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Abstract
Background: Recent efforts to improve the quality of 
care in the Afghanistan theater have focused on extremity 
compartment syndrome, a common, disabling, and costly 
problem. To identify opportunities to improve care, the 
present survey was undertaken to observe the use of two 
standard methods—the traditional, improvised method 
and the common, off-the-shelf method—for determin-
ing intracompartmental pressures in the lower extremi-
ties of combat casualties. Methods: As part of a quality 
of care improvement effort during Operation Enduring 
Freedom, all combat casualties presenting to a forward 
surgical team at Forward Operating Base Shank from 
August to November 2011 with lower-extremity major 
trauma were evaluated for signs and symptoms of com-
partment syndrome. Results: Ten casualties had pressure 
measurement surveyed simultaneously using both meth-
ods. A two one-sided test analysis demonstrated a mean 
difference of –0.13 (90% confidence interval, –0.36 to 
0.096), which indicated that the methods were similar. 
A repeated-measures analysis yielded a p value of .72, 
indicating no statistical difference between the meth-
ods. The receiver operating characteristic curve demon-
strated excellent agreement within the prespecified limits 
(±2mm Hg, area under the curve 1.0), which indicated 
that the methods were similar. Conclusion: The main 
finding of the quality of care effort was that clinicians 
received similar information from use of two standard 
methods for far forward measurement of pressures to 
detect extremity compartment syndrome. This finding 
may help clinicians improve the quality of care in the 
theater in detecting, diagnosing, and monitoring com-
partment syndrome. 
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Introduction
Extremity compartment syndrome, an abnormal rise in 
physiological pressure of an anatomic osteofascial space, 

among casualties of the current war in Afghanistan is 
controversial, common, disabling, and, if managed 
poorly, lethal.1,2 Early detection of compartment syn-
drome onset after trauma appears essential to best care, 
but measurement of intracompartmental pressures can 
be challenging, particularly on the battlefield.3 Evacu-
ation (e.g., casualty transfer from Level II to Level III, 
from a forward surgical team [FST] to a combat sup-
port hospital [CSH], respectively) complicates compart-
ment syndrome diagnosis and monitoring and thereby 
risks delayed detection, limb ischemia, amputation, and 
death.1 Recent evidence implies that difficulties in mea-
suring may cause surgeons to bypass measurement and 
to overuse fasciotomy (i.e., perform many prophylactic 
fasciotomy operations).2 The small FST, having few sup-
plies and moving to austere sites, has no compartment 
pressure–monitoring devices on its unit allowance list, 
so manometer values are routinely absent. To fill that 
detection gap at the point of care, forward surgeons can 
improvise pressure measurement by using the transducer 
of a vital signs monitor that normally measures central 
venous pressure.4 This improvised method was popu-
larized decades ago and soon became traditional and 
stimulated development of handheld manometers.5 To-
day, commercial, off-the-shelf methods of determining 
pressures are common in civilian care. To focus on an 
opportunity to improve the quality of care, the present 
survey was conducted to observe use of the two stan-
dard methods—the traditional, improvised method and 
the common, off-the-shelf method—for determining in-
tracompartmental pressures in the lower extremities of 
combat casualties.

Methods
As part of a quality of care improvement effort during 
Operation Enduring Freedom (OEF) , all combat casu-
alties presenting to an FST at Forward Operating Base 
(FOB) Shank from August 2011 through November 
2011 with critical lower-extremity injuries were evalu-
ated for signs and symptoms of compartment syndrome. 
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The period of observation lasted until supplies ran out, 
which in this case was first with the off-the-shelf method. 
In the normal course of clinical care, each at-risk lower 
extremity had compartment pressures measured with 
the two standard methods—the improvised method 
and the off-the-shelf method. Pressures were measured 
by the treating surgeon (military occupational specialty 
61J, general surgeon; or 61M, orthopedic surgeon). The 
present work was conducted to improve clinical perfor-
mance at one institution without intent originally to gen-
eralize knowledge or publish results. However, after the 
usefulness of the findings became clear, we applied for 
an oversight review.

The traditional, improvised compartment pressure mea-
surement method utilized a standard vital signs moni-
tor that was available at the FST. A standard 20 gauge 
needle/intravenous pressure tubing/transducer setup was 
connected to the input normally used for central venous 
pressure waveform measurement.4 The needle was then 
inserted in each compartment to measure compartment 
pressures. This setup was improvised, awkward, slow, 
and bulky; it consumed numerous supplies and occupied 
a waveform channel of the sole monitor during compart-
ment pressure measurements. Although cumbersome, 
the traditional improvised method can be made reliable 
by knowledgeable hands with adequate supplies.4 

The commercial, off-the-shelf method of determining 
pressures included a small, handheld manometer, the 
Compass™ Compartment Pressure transducer (Mirador 
Biomedical, Seattle, WA). The disposable manometer 
has an integrated digital display for direct measurement 
of physiological pressure; it was cleared by the U.S. Food 
and Drug Administration (FDA) in 2011 (510k number 
K112203). The manometer was used to simply and rap-
idly determine pressures as it required few supplies and 
little setup time in contrast to the improvised method. 
The handheld manometer in the present survey was used 
as indicated by the FDA labeling. 

Statistical methods included descriptive statistics and 
three comparison methods. First, to compare the diag-
nostic methods, a two one-sided test (TOST), the most 
basic form of equivalence testing to compare two groups, 
was used to compare the two methods. Routinely in 
TOST analysis, the confidence intervals are made at (1 – 
2α) × 100% and as α = .05 or 5%; the 90% confidence 
intervals were constructed in order to observe equiva-
lence or difference. Second, repeated-measures analysis 
was conducted. Third, receiver operating characteristic 
(ROC) curves were used. In comparison, noninferiority 
of the off-the-shelf method to the traditional, improvised 
method was determined by boundaries of ±2mmHg; the 
reference was the improvised method and the compara-
tor was the off-the-shelf method. 

Results
In this quality of care effort, 10 casualties had pres-
sure measurement surveyed simultaneously using both 
methods. All casualties sustained explosion injuries that 
caused soft tissue damage and destruction. Fragment 
wounds or associated vascular lesions were neither ex-
cluded nor required for inclusion. The 10 casualties had 
20 lower-extremity injuries involving 68 compartments 
below the knee, all of which were surveyed.

For the first quality of care comparison of the diagnostic 
methods, the total sample size of 68 was used to conduct 
a TOST analysis; it demonstrated a mean difference of 
–0.13 (90% confidence interval, –0.36 to 0.096). This 
–0.13 difference was within the predefined tolerance 
limits of ±2mmHg, and so the methods were similar. 
The absolute differences in compartment pressures, by 
method, are described in Figure 1, while the distribu-
tions of pressures are described in Figure 2. Figure 3 
demonstrates the paired pressure differences between 
the two methods are very narrow.

For the second quality of care comparison, repeated-
measures analysis revealed a p value of .72, indicating 
no statistical difference between the methods. When the 
analysis was repeated using the absolute differences, the 
p value was .25, which also indicated no statistical dif-
ference between the methods. Figure 4 demonstrates the 
granularity of data points and means between the two 
methods.

Figure 1  Difference in compartment pressures betweeen the 
two methods. 

Notes: The absolute (abs) difference (diff) in compartment pressure 
measured by the two methods was often at or near zero. The absolute 
difference is the vertical (y) axis and is in mmHg units. The horizontal 
(x) axis is the abbreviated names of the anatomic leg compartments 
(anterior [Ant], deep posterior [Post], lateral [Lat], and superficial pos-
terior [Sup Post]). L represents left leg, and R represents right. The box 
top is the 75th percentile, the bottom is the 25th percentile, the whis-
ker is the 90th percentile, and circles are outliers beyond the whisker. 
Diamonds are means.
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For the third quality of care comparison, the ROC curve 
demonstrated excellent agreement of the off-the-shelf 
method with the improvised method within the prespeci-
fied limits (±2mmHg). The area under the curve was 1.0, 
which also indicated that the two methods were similar 
(Figure 5). 

Discussion
The main finding of the present effort to improve quality 
of care in theater was that two standard methods used 
for far forward measurement of extremity pressures to 
detect compartment syndrome were similar to one an-
other. Rarely are battlefield assessments of extremity 
compartment syndrome evidenced well, and the present 
survey describes the results of both a traditional, im-
provised method and the recently cleared off-the-shelf 
manometric method. The methods performed similarly 
in measuring physiological pressures at the FST (Level 
II) in the Afghanistan war. Although it is no scientific 
surprise that the off-the-shelf method and improvised 
method had similar results, as they both were to measure 
extremity compartment pressures, the ease of use of the 
off-the-shelf method is of plain practical value to forward 
clinicians such as surgeons, emergency physicians, and 
physician assistants. The value is extra if expertise or time 
is limited. By increasing awareness of detection of a com-
mon, disabling, and occasionally lethal condition, the 
present survey offers specific evidence of the diagnostic 

equivalence of two common methods. Therefore, users 
may now make a better informed decision among them, 
perhaps concerning other factors such as convenience or 
cost, depending on the user’s individual needs. A key to 
improving care of the syndrome is its early detection, the 
focus of the present effort. 

Figure 2  Distribution of difference in pressures between the 
two methods. 

Figure 3  Profiles of paired pressures measured by the two 
methods. 

Notes: The data distribution of pressure differences between the two 
methods was centered closely to zero, indicating little to no difference. 
The vertical (y) axis is the percentage of all pressure measurements. 
The horizontal (x) axis is the differences in mmHg. The differences 
also have 90th percent confidence bounds shown on the axis as a nar-
row, gray-shaded area over which the diamond represents the mean. 
Circles represent outlier values beyond the 90th confidence bounds. A 
referent normal distribution is shown as a solid line in its characteristic 
bell-shaped curve so that the reader can see that the data are distrib-
uted narrower than normal (similarly, the data distribution is narrower 
than a Kernel distribution).

Notes: When data are paired for the traditional, improvised (standard) 
method and for the for the off-the-shelf (new) method, the differences 
are small or zero. The points at the ends of the paired lines represent 
the data points of the two respective methods. The two vertical axes (y-
axes, left and right) are in mmHg for the differences. Minor differences 
among paired measurements are seen as sloped lines; no difference is a 
flat line. The mean difference, the dashed line, is nearly flat. The two 
methods generated similar paired measurements.

Figure 4  Graphic agreement in pressures measured by the 
two methods. 

Notes: When data are graphed for the traditional, improvised (stan-
dard) method and for the off-the-shelf (new) method, the differences 
are seen as distance from the central diagonal line representing no dif-
ference. The circles are the pressure measurements; the large circle is the 
mean. The vertical ax=is (y-axis, left) is the pressure in mmHg by the 
off-the-shelf (new) method. The horizontal axis (x-axis) is the pressure 
in mmHg by the traditional, improvised (standard) method. Differences 
were small or zero, indicating that the two methods are similar.
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In the present quality of care effort, diagnostic processes 
at the base were improved by the focused attention on 
compartment syndrome detection. By deconstructing the 
task of detection into pressure manometry, the focus be-
came clear to the clinicians, which improved clarity of 
diagnosis.

Regarding quality of care efforts on compartment syn-
drome in theater, routine war surgery often includes lib-
eral four-compartment fasciotomies for lower-extremity 
wounds with any clinical suspicion of compartment syn-
drome. At-risk limbs include those with wounds prone 
to swelling such as with reperfusion after vascular repair 
and soft tissue injuries with long evacuation and little 
monitoring. Fasciotomy with compartment syndrome 
present is therapeutic, and fasciotomy with compartment 
syndrome absent is prophylactic1,2; the latter is generally 
regarded as standard of care in combat operations. This 
common or liberal use of fasciotomy when the syndrome 
is absent, yet may develop soon, is in part largely due to 
the inability to assess compartments when casualties are 
moved from Level II to Level III and due to a lack of con-
tinuity in care because surgeons do not travel rearward 
with casualties. The new off-the-shelf method used in 
the present survey may have a role in filling that gap by 

providing a simple method for measuring compartment 
pressures and thereby detecting the onset of compart-
ment syndrome reliably, easily, and early. Additionally, 
this method could be used without consuming other 
valuable supplies. Furthermore, the off-the-shelf method 
did not block the use of monitor channels for vital signs. 
Finally, this method was able to be used repeatedly on 
a single casualty and left in place for real-time ongoing 
measurements. 

Limitations of the present quality of care effort in the-
ater are numerous. By limiting this work to observation 
of normal care, no experiments, controls, or interven-
tions were performed. Without more rigorous methods, 
the present work observing a small number of cases 
mainly increases awareness of the clinical syndrome and 
its early detection by two common methods.

Several future directions exist for further quality of care 
efforts in theater . Work that advances awareness of the 
difficult-to-detect compartment syndrome, improves di-
agnosis and monitoring, or provides equivalent answers 
faster may help move the trauma system from its current 
state to a level that provides the best possible care for all. 
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Figure 5  Receiver operating characteristic (ROC) curve of 
the two methods. 

Notes: The ROC curve of the two methods of measuring compartment 
pressures showed that the two methods are similar. The vertical axis 
(y-axis) is the sensitivity of the off-the-shelf method compared with the 
improvised method. The horizontal axis (x-axis) is the specificity of the 
off-the-shelf method compared to the improvised method. Differences 
between the two methods were zero, indicating that the two methods 
are similar. The curve is represented as a dark line; in this case, it rises 
vertically and turns horizontally at the top. Given a ±2mm tolerance, the 
area under the curve is 1.00, indicating that the two methods are similar.
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