia 2021

Nathansonetal. | Analgesia and compartment syndrome

Diagnosis

The diagnosis of ACS remains a controversial area.
Historically, it was regarded as a clinical diagnosis, with
compartment pressure measurement reserved for cases in
which the diagnosis remained unclear after clinical
examination. However, several studies have cast doubt on
the reliability of diagnosing ACS on clinical signs alone. This
uncertainty in diagnostic criteria may lead to a significant
variation in rates of fasciotomy between surgeons [10].

Classically, six clinical signs or symptoms are attributed
to ACS: pain; cold; paraesthesia; paralysis; pulselessness;
and pallor [11]. As perfusion to the affected compartment
decreases, the lack of oxygen and the accumulation of
metabolic waste products cause nerve and muscle
ischaemia and irritation, resulting in pain and decreased
peripheral sensation. Pain out of proportion to the injury or
clinical situation is often reported as being the earliest sign
of developing ACS. Pain on passive stretch of the affected
muscle compartment is regarded by some as the most
sensitive early sign. The affected compartment may also
physically swell and become increasingly firm as
intracompartmental pressure rises. The loss of a pulse,
paralysis, pallor and decreased temperature are late signs,
indicating significant disruption to the vascularity and
viability of the affected limb. As diagnosis should be made
before the onset of muscle ischaemia, these signs are not
useful in the early diagnosis of ACS.

There is a paucity of published evidence to allow the
calculation of the sensitivity and specificity of individual
clinical signs. The information available from published
prospective studies suggests the sensitivity and positive
predictive value of clinical signs are low, whereas the
specificity and negative predictive value are high [12-15].
Palpation of the suspected compartment has been shown to
be unreliable in isolation, with a sensitivity and specificity of
54% and 76% respectively in predicting an increased
compartment pressure in children [16]. In isolation, severe
pain gave around only a 25% chance of a correct diagnosis
of ACS. However, as the number of clinical signs increases,
the likelihood of a positive diagnosis of ACS increases [17].
The presence of both severe pain and pain on passive
stretch of the affected muscle compartment gives a positive
predictive value of 68%. A predictive value of 93% is found if
pain, pain on passive stretch and paralysis are present.
However, as paralysis is a late clinical sign, it is likely that by
this stage the patient would have experienced irreversible
muscle ischaemia. The absence of clinical signs is therefore
arguably more accurate in excluding ACS than their

presence is in making the diagnosis.

The use of scoring charts such as that provided by the
UK’s Royal College of Nursing [18] is recommended. While
clinical signs are not completely reliable, their recording will
help maintain a heightened sense of awareness of this
condition among the healthcare workers caring for at-risk
patients.

Measurement of compartment pressure

The diagnosis of ACS can be especially challenging in
obtunded, confused or unco-operative patients, in whom
clinical signs may be impossible to elicit. Direct
measurement of intracompartmental pressure is indicated
in those cases in which the diagnosis remains in doubt.
Direct compartment pressures can be obtained using a
variety of equipment and techniques. Described methods
include traditional needle manometry, multiparameter
monitors usually used to monitor arterial blood pressure
and dedicated transducer-tipped intracompartmental
pressure monitors [19]. The obtained compartment
pressure may be affected by the technique and equipment
used. The use of an 18-G needle may lead to an
overestimation of compartment pressure by up to
18 mmHg when compared with a slit catheter or side-
ported needle [20]. Whatever equipment is used, pressure
should be measured in the relevant compartments in the
affected limb.

Single or continuous pressure monitoring may be
performed. Continuous compartment pressure monitoring
has been suggested in high-risk, obtunded patients. There
is little evidence that continuous monitoring reduces the risk
of missed ACS compared with serial examination in the alert
and co-operative patient[21].

Pressure threshold for fasciotomy

Traditionally, an absolute compartment pressure of
> 30 mmHg has been regarded as a diagnostic cut-off for
ACS requiring fasciotomy [14, 22]. When taken in isolation
without other clinical suggestions of ACS, this may lead to a
rate of fasciotomy of up to 29% after tibial surgery [23].
Higher thresholds of up to 45 mmHg have been suggested
[24], although these too may over-diagnose ACS when
taken in isolation [13]. The differential pressure threshold is
the most recognised cut-off for intervention in current use
[25]. Tissue perfusion is affected both by the patient’s
diastolic blood pressure and intracompartmental pressure.
Patients with an increased diastolic blood pressure can
tolerate a greater increase in compartment pressure without
muscle or nerve ischaemia from hypoperfusion when
compared with patients who are hypotensive. Fasciotomy

4 ©2021 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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should usually be performed when the tissue pressure
increases to within 10-30 mmHg of the diastolic pressure in
a patient with any of the other signs or symptoms of ACS.
When combined with the differential pressure threshold,
continuous pressure monitoring in patients after tibial shaft
fracture has been reported to have a sensitivity of up to 94%,
with an estimated specificity of 98% [26]. Unfortunately, by
definition, even this approach may miss some cases of ACS.

There is insufficient prospective evidence for any single
sign or investigation that is guaranteed to diagnose or
exclude ACS. Despite clinical signs frequently being relied
on in clinical practice, the literature suggests that the
predictive value of these signs is relatively low. Based on
limited  prospective  evidence, measurement of
intracompartmental pressures can be regarded as the gold
standard diagnostic investigation but only when other
clinical features suggesting ACS are present. When the
diagnosis is in doubt or a patient is considered high-risk,
and serial examination is not reliable, continuous pressure
monitoring may be the safest diagnostic investigation to

avoid a missed case of ACS.

Publications on analgesia and acute
compartment syndrome

The available literature on ACS is marked by the complete
absence of reports of the results of prospective,
randomised, controlled studies and, therefore, of
informative meta-analyses. There exist a large number of
case reports and case series that are often interpreted in
accordance with their authors’ inherent bias. We have
highlighted selected publications that shed some light on
the occurrence of ACS and on the interpretation of how
analgesic techniques may affect diagnosis in online
Supporting Information (Appendix S1).

Our summary of the available, and admittedly not high
quality, literature is as follows: dense neuraxial or peripheral
nerve blockade may be associated with a delay in the
diagnosis of ACS if extended into the postoperative period;
there is no convincing evidence of the potential for the use
of single-shot or continuous peripheral nerve blocks with
low concentrations of local anaesthetic to mask the
symptoms of ACS or delay the diagnosis of ACS; and some
surgeons continue to be concerned about the use of
regional analgesia in patients undergoing surgery

associated with a significantincidence of ACS.

Special circumstances: children

Children present unique challenges in the diagnosis and
management of ACS. They constitute a heterogeneous
group, ranging from a neonate to a 17-year-old with adult

physiology. Younger children may have difficulty
articulating symptoms such as pain and paraesthesia, which
are the common symptoms alerting one to possible ACS.
One group has suggested the use of ‘three As’ to diagnose
ACS in children: anxiety; agitation; analgesic requirement
[271].

A recent study found an incidence of ACS after
paediatric trauma of 0.02% [28]. This study included
18-year-olds and found 24 cases of ACS in > 144,000
trauma admissions (21 male patients). The mean (range)
age was 13 (2-18) years. Over the age of 14y, all cases were
men with long bone fractures but with similarly increased
compartment pressures at diagnosis (25-90 mmHg vs.
30-75 mmHg in those aged < 14 years); the cut-off of
14 years was chosen because the epiphyseal plates close at
around that age. Age is an important predictor for the
development of ACS; children aged 12-19 years have a
high prevalence of ACS after tibial fracture [29]. As in adults,
most cases of ACS in children occur after tibial or forearm
fractures [30]. In a study of 978 children with upper limb
fractures, the incidence of ACS was 0.6% for humeral and
0.7% for forearm fractures [31].

Normal leg compartment pressures in children are
higher than those found in adults (13-16 mmHg vs. 0-
10 mmHg) [32]. This difference has been postulated to be
the result of muscle hypertrophy related to growth. Some
authors have suggested that these higher compartment
pressures combined with lower normal diastolic blood
pressure predispose children to ACS [32]. The threshold
intracompartmental pressure used clinically is usually the
same as for adults at 30 mmHg by direct measurement, or a
difference between diastolic blood pressure and
intracompartmental pressure of <30 mmHg. Higher
baseline intracompartmental pressures and
communication difficulties have led some to recommend
the measurement of compartment pressures in all children
[33, 34]. Others have argued against this for children aged
< 12 y with minimally displaced tibial fractures [35]. There
were no cases of ACS in 159 children with these fractures
whose pain was well controlled and who mobilised in a
back slab, with early follow-up following Emergency
Department discharge [35]. Near infra-red spectroscopy
has also been used successfully in young children to
diagnose ACS [36]. However, there is currently no
agreement on what method of monitoring is best: clinical;
intracompartmental pressure measurement; near infra-red
spectroscopy; or a combination of these. Complications
after ACS in children are rare. One study found a
complication rate of 4.2%, with 87.5% of children who

underwent fasciotomy having a secondary closure
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of skin and only 12.5% requiring split skin grafting. Mean
time from admission to fasciotomy was just under 28 h and
ranged from 2.5 hto 99 h[28].

Debate continues regarding the use of regional
anaesthesia and patient/nurse-controlled analgesia in
children at risk of ACS. Paediatric regional anaesthetists’
desire to prove the safety of low-dose peripheral nerve
blockade and the absence of convincing case reports
linking regional analgesia in children to diagnosis delays
led the European Society of Regional Anaesthesia and Pain
Therapy (ESRA) and the American Society of Regional
Anesthesia and Pain Medicine (ASRA) to conclude in
guidance published in 2015 [37] that: “there is no current
evidence that the use of regional anaesthetics increases the
risk for ACS or delays its diagnosis in children” and to
recommend that after discussion with the child, parents and
surgical team, low concentrations of local anaesthetic
(bupivacaine or ropivacaine 0.1-0.25% for single shot and
0.1% for continuous nerve blocks) can be used safely for
single-shot and continuous nerve blocks for surgery
associated with an increased risk of ACS. The guidelines
recommended cautious use of adjuncts to local
anaesthetics, as these can increase the density and duration
of blocks. An acute pain service should also be in place and
rapid provision of intracompartmental pressure monitoring
should be available.

Since the ESRA/ASRA guidelines were published in
2015, there have been no cases reported of ACS in children
associated with regional analgesia or anaesthesia. There are
increasing numbers of case reports and series of successful
diagnosis of ACS in children receiving regional anaesthesia,
including continuous upper and lower limb blocks [38-40].
Definitive studies have not been performed, with no
randomised trials or cohort studies investigating a possible
association. Proper systems should be in place to recognise
ACS occurring in children after trauma and allow clinicians
to react promptly and provide appropriate management
[41].

Special circumstances: military injuries

The management of an ACS in a military environment may
come with additional layers of complexity due to variable
access to surgical services in the area of operations and
prolonged repatriation times. While military casualties from
recent conflicts in Iraq and Afghanistan often underwent
repatriation soon after their injury and initial surgery, the
repatriation journey itself can take many hours. A
compartment syndrome developing during this repatriation
process would have been catastrophic without urgent

fasciotomy [42]. These factors have influenced the UK

Defence Medical Services approach to injuries at risk of
ACS. As such, military surgeons perform early fasciotomies
as part of the initial management of those casualties with
either clinical suspicion or at high risk of developing ACS
[43]. It is accepted that limb fasciotomies are not a benign
surgical intervention, with risks including haemorrhage,
nerve damage, infection, difficult wound closure and poor
cosmetic result. However, these risks should be balanced
against the risk of not performing fasciotomy, namely
development of ACS and subsequent potential limb loss. It
is worth noting that during operations in Afghanistan, those
casualties at high risk of ACS underwent fasciotomies
irrespective of whether or not they were going to receive
regional nerve blockade [44].

Battlefield injuries are high-energy penetrating injuries
involving bone and soft tissue and may involve traumatic
amputation. Such high-energy injuries are at high risk of
ACS. Similar high-energy injuries are also seen during
peacetime in civilians as a result of gunshot wounds or
terror-related bombings. The anaesthetic care of patients
with these injuries no longer remains the preserve of military
anaesthetists. However, their experience of successfully
using regional anaesthesia in these patient groups has an
increased civilian relevance. The UK Defence Medical
Services have successfully used continuous peripheral
nerve analgesia using low-dose local anaesthetic solutions
in those with high-energy injuries at risk of ACS. This
provides analgesia with some preservation of sensory and
motor function, thereby allowing identification of
breakthrough pain, which is considered a cardinal feature of
ACS, although it should be noted that this may not always
be afeature of the syndrome [8, 45, 46].

One factor that may have contributed to the low
incidences of ACS during recent conflicts is the format of a
consultant-led and delivered service within deployed
secondary care coupled with a familiarity among nursing
staff on the wards with dealing with high-energy injuries at
risk of ACS. UK military experience from combat operations
suggests that the majority of cases of ACS have been
recognised and managed during initial management at in-
country surgical centres. An unpublished review of > 100
UK casualties with significant limb injuries identified only
two casualties who required fasciotomies after evacuation
from theatre, that is, country of wounding. Both cases were
late presentations of ACS rather than a ‘missed’ event
during initial management[43].

Education of medical teams on the pattern of injuries
likely to be encountered on military operations and their
subsequent management may play a partin the UK Defence

Medical Services’ experiences regarding the use of regional
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anaesthesia in those with high-energy injuries. The military
surgical teams train together on the Military Operational
Surgical Team Training (MOSTT) course and again before
deployment on a ‘whole-hospital’ simulation exercise. This
education and training support teamworking assists
situational clinical decision-making with the aim of reducing
adverse events such as ACS[47].

Pain relief after lower leg trauma

The Declaration of Montreal underscores the widespread
view that pain relief is a fundamental human right, and the
provision of effective analgesia for patients suffering any
form of trauma should therefore be a priority [48]. If the
injury suffered is one that is associated with a significant
incidence of ACS, this human right is not affected, and the
provision of pain relief should remain central to the medical
management of the patient.

Regional analgesia is not the only form of pain relief
available to patients who suffer lower limb trauma, and
multimodal analgesia that includes paracetamol, non-
steroidal anti-inflammatory drugs (if not contraindicated),
opioids and other adjuncts can be effective. Regional
analgesia without the use of local anaesthetic drugs has
been used in the past (discussed earlier) and there is now
anecdotal interest in the use of high-dose spinal
diamorphine in the management of postoperative pain after
tibial nailing. However, publications of randomised,
controlled studies of this latter technique do not exist and its
use should, therefore, be considered developmental or
experimental. Many anaesthetists hold firmly to the view
that regional analgesia with local anaesthetic drugs, and in
particular single-shot and continuous peripheral nerve
blocks, is the most effective form of analgesia available for
tibial fractures and surgery to reduce them.

As noted above, most of those anaesthetists who provide
regional analgesia for patients undergoing surgery associated
with ACS currently choose to use low concentrations of local
anaesthetic drugs without adjuncts, thereby preserving some
sensation and movement, and allowing the potential for
breakthrough pain. It should be noted that severe pain is not
always a feature of ACS[8, 45, 46].

It is easy to believe that the choice of analgesia is the
surgeon’s alone, the anaesthetist's alone or is a consensus
between the two when, in reality, it is none of these. As
clearly outlined in the UK General Medical Council's
guidance on consent [49], the choice belongs by right to the
patient with capacity. Patients should be given treatment
options and should base their choice on an open discussion
of the risks and benefits of any treatment. Many patients who

suffer trauma lack capacity and, only in the setting in which it

is not possible to seek consent from a parent or other adult
with the legal right to take decisions on behalf of the patient,
is it reasonable for the anaesthetist and surgeon to take on
the responsibility of determining which form of analgesia
will be used.

Conclusion

There is anecdotal evidence of poor analgesia in patients
with lower leg injuries that may, in part, be the result of
concerns about the risk of ACS. Good analgesia is, however,
a basic human right. The Working Party members believe
that the use of single-shot or continuous peripheral nerve
blocks using lower concentrations of local anaesthetic drugs
without adjuncts are not associated with delays in diagnosis,

provided appropriate  post-injury and  postoperative

surveillance is used. The use of such techniques, including
their risks and benefits, should be discussed with the patient

as part of shared decision-making.

Acknowledgements
MN is Chair of the Editorial Board and MW is an editor of

Anaesthesia. No other competing interests declared.

References

1. Klucka J, Stourac P, Stouracova A, Masek M, Repko M.
Compartment syndrome and regional anaesthesia: critical
review. Biomed Papers 2017;161:242-51.

2. McQueen M, Gaston P, Court-Brown C. Acute compartment
syndrome. Who is at risk? Journal of Bone and Joint Surgery
2000; 82-B: 200-3.

3. Garner M, Taylor S, Gausden E, Lyden J. Compartment
syndrome: diagnosis, management and unique concerns in the
twenty-first century. Musculoskeletal Journal of Hospital for
Special Surgery 2014; 10: 143-52.

4. Mabvuure NT, Malahias M, Hindocha S, Khan W, Juma A.
Acute compartment syndrome of the limbs: current concepts
and management. Open Orthopaedics Journal 2012; 6:
535-43.

5. Ganeshan R, Mamoowala N, Ward M, Sochart D. Acute
compartment syndrome risk in fracture fixation with regional
blocks. BMJ Case Reports 2015; 2015: bcr2015210499.

6. Choi J, Lin E, Gadsden J. Regional anesthesia for trauma
outside the operating theatre. Current Opinion in
Anaesthesiology 2013; 26: 495-500.

7. Pinheiro AA, Marques PMDC, Sa PMG, et al. Compartment
syndrome after total knee arthroplasty: regarding a clinical
case. Revista Brasileira de Ortopedia 2015; 50: 478-81.

8. Gadsden J, Warlick A. Regional anaesthesia for the trauma
patient: improving patient outcomes. Local and Regional
Anesthesia 2015; 8: 45-55.

9. Aguirre JA, Gresch D, Popovici A, Bernhard J, Borgeat A. Case
scenario: compartment syndrome of the forearm in patient with
an infraclavicular catheter. Anesthesiology 2013; 118: 1198-205.

10. O'Toole RV, Whitney A, Merchant N, et al. Variation in diagnosis
of compartment syndrome by surgeons treating tibial shaft
fractures. Journal of Trauma: Injury, Infection & Critical Care
2009; 67:735-41.

11. Pechar J, Lyons M. Acute compartment syndrome of the lower
leg: a review. Journal for Nurse Practitioners 2016; 12: 265-70.

©2021 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 7



Anaesthesia 2021 Nathansonetal. | Analgesia and compartment syndrome

12. Triffitt PD, Konig D, Harper WM, Barnes MR, Allen MJ, Gregg 32. Staudt J, Smeulders M, van der Horst C. Normal compartment

20.

PJ. Compartment pressures after closed tibial shaft fracture.
Their relation to functional outcome. Journal of Bone and Joint
Surgery 1992; 74: 195-8.

. McQueen M, Court-Brown C. Compartment monitoring in tibial

fractures. The pressure threshold for decompression. Journal of
Bone and Joint Surgery 1996; 78: 99-104.

. Allen M, Stirling A, Crawshaw C, Barnes M. Intracompartmental

pressure monitoring of leg injuries. An aid to management.
Journal of Bone and Joint Surgery 1985; 67: 53-7.

. Gibson M, Barnes M, Allen M, Chan R. Weakness of foot

dorsiflexion and changes in compartment pressures after tibial
osteotomy. Journal of Bone and Joint Surgery 1986; 68: 471-5.

. Lin J, Samora J. Pediatric acute compartment syndrome: a

systematic review and meta-analysis. Journal of Pediatric
Orthopaedics 2020; 29: 90-6.

. Ulmer T. The clinical diagnosis of compartment syndrome of

the lower leg: are clinical findings predictive of the disorder?
Journal of Orthopaedic Trauma 2002; 16:572-7.

. Royal College of Nursing and British Orthopaedic Association.

Acute limb compartment syndrome observation chart. 2016.
https://www.rcn.org.uk/professional-development/publications/
pub-005457 (accessed 14/08/2020).

. McMillan T, Gardner W, Schmidt A, Johnstone A. Diagnosing

acute compartment syndrome - where have we got to?
International Orthopaedics 2019; 43: 2429-35.

Moed B, Thorderson P. Measurement of intracompartmental
pressure: a comparison of the slit catheter, side-ported needle, and
simple needle. Journal of Bone and Joint Surgery 1993; 75: 231-5.

33.

34.

35.

36.

37.

38.

39.

40.

pressures of the lower leg in children. Journal of Bone and Joint
Surgery 2008; 90-B: 215-9.

von Keudell A, Weaver M, Appleton P, Bae DS, Dyer GSM, Heng
M. Diagnosis and treatment of acute extremity compartment
syndrome. Lancet 2015; 386: 1299-310.

Bae D, Kadiyala R, Waters P. Acute compartment syndrome in
children: contemporary diagnosis, treatment, and outcome.
Journal of Pediatric Orthopaedics 2001; 21: 680-8.

Malhotra K, Pai S, Radcliffe G. Do minimally displaced, closed
tibial fractures in children need monitoring for compartment
syndrome? Injury 2015; 46: 254-8.

Hosseinzadeh P, Hayes C. Compartment Syndrome in children.
Orthopedic Clinics 2016; 47: 579-87.

Ivani G, Suresh S, Ecoffey C, et al. The European Society of
Regional Anaesthesia and Pain Therapy and the American
Society of Regional Anesthesia and Pain Medicine Joint
Committee Practice Advisory on Controversial Topics in
Pediatric Regional Anesthesia. Regional Anesthesia and Pain
Medicine 2015; 40: 526-32.

Cometa M, Esch A, Boezaart A. Did continuous femoral and
sciatic nerve block obscure the diagnosis or delay the
treatment of acute lower leg compartment syndrome? A case
report. Pain Medicine 2011; 12: 823-8.

Munk-Andersen H, Laustrup T. Compartment syndrome
diagnosed in due time by breakthrough pain despite
continuous peripheral nerve block. Acta Anaesthesiologica
Scandinavica 2013;57: 1328-30.

Sermeus L, Boexckx S, Camerlynck H, et al. Postsurgical

21. Harris |, Kadir A, Donald G. Continuous compartment pressure compartment syndrome of the forearm diagnosed in a child
monitoring for tibia fractures: does it influence outcome? receiving a continuous infra-clavicular peripheral nerve block.
Journal of Trauma 2006; 60: 1330-5. Acta Anaesthesiologica Belgica 2015; 66: 29-32.

22. Mubarak SJ, Owen CA, Hargens AR, Garetto LP, Akeson WH. 41. Schaffzin JK, Prichard H, Bisig J, et al. A collaborative system to
Acute compartment syndromes: diagnosis and treatment with improve compartment syndrome recognition. Pediatrics 2013;
the aid of the wick catheter. Journal of Bone and Joint Surgery 132:e1672-e1679.

1978; 60:1091-5. 42. Aldington D, McQuay H, Moore R. End-to-end military pain

23. Ovre S, Hvaal K, Holm |, Stremsge K, Nordsletten L, Skjeldal S management. Philosophical Transactions of the Royal Society B:
Compartment pressure in nailed tibial fractures. A threshold of Biological Sciences 2011; 366: 268-75.

30 mmHg for decompression gives 29% fasciotomies. Archives 43. Clasper J, Aldington D. Regional anaesthesia, ballistic limb
of Orthopaedic and Trauma Surgery 1998; 118: 29-31. trauma and acute compartment syndrome. Journal of the Royal

24. Matsen F, Winquist R, Krugmire R. Diagnosis and management Army Medical Corps 2010; 156:77-8.
of compartmental syndromes. Journal of Bone and Joint 44. Hughes S, Birt D. Continuous peripheral nerve blockade on OP
Surgery 1980; 62: 286-91. HERRICK 9. Journal of the Royal Army Medical Corps 2009;

25. Whitesides TE, Haney TC, Morimoto K, Hiroshi H. Tissue 155:57-8.
pressure measurements as a determinant for the need of 45. Beard D, Wood P. Pain in complex trauma: lessons from
fasciotomy. Clinical Orthopaedics and Related Research 1975; Afghanistan. BJA Education 2015; 15: 207-12.

113:43-51. 46. Wright J, Griffiths D, Nwaboku H. Acute compartment

26. McQueen MM, Duckworth AD, Aitken SA, Court-Brown CM. syndrome with an atypical presentation: a useful clinical lesson.
The estimated sensitivity and specificity of compartment Journal ofthe Royal Society of Medicine 2011; 2: 30-3.
pressure monitoring for acute compartment syndrome. Journal 47. Woolley T, Round J, Ingram M. Global lessons: developing
of Bone and Joint Surgery 2013; 95: 673-7. military trauma care and lessons for civilian practice. British

27. Livingston K, Glotzbecker M, Shore B. Pediatric acute Journal of Anaesthesia 2017;119:i135-i142.
compartment syndrome. Journal of the American Academy of 48. International Association for the Study of Pain. The Declaration
Orthopedic Surgeons 2017; 25: 358-64. of Montreal. 2016. https://www.iasp-pain.org/Declarationof

28. ErdosJ, Dlaska C, Szatmary P, Humenberger M, Vécsei V, Hajdu Montreal (accessed 14/8/2020).

S. Acute compartment syndrome in children: a case series in 24 49. General Medical Council. Consent: patients and doctors making
patients and review of the literature. International Orthopaedics decisions together. 2008. https://www.gmc-uk.org/-/media/doc
2011; 35:569-75. uments/gmc-guidance-for-doctors—consent—english_pdf-48903

29. McQueen M, Duckworth A, Aitken S, Sharma RA, Court-Brown 482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A8519
CM. Predictors of compartment syndrome after tibial fracture. 18FACE7E (accessed 14/8/2020).

Journal of Orthopedic Trauma 2015; 29: 451-5.

30. Grottkau B, Epps H, Di Scala C. Compartment syndrome in . o
children and §§o|escents. Journal of PZdiatric SUI}’Igery 2005; Supportlng Informatlon
40:678-82. Additional supporting information may be found online via

31. Blakemore L, Cooperman D,A Thompson G, Wathey C, Ballock the journal website.

RT. Compartment syndrome in ipsilateral humerus and forearm . .
fractures in children. Current Orthopaedic Practice 2000; 376: Appendix S1 Selected summary of the available
32-8. literature relating to acute compartment syndrome.

8 ©2021 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.


https://www.rcn.org.uk/professional-development/publications/pub-005457
https://www.rcn.org.uk/professional-development/publications/pub-005457
https://www.iasp-pain.org/DeclarationofMontreal
https://www.iasp-pain.org/DeclarationofMontreal
https://www.gmc-uk.org/-/media/documents/gmc-guidance-for-doctors%2013-consent%2013-english_pdf-48903482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A851918F4CE7E://www.gmc-uk.org/-/media/documents/gmc-guidance-for-doctors%2013-consent%2013-english_pdf-48903482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A851918F4CE7E
https://www.gmc-uk.org/-/media/documents/gmc-guidance-for-doctors%2013-consent%2013-english_pdf-48903482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A851918F4CE7E://www.gmc-uk.org/-/media/documents/gmc-guidance-for-doctors%2013-consent%2013-english_pdf-48903482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A851918F4CE7E
https://www.gmc-uk.org/-/media/documents/gmc-guidance-for-doctors%2013-consent%2013-english_pdf-48903482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A851918F4CE7E://www.gmc-uk.org/-/media/documents/gmc-guidance-for-doctors%2013-consent%2013-english_pdf-48903482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A851918F4CE7E
https://www.gmc-uk.org/-/media/documents/gmc-guidance-for-doctors%2013-consent%2013-english_pdf-48903482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A851918F4CE7E://www.gmc-uk.org/-/media/documents/gmc-guidance-for-doctors%2013-consent%2013-english_pdf-48903482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A851918F4CE7E
https://www.gmc-uk.org/-/media/documents/gmc-guidance-for-doctors%2013-consent%2013-english_pdf-48903482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A851918F4CE7E://www.gmc-uk.org/-/media/documents/gmc-guidance-for-doctors%2013-consent%2013-english_pdf-48903482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A851918F4CE7E
https://www.gmc-uk.org/-/media/documents/gmc-guidance-for-doctors%2013-consent%2013-english_pdf-48903482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A851918F4CE7E://www.gmc-uk.org/-/media/documents/gmc-guidance-for-doctors%2013-consent%2013-english_pdf-48903482.pdf?la=en&hash=588792FBA39749E57D881FD2E33A851918F4CE7E
https://onlinelibrary.wiley.com/doi/10.1111/anae.15504
https://onlinelibrary.wiley.com/doi/10.1111/anae.15504

Next Generation SedLine’
Brain Function Monitoring

Featuring an Enhanced Patient State Index for Adult and Pediatric Patients

A More Complete Picture Starts with More Complete Data
Next Generation SedLine:

> Features an enhanced processed EEG parameter, the Patient State Index (PSi), with less susceptibility to EMG
interference and improved performance in low power EEG cases

> Offers a Multitaper Density Spectral Array (DSA), which may improve visibility of EEG features

> Helps clinicians monitor the state of the brain under anaesthesia with bilateral data acquisition and four leads of

electroencephalogram (EEG) signals

Discover SedLine

www.masimo.co.uk/sedline

' :
© 2021 Masimo. All rights reserved. '
For professional use. See instructions for use for full prescribing information, including U AS| MO

indications, contraindications, warnings, and precautions.


https://associationofanaesthetists-publications.onlinelibrary.wiley.com/action/showCampaignLink?uri=uri%3A581eb199-6829-49c7-b7f9-b464c490010f&url=https%3A%2F%2Fwww.masimo.co.uk%2Fproducts%2Fcontinuous%2Froot%2Froot-sedline%2F&viewOrigin=offlinePdf

Every anaesthetist aims to keep their patients safe. We aim to
safeguard every anaesthetist - by educating, supporting and
inspiring them throughout their career.

We represent the life-changing, life-saving profession of anaesthesia - by supporting, informing and
inspiring a worldwide community of over 10,000 members.

Our work and members span the globe, yet our voice is local and personal. We stay in close contact
with our members, look after their day-to-day wellbeing, and act as their champion.

Our world-class conferences, journals and online resources educate and inform, and our respected
guidelines continually improve standards of patient safety.

We preserve and learn from the history of anaesthesia. We use that to inform the present, and
facilitate vital research and innovation into its future.

As an independent organisation, we speak up freely and openly for the interests of anaesthetists
and their patients. We influence policy, raise public awareness and are at the forefront of safer
anaesthesia across the world.

Published by

Association of Anaesthetists

21 Portland Place, London, W1B 1PY
Telephone 020 7631 1650 Fax 020 7631 4352
info@anaesthetists.org

www.anaesthetists.org

Association of Anaesthetists is the brand name used to refer to both the Association of Anaesthetists
of Great Britain & Ireland and its related charity, AAGBI Foundation (England & Wales no. 293575
and in Scotland no. SC040697).

nd b

: A Association
v/[\y of Anaesthetists
a4'>



	Supporting Information 

