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Background: Compartment syndrome of the thigh (CST) is a rare condition, and its delayed diagnosis and
therapy may lead to devastating adverse effects. Thus, the aim of this study was to present the amassed
clinical experiences, regarding diagnosis and treatment of CST at a level | trauma centre.

Keywords: Materials and methods: The database was reviewed for all patients with a manifest CST treated surgically
Compartment syndrome of the thigh between 1995 and 2014.

EDP'dem“?logy Results: 69 patients (61 males and 8 females) met the inclusion criteria, with a mean age of 42.9 years
Trﬁagtnnzsetxf (range: 11-87 years). Forty-four patients (64%) presented with an isolated CST. There was a significant

association between complication rates and high impact vs. blunt trauma (12/32, 38% vs. 0/20, 0%;
p=0.0022; Fisher’s exact test). The number of surgeries in patients with a concomitant femur fracture
was significantly increased (in mean: 2.8 vs. 4.9 surgical interventions; p <0.001; U test).

Conclusion: Patients after high impact trauma showed the highest complication rate. Concomitant femur
fractures were associated with an increased number of surgical interventions. The synopsis of trauma
mechanism, clinical presentation, age, anticoagulation status and clinical experience of the trauma

Complications

surgeon seem to be the best tools to correctly diagnose CST.

© 2019 Elsevier Ltd. All rights reserved.

Introduction

Compared to compartment syndrome of the lower leg,
compartment syndrome of the thigh (CST) represents a rare entity
among trauma patients — and as such clinicians have relatively
little experience with it. CST can occur within all closed osseo-
fascial compartments when the pressure rises above the capillary
perfusion gradient - leading to cellular anoxia, muscle ischemia
and potentially life-threatening events. Concomitant injuries such
as fractures, anticoagulation, haemorrhagic shock and blunt
trauma are likely to be associated with CST [1-6]. Due to its high
morbidity and mortality rates, CST requires immediate surgical
intervention [1].
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Therapy includes surgical intervention via fasciotomy,
with a single incision on the lateral side of the thigh -
sometimes even from the greater trochanter to the lateral
epicondyle [6-10]. However, the critical threshold for CST still
remains unknown [7].

Although CST is often identified as severe injury, literature
yields only a few studies including a mere handful of cases [1]. A
systematic review has underlined the lack of reliable data
concerning causes, treatment options and complications [1].

Thus, the aim of this study was to present our experience with
CST at a level I trauma centre. The mechanisms leading to CST,
prognostic factors, isolated CST cases, diagnostic methods, method
of treatment, complications and the clinical outcome of surgical
treatment have been evaluated. Furthermore, we investigated the
impact of the number of surgical interventions and the time to
treatment on clinical outcome.

Material and methods

This study was performed as a retrospective data analysis,
including all patients with a manifest CST treated surgically at a
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Table 1
Classification of trauma mechanisms.
Blunt trauma Low impact High impact
Contusion Trivial fall (<1.5m) Motorcycle accident
Weight training Stab wound Car accident
Postoperatively Bicycle accident
Fall from great height (>1.5m)
Burial
Gunshot wound
Heavy Item

single institution (here, a level I trauma centre) between 1995 and
2014. All database files and medical records were reviewed for
demographic data (age, sex, trauma history), clinical and
functional outcome, intra-compartmental pressure (ICP), coagula-
tion status and treatment modality.

Inclusion criteria were as follows: (a) patients treated surgically
for a manifest CST, (b) availability of a complete data set. Trauma
mechanisms leading to the CST were classified into (1) blunt
trauma (i.e., contusion), (2) low impact trauma (e.g., falls from
standing height) and (3) high impact trauma (e.g., gunshot
wounds, motorcycle accidents). A detailed overview is presented
in Table 1.

Two patients with incomplete data set were excluded, leading
to the final number of 69 patients.

This study was conducted in strict adherence to a protocol
approved by the local ethics committee, as well as the Strengthening
the Reporting of Observational studies in Epidemiology (STROBE)
guidelines. Prior to study investigation the corresponding ethic
review board approved the study (EK/No. 1304/2013).

Diagnostics

CST was diagnosed clinically according to the following criteria:
presence of a tense swollen thigh, pain out of proportion and a
positive passive stretch test. Additional symptoms noted were
paraesthesia and paresis. Pulselessness was also noted but not
used as a criterion, as it is known to be diagnostically ambiguous
[5,11,12]. The institutional diagnostic algorithm for conscious
patients is presented in Fig. 1. Additionally, the ICP was measured
by the compartment pressure measurement device Stryker S.T.I.C
295-1 Monitor (Stryker, Kalamazoo, MI (USA) 49001) in all
unconscious patients or patients with ambiguous symptoms.

Conscious patient

Tense swollen thigh
Positive passive stretch test
Pain out of proportion
Paraesthesia
Paresis

2 3 parameters

ICP > 40mmHg

Manifest CST

Watchful
waiting

N If symptoms worsen
Dermatofasciotomy }1— SyICFr”incre‘;vses / —

Fig. 1. Institutional diagnostic algorithm for conscious patients.

| Unconscious patient |

Tense swollen thigh
ICP > 40mmHg

yes | no |
Imminent CST

A 4 N

CST likely Watchful

waiting

A

2
. If symptoms worsen
| Dermatofasciotomy I‘— yIC?’ increases /

Fig. 2. Institutional diagnostic algorithm for unconscious patients.

The institutional diagnostic algorithm for unconscious patients is
presented in Fig. 2.

If ICP measurement was necessary and reached levels above
40mmHg, a manifest CST was diagnosed. If the patient was
unconscious, the ICP and a tense swollen thigh were pathogno-
monic. If the symptoms were incomprehensible and the ICP was
below 40 mmHg the clinical situation was closely evaluated. If the
symptoms worsened and ICP increased fasciotomy was carried out.

Therapy

All patients underwent dermatofasciotomy with a single lateral
skin incision as described by Tarlow et al. [7]. Muscle contractility
was evaluated intraoperatively by electrocautery or forceps. In
cases of necrosis or muscle vitality being at risk, cautious
debridement was performed. Whenever possible, primary delayed
wound closure was attempted and, if necessary, secondary wound
closure with a meshed split thickness skin graft was applied.
Temporary wound closure was regularly performed by the use of a
synthetic skin replacement (Epigard® ) and vessel loops. Epigard®
changing was carried out routinely within the first 48 h after
primary incision, as it represents standard procedure at our
department. In 1 case (1%), there was the need for Negative
Pressure Wound Therapy (NPWT), rather than Epigard®.

Complications

Complications were divided into minor and major complica-
tions. Minor complications were defined as temporary or
insignificant impairment such as limited range of motion (ROM)
in the knee joint for more than 4 weeks (but less than 6 months),
temporary, superficial wound infection, minor secondary haemor-
rhage without the necessity of red cell concentrate (RCC) and
temporary hypaesthesia.

Major complications were defined as considerable impairment
(less than 100 degrees flexion in the knee joint more than 6
months postoperatively), permanent paresis, muscle hernia in
need of surgical treatment, deep wound infection/fistula,
amputation, massive formation of muscle necrosis, severe
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secondary haemorrhage requiring large amounts of RCC and
Crush syndrome. Muscle contracture also counted as a severe
complication.

Statistics

Descriptive and inferential statistics were calculated using IBM
SPSS® (SPSS Software Inc.) Version 24. Chi-squared test and
Fisher's exact test (in case of cell counts < 5) were used to test for
association between categorical variables. For cardinally scaled
variables, Student's t-test and Mann-Whitney U test were used to
test for group differences as appropriate. In particular, Mann-
Whitney U test was used where deviation from normality could be
detected using either Kolmogorov-Smirnov test or Shapiro-Wilk
test. Mann-Whitney U test was also used for cardinally scaled
variables with an effective number of realisations < 10, and to test
for group differences in ordinally scaled variables. P-values < 0.05
were deemed statistically significant.

Results
Demographics

Sixty-nine patients (61 male and 8 female) with a mean age
of 42.9 years (median: 36.5 years; range: 11-87 years) finally
met the inclusion criteria. 5 patients (7%) were under 18 years of
age and eleven patients (16%) were over the age of 70 years at
time of injury. Age significantly affected the proportion of CST
patients that presented following a trivial fall (36.2 vs. 69.6;
p <0.001; t-test). The median age at time of a trivial fall was 72
years. An additional parameter related to age was anticoagulation:
Anticoagulation was present in 57% of cases in the trivial fall
cohort, whereas only 9% of patients were anticoagulated in the
remaining population. At time of injury 13 of 69 patients (19%)
were taking anticoagulant drugs and among them 46% were aged
above 70 years.

31 cases of CST were on the left side, 36 on the right, and in 2
patients CST was bilateral. There were 44 isolated CST (64%) and 25
non-isolated CST (36%), of which 13 (19%) occurred in the context
of polytrauma. 58 patients (84%) were conscious and 11 were
unconscious at time of presentation. The assigned aetiologies are
presented in Table 2.

Clinical presentation
The time from injury to presentation in the outpatient

department was less than 24 h in about 70% (n=49) and showed
no significant influence on the complication rates (21.4h vs. 35.3 h;

Table 3
Clinical presentation.

Table 2
Causes of CST.
Number %

Contusion 18 26.1
Trivial fall (<1.5m) 14 20.3
Motorcycle accident 8 11.6
Car accident 7 10.1
Fall from great height (>1.5m) 6 8.7
Heavy item 4 5.8
Bicycle 3 43
Weight training 2 2.9
Burial 2 2.9
Gunshot wound 2 29
Postoperatively 2 2.9
Stab wound 1 14
Total 69 100.0

U test). The majority of patients visiting the outpatient department
later than 24h after injury had suffered a blunt trauma or
contusion and only realized the consequences the day after injury.
For detailed information about the clinical presentation in
conscious and unconscious patients see Table 3.

In 22 cases (32%) the ICP was greater or equal to 40 mmHg. In 10
patients, no pulses were found via palpation. After performing
Doppler ultrasound, only two of these 10 patients actually had no
pulses — and in both, a concomitant femoral arterial injury was
detected by computed tomography angiography (CTA).

Anipsilateral femur fracture was present in 9 patients (13%). Femur
fracture was associated with significantly more surgical interventions
required until definitive wound closure than patients without (2.8 vs.
4.9; p<0.001; U test). The number of severe complications was
increased in patients with concomitant femur fractures compared
to patients with isolated CST, however, not statistically significant
(4/9, 44% vs. 6/44,14%; p=0.11; Fisher’s-exact test).

In 30% (n=21) of the patients macroscopic muscle necrosis
were found during surgery, leading in two patients to a progressive
one counting for a major complication.

Surgical procedure

All patients were treated according to the institutional
algorithm for CST presented in Figs. 1 (conscious patient) and 2
(unconscious patient).

The standard lateral incision from the trochanteric region to the
lateral femur condyle was sufficient for pressure relief. Interestingly,
intraoperative findings revealed a predilection site for localized
haematomas in the lateral vastus muscle (41/69, 60%), which was
particularly present in young patients with contusion injuries. In 49

Total of 69 patients

Conscious patients (n=58; 84%)

Unconscious patients
(n=11; 16%)

Swollen and tense thigh (n=69; 100%)

Pain out of proportion (n=58; 100%)
Positive passive stretch test (n=58; 100%)
Ambiguous symptoms (n=12; 21%) with ICP >40 mmHg

ICP > 40 mmHg
(n=10; 91%)

No pulses found via palpation
(n=10; 14.5%) | After Doppler ultrasound
(n=2; 2.9%)

Paraesthesia (n=3; 5.2%)
Paresis (n=1; 1.7%)
Ipsilateral femur fracture (n=4; 7%)

Ipsilateral femur fracture (n=5; 45%)

n =number; percentages in relation to the patient population/cohort.
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patients (71%) a localized haematoma and in 20 patients (29%) a
diffuse haemorrhage was found intraoperatively causing the CST.

Only in 2 cases an additional medial incision was made. In all
but one fasciotomy wound, Epigard® and vessel loops were used
to cover and gradually reduce the wound size. The number of
surgeries needed varied between 1 and 11 (median: 3) surgical
interventions. 90% of all patients needed 6 or less surgical
interventions. The number of surgical procedures was significantly
increased in the non-isolated study population (2.75 in isolated vs.
4.4 in non-isolated; p <0.001; U test).

Wound closure

Delayed primary closure was performed in 56 of 69 patients
(81%), secondary wound closure with meshed split thickness skin
graft was performed in four patients (6%), one leg (1%) was
amputated below the groin, one patient (1%) was transferred to
another hospital before wound closure and six patients (9%) died
before wound closure caused by their initial injury.

Skin suture only was carried out in 23 cases (33%), whereas the
combination of fascial suture and skin suture was accomplished
in 33 cases (48%). The time to wound closure averaged 7.26 days
(median: 5 days).

Complications

Complications were noted in 32 patients (46%). Of these, 14
(20%) suffered minor and 18 (26%) major complications. For
detailed information regarding the types of complication see
Table 4. The time to diagnosis significantly influenced the
development of infections (20.9h vs. 98.4h; p=0.04; U test).
There was a significant association between isolated CST and
severity of complications found. Isolated CST tends to develop no
or only minor complications, whereas non-isolated CST tends to
develop major complications (6/44,13% in isolated vs.12/25,48% in
non-isolated CST; p=0.02; chi-squared test). The rate of major
complications was significantly higher in patients involved in high-
impact and low-impact accidents compared to CST after blunt
trauma (12/32, 38% and 6/17, 35% vs. 0/20, 0%; p=0.002; Fisher’s
exact test). The highest rate of major complications took place after
motorcycle accidents (4 major complications out of 8 motorcycle
accidents). Of the nine patients (13%) who died during follow-up,
only one case (1%) was directly linked to the CST.

The relationship between the kind of wound closure and
complication rate showed no significant difference (chi-squared
test); however, isolated skin closure tended to lead to more
minor and major complications (7 +6/22, 59% vs. 7 +5/33, 36%).
The only two (3%) muscle hernias occurred in patients with
isolated skin closure.

Table 4
Complications in detail.

Minor Major

Restriction knee ROM (> 4 weeks < 6 months) 8
Superficial, temporary wound infection 5
Minor secondary haemorrhage 1
Severe secondary haemorrhage

Deep wound infection/fistula

Crush syndrome

Muscle hernia

Permanent paresis

Severe muscle necrosis

Amputation

Death related to CST

Paresis and severe muscle necrosis

Total (n=32) 14

- NN W WS

[

n=number.

The rate of major complications was significantly increased if
the patient underwent more than 3 surgeries (11 major
complications in patients > 3 surgeries vs. 7 major complications
in patients < 3 surgeries; p=0.008; chi-squared test).

Follow-up

The length of hospitalization in patients with non-isolated CST
was significantly longer compared to isolated CST (in mean 36.9 vs.
15.2 days; p <0.001; t-test).

Discussion

CST is a rare but severe condition and its aetiology, therapy and
outcome has been insufficiently reported. As of this writing, ICP
threshold guidelines for diagnosing CST have simply been
borrowed from those used for CS of the lower leg (though they
have only been well evaluated in the latter setting). Whether or not
these thresholds can be effectively applied to CST still remains
unknown. This statement is supported by the varying methods and
recommendations concerning ICP thresholds seen in the literature
[2,4,5,13,14]. Adequate treatment, possible complications and
outcomes are all influenced by a number of factors - such as
anticoagulation or coagulopathies, patient age, the cause of the CST
(in terms of the type of energy generating the trauma), and even
the method of wound closure.

Summarizing, our main results we found significantly higher
rates of complications in patients with concomitant injuries
compared to isolated CST. Traffic accidents cause the highest
complication rates. However, it has to be mentioned, that these
patients often suffer a polytrauma and therefore complications
might be related to other-, or the combination of multiple
injuries.

There was a trend towards a higher rate of severe complicationsin
patients with a concomitant femur fracture and surgical interven-
tions were significantly more needed. However, this collective was
underestimated compared to literature (13% vs. 58%) [6,9,15]. Time
between injury and hospitalization did not influence the overall
complication rate - which stands in contrast to literature [16].
Mithoefer et al. [6] presents a complication rate of 18%, which is
slightly lower compared to the 25% rate in our study.

In this patient cohort, the most common symptom was a tense,
swollen, painful thigh, which is well described throughout the
literature [2,4,6,8]. The presence of pain during passive stretching
was 100% sensitive; however, its specificity is difficult to assess,
since other concomitant injuries, including simple muscle con-
tusions, yielded similar ranges of pain. Even though paraesthesia is
listed as one of the cardinal signs for diagnosing CST [1,6,9], we
only found this in 5% of our patients (n=3).

The evaluation of A p has been proposed by some authors to
establish more valuable data compared to absolute cut-off values
in order to sort out the more ambiguous cases regarding the
indication for fasciotomy [14,17-19]. However, there still exist no
absolute cut-off values for the CST and A p for the thigh has to be
developed in future studies. In this study the measured ICP itself
had no significant influence on the complication rate or the
number of muscle necrosis. In only two of our patients severe
muscle necrosis occurred during the follow-up period.

We observed an association between time to diagnosis and
infection in our study, which is well in line with the results of
Kanlic et al. [9] who presents an increased risk of infection and
probable need for amputation in patients where the diagnosis has
been delayed for more than 12 h.

Referring to our experience with CST, we highly recommend
skin and fascial suture to avoid muscle hernia and complications in
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general. The good results observed using Epigard® and vessel
loops for curbing wound edges are convincing.

Limitations

Limitations of this study include its retrospective single centre
design, the heterogeneous patient group, and the investigation of
the patients over a long-time period. However, to the best of our
knowledge, this is the largest study population with CST treated
surgically at a single level I trauma centre — and as such, we are able
to present a broad experience. Future prospective studies will have
to address the specific ICP thresholds for CST in order to form tools
for decision-making.

Conclusions

CST presents a rare entity, however, in case of delayed
diagnosis and therapy it might be associated with severe
impairment. Patients after high impact trauma showed the
highest complication rate. Concomitant femur fractures were
associated with an increased number of surgical interventions.
The synopsis of trauma mechanism, clinical presentation, age,
anticoagulation status and clinical experience of the trauma
surgeon seem to be the best tools to correctly diagnose CST.
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