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The use of automated strain gauge plethysmography
in the diagnosis of deep vein thrombosis
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Abstract. The venometer is a nurse- or technician-operated machine that uses automated strain
gauge plethysmography to detect deep vein thrombosis (DVT). We compared the venometer with
contrast venography to determine its accuracy, and also used it to triage patients between
admission with subsequent anticoagulation and out-patient investigation without anticoagulation.
We enrolled 307 consecutive patients presenting to the medical admissions unit with suspected
DVT, of whom 270 underwent both plethysmography and venography. Plethysmography
produced a negative predictive value (NPV) of 97% and a sensitivity of 90% for proximal DVT. It
also produced a false negative rate of 10% for proximal DVT, For distal DVT, sensitivity was
66%, specificity 80%, positive predictive value 36% and NPV 93%. We conclude that the
automated venometer report is a quick, non-invasive and easy to use initial screening test.
However, it is not sufficiently accurate in a medical admissions unit to be a definitive diagnostic
test for DVT and may, therefore, be best used in combination with clinical risk assessment and

D-dimer assay with more definitive radiological investigations as necessary.

Deep vein thrombosis (DVT) is a common
clinical condition and accounts for 2.5 million
cases per year in the US, of which approximately
20% will develop pulmonary embolism [1]. It
is one of the most common reasons for acute
referral to physicians in the UK and costs the
NHS an estimated £240 million per year [2].

Contrast venography is a standard method for
diagnosing the presence of DVT [3, 4]. However,
it is invasive, not always technically possible to
perform and carries a small risk of causing
venous thrombosis [5]. In view of these limita-
tions, compression ultrasound has emerged, in
many centres, as the non-invasive method of
choice for the evaluation of patients with sus-
pected DVT. This is largely because of its
accuracy in detecting DVT, patient tolerability
and the non-invasive nature of the test [6-8]. In
our hospital, venograms and ultrasound are only
available 9am—5pm, Monday to Friday.

Although low molecular weight heparin is often
used in patients with suspected DVT as out-
patient treatment whilst awaiting a definitive test,
at the time of this study it was not routinely
available. Therefore, patients with suspected
DVT who were unable to undergo venogram or
ultrasound at the time of admission would be
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admitted and given heparin until a venogram
could be performed. This might mean patients
admitted on a Friday evening would undergo 72 h
of anticoagulation before a definitive test could
be performed. A significant proportion of patients
are therefore admitted and anticoagulated unnec-
essarily, with its associated risks and costs.

The most important adverse effect of heparin
therapy for DVT is major haemorrhage. This has
been shown to occur in 4% of cases, with one in
six of these being fatal [9]. O’Shaughnessy et al’s
study had a similar major haemorrhage rate with
the addition of minor haemorrhage in 3.2% of
patients, and a rethrombosis rate of 6.9% [10].

Strain gauge plethysmography has been used
diagnostically for several decades [11-12]. It meas-
ures changes in calf dimensions whilst venous
outflow is occluded by a cuff placed around the
thigh. The rate of decrease in calf diameter when
the cuff is deflated gives a measure of venous
outflow. However, the calculations involved were
laborious, which made its use unappealing.
Computer-assisted strain gauge plethysmography
(AMT Ltd, Belfast, UK) using a technician-
operated portable machine is quick and simple to
use. Venous capacitance and venous outflow are
automatically calculated and plotted against a
computer determined discrimant line giving an
immediate and objective measure of the presence
or absence of DVT [13-15].
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Figure 1. The venometer and correct patient position-
ing.

We compared this with contrast venography
and evaluated its accuracy in detecting both above
and below knee DVT in a District General
Hospital Medical Admissions Unit.

Methods

All patients admitted to the Acute Medical
Unit at Gloucestershire Royal Hospital over a
24 month period (November 1997-October 1999)
with suspected DVT were screened using computer-
assisted strain gauge plethysmography.

This venometer scan was performed within 3 h
of admission. The patients leg was elevated with
the knee flexed at 30° and the heel supported in a
custom made rest. Maximum calf circumference
was measured and recorded and the strain gauge
then applied to the calf at this level. A standard
thigh cuff is inflated automatically when the
computer programme is started [13, 16]. The
venometer and position the patient has to adopt is
shown in Figure 1. The computer clearly displays

the result as positive or negative for a proximal
DVT (Figure 2).

Scans were performed by one of several nurses
trained to use this equipment. If a venogram
could be arranged on the day of admission, this
was performed. If this was not possible, and the
venometer was negative, the patient was dis-
charged without anticoagulation but with an
out-patient venogram booked for the next list.

All venograms were reported blind of the
venometer result. Thrombosis involving popliteal,
femoral or iliac veins was defined as proximal
(or above knee), whilst thrombosis below the
popliteal vein was defined as distal (or below
knee).

Statistical analysis

Data were entered into a spreadsheet and the
statistical programme SPSS (version 7.5.1) (SPSS
Inc., Chicago, IL). Diagnostic data were summar-
ized using sensitivity, specificity, positive predic-
tive value (PPV) and negative predictive value
(NPV).

Exclusions

37 patients referred for investigation of possible
DVT were excluded. Four of these did not have
a venometer test; one was too obese for the
venometer cuff to fit, two patients were not able
to keep still for long enough and one patient
was unable to bend their leg owing to a recent
orthopaedic procedure.

The remaining 33 patients underwent a venom-
eter test on arrival at the Medical Admissions
ward, but in 21 cases venogram was not per-
formed because another clinical diagnosis was
made by the admitting medical team (Table 1).
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Table 1. Medical diagnosis, other than deep vein
thrombosis, made at time of admission

Diagnosis No. of patients

Cellulitis

Biventricular failure
Ruptured Baker’s cyst
Reactive knee effusion
Achilles tendonitis
Superficial thrombophlebitis
Fracture of lateral malleolus

— NN NN WO

The remaining 12 patients did not undergo venog-
raphy because of technical difficulties such as
failure to cannulate a suitable vein owing to local
swelling. Most of these patients underwent
compression ultrasound.

Results

307 consecutive patients, with a mean age of
57.9 years (range 18-95 years), underwent auto-
mated strain gauge plethysmography. 195 patients
were female and 112 male. 37 of 307 patients were
excluded from subsequent analysis. 270 patients
had both venometer test and venogram. Venog-
raphy showed 82 of these patients to have DVT
(50 proximal, 32 distal).

Plethysmography detected 45 of these 50
proximal DVTs and 21 of these 32 distal DVTs
(Table 2). Automated strain gauge plethysmogra-
phy had a 97% NPV for proximal DVT together
with a sensitivity of 90% (Table 3). Plethysmog-
raphy gave 38 false positive results giving a
false positive rate of 20%. This meant that these
patients were treated unnecessarily whilst awaiting
a venogram. Plethysmography also had a false
negative rate of 10% for proximal DVT.

In total, 166 patients produced a negative
venometer result. Of these, 59 produced a nega-
tive venogram the same day. 107 patients with a
negative venometer underwent venography on a
subsequent day, with the potential to save 118
days of anticoagulation.

Discussion

In this study, automated strain gauge plethys-
mography performed in 270 consecutive patients

Table 2. Venography and venometer results in 270 patients

N A Maskell, S Cooke, D J Meecham Jones et al

Table 3. Sensitivity, specificity, negative predictive
value (NPV) and positive predictive value (PPV)
using the venometer

Sensitivity Specificity NPV PPV

(%) (%) %) (%)
Proximal DVT 90 73 97 43
Distal DVT 66 80 93 36
Proximal and/or 80 80 90 63

distal DVT

DVT, deep vein thrombosis.

with suspected DVT had a sensitivity of 90% for
the detection of proximal DVT. Although a high
figure, this is not as good as published data on a
selected group of orthopaedic patients [13, 16].
Possible explanations include non-occulsive prox-
imal thrombosis, procedural errors on a busy
admission ward, different staff members perform-
ing the test, occasional poor fitting of the cuff or
strain gauge errors, as well as unobserved patient
movement during the test [17-19]. Results are,
however, comparable to two previously published
smaller studies that showed the test to have
sensitivities of 95% and 94%, respectively [13, 20].

There were five false negative results for prox-
imal DVT, with a clot shown on the venogram.
On reviewing these scans, four of the five cases
had a clot extending as far as the popliteal vein
only, with free flow in the femoral and iliac veins.
As these patients had a delay ranging from 1-3
days between venometer test and venography, it
is possible that an initial distal DVT may have
propagated between the time of venometer and
subsequent venogram. It has been shown that up
to 20% of distal DVTs will propagate with time
[1]. This may be another reason for the slightly
lower sensitivity of 90% in our series compared
with other studies using computer-assisted strain
gauge plethysmography [18, 20]. Plethysmography
has a poor sensitivity (66%) for calf DVT,
failing to detect 11 of 32 DVTs in our study.
Therefore, the venometer is not a reliable test for
diagnosing or excluding distal DVT on its own.
D-dimer testing has been used with great success
as an adjunct to radiological investigations for
DVT [19]. It may, therefore, have a use in
combination with venometer testing and clinical

Venography Venography Venography Venography
positive positive showing positive showing normal
for DVT proximal DVT only a distal DVT
Venometer
Positive 66 45 21 38
Negative 16 5 11 150
Total 82 50 32 188

DVT, deep vein thrombosis.
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score assessment, an additional advantage being
the 24 h availablitiy of these tests in most UK
hospitals.

In summary, the venometer should not be used
as a definitive test to exclude DVT because of its
high false negative rate. In this study it failed to
detect 10% of above knee DVTs and one third of
distal thrombi that may later propagate.

References

1. Rosendaal FR. Venous thrombosis: a multicausal
disease. Lancet 1999;353:1167-73.

2. Griffin J. Deep vein thrombosis and pulmonary
embolism. London: Office of health economics,
1996.

3. de Valois JC, van Schaik CC, Verzijlbergen F, van
Ramshorst B, Eikelboom BC, Meuwissen OJ.
Contrast venography: from gold standard to ‘golden
backup’ in clinically suspected deep vein throm-
bosis. Eur J Radiol 1990;11:131-7.

4. Lensing AW, Prandoni P, Buller HR, Casara D,
Cogo A, ten Cate JW. Lower extremity venography
with iohexol: results and complications. Radiology
1990;177:503-5.

5. Albrechtsson U, Olsson CG. Thrombotic side-
effects of lower-limb phlebography. Lancet 1976;1:
723-4.

6. Heijboer H, Buller HR, Lensing AW, Turpie AG,
Colly LP, ten Cate JW. A comparison of real-time
compression ultrasonography with impedance
plethysmography for the diagnosis of deep-vein
thrombosis in symptomatic outpatients. N Engl J
Med 1993;329:1365-9.

7. Lensing AW, Prandoni P, Brandjes D, Huisman
PM, Vigo M, Tomasella G, et al. Detection of
deep-vein thrombosis by real-time B-mode ultra-
sonography. N Engl J Med 1989;320:342-5.

8. Cogo A, Lensing AW, Koopman MM, Piovella F,
Siragusa S, Wells PS, et al. Compression ultra-
sonography for diagnostic management of patients
with clinically suspected deep vein thrombosis:
prospective cohort study. BMJ 1998;316:17-20.

9. Zidane M, Schram MT, Planken EW, Molendijk
WH, Rosendaal FR, van der Meer FJ, et al.
Frequency of major hemorrhage in patients treated
with unfractionated intravenous heparin for deep
venous thrombosis or pulmonary embolism: a study
in routine clinical practice. Arch Intern Med
2000;160:2369-73.

The British Journal of Radiology, August 2002

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

O’Shaughnessy DF, Tovey C, Miller AL, O’Neill V,
Rana PS, Akbar S, et al. Outpatient management of
deep vein thrombosis. J Accid Emerg Med 1998;
15:292-3.

Wells PS, Hirsh J, Anderson DR, Lensing AW,
Foster G, Kearon C, et al. A simple clinical model
for the diagnosis of deep-vein thrombosis combined
with impedance plethysmography: potential for an
improvement in the diagnostic process. J Intern
Med 1998;243:15-23.

Cooperman M, Martin EW, Satiani B, Clark M,
Evans WE. Detection of deep venous thrombosis by
impedance plethysmography. Am J Surg 1979;137:
252-4.

Croal S, Birkmyre J, McNally M, Hamilton C,
Mollan R. Strain gauge plethysmography for the
detection of deep venous thrombosis. J Biomed Eng
1993;15:135-9.

Barnes RW, Wu KK, Hoak JC. Fallibility of the
clinical diagnosis of venous thrombosis. JAMA
1975;234:605-7.

McNally M. A practical screener for deep vein
thrombosis after total hip replacement. Hip inter-
national 1996:6:140-8.

McNally MA, Kernohan WG, Croal SA, Mollan
RA. Deep venous thrombosis in orthopaedic
patients. Improving the specificity of diagnosis.
Clin Orthop 1993;295:275-80.

Warwick DJ, Thornton MJ, Freeman S, Bannister
GC, Glew D, Mitchelmore AE. Computerized
strain-gauge plethysmography in the diagnosis of
symptomatic and asymptomatic venous thrombosis.
Br J Radiol 1994;67:938-40.

Janssen MC, Wollersheim H, Haenen JH, van
Asten WN, Thien T. Deep venous thrombosis: a
prospective 3-month follow-up using duplex scan-
ning and strain-gauge plethysmography. Clin Sci
(Colch ) 1998;94:651-6.

Bernardi E, Prandoni P, Lensing AW, Agnelli G,
Guazzaloca G, Scannapieco G, et al. D-dimer
testing as an adjunct to ultrasonography in patients
with clinically suspected deep vein thrombosis:
prospective cohort study. The Multicentre Italian
D-dimer Ultrasound Study Investigators Group.
BMIJ 1998;317:1037-40.

Flanagan DE, Creasy T, Thomas P, Cavan D,
Armitage M. Computer-assisted venous occlusion
plethysmography in the diagnosis of acute deep
venous thrombosis. QJM 2000;93:277-82.

651



