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      Abstract


      Background


      The patient was given the diagnosis during evaluation at a comprehensive amyotrophic lateral sclerosis (ALS) center by the neurology team. During the year prior to the diagnosis of ALS the patient was evaluated by seven different neurologists over the course of the progressive disease. Coordinated evaluation refined the diagnosis to cryoglobulinemia causing a vasculitis that resulted in severe peripheral neuropathy.


      Case presentation


      An 86-year-old female in general good health with insidious onset of symptoms that gained her classification qualification for an assigned diagnosis of amyotrophic lateral sclerosis. As frequently associated with a devastating diagnosis the patient and family remained motivated for any additional helpful options.


      Conclusion


      Presented here is how the patient went from bedbound to assisted ambulation along with the complex medical evaluation, case details, exam findings, and additional medical information that allowed and hindered the patient's ability to recover. ALS remains one of the most devastating diagnosis that a patient could be given and the additional information in this case could be helpful to other patients. Described below is the thought process of a coordinated effort when presented with a diagnosis of exclusion.


      Keywords


      Amyotrophic lateral sclerosis, Vasculitis, Cryoglobulinemia, Peripheral neuropathy, Hyperviscosity syndrome


      Abbreviation


      ALS: Amyotropic Lateral Sclerosis; ESR: Erythrocyte Sedimentation Rate; CBC: Complete Blood Count; ANA: Antinuclear Antibody; TSH: Thyroid Stimulating Hormone; MRI: Magnetic Resonance Imaging; P.O. Per Os: Meaning By Mouth, Orally; EMG: Electro Myography; CT: CAT Scan; CTA: Computed Tomography Angiography; CSF: Cerebro Spinal Fluid; DVT: Deep Vein Thrombosis; 3D: Three Dimensional; LMN: Lower Motor Neuron; UMN: Upper Motor Neuron; IBM: Inclusion Body Myositis; DRG: Diagnosis Related Groups; EHR: Electronic Health Record


      Introduction


      The following is a case presentation and review of amyotropic lateral sclerosis (ALS), presented in a detailed timeline where clinical decision making is matched by physical manifestations and accuracy of evaluation outcomes can be identified. As a diagnosis of exclusion with high morbidity and mortality rates ALS outcomes based upon a complete evaluation may provide hope and improvement for those who are assigned such a diagnosis.


      Manuscript body


      An elderly female had a progressive loss of neurological function simultaneous with other medical problems. A fluctuation between treatment priority of the neurological symptoms and joint and muscle pain type symptoms occurred based upon patient motivation and severity of the symptoms. Review of the medical record and history provided that the first presentation was a medical office visit for evaluation of arthralgia and fatigue symptoms more than a year prior to the diagnosis of ALS.


      Background medical and social history


      The patient lived on an operating dairy farm and worked in the insurance industry with five children and 13 grandchildren. No tobacco, alcohol or drug use. After retirement she worked as a volunteer and was assisting a local woman with transportation for chemotherapy at the time of presentation. Stable heart disease and other existing medical history is summarized in Figure 1.


      Month 1: The patient's initial complaint was of right knee pain worse than left knee. The initial exam was consistent with crepitus on movement, slight decreased range of motion, pain with movement, no significant muscle weakness, deformity, erythema or swelling found in this ambulatory patient. Orders were for plain view x-rays, over the counter medications and referral to physical therapy. With the current treatment plan the patient reported the knee symptoms were no worse but she did start to notice some weakness and myalgias of the legs.


      Month 2: Interpretation of the X-rays of the knees showed minimal changes to joint space with only a slight narrowing, normal anatomical alignment with minimal bone spur and no fractures. Examination showed persistent pain with movement of the bilateral knee joints. Meloxicam 7.5 mg P.O. daily was added but provided no relief after a two week trial. Following no response to medications, the left and right knees were injected by sterile technique with 80 mg of triamcinolone acetonide and orders for continued use of physical therapy for the muscle weakness. Two weeks later the patient reported muscle weakness in both legs with increase of myalgia symptoms associated with pain in right knee radiating up into the quadriceps muscles. Symptoms in the left leg were generalized to the left knee. There was no significant response to the treatment plan of medications, the injections and physical therapy. Orders included blood work for further investigation. The patients rheumatoid factor was elevated at 45.0 IU/mL, and the remaining labs within normal reference range: anti-CCP 8 units (cyclic citrullinated peptide), Aldolase 7.3 U/L, ESR 18 mm/hr. creatinine 1.10 mg/dL, CBC, ANA (antinuculear antibody), uric acid, TSH, C-reactive protein 0.34 mg/L, Lyme IgG/IgM negative and serum chemistry normal. Joint aspiration was considered but postponed due to limited fluid across joint on exam.


      Month 3: The patient remained completely independent in her house hold activities and driving. The medical evaluation revealed development of new bilateral shoulder area pain and myalgias with a further progression of the right leg pain from hip to knee. Her arthralgia symptoms persisted in the bilateral knees. The patient's pain took on an element of being pervasive from the hips down, yet remained localized to the area of the knee mostly. Muscle weakness and progressive fatigue continued to be noted without changes in reflex or sensation. The differential of the muscle weakness included skeletal muscle loss from lack of use secondary to arthralgia and myalgia of the limbs. The combination of treatment response failure along with the complex presentation prompted a rheumatology consultation for additional evaluation.


      Month 4: Pending the availability of the rheumatology consultation the meloxicam was discontinued due to creatinine increase from 1.1 mg/dL to 1.4 mg/dL. The medication was changed to prednisone 30 mg daily for 5 days then decreasing to a dose of 20 mg daily until specialist evaluation. Due to the abnormal neurological exam and weakness an MRI of the brain was ordered to rule out a central nervous system related etiology. As the patient had a pacemaker placed for sick sinus syndrome and pauses in the past, while compatible with MRI, the leads were reported as not compatible with an MRI scan. The orders were changed to a CAT scan of head.


      Month 5: Rheumatology consultation provided a diagnosis of rheumatoid arthritis failing conservative measures of NSAIDS, meloxicam, therapy and joint injections. The Rheumatologist reported that the patient had some relief in symptoms on the prednisone 20 mg daily over the last four weeks but was still having exacerbations so severe they prevented her from normal house hold activities. As the patient was experiencing a progressive decline across a number of different measurable areas treatment with a disease-modifying anti-rheumatic drug was initiated. The patient was given hydroxychloroquine (Plaquenil) 400 m.g. P.O. Q.D. as an attempt to decrease pain and tenderness. Prednisone was tapered to off over a 30 day period of time. This patient had an eye exam during the previous year and was free from any retinopathy.


      Month 6: Early into the new treatment with hydroxychloroquine the patient developed dyspnea and acute chest pain. She presented to local emergency department for evaluation. EKG showed a paced rhythm, chest x-ray without acute abnormality, creatinine 0.75 mg/dl, troponin T 0.60 ng/mL (normal reference 0.01-0.04 ng/mL), CK-MB 6.3 ng/ml (range 0.0-3.6 ng/ml). The patient was released from the emergency department with the assigned diagnosis of costochondritis and chest pain syndrome from medication. The emergency department indicated the side effect of the hydroxychloroquine causing a chest pain syndrome and she was discharged. Medical treatment changed to methotrexate 7.5 mg once a week with folic acid 1 mg Q.D.


      Month 7: She presented complaining of a left leg spider bite, yet she did not recall any contact with arachnids. Exam of the skin lesion showed a 15 mm erythematous papule with central purpuric area. A confusing presentation as there was no indication of any "bite" mark within the skin lesion. This atypical presentation for arachnid bite had surrounding erythema suggestive of early cellulitus and cephalexin 500 m.g. Q.I.D. was provided as the patient was on potential immune altering medication of methotrexate. As the confidence in this being an arachnid or insect bite was with great presumption of the situation the medical evaluation was expanded to evaluate for a vascular related lesion. Consultation with vascular specialist was arranged for arterial duplex scan of the leg to rule out arterial etiology for skin lesion and the plan was for biopsy if the lesion showed progression. A week later the lesion transformed to develop a central area of ulcer and a full thickness defect of the skin. The treatment was adjusted to wound cleaning twice a day with further observation. As the lesion had progressed toward an eventual healing by secondary intention without signs of untreated infection conservative measures were suggested in this complex patient who had had additional medical priorities. The patient reported a continued progression of myalgia, arthralgia, and muscle weakness. Physical exam revealed she was developing atrophy of the thenar eminence of the left hand associated with a wrist extension weakness. Plan included need of electromyography (EMG) and neurology consultation. The rheumatology specialist was called case reviewed for the worsening of her status. The methotrexate was changed from oral to subcutaneous injection. A general loss of function left her unable to drive and now needed to use a wheeled walker for ambulation. The patient canceled the arterial studies because of changes in having to rely on transportation, healing of the leg wound, continued weakness and other medical priorities related to the joint and neurological symptoms.


      Month 8: After six weekly injections of subcutaneous methotrexate 10 mg. the patient's exam showed a progressive loss of muscle mass and strength in both lower extremities and left arm. Associated myalgia was noted in all limbs. With a degree of daily variability the patient reported some good days and some days that were much worse with the main consistent problem being the pain in the knees and wrists. The result of an unclear response to the current medical treatment plan included expanded evaluation of radiculopathy with imaging, expanded lab work, second rheumatology consultation and electromyography (EMG) of arms and legs. Figure 2 contains the details and results.


      Month 9: The patient had continued progression of symptoms along with additional muscle atrophy. She reported a sensation of water dripping down the right leg. Medical evaluation by an additional rheumatology team found weakness of the legs and hands causing an inability for ambulation and difficulty standing. The left hand developed flexion deformities of the index and long finger. Severe muscle wasting of intrinsic muscles of the left hand was also identified. Deep tendon reflexes were reported as normal. The evaluation suggested a cervical myelopathy type process associated with lumbar stenosis (Figure 3). The recommendations to find the etiology for balance and weakness associated with muscle atrophy were for CT myelogram, labs, and neurosurgical consultation.


      Month 10: With the findings of limited view in the cervical spine and moderate bilateral foraminal narrowing in the lumbar spine a neurosurgical consultation was placed with the team unable to offer any surgical resolution. Electromyography (EMG) testing results revealed cervical and lumbosacral polyradiculopathies affecting nearly every level sampled (Figure 4).


      Month 11: Additional neurology consultation suggested CT myelogram to evaluate cervical and lumbar spine. The CT myelogram was completed with finding of severe disc space narrowing at L4-L5 with osteophyte encroachment of bilateral neural foramina resulting in request for neuroendoscopic evaluation with additional neurosurgical team Figure 5, evaluating the potential of concurrent cervical and lumbar radiculopathies. CT of brain reviewed by two radiology teams was reported as generalized cerebral edema with effacement of the cortical sulci and focal loss of gray-white differentiation in the left parietal apex. With this finding suggesting a severe encephalopathy the patient was admitted to local hospital.


      During this hospitalization the patient was evaluated by new neurology team Figure 6. The neurology consultation for the abnormal outpatient CT of brain with concern for cerebral edema found that there were no explanations for the CT of brain findings. An additional CTA of the brain was completed Figure 7. The assessment of the brain CT findings and the progressive weakness in the left greater than right upper extremities and bilateral lower extremities remained unclear. The hospital based plan was for observation and consideration to a repeat EMG as outpatient for a diagnosis of probable amyotrophic lateral sclerosis.


      Month 12: The third neurology consultation was obtained. The observations included left hand and arm weakness with atrophy associated with brisk arm and leg reflexes. Electromyography from two months prior was reviewed and found "cervical and lumbosacral polyradiculopathy affecting nearly every level sampled, limited by suboptimal limb temperature". The patient provided symptoms of feeling achy, stiff, weak, and sluggish with episodic arm and leg cramps with description of muscle fasciculations throughout. Electromyography was repeated Figure 8 and labs were obtained. Results of the blood work showed a normal range of GM1antibody, calcium, CK, and parathyroid hormone. The patient was diagnosed with definite ALS and referred to a comprehensive ALS center for management.


      Evaluation by the neuroendoscopic neurosurgical team for the myelogram findings of severe disc space narrowing at L4-L5 with osteophyte encroachment of bilateral neural foramina was completed with no surgical options available. The patient had a new complaint of hair loss with hair falling out in clumps. With endoscopic neurosurgical team having no explanation for the neuropathy and the neurology teams assigning a diagnosis of ALS additional medical investigation was expanded along with a request for nerve or skin biopsy (Figure 9) [1,2].


      Month 13: Evaluation noted an elevated urine kappa/lambda and equivocal range testing for Lyme disease western blot as shown in Figure 9. A neurology consultation at a comprehensive ALS center was obtained. The evaluation at the tertiary neurology center found diagnosis of ALS (Figure 10).


      Month 14: The patient was seen by the tertiary comprehensive ALS center for follow-up by and found to have progressive decline. Additional orders and results are included in Figure 11. The Patient and family requested of the comprehensive ALS center a complete review of history, testing results, and current examination for definiteness of diagnosis. A review of the prior medical documentation, labs and EMG studies, in the setting of progressive upper and lower motor neuron disorder, was a diagnosis of definite amyotrophic lateral sclerosis. Review of the records indicate the patient's criteria for diagnosis of definite ALS were: 1) Clinical presentation of a progressive loss of neuron function; 2) The EMG findings of fasciculations; 3) The clinical decision of the team; and 4) Referring neurology teams identification of amyotrophic lateral sclerosis.


      Month 15: Patient returned to primary medical team for extensive case review. The medical evaluation focused on investigation of a large fiber/small fiber neuropathy in this patient who was currently assigned a diagnosis of ALS by six different neurology teams and a comprehensive ALS center. Open discussion with the family related to the topic of "not needing to order every test but it is necessary to order the correct test" took place. The evaluation was expanded to include: Ganglioside antibody, CSF PCR to evaluate for infectious (example: Lyme disease) or other inflammatory (example: carcinomatous root involvement), cryoglobulinema evaluation, bone survey due to abnormal kappa/lambda, and amyloid testing. Sural nerve biopsy was agreed upon but there was no local geographic access to this procedure and its priority shifted to lower on the list [3]. Prior documentation details were reviewed for ruling out many etiology (HIV, Borreliosis, alcohol, drug and toxin, connective tissue, diabetes, chronic renal failure, vitamin deficiency, and endocrine) [4]. The findings are reviewed in Figure 12.


      Month 16: The patient presented to the office urgently with left leg swelling. A stat venous ultrasound of the leg showed massive deep vein thrombosis (DVT). Clot was identified as non compressible, absent color flow, echo filled Doppler signals in the left external iliac, common femoral, femoral and popliteal veins. This was consistent with extensive occlusive DVT of left lower extremity. The patient was sent directly to the emergency room from testing facility. She was hospitalized and provided care by the hospital based medical care team. The hospital electronic medical record contained extensive data and testing including the results of cryoglobulin positive serum at the time of admission. (type II mixed cryoglobulins present consisting of monoclonal IGG as well as polyclonal immunoglobulins). The patient was evaluated by the hospital neurology care providers and testing ordered was a CT of the brain with a diagnosis of ALS. Hospital vascular surgery evaluated the patient and recommended: leg elevation with anticoagulation. Hospital hematology evaluation listed DVT secondary to ALS and suggested anticoagulation with heparin and warfarin. During hospitalization the patient lost ability for ambulation and was discharged to home with enoxaparin sodium 80 mg subcutaneous twice a day, warfarin 5 mg daily and was continued on riluzole.


      Month 17: House call was made to the patient for review of the hospital stay for the new DVT, the findings of cryogloblemia and discuss additional treatment options. A generalized progressive decline was found with the patient complaints of fasciculations, myalgia, arthralgia, and muscle weakness. Her exam showed swelling in the left leg with cool temperature, diffuse progressive muscle motor function and worse atrophy of left arm. Overall condition and strength were significantly worse since last medical evaluation. Patient and family remained motivated and medical treatment plan was arranged. Treatment options for a diagnosis of type II mixed cryoglobulinemia (monoclonal IgG) resulting in neuropathy from cryoglobulinemia vasculitis causing the described complex patient presentation was initiated. With the findings in the CSF indicating A-beta 42 to T-tau index (ATI) of 0.45, additional cognitive testing was completed shown in Figure 13 [5-11] (Illustration 1).


      Month 18: The patient surmounted treatment initiation for cryoglobulinia vasculitis as discussed below and was admitted to the hospital under the care of an independent rheumatologist. For three days the patient received methylprednisolone 1000 mg intravenously. The riluzole was discontinued. She reported improvement in joint symptoms after the second day and expressed that she did not realized they were as symptomatic prior to treatment. After three days of intravenous steroids the patient was given Rituximab 1000 mg intravenously, which was repeated two weeks after discharge as an outpatient. Oral prednisone 30 mg PO BID and Dapsone 25 mg BID for Pneumocystis jiroveci prophylaxis were added to her medical management.


      Month 19: Two weeks after hospital treatment of cryoglobulinemia vasculitis the patient was able to take three assisted steps. Over the next month she was found to have improvement of motor function of left wrist flexors and a discontinuation of fasciculation. Limited access to physical therapy and occupational therapy in her house reduced muscle motor recovery progress. The patient was seen and evaluated by independent hematologist who agreed with treatment for Type II mixed cryoglobulinemia with monoclonal IgG including Rituxan/rituximab, steroid taper therapy, and warfarin anticoagulation for the hypercoagulable aspect of the case.


      Month 20: After several weeks of awaiting insurance approval, the patient was admitted from home to a physical therapy rehabilitation facility. During inpatient rehabilitation the patient was able to progress to 80 feet of ambulation with a ZeroG gait and balance system and forty feet twice daily with walker assistance [12].


      Month 21: Patient reported no additional fasciculations and no additional loss of motor function. An infusion of rituximab 1000 mg intravenously every six months was continued. Due to the amount of motor nerve damage associated with atrophy there was a plateau of any additional improvement in physical activity.


      Month 24-28: Patient reported a lifestyle with adjustments to the physical limitations on activity of daily living. There were no additional motor or sensory loss and no new symptoms since the time of discharge from the inpatient physical rehabilitation center. She was utilizing molded ankle-foot orthosis on left leg and assisted walking with roller walker on single level of her home. The patient's impression was if she had more inpatient therapy available, she would be making better progress.


      Month 29: The Patient's activities of daily living became more difficult to manage at home, and without any access to insurance covered services for rehabilitation due to "non qualified criteria", she was admitted to rehabilitation facility paying $252/day for her services.


      Months 30-35: The Patient had no additional functional loss or gains. She had a number of falls due to weakness and lack of coordination. Anticoagulation with warfarin for hyperviscosity syndrome and massive DVT was continued along with routine medications. She had no access to additional cryoglobulinemia vasculitis treatment other than the rituximab infusions.


      Month 36: The Patient expired during an outbreak of SARS-CoV-2 in the facility.


      Discussion


      Defining, describing and diagnosing amyotrophic lateral sclerosis


      A diagnosis of amyotrophic lateral sclerosis (ALS) can be described as associated with a number of different definitions. Most definitions will include the diagnosis being based upon clinical presentation of upper motor neuron and lower motor neuron signs associated with progressive aspects in the absence of alternate explanations. As there is no single test that can confirm or exclude the diagnosis of ALS it remains a diagnosis of exclusion. Definition 1: ALS has been described as a progressive, degenerative motor neuron disease of unknown cause. Muscle atrophy and spasticity in limb and bulbar muscles result in weakness and loss of ambulation, oropharyngeal dysfunction, weight loss, and ultimately respiratory failure [13]. Definition 2: ALS is an idiopathic, fatal neurodegenerative disease of the human motor system [14]. Definition 3: ALS is a progressive, paralytic disorder characterized by degeneration of motor neurons in the brain and spinal cord. It begins insidiously with focal weakness but spreads relentlessly to involve most muscles, including the diaphragm. Typically, death due to respiratory paralysis occurs in 3 to 5 years [15].


      Diagnostic criteria have been developed to arrange a set of findings that will fit certain criteria to assign a diagnosis of ALS. Contemporarily the revised El Escorial Criteria and the Awaji Criteria remain widely used diagnostic criteria for ALS [16]. The El Escorial criteria use signs of upper motor neuron and lower motor neuron dysfunction to assign levels of certainty of the diagnosis. El Escorial revised criteria assigning a classification of Clinically Probable or Clinically Definite ALS are widely used [17]. The Awaji Criteria expands on the El Escorial criteria and include classification for Clinically Definite ALS, Clinically probable ALS, and Clinically possible ALS. Following the Awaji criteria for the diagnosis of ALS was associated with higher rates of being classified as definite or probable ALS. With the diagnosis of ALS being assigned many patients then have access to clinical trials [18].


      ALS Definition 1


      A diagnosis of ALS requires: 1) The presence of evidence of lower motor neuron degeneration by clinical, electrophysiological or neuropathologic examination; 2) Evidence of upper motor neuron degeneration by clinical examination and 3) Progressive spread of signs/symptoms from one region to another, as determined by history or examination; together with the absence of electrophysiological or pathological evidence of other disease processes that might explain the signs of lower motor neuron and/or upper motor neuron degeneration, and neuroimaging evidence of other disease processes that might explain the observed clinical and electrophysiological signs [19].


      Diagnosis 2


      Clinically definite amyotrophic lateral sclerosis is defined by clinical or electrophysiological evidence by the presence of lower motor neuron (LMN) as well as upper motor neuron (UMN) signs in the bulbar region and at least two spinal regions or the presence of LMN and UMN signs in three spinal regions. Clinically probable ALS is defined on clinical or electrophysiological evidence by LMN and UMN signs in at least two regions with some UMN signs necessarily rostral to (above) the LMN signs. The revised El Escorial Criteria have an additional category "Probable ALS-Laboratory Supported," which is defined when clinical signs of UMN and LMN dysfunction are found in only one region but electrophysiological signs of LMN loss are observed in two regions. Clinically possible ALS is defined when clinical or electrophysiological signs of UMN and LMN dysfunction are found in only one region or UMN signs are found alone in two regions or LMN signs are found rostral to UMN signs [18].


      Electromyography changes were given the same diagnostic significance as clinical signs of lower motor neuron dysfunction in individual muscles. Fasciculations were taken as the equivalent to fibrillation potentials and positive sharp waves in recognition of denervation. Following the details of this diagnosis "An experienced clinician may be virtually certain of the diagnosis" in appropriate patient [20].


      ALS Definition 3


      Use of electrodiagnostic methods for 1) Establishment of diagnosis; 2) The differential diagnosis, and 3) Evaluation of quantitative progression. "Needle electromyography reveals active neurogenic changes over the wide territories of the body. Fibrillation potentials and positive sharp waves indicate presence of denervated fibers. However, they are not specific for ALS or even neurogenic process, and widespread occurrence of fibrillations are also characteristic for myositis and inclusion body myositis (IBM). Fasciculation potentials are spontaneous firing of the lower motor neuron and most of them are supposed to arise from the nerve endings. Fasciculation potentials are seen solely in neurogenic process and sufficiently specific for ALS" [21]. Fasciculation potentials are given the same significance as fibrillation potentials related to criteria for diagnosis of ALS.


      The diagnosis of ALS remains a clinical one, based upon the presentation with progressive upper and lower motor neuron dysfunction, supported by electrophysiological studies. The diagnostic sensitivity has been a topic of debate [22,23]. Controversy about the disease exists in different hypothesis such as the "dying-forward" and the "dying-back" with no clear etiology being linked to the currently classified cases of ALS [24]. Considered one of the most devastating diseases known, there is little evidence for diagnosing and management of patients who are diagnosed with ALS [25].


      Caregiver burden becomes a significant issue for a patient assigned a diagnosis of ALS. Worsening behavioral impairments along with the decreased physical ability are known to increase the caregiver burden [26]. Most literature indicating the differential diagnosis of ALS did not include the evaluation for cryoglobulinemia in the list of potential causes raising some intriguing points as related to this case. Other authors have found improved diagnosis with expanded testing of differential to discover alternate diagnosis resulting in beneficial therapy then being initiated [27].


      Definition and diagnosis of cryoglobulinemia vasculitis


      Cryoglobulins are immunoglobulins that precipitate as the serum is cooled below 37 ℃ and resolubilize when the serum is rewarmed [28]. Type I cryoglobulins are monoclonal immunoglobulins linked to a B-Cell lymphoproliferative disorder. Type II cryoglobulins are monoclonal IgM immunoglobulins with rheumatoid factor activity and polyclonal IgG immunoglobulins. Type III cryoglobulins are polyclonal immunoglobulins of IgM and IgG. In the Type II cryoglobulins the IgM fraction has rheumatoid factor activity [29,30]. Type II cryoglobulins deposit as immune complex in the small vessels causing vasculitis resulting in purpura or leg ulcers and peripheral neuropathy or joint symptoms [31]. As found in this case the clinical presentation of purpura, muscle weakness, arthralgias, peripheral neuropathy, serum mixed cryoglobulins with rheumatoid factor activity, and low C4 has been well described as related to cryoglobulinemia vasculitis [32-34].


      Diagnosis of cryoglobulinemia requires proper collection of the serum. Reports in the literature related to missed cases of cryoglobulinemia emphasize the challenges when dealing with this diagnosis [35,36]. Failure to properly separate serum from whole blood, lack of a water bath or warming plate during sample collection causes loss of cryoprecipitate due to temperature drop prior to centrifugation, inadequate volume of serum, collection of samples on patients who are on anticoagulants or improper incubation times are a few of the reasons the lab may report a false negative result [37]. Currently there are no internationally accepted standards for cryoglobulin detection methods and best practice approaches are developing. When evaluated it was found that only 36% of laboratories were using proper procedures for collection and processing of samples [38]. Proper collection requires that sample temperature does not drop below 37 C until after separation of serum. Warm centrifugation should take place with temperature maintained at 37 C to avoid false negative result. The serum should cryoprecipitate at 4 C for three to seven days before being washed and resolubilized at 37 C. When challenges in obtaining a true positive lab result is combined with a failure to appreciate that even low levels of cryoglobulins can be associated with severe symptoms in some patients the diagnosis becomes demanding [39]. The detection of cryoglobulinemia in the patient with symptoms allows for the benefits associated with treatment of cryoglobulinemia vasculitis [40]. Diagnosis of cryoglobulinemia vasculitis is made when detectable cryoglobulinemia is associated with clinical manifestations of vasculitis [41].


      Definition and diagnosis of vasculitic neuropathy


      Patients may present with arthralgia, myalgia, peripheral neuropathy, renal involvement, cerebral vasculitis, purpura or cutaneous ulcers as examples. The peripheral neuropathy may present as mononeuritis multiplex, distal polyneuropathy or radiculopathy [42]. Vasculitic neuropathy are divided into nerve large arteriole vasculitis and nerve microvasculitis based upon the size of the blood vessels affected [43]. The nerve microvasculitis may overlap with the large arteriole vasculitis as involvement of the smallest arterioles and endoneurial capillaries cause damage of peripheral nerves. The peripheral nerve experiences ischemia to vasa nervorum resulting in the presentation of vasculitic neuropathy [44]. The identification and classification of vasculitic neuropathy by a variety of classification systems has added to the challenging and complex nature of this disorder [45]. Classically the histological evaluation of the sural nerve will demonstrate transmural inflammatory infiltrates of the vessel walls with fibrinoid necrosis and endothelial disruption. Diagnosis of vasculitic neuropathy with the finding of mononeuritis multiplex has been well established with the proper clinical history [46].


      A hyper viscosity syndrome has been described as associated with the diagnosis of cryoglobulinemia. Similar findings in this case of cryoglobulins possessing the rheumoatid factor activity leading to hyperviscosity and clotting dysfunction have been published [47].


      Additional factors affecting this case: Access to care and availability of medical coverage to the patient was a limiting factor. Once the family made the decision for medical treatment of cryoglobulinemia the patient faced additional challenges due to insurance coverage and insurance-healthcare system design. The "Diagnosis Related Groups" (DRG) is a complex financial system that involves both incentives and punishment to treating hospitals based upon efficiency of processing patients' discharges and avoiding any re-admission back to the hospital over a global period of time [48]. When a patient is discharged from a hospital but then re-admitted (same/similar diagnosis) within a month there are sanctions placed upon the hospital [49]. Clinically and practically this resulted in the patient having no access to a geographic hospital admission for related medical condition after she was discharged with the hyperviscosity syndrome and massive deep vein thrombosis through the 30 day global period. As this pattern of patient care is predictable additional medical care strategies needed to be employed [50].


      During the phase of the case, predominated by hyperviscosity syndrome and severe cryoglobulinemia vasculitis causing severe vasculitic neuropathy, when the patient would have had the most benefit from plasma exchange or plasmapheresis she was unable to access this service [51-53]. Limiting patient's access to care also came from changes in the healthcare system where the patients prior access would have been to eight different geographically available hospitals, yet this has been reduced to four remaining [54]. One geographically available infusion lab (location where plasmapheresis is performed) was closed when the hospital was purchased by a larger corporation. Of the remaining geographic hospitals none of them completed plasmapheresis. Expanded geographic hospitals included at least four additional insurance company owned hospitals, with one of them offering the service but refused to provide to the patient due to patient age. Finally, an additional six hospitals were contacted at even further geographic distance (110-150 miles) and one of the six were able to offer plasmapheresis or plasma exchange. The available service hospital did not come to fruition because hospital indicated by telephone that the services would not be covered under the insurance plan of the patient due to unclear Medicare criteria and reimbursement issues (ICD-10-CM Code of D89.1 for diagnosis of cryoglobulinemia vasculitis listed as investigational in cases of amyotrophic lateral sclerosis) and the patient would have to cover the costs of the services at cash prices. (Healthcare Common Procedure Coding System 36514 for the procedure).


      Limitation in access to specialists with long queue time before being provided with a future appointment impacted the case. The lack of prompt coordination while waiting for information to be processed for medical necessity, proper documentation, medical director record review of data, suitable ICD-10-CM codes to be evaluated by captious insurance corporations prior to approval, limited network specialist availability, and additional administrative factors adds to patient friction in attempts to streamline care. Compounding the effect is upon initiation of any treatment plan is the generally expected three month follow-up appointment, often resulting in too much time passing for the patient to make any accurate progress on their medical issues. In a setting of significant influx of "provider extenders" who may be qualified to provide services in that specialty area but may not have the same vast clinical experience of the given specialist results in challenges for patients with complex medical problems.


      Inability for patient's story to be utilized during hospital admission where data in her electronic health record (EHR) contained important clinical reasoning details that were not integrated. Important details, as example hyperviscosity syndrome and massive deep vein thrombosis in the setting of positive cryoglobulins in the blood during a hospital admission were not evaluated or integrated by the hospital providers of medical care, and thus not evaluated or treated. Other authors have discussed how the use of EHR can obstruct clinicians' ability to treat complex cases because of fragmentation of patient data interconnections [55]. Often the hospital based providers of medical care have different priority starting with discharge planning at the time of the patient admission, but not priority of accurate diagnosis [56]. Large organizations owning geographic regions of access to care that do not have interoperable electronic health records resulted in duplication of testing at times, as example the patient had a number of CT scans of the brain during emergency room or hospital admission evaluation without any comparison to prior study [57].


      Healthcare teams that referenced the patient's age as a factor in determination of care without evaluation of her individual medical patient story insert compounding factors into the care of the patient. Medical treatment of the patient over time has mitigated many of the leading causes of death in this patient [58]. As described above, the patient had complete revascularization of coronary arteries, adequate cardiac valve performance, no enlargement of ascending aorta or aortic root, and a completed evaluation of cardiac electrical system with treatment including dual chamber permanent pacemaker thus diminishing disease of the heart. Evaluation of malignant neoplasms have included esophagogastroduodenoscopy, colonoscopy, mammography, skin evaluation and successful treatment of breast cancer. Medical error as the third leading cause of death in the United States remains unmitigated. Complex factors exist of how medical care is provided in the United States, but it would be bewildering that health care teams denying care to the patient would be most concerned of medical errors by their hand directly leading to adverse outcome as the primary reason for care determination [59]. Stroke, often listed as fifth most common cause of mortality, was mitigated across a wide range of potential etiology [60]. As described in this case: complete evaluation of prothrombotic state by treatment of genetic defects as reviewed in Figure 9, carotid arteries had identified stenosis in the 1-19% range, atrial fibrillation would be identified during any interrogation of the pacemaker and she remains on anticoagulation, valvular heart disease is minimal, there is no patent foramen ovale, aortic arch did not have significant atherosclerotic plaques. As evaluated these details and evaluation would lead to reduction in ischemic stroke by multiple mechanisms. The patient remains at risk of ischemic stroke from vasculitis and hyperviscosity syndrome, yet healthcare teams denying patient treatment due to a risk that is the primary etiology of treatment plan is perplexing. Alzheimer's disease is unlikely in this patient who has scores as shown in Figure 13, despite the CSF data of A-beta 42 to T-tau index (ATI) 0.45 with interpretation: Alzheimer Disease. The patient did not have diabetes mellitus. Kidney disease is always a future potential, however, during the evaluation of her medical needs her creatinine 0.75 mg/dl remained in a normal range. The patient did not have any evidence of liver disease or cirrhosis. Blood pressure has been under good control over the last decade with systolic blood pressure being under 119 mm/Hg. The patient did not have any evidence of Parkinson's disease. Remaining mortality would be unresolved infections, yet with proper medical care this should not be a determining factor as age is related to medical care. Other authors have written about health care disparities that could be applicable to this situation [61].


      The effects of treatments the patient received during the course of the illness could have mitigated or altered the disease in course. As example, the use of hydroxychloroquine, steroids, methotrexate (both oral and IM) and meloxicam could have altered aspects of progression or presentation.


      Conclusion


      Designated as amyotrophic lateral sclerosis and considered a "diagnosis of exclusion" the complex physiological interactions resulting in neuron damage raises a concern when not all etiology have been excluded. The use of ever changing classification systems to describe the neurological manifestations of damage to the nervous system will not bring the same accuracy in treatment that identification of the etiology(s) will provide [62]. As examples of diseases designated by way of "diagnosis of exclusion": acephalgic migraine, dementia lacking distinct histopathologic features, frontotemporal dementia, vascular dementia, dementia with Lewy bodies, movement disorder, optic neuritis, normal pressure hydrocephalus, multiple sclerosis, frontotemporal dementia, or Alzheimer's disease all lack etiology as cause of diagnosis. When a complete and accurate evaluation identifies the etiology of damage to the neurons then the diagnosis is based upon the reason for the damage. Improving the diagnosis based upon etiology allows strategy and treatment to be directed. Consider neuron loss based upon vasculitis, sarcoidosis, hypoxia, micron stroke [63,64], systemic lupus erythematosis, hypercoaguable state or Lyme disease and how treatment strategy can become most effective [63]. There is innate danger when clinical manifestations are used in assigning a diagnosis based upon an ever changing classification system.
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