Is DVT excluded by normal thermal imaging? – an outcome study of 700 cases
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Abstract 

Untreated deep vein thrombosis (DVT) has a significant morbidity and mortality as it can cause pulmonary embolism (PE).  This risk is substantially eliminated by effective anticoagulation, which prevents further thrombus formation in the leg veins, allowing gradual natural absorption of the existing blood clot, but this treatment has risks of its own and is not indicated without a definite diagnosis.  Clinical diagnosis is extremely misleading, so accurate clinical tests are required to rule out or rule in clinically suspected DVT.  There are risks and disadvantages to the most commonly utilised conventional tests for DVT, over one third of which examinations can be avoided by performing thermal imaging as the initial investigation, which excludes DVT when normal.  This outcome study followed up patients with clinically suspected DVT who were not further investigated or treated following normal thermal imaging, and showed that no patients developed PE following normal thermography with no further investigation for DVT and withholding of anticoagulant therapy.
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1. Introduction

Lower limb deep vein thrombosis is a potentially serious condition which, if untreated, frequently progresses to pulmonary embolism (PE), 90% of cases of which arise in the deep veins of the lower limbs [1].  PE is the third commonest cause of death in the UK and USA [2], causing 20,000 deaths per annum in the UK and accounting for 10% of all hospital deaths [3].  The mortality and morbidity from DVT and PE can be dramatically reduced by effective anticoagulant therapy, but such treatment has significant risks, is time consuming, and expensive and should not be undertaken without a confirmed diagnosis [4]. Unfortunately, clinical diagnosis of DVT is very unreliable [3], so accurate clinical tests are needed to confirm or exclude clinically suspected cases.  The most commonly utilised conventional tests, lower limb venography (phlebography) or Doppler ultrasound have significant disadvantages and risks [5-8].  Thermal imaging for DVT is non-invasive, with no risks or side effects, is quick and easy to perform, and is inexpensive in consumables and operator time and relatively inexpensive for capital equipment costs compared with venography or Doppler ultrasound.  A normal thermogram with no temperature asymmetry and maintenance of the normal 3oC temperature gradient down the symptomatic lower limb confidently excludes DVT [9] in over 37% of cases[10], thus avoiding the need for venography or Doppler ultrasound in these patients.  A positive thermogram demonstrating increased temperature plus loss of the normal 3oC temperature gradient in the symptomatic lower limb is not specific to DVT however, and also occurs in the clinically indistinguishable situations of a ruptured Baker’s (popliteal) cyst or superficial thrombophlebitis[11,12], neither of which conditions benefit from anticoagulant therapy.  Further investigation by lower limb venography or Doppler ultrasound is therefore required in those patients with positive thermograms.

This study examined outcomes in patients with clinically suspected DVT, who as a result of a normal thermogram, underwent no further investigation by venography or Doppler ultrasound, and no treatment by anticoagulation.  The aim was to see if these patients had any evidence of subsequent DVT or PE on long term follow up.

2. Methods
The medical case notes were retrieved whenever possible and reviewed for 700 consecutive patients with clinically suspected DVT examined by thermal imaging of the lower limbs over a five year period between 1988 and 1993.  Examination was carried out by infra-red imaging or liquid crystal contact thermography using techniques previously described[13-15], in the Clinical Radiology Department of St Woolos Hospital, Newport, Gwent, UK.  Additional information was obtained from the radiology administration system, and this was supplemented by information from the patient’s general practitioner when necessary.

3. Results

Adequate follow-up information was obtained in 345 out of 700 patients (49.3%).  There were negative thermograms showing no asymmetry between the two lower limbs and maintenance of the normal 3oC temperature gradient down both lower limbs in 128 patients out of the 345 (37.1%). Positive thermograms showing increased skin temperature in the symptomatic lower limb plus loss of the normal 3oC temperature gradient were seen in the right lower limb in 101 patients (29.3%), in the left lower limb in 113 patients (32.8%), in both lower limbs in 1 patient (0.3%), and there were equivocal results in 2 patients (0.6%).  The 128 patients with normal thermographic findings excluding DVT had an age range of 18-95 years with a mean of 61.1 years.  There were 34 male patients (26.6% of the total negative cases) with an age range of 23-87 years and a mean of 61.1 years.  There were 94 female patients (73.4% of the total negative cases) with an age range of 18-95 years, mean 59.9 years.  Follow up period ranged from 1-71 months, mean 13.3 months.  31 of the female patients were of child bearing age, of whom 4 were on the oral contraceptive pill (OCP), and 4 were pregnant.  63 of the female patients were post menopausal, 2 of whom were receiving hormone replacement therapy (HRT).  11 of the patients with negative thermograms were asthmatic and 24 had allergies.  The stated allergies were to antibiotics in 20 patients (19 penicillin, 1 sulphonamide), other drugs in 2 patients (1 aspirin, 1 codeine) and to other agents in 6 patients (2 iodine, 1 elastoplast, 1 detergent, 1 cotton wool, 1 not specified).  4 of these patients were allergic to more than one agent.  17 of the patients with normal thermograms had died during the follow up period, but there were no deaths in this group due to pulmonary embolism.  The recorded causes of death were cardio-vascular disease in 6 patients (2 cardiac arrest, 1 cardiac failure, 3 cerebrovascular accidents), respiratory disease in 3 patients (2 bronchopneumonia, 1 respiratory failure), malignant disease in 3 patients (1 carcinoma of colon, 1 carcinoma of lung, and 1 patient with carcinoma of prostate and bladder), 2 patients with gastro-intestinal (GI) causes of death (1 GI haemorrhage, 1 GI perforation), 1 patient with overwhelming urinary tract infection, and there were 4 patients in whom the cause of death was not established (2 patients had two co-existing conditions contributing to death).  None of the patients with normal thermograms who were not subjected to further investigation by venography or Doppler ultrasound developed clinical or proven pulmonary embolism on follow up, though 2 of the patients with positive thermograms, confirmed as due to DVT by venography, and treated with anticoagulation, subsequently died of PE.

2 patients with normal thermograms were re-investigated after an interval of 1 and 4 days respectively because of continuing clinical suspicion of DVT, in both of these cases the follow up thermogram was also normal.  1 patient with a slightly equivocal thermogram was re-examined after 1 day on which the follow up thermogram was normal.  There was just one patient with a normal thermogram, who subsequently developed DVT one month later when a second thermogram proved positive with DVT confirmed by venography.  This patient was anticoagulated and suffered no further episodes of DVT or pulmonary embolism.  None of the remaining patients with normal thermograms were further investigated for DVT, treated with anticoagulants, or developed PE.

4. Discussion

Normal thermography has been previously shown to exclude DVT and thus avoid the need for more invasive or time-consuming and expensive investigations such as lower limb venography or Doppler ultrasound[9,11].  Thermal imaging was normal in 37.4% of a large series of 1,000 patients with clinically suspected DVT[10], and in 97% of a series of 30 pregnant patients with suspected DVT[16], who thus avoided unnecessary further investigation.

This outcome study reviewed the medical case notes of 345 out of 700 consecutive patients investigated by thermal imaging for clinically suspected DVT.  Of these patients, 128 had normal thermograms and were not further investigated for DVT, or anticoagulated.  Just one patient with a normal thermogram had a positive thermogram on re-admission one month later, with DVT confirmed by venography.  It is debatable whether or not this was a new episode of DVT or whether DVT had developed soon after the initial negative thermogram.  Following the second (positive) thermogram and positive venogram the patient was anticoagulated with Warfarin and subsequently recovered with no follow up evidence of pulmonary embolism.

The 4 pregnant patients, the 4 females taking the oral contraceptive pill, and the 2 post menopausal females on HRT were at increased risk of DVT due to hormonal influences.

The 11 asthmatic and 24 allergic patients would have required special precautions had venography been performed in view of their increased risk of contrast medium allergy (at the time when these patients presented venography was available on site but Doppler ultrasound was not).

Except for the one patient with a normal thermogram who re-presented one month later with confirmed DVT, no other patients with normal thermograms, not further investigated or treated, subsequently developed DVT or PE.  Thermal imaging is therefore shown, when normal, to safely and confidently exclude venous thrombo-embolic disease in over 99% of cases.

5.  Conclusion
In view of the many advantages compared with venography or Doppler ultrasound, and the ability to avoid the necessity for over one third of these investigations, thermal imaging should be considered the initial investigation of choice in clinically suspected DVT, proceeding to venography or Doppler ultrasound only when thermal imaging is positive.  (Figure 1.)
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Figure 1  -  Suggested diagnostic pathway for DVT
