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Abstract

Purpose Needle manometry is a tool to confirm suspected acute compartment syndrome (ACS). There is scarce evidence
of normal pressure values of the lower extremities in children. The aim of this study is to assess the normal compartment
pressures in non-injured lower extremities of children.

Methods This prospective study included children up to the age of 16 years with lower extremity fractures that needed reduc-
tion. Between June 2009 and August 2015, 20 children were included. We used needle manometry to measure the pressures
in the superficial (SPC), deep posterior (DPC) and in the anterior compartments (AC) on both the lower legs.

Results On the healthy leg, the mean compartment pressure was 15.15 mmHg in the AC (range 7-30 mmHg), 14.32 mmHg
in the SPC (range 824 mmHg) and 13.00 mmHg in the DPC (range 4-21 mmHg). On the injured leg, the mean compartment
pressure was 24.07 mmHg in the AC (range 5-40 mmHg), 17.21 mmHg in the SPC (range 7-29 mmHg) and 17.13 mmHg in
the DPC (range 6—37 mmHg). We found a perfusion gradient (diastolic blood pressure—compartment pressure) < 30 mmHg
in at least one compartment of the fractured and healthy leg in 13 patients. Five patients underwent fasciotomy for suspected
ACS and their data was excluded for the injured leg.

Conclusion We could show that children have higher normal compartment pressures than adults in the lower leg. They seem
to be able to tolerate higher absolute compartment pressures and lower pressure gradients before ACS occurs. More studies

are needed to make a final statement on tolerable compartment pressures in children.
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Introduction

Acute compartment syndrome (ACS) occurs when pressure
increases within a confined closed fascial space causing sub-
sequently reduced blood flow and tissue perfusion that may
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lead to ischemic pain and possible soft-tissue damage [1].
ACS is a well-known entity amongst trauma surgeons and
its treatment—a fasciotomy—has been well studied since
the original publication by Richard von Volkmann in 1881
and accepted till this day as the appropriate treatment [2].
Its diagnosis, however, is not as straightforward, especially
in pediatric patients. Whereas the best-known, yet overall
unreliable, clinical signs “The 5 Ps”—pain, pallor, paraes-
thesia, pulselessness, and paralysis—are readily assessed in
adult patients, this is difficult in children [3, 4]. Bae and col-
leagues showed that 90% of their pediatric population with
ACS due to fractures presented with pain, however, less than
40% had pain and two additional classic clinical symptoms.
Increased analgesic requirement, anxiety and agitation are
possibly more precise clinical indicators for the presence of
ACS in children [3].

A further diagnostic approach to ACS is compartment
pressure measurement. Described by Whiteside et al. in
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1975 it has since been used as a valuable objective diag-
nostic supplement [5]. Many debates over the cut-off pres-
sure above which a fasciotomy is necessary have been held.
Some authors have proposed absolute pressure values over
3045 mmHg to be the cut-off for a fasciotomy to avoid ACS
[6, 7]. Other authors have suggested the use of a differential
pressure (Ap =diastolic blood pressure—compartment pres-
sure) to assess the need for a fasciotomy. However, these
values were studied on adult populations and are used widely
for children as well because there are no standard values
for children. There is scarce evidence as of what a normal
compartment pressure in children is with only two studies
have being published on this subject [8, 9]. In general, the
diagnosis of ACS is made clinically. Many authors recom-
mend invasive pressure measurement, regardless of the age
of the patient, to have an objective measurement method for
the confirmation of a suspected ACS.

The aim of this study is to assess the normal compart-
ment pressures in non-injured lower extremities of children.
To this end, we sought to quantify the maximum tolerable
compartment pressures in fractured lower legs, thus estab-
lishing a baseline and providing guidance in evidence based
decision making to evaluate children with suspected ACS.

Materials and methods

This prospective study included healthy children up to the
age of 16 years with lower extremity fractures that needed
reduction under anesthesia with or without osteosynthesis.
Patients with bilateral fractures of the lower extremities,
patients operated later than 24 h post injury and patients
who had a fasciotomy due to suspected ACS were excluded
(Table 1).

Between 06/2009 and 08/2015, 20 children were
included. After obtaining a signed consent from the par-
ents, all patients were brought to the operating room and
had bilateral compartment pressure measurement under
general anesthesia, fully relaxed and in supine position.
Pressures were measured using a standardized method of

simple needle manometry. Several techniques for compart-
ment pressure measurement have previously been described,
and assuming correct use, show equal effectiveness. These
include: slit catheter, wick catheter, micro tip pressure probe,
and needle manometer insertion [10, 11]. Needle manometry
is readily available, inexpensive, and accurate. We, therefore,
chose needle manometry with the Stryker Pressure Moni-
tor® (Kalamazoo, MI/USA) for our intraoperative measure-
ments. All measurements were performed by experienced
attendings. Special care was taken to place the lower leg
in a standardized and relaxed position to avoid false posi-
tive elevated compartment pressures (Fig. 1). We measured
the pressures in the anterior, superficial posterior and deep
posterior compartments on both lower legs before surgery.
We were instructed by the local Medical Ethics Committee
not to measure the pressures in the lateral compartment to
minimize the risk of inadvertently injuring the superficial
peroneal nerve. The insertion site for the 18 Gauge side
ported needle was between the proximal and middle third of
the lower leg on the anterior and posterior side, respectively.
After zero balancing, the needle was inserted in a 45° angle
into the corresponding compartment and we injected 0.3 ml

Fig. 1 Positioning of the lower leg for compartment pressure meas-
urements of the anterior (above) and posterior (below) compartments.
The site of needle entry is marked by the circled cross

Table 1 Compartment pressure

. . Patient Fractured AC Ap fractured Fractured SPC Ap fractured Fractured  Ap
values (mmHg) in 5 patients AC SPC DPC fractured
who underwent fasciotomy for DPC
ACS and whose values were,
therefore, excluded from the 1 40 3 16 27 17 2
study of the fractured leg 2 40 _3 21 16 29 3

3 26 3 24 5 24 5
4 37 2 15 24 31 8
5 27 48 20 55 30 45

Delta p (Ap mmHg) represents the difference between the diastolic blood pressure and the compartment

pressure value

AC anterior compartment, SPC superficial posterior compartment, DPC deep posterior compartment
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of normal saline. Once the equilibrium state was reached,
the pressure was read off the monitor. The pressure meas-
urements were made before closed reduction of the frac-
tured leg. The systolic and diastolic blood pressures were
measured using a cuff at the time of compartment pressure
measurement.

All patients were admitted and hospitalized until pain was
well controlled with oral analgesics. All patients were seen 3
months postoperatively in clinic. Wound and fracture heal-
ing, as well as motor and sensory function were assessed. A
structured telephone interview 11-83 months after surgery
was performed, during which patients were asked specific
questions regarding pain, motor and sensory function, scar-
ring and potential problems with the insertion sites that were
used for the compartment pressure measurements.

The mean pressures between compartments were ana-
lyzed using a Wilcoxon-Pratt Signed-Rank Test. For the
relationship between age and pressure, a correlation test
was used (based on Pearson’s correlation). For the relation-
ship between pressures of different compartments within the
same leg, simple linear regression with prediction intervals
was used.

For one patient there was no available compartment pres-
sure measurement for the anterior compartment, neither on
the fractured side nor on the healthy side. He was included
in the study, yet therefore, all calculations concerning the
anterior compartment were made with one patient less com-
pared to the posterior compartments (“list-wise deletion” as
recommended for small numbers of missing values) [12].

Our local Medical Ethics Committee approved this study.

Results

Our 20 patients consisted of 16 boys and four girls with a
mean age of 9.65 years (3.6—15.2 years). Of these patients
13 sustained a both bone lower leg fracture, whereas seven
sustained a tibial fracture. Five of these fractures were open
fractures (four both bone fractures, one tibial fracture). We
treated nine patients with external fixation, four patients with
a Kirschner wire osteosynthesis, three patients with closed
reduction alone, two patients with intramedullary nails and
one patient, respectively, with plate osteosynthesis and screw

osteosynthesis. No patient had significant soft-tissue injury,
that is, from a run-over trauma. Five of the 20 patients had
to be excluded for the fractured side due to the development
of ACS. Two patients with clinical suspicion of an ACS
had an immediate fasciotomy and in three further patients
clinical suspicion of an ACS led to fasciotomy after closed
reduction. Their data for the fractured side was excluded, yet
included for the healthy side (Table 1).

On the healthy side we measured a mean compartment
pressure of 15.15 mmHg (range 7-30 mmHg) in the anterior
compartment (AC), 14.32 mmHg (range 824 mmHg) in the
superficial posterior compartment (SPC) and 13.00 mmHg
(range 4-21 mmHg) in the deep posterior compartment
(DPC) (Table 2). The mean pressure for the AC was signifi-
cantly higher than the mean pressure for the DPC (p value
0.031), however, not for the SPC (p value 0.572). No sig-
nificant correlation of compartment pressures and age was
found for the healthy leg in any compartment (Fig. 2).

The mean compartment pressure measurements were as
expected higher for all 3 measured compartments on the
fractured side compared to the healthy side (Table 2). This
was, however, only statistically significant for the AC (Wil-
coxon-Test; p value 0.021). On the fractured side the highest
mean pressure was measured in the AC with 24.07 mmHg
(range 5-40 mmHg). This was followed by the SPC with
17.21 mmHg (range 7-29 mmHg) and then the DPC with a
slightly lower value of 17.13 mmHg (range 6-37 mmHg).
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Fig.2 No significant correlation between pressure and age on the
healthy leg in the superficial posterior compartment. SPC superficial
posterior compartment

Table 2 Mean values, standard

Healthy AC Fractured AC Healthy SPC Fractured SPC Healthy DPC Fractured DPC

- .. . Age
deviation, minimal and maximal
pressures (mmHg) within the Mean 9.65 15.15 24.07
studied compartments sD 366 5.70 1053
Min 3.63 7.00 5.00
Max 15.19 30.00 40.00

14.32 17.21 13.0 17.13
4.01 7.34 4.1 9.54
8.00 7.00 4.0 6.00

24.00 29.00 21.0 37.00

SD standard deviation, min minimum, max maximum, AC anterior compartment, SPC superficial posterior
compartment, DPC deep posterior compartment
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The mean for the AC was significantly higher than the means
for the posterior compartments for fractured legs (p value
0.011 for DPC, p value 0.006 for SPC).

The pressure values amongst the compartments on the
fractured side correlate significantly, however, with a wide
95% prediction interval (Fig. 3). Six of our patients had
an absolute compartment pressure measurement of over
30 mmHg, all of which were on the fractured side (five in
the AC, one in the DPC). Seven patients had higher absolute
pressure values in at least one compartment on the healthy
side compared to the corresponding compartment of the
fractured leg. We calculated the perfusion gradient (Ap), the
difference between diastolic blood pressure and the compart-
ment pressure, for all values. We found a perfusion gradi-
ent <30 mmHg in at least one compartment of the fractured
leg in 13 of 15 patients, whereas in 13 of 20 patients this was
also true for the healthy leg.

None of the patients with an absolute pressure
value > 30 mmHg, nor those with a perfusion gradi-
ent <30 mmHg needed fasciotomy.

All patients were seen in our outpatient clinic and were
examined 3 months postoperatively. Four patients were
lost for structured telephone follow-up. It was performed
on average 4 years postoperatively (mean 49 months; range
11-83 months). No major complications were noted. No
patient reported to have problems related to the measure-
ment sites.

Discussion

To our knowledge this is the first study to compare normal
compartment pressure measurements in non-injured and in
fractured lower legs without clinical suspicion of ACS in
children.

Pressure fDPC (mm Hg)

Pressure fAC (mm Hg)

Fig.3 Significant correlation between the deep posterior compart-
ment and the anterior compartment on the fractured side (p value
0.006). The dotted lines show the wide 95% prediction interval. fDPC
fractured deep posterior compartment, fAC fractured anterior com-
partment
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As of yet only two publications have studied normal
compartment pressure values in children. Tharakan et al.
compared the compartment pressures of fractured and
healthy forearms in 41 children. They found the mean
pressures of the healthy forearms to be slightly higher than
those of adults [9]. Staudt el al compared the compartment
pressures of healthy lower legs in 20 children to those of
20 healthy adults. They, too, found higher mean values
compared to adult pressure measurements [8]. Our study
supports these findings showing the mean compartment
pressures in the non-fractured lower legs to be between
13 and 15.15 mmHg in children. These values are consid-
erably higher than previously published values for adult
compartment pressure measurements which are between
5 and 9 mmHg [8, 13].

Further we found higher pressure values in the anterior
compartment compared to all the other compartments within
the healthy and fractured leg. This was statistically signifi-
cant for all healthy and fractured compartments, except for
the healthy AC compared to the healthy SPC. The higher
pressure in the AC compared to the other compartments has
previously been shown in non-injured adults, as well as in
children [8, 13].

Our compartment pressure values on the fractured leg
correlate significantly with each other raising the question if
the measurement of only one compartment would be enough
in a clinical setting. However, due to the wide 95% predic-
tion interval of the compartment pressure values, one meas-
urement is not sufficient to exclude the diagnosis of ACS.

It is widely accepted that the indication for fasciotomy
in adults is given for absolute compartment pressures of
>30-45 mm Hg or a perfusion gradient Ap of <10-30 mm
Hg [5-7, 14, 15]. It has been shown that blood flow in micro-
circulation ceases when the tissue pressure in a compartment
equals the diastolic blood pressure. Tissue perfusion sig-
nificantly decreases with compartment pressures of 20 mm
Hg below diastolic blood pressure. Compartment pressures
within 10-30 mm Hg of the diastolic blood pressure have,
therefore, been suggested as a threshold for surgical fasci-
otomy [5, 14—-16]. We anticipated that children can tolerate
a smaller perfusion gradient than adults due to their higher
normal compartment pressure values and lower normal
blood pressure values. This could be confirmed within our
study setting as we found 13 fractured legs and 13 healthy
legs to have a perfusion gradient <30 mmHg without clini-
cal signs of ACS. Therefore, using an absolute pressure
value > 30 mmHg or a perfusion gradient <30 mmHg as in
adult patients as a cut-off for fasciotomy would likely lead to
unnecessary procedures in the pediatric population.

Due to the differences in pressures between children and
adults it would seem plausible that the higher pediatric base-
line compartment pressures gradually decrease to normal
adult values with increasing age. This, however, could not
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be shown by either of the previously mentioned studies nor
by our own.

The limitations of this study are certainly its small patient
number, especially of the fractured lower legs due to having
to exclude 5 patients with ACS. Further, within this study
setting we performed pressure measurements at a standard-
ized localisation. Literature has, however, shown compart-
ment pressures to be highest within 5 cm of the fracture
making it possible that some of our measured values are
falsely low compared to reality [17]. Additionally, due to
reluctance of our local Ethics Committee to allow measure-
ments of the lateral compartment due to risk of injury of the
peroneal nerve we performed measurements in only three of
the four compartments of the lower leg.

As discussed above the clinical diagnosis of ACS is diffi-
cult in children and our study showed further that neither the
absolute value nor the perfusion gradient for intracompart-
mental pressures are good objective parameters to diagnose
ACS. Other diagnostic tools for ACS have been discussed.
Just recently near-infrared spectroscopy (NIRS) has been
evaluated in adults as a continuous, non-invasive monitor
for ACS [18]. It may be an ideal screening or monitoring
system for ACS in the pediatric population. NIRS is tissue
oximetry in real-time, continual and responsive. However,
more studies are necessary before this tool can be safely used
in an everyday clinical setting.

In conclusion we could show that children have higher
normal compartment pressures than adults in the lower leg.
They seem to be able to tolerate higher absolute compart-
ment pressures and lower pressure gradients before ACS
occurs. But in light of the scarce data we have, we would
recommend to respect the accepted threshold values in
adults.

No technology has replaced clinical judgement in the
diagnosis of ACS yet.

Absolute compartment pressures alone are not decisive—
it must always be considered in the clinical context. There-
fore, due to the high morbidity of a missed compartment
syndrome, the old surgeon’s maxim is still valid: if in doubt,
do a fasciotomy.
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