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Abstract

Introduction The standard treatment for an acute compartment syndrome (ACS) of the lower leg is a four compartment
fasciotomy. It can be performed through either one lateral or a lateral and medial incision. Selective fasciotomy, only opening
the compartments with elevated pressure, is a less invasive procedure. The aim of this study was to describe a procedure of
selective fasciotomy after pressure measurement and to determine its feasibility in a retrospective cohort study.

Methods All patients with an ACS of the lower leg due to a proximal or tibia shaft fracture (AO 41 or 42) who received
either a four compartment fasciotomy or a selective fasciotomy after pressure measurement between 2006 and 2016 were
included. Every compartment with an intracompartment pressure of more than 30 mmHg was opened. The primary outcome
was any missed compartment syndrome after selective fasciotomy. Secondary outcomes were reoperations for completing
four compartment fasciotomy and persistent sensomotoric deficits.

Results Fifty-one patients with a mean age of 43 years (6-76) were included. Of these, 41 (80%) had a selective fasciotomy.
There was no missed compartment syndrome. One patient had a reoperation 8 h after primary selective fasciotomy due to
ACS of the superficial and deep flexor compartment. The anterior compartment had to be released in all patients. In 67%,
the release of 2 compartments was sufficient. Six patients had postoperative sensomotoric deficits at discharge with full
recovery during follow-up.

Conclusion Selective fasciotomy is feasible and seems to be safe. Future comparative studies will have to focus on possible
benefits of this less invasive treatment.
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Introduction

The acute compartment syndrome (ACS) after trauma of the
lower leg is a rare but well-known diagnosis. The trauma-
related incidence of ACS of the lower limb ranges between
1 and 53% depending on the type of injury [1-4]. The high-
est rates are reported following a fracture dislocation of the
knee (53%) and the lowest rates after distal tibia fractures
(1%) [1-4]. The incidence of ACS in tibial shaft fractures is
4.3%, representing 35-40% of all incidences of ACS [5, 6].
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The treatment for ACS is immediate surgical fasciotomy.
Numerous clinical series have shown the efficacy of early
fasciotomy and the potential complication of late fasciotomy
[7-10]. Even if a surgeon is unsure about the diagnosis, it
is generally accepted that performing an unnecessary fasci-
otomy is better than performing a fasciotomy too late with
its severe complications [7, 11]. However, this might result
in overtreatment [12—14]. On the other hand, overtreatment
after pressure measurement has also been reported [15].

Performing a four compartment fasciotomy has a couple
of consequences and possible complications. Performing
a less invasive (selective) procedure hypothetically might
lower these complications. Therefore, we started the pro-
cedure of selective fasciotomy in which only the compart-
ments with a raised intracompartment pressure > 30 mmHg
are released.

The aim of this study was to describe the procedure of
selective fasciotomy after pressure measurement in patients
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with an ACS after a tibial fracture and to determine the fea-
sibility of this procedure in a retrospective cohort study.

Materials and methods
Study design

A retrospective cohort study was performed at a level
1 trauma centre. Our prospective trauma database was
searched for patients with a compartment syndrome result-
ing from a lower leg fracture (AO-41 and AO-42) [16].
All patients with either a four compartment fasciotomy or
selective fasciotomy after pressure measurement between
2006 and 2016 were eligible for inclusion. Exclusion criteria
were: admission more than 24 h after trauma, pathological
fractures, violation of the measurement protocol and patients
who denied informed consent. Every patient file, discharge
letter and follow-up letter were searched for information
regarding the compartment syndrome. This study was
approved by the Cantonal Ethic Committee Ziirich (KEK-
ZH-Nr. 2017-00782).

Diagnosis

After being admitted to our emergency department, all
patients were seen by our surgical staff. On clinical suspicion
of a lower leg fracture, X-rays were performed. The acute
compartment syndrome was diagnosed either clinically or
by pressure measurement. During the clinical examination,
suspected patients were searched for the typical symptoms
of an acute compartment syndrome, like excessive pain, pain

on palpation, pain with passive stretch, tenseness for each
lower leg compartment as well as neurological or vascular
peripheral compromise. The latter being a very (too) late
symptom.

All patients with a suspicious or manifest compartment
syndrome in clinical examination in combination with the
existing tibia fracture were moved urgently to the operation
room. In cases of a clinically severe compartment syndrome
involving all compartments, a classical four compartment
fasciotomy was performed without pressure measurement.
Subsequently the fracture was stabilized, either temporarily
with an external fixator or definitively with an appropriate
implant. In cases of less severe and/or only suspected com-
partment syndrome (pre- or intraoperatively), a perioperative
compartment pressure measurement was performed followed
by a fasciotomy if necessary and fracture stabilization (or
vice versa).

Compartment pressure measurement

The pressure measurement was performed either in the
emergency room using the Stryker® pressure monitor system
(Fig. 1) or intraoperatively with a thick needle (20 gauge)
connected to the arterial pressure device of the anaesthetist
(Figs. 2, 3, 4).

Stryker system

To prepare for a pressure measurement, a Quick Pressure
monitor set (Stryker®) was connected to the pressure moni-
tor system that was pre-installed. This system was flushed

Pressure Monitor System

Side ported, non-coring needle for
tissue fluid pressure equilibration

/
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=)

Diaphragm chamber maintains
sterile fluid pathway

One way valve prevents

Pre-filled syringe for rapid,
convenient utilization

backflow of fluid

Automatic zero balance
button eliminates manual
zeroing adjustments

Digital display (with low battery
indicator) to quantify pressure reading

Fig. 1 Stryker® pressure monitor system (kindly provided by Stryker Osteonics SA, Biberist, Switzerland)
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Fig. 3 Intracompartment pressure (ICP) measurement

with saline and calibrated at 0 mmHg with the measuring
device at the level of the compartment.

After insertion of the needle in the compartment that was
to be measured, the needle was flushed with 0.3 ml saline
from the connected syringe to expel any skin or debris out
of the needle. One has to wait until the measured value stops
changing and is stabilized. This can take up to 1 min.

Every compartment was measured separately. The entry
point for the anterior compartment was the middle of the
lower leg, 1-2 cm laterally from the tibial crest. The pero-
neal compartment was measured in the lateral quarter of the

Fig.4 Intraoperative intracompartment pressure monitoring (red fig-
ures)

middle lower leg. The posterior superficial and deep com-
partments were measured from the (posterior) medial side
of the middle lower leg.

Intraoperative measurement with the arterial
catheter method (Figs. 2, 3 and 4)

Patients were admitted to the operation theatre and disin-
fected and draped for lower leg osteosynthesis as normal.
After team time-out, or at any later point during the opera-
tion on suspicion, the pressure measurement was performed.
A sterile 20-G needle was connected to a sterile line to the
arterial pressure measuring device of the anaesthetist. This
system was flushed with saline and calibrated at 0 mmHg
with the measuring device at the level of the compartment.
After insertion of the needle in the compartment that was
to be measured, the needle was flushed shortly to expel any
skin or debris out of the needle. One has to wait until the
measured value stops changing and is stabilized. This can
take up to 1 min. The insertion point of the needle was the
same as described above.

Operative procedure selective fasciotomy

The fasciotomy can be performed either before or after
stabilization of the fracture, depending on the moment of
diagnosis of the ACS. The fractures were stabilized using
a minimal invasive approach either by external fixation,
intramedullary nailing or minimal invasive plate osteosyn-
thesis (MIPO). After fracture stabilization, the surgeon pal-
pated the compartments again and, on suspicion, measured
the intracompartment pressure (ICP).

An ICP of >30 mmHg was considered an ACS. After
measuring all four compartments, the compartment with
the highest ICP was relieved by selective fasciotomy. The
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anterior and peroneal compartments were approached
through an anterolateral approach and the posterior super-
ficial and deep compartments through a medial approach
via a second incision. The fasciotomy for the anterior and
peroneal compartments was performed through a 6—15-cm-
long lateral skin incision starting four fingers below the head
of the fibula and two fingers medial of the fibula shaft. The
fascia was opened with a short transverse incision to visual-
ize the intermuscular septum. Then the fascia of the anterior
and/or the peroneal compartment was incised distally and
proximally, partly subcutaneously, with a pair of scissors.
The superficial and the deep posterior compartments were
incised through a second medial skin incision of 6—15 cm.
The medial approach begins four fingers distally to the
medial tibia plateau and two fingers posteriorly of the medial
tibia shaft border. After skin incision, the fascia of the poste-
rior superficial compartment was incised distally and proxi-
mally subcutaneously with a pair of scissors. The deep com-
partment was approached through the intermuscular septum.
The fascia of the deep posterior compartment was incised
in the same way as the other three compartments. After fas-
ciotomy of the compartment with the highest pressure, the
other three compartments were measured again. If the ICP
was <30 mmHg after this selective fasciotomy, no further
fasciotomy of the other compartments was performed. If a
second compartment still had an ICP > 30 mmHg, it was
opened accordingly with new measurements of the other
compartments afterwards.

Skin defects after (selective) fasciotomy were temporarily
closed either by VAC-seal (ActiV.A.C.® Therapy System,
KCI Medical GmbH, Riimlang Switzerland) or Epigard®
(Biovision GmbH, [lmenau, Germany) followed by second-
ary adaptation and/or closure. If secondary closure was not
possible, a split skin graft was performed.

Postoperative treatment

Postoperative, patients were observed either at the surgical
ward or the intensive care unit. The affected leg was posi-
tioned horizontally. Pain, muscle function, the neurovascu-
lar status and the tenderness on palpation were determined
and registered every 2 h for the following 24 h according to
protocol. If in doubt, the treating surgeon or surgeon on call
performed a clinical assessment and a bedside ICP measure-
ment using the Stryker pressure monitor system.

Primary outcome
The primary outcome was any missed compartment syn-

drome after selective fasciotomy. A missed compartment
syndrome was defined as muscular necrosis.
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Secondary outcomes

Secondary outcomes were: reoperations for completing four
compartment fasciotomy following selective fasciotomy,
sensory or motoric deficits, lesions of the superficial pero-
neal nerve, the distribution of the different compartments
that were relieved and hospitalization time.

A reoperation for completing four compartment fasci-
otomy was defined as any secondary operation for further
(four compartment) fasciotomy after primary selective fas-
ciotomy. Sensoric or motoric deficits were defined as any
sensoric or motoric deficits of the lower leg, persistent or
diminishing during or after the hospital admission. Lesions
of the superficial peroneal nerve were defined as clinical
neurologic deficits in its innervation area combined with a
pathologic EMG of this nerve.

Statistical analysis

Data were described using frequencies and percentages for
dichotomous and categorical variables, mean and standard
deviation (SD) for normally distributed continuous data.
Continuous variables were compared using the Mann—Whit-
ney U test because of small proportion analysis. Categori-
cal data were compared using Pearson’s Chi square test or
Fisher’s exact test for increased accuracy in small proportion
analysis. Significance of statistical differences was attrib-
uted to p < 0.05. p values < 0.10 were considered borderline
due to small numbers and, therefore, discussed. The analy-
ses were performed with SPSS, version 22.0 (IBM Corp.,
Armonk, NY) for Windows.

Results

Fifty-one patients with 51 compartment syndromes were
included (Fig. 5). Forty-one (80%) compartment syndromes
were treated with selective fasciotomy, 10 (20%) with four
compartment fasciotomy. The mean age was 43 years (SD
16.5, range 6-76). There was a near significant difference in
age (p 0.052) between the group with selective fasciotomy
and four compartment fasciotomy. Baseline characteristics
are presented in Table 1.

In all selective fasciotomies (100%), the anterior com-
partment was involved and had to be opened. In 36 cases
(88%), the peroneal compartment had to be opened as well.
The superficial and deep posterior compartments had to be
opened in only five cases (12%) and one case (2%), respec-
tively. The approach in 35 cases was from lateral side. There
was no approach from the medial side only. In six cases,
the approach was from the medial and lateral side, still per-
forming a selective fasciotomy. In these cases, the anterior
compartment had to be opened from the lateral side and
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Fig.5 Inclusion flow chart
Lower leg Fracture with ACS
2006-2016
65
> Excluded
Violation of protocol 13
Eligible for inclusion
52
Lost to follow-up
Death after initial treatment 1
v
Available for analysis
51
y
Four compartment fasciotomy Selective fasciotomy
10 41
Table 1 Baseline characteristics Variable Selective fasci-  4-Compartment Total (n=51) p value
otomy (n=41) fasciotomy (n=10)
n (%) n (%) n (%)
Age (mean, SD) 41 (17.1) 53 (9.6) 43 (16.5) 0.052
Male 29 (71) 8 (80) 37(73) 0.707
Fracture localization
Proximal tibia 18 (44) 5 (50) 23 (45) 0.739
Tibial shaft 23 (56) 5 (50) 28 (55)
Soft tissue injury
Closed fracture 37 (90) 9 (90) 46 (90) 1.000
Open fracture 4 (10) 1(10) 5(10)
Trauma mechanism
Ski/snowboard 26 (63) 8 (80) 34 (67) 0.543
Low energy 7(7) 0 7(13)
Traffic accident 5(12) 1(10) 6 (12)
Other 3(7) 1 (10) 4(8)
Fasciotomy
Anterior compartment 41 (100) 10 (100) 51 (100)
Peroneal compartment 36 (88) 10 (100) 46 (90)
Superficial posterior compartment 5(12) 10 (100) 15 (29)
Deep posterior compartment 1(2) 10 (100) 11 (22)
Approach
Lateral 35 (89) 0 35 (69)
Medial 0 0 0
Lateral and medial 6 (15) 10 (100) 16 (31)

SD standard deviation

either the superficial or deep posterior compartment from

the medial side (Table 1).

There was no missed compartment syndrome. One
patient had a reoperation for completing a four com-
partment fasciotomy after initial selective fasciotomy.
In the group of the selective fasciotomies, four patients

had preoperatively developed sensomotoric deficits with
prickling paresthesia in the foot. Six patients developed a
diminishing sensomotoric deficit during the postoperative
surveillance. After 1 year of follow-up, all patients with

sensomotoric deficits had a complete recovery.
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Table 2 Results

Variable Selective fasciotomy 4-Compartment fasci-  Total (n=51) p value
(n=41) otomy (n=10)
n (%) n (%) n (%)

Missed compartment syndrome 0 0 0

Reoperation for completing four compartment fasciotomy 1(24) 0 1(2.4)

Diminishing sensomotoric deficits 10 (24) 1 (10) 11 (22) 0.428
Sensomotoric deficit developed preoperatively 4 (10) 1 (10) 5 (10) 1.000
Sensomotoric deficit developed post-operatively 6 (15) 0 6 (12)

Sensomotoric deficit resolved during follow-up 10 (24) 1 (10) 11 (22) 0.428

Hospitalization time, days (mean, SD) 13 (5.6) 21 (14.7) 14 (8.7) 0.065

In the group of four compartment fasciotomies, one
patient had a sensomotoric deficit preoperatively. This
was completely reversible after 1 year of follow-up. There
were no postoperative sensomotoric deficits in this group
(Table 2). There was a trend towards a shorter hospitaliza-
tion time (p 0.065) after selective fasciotomy.

Discussion

Selective fasciotomy of the lower leg can be an alternative
to four compartment fasciotomy if combined with compart-
ment pressure measurement. Our results demonstrate that
selective fasciotomy for an acute compartment syndrome
after lower leg fracture is feasible. In our series, using the
described technique, this selective approach was success-
ful in 80% of all patients without missing any compartment
syndrome. Being at least equivalent to a four compartment
fasciotomy in terms of safety a selective procedure might be
considered beneficial for patients. We observed a wide vari-
ety in which compartment the ACS occurred. The anterior
compartment was always involved, followed by the peroneal
compartment in most cases. The posterior compartments
were involved much more seldomly. In only one case did
the initial selective fasciotomy have to be converted into a
four compartment fasciotomy.

Using compartment pressure measurement intraopera-
tively on a routine basis enriches the personal experience of
the individual surgeon in this technique and supports mak-
ing the diagnosis in borderline cases. Moreover, pressure
measurement is mandatory in all cases where clinical evalu-
ation is not possible, for instance in anaesthetized patients or
comatose patients on the intensive care unit. Routinely per-
formed intraoperative compartment pressure measurement
helps to identify compartment syndromes in patients who
developed this pathology during the time interval between
the clinical examination in the emergency department and
the fracture stabilization in the operation room. During this
delay, which can take several hours, a manifest compartment
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syndrome can easily arise and might be missed without
intraoperative measurement.

Generally, the diagnosis of an ACS is made clinically.
The typical clinical signs are excessive pain disproportion-
ate to the severity of injury, paraesthesia, paralysis, palpable
tightness and an increase of pain on passive stretch of the
compartment involved [17]. However, the clinical presenta-
tion varies and not all the known signs are always present.
Single clinical signs are known to have a low predictive
value. Three or more of these clinical signs may raise the
sensitivity. However, most of them, like paresis or paralysis,
are late signs of the ACS [18, 19]. Making the diagnosis in
patients who cannot give a clear history or participate in
the clinical examination can be particularly difficult. This
includes patients with additional neurological injuries,
patients under general anaesthesia and patients in the inten-
sive care unit [17].

Early diagnosis of ACS is important to avoid further
impairments. Missing a compartment syndrome is devas-
tating. A false-negative test or diagnosis is not acceptable.
Therefore most surgeons, if in doubt, will perform a four
compartment fasciotomy [11, 19]. Intracompartment pres-
sure measurement has been described and suggested to aid
in making the diagnosis of an ACS [20].

Several studies have presented different thresholds for mak-
ing the diagnosis of an ACS measuring the ICP ranging from
30 to 45 mmHg [20, 21]. In our protocol, we have chosen
30 mmHg as the threshold. As discussed by Mubarak, a too
low threshold may result in a false-positive test and causes a
high rate of unnecessary fasciotomies and their related risks
[20, 22]. Heppenstall et al. suggested the use of the CPP using
the mean arterial blood pressure (MABP). They proved the
importance of the perfusion pressure gradient between the
arterial circulation and the compartment itself as the main fac-
tor in the establishment of muscle ischemia. In their experi-
mental dog study, they discovered that the minimum perfusion
pressure gradient between MABP and ICP (=CPP) is approxi-
mately 40 mmHg to meet the metabolic needs of the trauma-
tized muscle [23, 24]. Taking all these studies into account, it
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is clear that there still is an ongoing debate about which cutoff
value and which pressure has to be used. Other non-invasive
techniques like biomarkers, magnetic resonance imaging, laser
Doppler flowmetry or near-infrared spectroscopy are proposed
but need further investigations to determine their value [17].

Many studies describe the four compartment fasciotomy
as treatment for ACS [11, 19, 22, 25-27]. They showed the
efficacy of early fasciotomy and the complications of late fas-
ciotomy. The complication of an unnecessary fasciotomy com-
pared to a missed and untreated ACS seems to be accepted.
The potential disadvantages and complications of a fasciotomy
are further surgery for delayed wound closure, pain and nerve
injury, muscle weakness, chronic venous insufficiency and
increased cost of care [7, 17, 19, 28].

The current golden-standard treatment of the lower leg ACS
after fracture is the four compartment fasciotomy by dual- or
single-incision technique [25, 29]. Bible et al. compared the
single- vs. dual-incision technique with no difference in infec-
tion and nonunion rates [27]. As can be expected, they proved
that there is an increased risk of infections and non-unions
in lower leg fractures that needed a fasciotomy due to ACS.
They assumed that the deep subcutaneous dissection to release
all four compartments in the single-incision group keeps the
risk of infection and non-unions on the same level. Blair et al.
showed similar results in their retrospective cohort study [30].
Hypothetically, a less invasive technique like the selective fas-
ciotomy could lower the incidence of these complications.

This study has several limitations that need to be
addressed. First of all, the retrospective character of this
study has its obvious drawbacks. Second, our sample size
is too small for a statistical comparison between the selec-
tive and the four compartment fasciotomy groups. Further-
more, as some patients were primarily treated with a four
compartment fasciotomy, there might have been a selection
bias between these two groups due to severity of the injury.
Additionally, our chosen ICP threshold of 30 mmHg for an
ACS might have resulted in overtreatment.

To our knowledge, this is the first study to report on selec-
tive fasciotomy for ACS. We have shown that selective fas-
ciotomy is feasible, and no compartment syndrome has been
missed. The influence of selective fasciotomy for an ACS of
the lower leg on the morbidity and complications is unclear
and benefits are hypothetical. Further research should be
performed comparing selective and four compartment fas-
ciotomies to determine its value.

Conclusion

Selective fasciotomy in combination with pressure meas-
urement for the ACS of the lower leg is safe and feasible.
Future studies will have to define its value in the treatment
of these injuries.
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