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Multi-modular Vascular Treatment

Local cold injuries and hypothermia are aggravated by high altitudes at wich military operations might take place, espacially in Afghanistan. First aid capabilities in field medicine for re-warming, pain controll and further treatment  in hospital might threat a larger number of soldiers, exposed to these conditions. We present our protocol of diagnostic tools, classification of deep frostbite and prognosis of amputation and stage-adjusted early and late treatment.

In our Department of Angiology we care in close cooperation with vascular surgeons and interventionl radiologists about acute and chronic limb ischemia as in peripheral arterial occlusive diseases (POD). Many aspects of frostbite injuries are similar with pathophysiology of acute and chronic limb ischemia (CLI) of POD. Treatment modalities of POD can be transfered to treatment of deep frotbite injuries. I will focus on in-hospital treatment of cold induced injuries. I will tell you about the medical treatment, hyperbaric oxygen treatment and the value of diagnostics like bone scans and angiography. Nevertheless I will give some recommendations as vascular specialist, what should additionally be done in the very beginning of treatment in the pre-hospital situation.

All of you know the symptoms and signs like white pale tissue with numbness and increasing loss of sensation without pain. Diagnosis is made from the awareness of the risk. The main problem is that severity and extent of frostbite can hardly be estimated during the initial phase. Recovery of sensation after 10 mins rewarming may indicate superficial frostbite with a good prognosis but inidcates that prevention has failed.

We see early patients in the freeze-and-thaw phase, who are admitted to us from the urban surroundings (under  24h after exposition) and we see patients who come from mountaineer expeditions in the late phase of vascular thrombosis and ischaemia with a delay of several days or even more than a week. The underlying aim of the treatment is to improve the local circulation and to limit tissue damage. The treatment modalities are established in vascular medicine and have been trialled in patients with peripheral vascular disease. We focus on the ischemic border-line zone between irreversibly damaged and healthy tissue to avoid further damage. Anticoagulation will be started combined with antiplatelet therapy and we will support vasodilation by PGE1 to the microvascular occlusion.

In the freez and thaw cyclus tissue damage occures not only by freezing, the significant cause of tissue injury occurs after thawing with local inflammation and coagulation that stimulates thrombosis and cell death.

In the beginning local vasoconstriction is cyclically relieved by waves of cold-induced vasodilation until this reaction gets lost – we will hear about this phenomenon later in the symposium.

The tissue suffers direct damage by ice formation and following increasing osmotic pressure of interstitium, that will lead to cellular dehydration and ends in vascular occlusion due to sludging and cell aggregation.

On this slide we see the edema between dermis and epidermis and the vascular occlusion and evasion of blood cells.

We are able to have a look at the nutritive capillaries in frostbitten areas in the finger nails by vital capillary microscopy. On this slide we have a close look at the capillaries in the viable cuticle of the second finger  -marked with a black frame - and the destroyed anatomical structures in the cuticle of the forth finger - marked with a red frame. This method is not a reliable diagnostic tool, but it shows exemplary what happpens to the microvascular system of frostbitten areas.

Beside the first aid interventions in treating frostbite on site, here are some recommendations I would like to give to you as as I can obviously see the pathophysiological parallels between frostbite and acute or chronic limbischemia: In a hypothermic patient, whole body warming should take priority over the limb. Than start to rewarm the frozen fingers and toes in a warm water bath of 40-42o Clesius, add antiseptics to the water. Adequate analgesia is essential. If rewarming is discontinued due to insufficient painkiller medication rewarming will not be effective. Give oxygen, especially in high altitude, because oxygen consumption per unit time increases dramatically with any fall in body temperature. Most patients are dehydrated, resuscitation with warm fluids is an important part of early managment - you can do it in the field iv. or by drinking (hematocrit increases1-2%/-1o Celsius body temperature). You should inhibit platelets by aspirin and/or clopidogrel - you can carry it in your pocket - start asap as you start re-warming. Low molecular weight heaprin is easy to dispense with a save therapeutic index - start asap in the rescue chain, at least on role 2-level.  This medication can be done early to fight stasis and ischemia, that starts soon on rewarming. It should be done as firstline treatment in any case and on suspicion of frostbite injury.

We preserve microcirculation by using Prostaglandin E1, a prostacyclin analogue and thromboxane inhibitor. Prostaglandin E1 is a vasodilator that inhibits plateletaggregation and decreases the production of thromboxane locally and stimulates fibrinolysis. It prevents platelet and leukocyte activation and protects the vascular endothelium. Its use has been effective in treating chronic ischemic peripheral vascular disease. Its the only medical treatment recommended with a level A evidence in the Transatlantic Inter-Society Consensus (TASC II) in case of CLI without any possibility for revascularisation. It is administrated for at least 4 weeks. The normal approved dosage in case of CLI is 40 µg twice a day. We escalate the dosage up to 80 µg twice a day in case of cold induced injury. Because of sideeffects like a thrombophlebitic reaction of the vein we use a central venous catheter for administration.

Another component of our multi-modular tretament is hyperbaric oxygen. It increases dissolved oxgen in the blood. Even in ischemic areas a normal supply is possible. At least a capillary perfusion up to the ischemic border-line is necessary to do so. Due to the lake of evidencebased data HBO treatment of frostbite injuries is yet not recommended by national or international societies. We recommend HBO as essential adjunctive therapy as it is associated with a low risk and it has in our oppinion a therapeutic effect.

We treat patients according to the marx schema for problem wounds. In literature you will find some spectacular but anecdotal case reports: here are two of them: 

Folio (Uniformed Services University of the Health Sciences, Bethesda, MD, USA) describes the case of a mountain climber treated w HBO. All fingers healed to full function, with only some cosmetic deformity to the tip of the most severely affected finger.

von Heimburg (Dep. of Plastic Sugery and Burn Center, University Hospital Aachen, Germany) reports on a 12 y old boy, who was transferred to Aachen from Poland with a delay of 8 days, having worked without gloves as a beater during hunt at a temperature of – 32 0 C (- 25,6 0 F) over a period of 4 h. His third degree frostbite on 4 fingers of the right hand and on 2 fingers of the left hand recoverd totaly and regained sensibility. In x-ray controlls there was - most spectacular - even no damage to epiphyseal plates of the fingers. Unfortunately no report is made on the adjunctive therapy.

We treated an expert mountaineer admitted to our department with a delay of nine days after suffering second and third degree frostbite injuries of the fingers in both hands while practicing mountain climbing, at 8.201 meters of altitidue, while he was prepared his camera at top of  Cho Oyu, Tibet, at a temperature of – 25o C (- 13o F) and a windchill of about 15 km/h. At the end of tretament he had only some cosmetic deformity to the tip of the most severely affected fingers and the fingernails. The hyperbaric oxygenation was combined with our multi-modular vascular treatment.

To estimate the injuries we use the classifaction of frostbite lesions as published by Emmanuel Cauchy - an expirienced specialist in treating cold injuries - he is head of the medical mountain rescue of Chamonix Hospital beneath the Mont-Blanc massif, France. They use beside the clinical aspect radiotracer uptake on bone scan as a predictive tool with regard to amputation. Absence of uptake leads to amputation. 

Bone scans enable to early detection of eventual bone and soft-tissue viability and in case of infection or sepsis amputation can be done in a limitted extend and with the knowledge where viable tissue ends and unviable bone starts. Repeated bone scans on day 2 and 8 can detect „hibernating“ (viable) tissue.

Angiography is not only a invasive diagnostic method - but it provides  the opportunity to treat vascular occlusions by thrombolysis (tPA - tissue plasminogen activator). 

In this study from Utha University in the US patients admitted under 24h after exposure had an administration of tPA at 1 mg/h and Heparin at 500 U/h starting on first angiography with controlls at 12h and 24h and continued Heparin for at least 72-96h. The authors claime for this modality the first clinically significant advancement in the treatment of frostbite in more than 25 years as the rate of amputation was lower in patients recieving tPA as in all other patients injured by frostbite.

But the limitations are obvious:

- patients have to be admitted to centers used to catheter guided vascular therapies within 24h

- study patients had a high incidence of substance abuse and mental illness … these are not patients anyone is keen on to have a femoral arterial catheter sheath on both sides (if upper extremities are involved too, you may be unluky to have two additional sheath in both brachial arteries also!) for up to 48h.

- limitation on military mission is the diffuculty to reache a specialized center in time.

Let me be honest, although we are used to catheter guided thrombolysis in vascular patients, we didn‘t do it yet on a patient with frostbite injury. Remark: never do angiography if you won‘t do thrombolysis!

In the past many attempts have been made to improve the care of patients with frostbite. None of these resulted in a profounde change in the managment and outcome. It is the combination of treatment modalities that improves the outcome of deep frostbite. The medical treatment influencing microvascularisation and the ischemic border-line zone is in our opinion the key to success. 

Our multi-modular vascular treatment of deep frostbite injuries to wake up the „hibernating“ but viable tissue of the ischemic border-line zone and try to push the Demarcation to the tip of fingers and toes consists of 
Start with anit-platelet therapy  on site.

Start anticoagulation while rewarming or asap afterwards.

Give oxygen, espacially in high altitude.

Administrate prostanoids asap and continue for weeks.

In special early cases think about catheter guided thrombolysis if you are part of a vascular medicine center.

Do HBO in any late cases.

Don‘t forget to take digital photos daily for medical records. 

Don‘t forget tetanus vaccination.

I‘m convinced in this way you will improve perfusion and oxygen supply of the ischemic border-line zone to save fingers, toes and limbs for life.
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