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SUMMARY

Eight long-term patients with severe anoxic ischemic encephalopathy (AIE) duration between 3 months and twelve years are presented. The etiologies were abruptio placentae, near-drowning, choke-hold, near fatal hypoglycemia, carbon monoxide (CO) and natural gas poisoning.  Positive effects of hyperbaric oxygen (HBO) were observed in all cases both clinically and on sequential single photon emission computerized tomography (SPECT) imaging after initial brain challenges with HBO. In all treated patients, the degree of improvement was paralleled by the functional images. It is suggested that this noninvasive, effective treatment can be used, not only in such late stages, but be considered a primary therapy in the early treatment of all of the conditions causing AIE.

INTRODUCTION

Of all types of coma, those resulting from AIE are undoubtedly the most severe. With total anoxia to the brain, there may be a complete eradication of all viable tissue. Varying degrees of anoxia occur and not all cases are fatal. Unfortunately, there are many long-term beds filled with AIE late results. Because of the poor outlook and financial drain a recommendation has been suggested for withholding treatment, hydration and artificial nutrition in patients with a prolonged vegetative state (PVS) (1). This condition has many causes; certain of the more common are near-drowning, near-hanging, CO intoxication, cardiac arrest, electrocution, drug poisonings, surgical accidents, anesthetic reactions, misdirected esophageal intubations, etc. The early start of therapy to the potentially viable patient, may give a more favorable outlook as noted by Mathieu, Wattel and Yu (2,3) series of near hangings. Profound deficits include lack of oxygen, increased intracranial pressure, lacticacidosis, anaroebic glycolosis, intra-extra cellular ion shifts, abnormalities in ATP, NMDA, plus many more intricate biochemical processes which are rapidly deleterious to the neurons. This phase has been postulated to last from minutes to up to four hours. The major insult has been well described as the "ischemic cascade"(4). Irrespective of cause, AIE patients with a Glascow coma scale of six or less have virtually no chance for recovery after a three month period of coma.

Spontaneous recovery rarely does occur. Such cases are usually publicized on CNN television and in the various types of entertainment gossip newspapers. The question is how can the physician determine which patients may have the potential for some degree of recovery from coma, and what treatment offers the best chance for arousal. HBO is specific for all types of brain anoxia, but its use is not commonplace in the United States excepting the occasional treatment of acute CO intoxication. Variables for the outlook are not only age, time of CPR, duration and the degree of the anoxia, but as in the near-drowning, the temperature of the water. Additionally, certain areas of the brain are more sensitive to anoxia than others.

It is the purpose of this presentation to visualize dormant, idling, recoverable brain neural tissue that is adjacent to or surrounding the areas of insult or permanent damage. These conjoining cells are receiving enough oxygen to exist, but not enough to fire electrically. A specific protocol for the treatment of PVS coma, irrespective of duration, with HBO is embodied in the paper. In addition to the HBO approach, a new hypothetical lead to the restoration of brain tissue has been suggested in a recent article noting the presence of stem cells in the mammalian brain(5). Omental overlay (6) and embryonal implants (7) have also been utilized, outside the USA, with, at times, encouraging results. Thus, in the future there may be a more optimistic outlook for the coma patient, possibly in conjunction with HBO therapy.

Our approach to prognosis and treatment consists of sequential SPECT scanning with HBO exposures. When improvement in flow and metabolism occur and are noted on sequential brain scans, it is indicative of recoverable neuronal tissue. The volume of recoverable tissue and number of required HBO exposures to see either positive SPECT changes or clinical improvement (if any) varies from patient to patient. This technique, however, strongly suggests the presence of recoverable tissue. Certainly, the physician must try any method to facilitate a return of any dormant brain neurones. Our choice has been to utilize sessions of HBO, along with all modalities of rehabilitation therapy, and appropriate nutritional support.

METHODS

The protocol is one that had been previously published (8, 9, 10). It involves sequential SPECT (brain) functional imaging with an HBO challenge of (1 hr x 1.5 ATA) 1-2 times a day, 10-20 exposures to ascertain the possibility of recoverable brain tissue. The second scan was done within two hours following the HBO exposure prior to the second scan. The radioactive tracer used was originally [N-isopropyl-[123] - p-iodoamphetamine (Iofetamine hydrochloride 1-123; IMP; SPECTamine) but necessarily switched to Tc 99m dl-hexamethylpropyleneamine oxime (exametazime, dl HM-PAO, Ceretec) when the manufacture of IMP was discontinued. Scanning was done with a single head gamma camera technology that is widely available (EI Scint Model #SP 6). All HBO treatments were given in a monoplace Vickers chamber. Certain selected patients required up to 200 exposures for maximum benefit.

CASE REPORTS AND RESULTS

Case 1.KS

KS, an 8 month white female infant, developed an AIE in utero. The mother began experiencing weight gain in the last trimester. She suffered black spots in front of her eyes, severe abdominal pain, vomiting and sustained a total loss of vision at the end of the pregnancy. She was told she had a abruptio placentae. Thus, the child in utero suffered a severe lack of oxygen. Eight hours after delivery the infant began having seizures, rectal bleeding and renal failure. Phenobarbital was administered to control the seizures. The mother was advised that the baby might live for 2 months. Later, the mother stopped the phenobarbital on her own. The baby's seizures reduced in severity and she became more alert with the discontinuation of this medication. When seen at the Ocean Hyperbaric center, the infant was small for her age, weighing only 18 pounds. She was a severe AIE with spasticity of the arms and legs, with the eyes rolled back into the sockets, mostly mouth breathing, unresponsive, tremendous neurological deficits. The SPECT scan done prior to the institution of HBO treatment showed major deficit of cortical and cerebellar flow. The patient received 27 HBO exposures at 1.5 ATA 1 hour each. The treatments had to be discontinued because of an emergency at home, however, the family will return at a more opportune time. The repeat SPECT scan showed a profound positive change in the parietal and cerebellar lobes. KS demonstrated improvements in normal infant behavior, such as grasping fingers, tracking objects, such as toys and playing with her hands and fingers. She became more alert and began holding her head up. The patient is eating and sleeping much better. She displays reduced spasticity and a natural sucking reflex. She is smiling and the parents are extremely happy with the changes in their child who was previously advised to be put in a long-term facility.

Case 2.BB

BB, a 15 month old white male in an apallic state, with a one year history of near-drowning. The MRI showed massive cortical, cerebellar atrophy with ventricular enlargement. The patient had been flaccid for a year and had not moved. On the SPECT scan the amount of atrophy was tremendous, frontal, temporal, parietal as noted on the sagittal slices. After one (1 hr x 1.5 ATA) HBO treatment, the patient moved for the first time in a year and had to be held down for the repeat scan and marked increase in flow and metabolism is clearly seen. The information was presented to the mother to take to his attending physician. His reply was "HBO can do nothing" and the patient was never treated.

Case 3.CC

CC, was a 23 month old white female near drowning victim. She was seen approximately 11 months post incident and was apallic and initially (do not resuscitate) DNR. She showed marked spasticity with tremendous orthopedic difficulties including extroversion of both legs and ankles. The patient initially received 21 treatments (1 hr x 1.5 ATA). The three dimensional SPECT scans show the vast improvement in the cortical tissue that took place with HBO. She improved such that she was less spastic and able to have corrective orthopedic surgery. The third SPECT report shows a persistent improvement in the vertex and mid and anterior frontal lobes. CC demonstrates a dramatic decrease in spasticity and responses were becoming normal. The family and attending physicians were very pleased. She is continuing with HBO therapy and currently has had 122 treatments.

Case 4.CO

CO, a 5 year old white female near-drowning, was seen 3 years post-incident. At the time of incident, the patient had a pulse but was not breathing. She was on the respirator for 72 hours then began breathing on her own, but having seizures. She was diagnosed as being in a PVS for 3 years. The SPECT scans showed a dominant loss of tone and atrophy of the frontal lobes and vertex. The patient initially received 60 treatments (1 hr x 1.5 ATA) and currently has had 181 treatments and will continue. The follow up SPECT scan shows improvement throughout the frontal lobe, with continuing sufficient improvement in the right anterior frontal lobe. CO is now eating 2-3 meals a day by mouth and her bowel control is improved. She can discriminate color and her attention span is much better. She is able to focus, shake hands and watch TV. A more normal life with a better functioning brain is anticipated. Only time will tell the ultimate result.

Case 5.EC

EC, a 3 year old Hispanic male seen 3 months following a near drowning episode. The child hit his head and fell in the swimming pool. The time of submersion is unknown, but the temperature was warm. The initial SPECT showed extensive and symmetric deficit throughout frontal, temporal, parietal and occipital lobes. The patient was very spastic, unresponsive, and could not track. He showed no sign of emotions and had a peg tube. The patients repeat SPECT showed significant improvement in the left and to a lesser degree in the right cerebral and both cerebellar hemispheres post 27 HBO exposures (1 hr x 1.5 ATA). EC demonstrates a decrease in spasticity and is able to track. He is showing emotion as in crying with tears, laughing, smiling. There is no vision loss and he is now able to recognize family members. The patient is able to hold his head up and is moving a lot more. Although he still has a peg tube, he is beginning to eat and drink by mouth. His sleeping has improved and requires no medication. His neurologist states that in 20 years of treating such cases, he has never seen such a response and advises continuing treatment.

Case 6.AE

AE, a 24 year old black male, two years previously had been subjected to a tight choke hold by local police and left for dead. Since then he had been totally apallic (Glasgow coma scale 3) with an endotracheal tube and a G tube. He had multiple hospitalizations because of pneumonia, bladder problems and seizure disorder(s). The pre-HBO SPECT scan showed significant abnormality in the frontal, temporal, and parietal areas bilaterally. The patient was treated for approximately 10 months with HBO (200 txs x 1 hr x 1.5-1.75 ATA) along with physical therapy. Although the patient's repeat SPECT scans were not as dramatic as others, the patient has been able to communicate with his family with eye, finger, and sound. The trach and G tubes have been removed and he has gained 36 pounds. The patients bowel movements have returned to normal. He is able to follow commands. The patient is now up in a chair, and continuing physical therapy. The burden of total care has been reduced. The family is delighted. The patient was advised that 200 + HBO treatments may be warranted.

Case 7.HA

HA, a 19 year old white male pre-law student flown in from Buenos Aires, where natural gas is used extensively for water heating. At age 17, he suffered a natural gas poisoning while showering 2'/z years prior to treatment. The flames were extinguished by the water and the patient inhaled this colorless, odorless gas. He became confused, semi-stuporous and gradually lapsed into a comatose state which lasted six weeks. The first SPECT scan showed deficits on the coronal and the MRI showed white matter changes very similar to CO poisoning particularly in the frontal and basal ganglia. The patient had reverted to a mental age of 12 with marked spasticity and extreme pallor and remained that way for 2 years. He had 19 exposures at 1.5 ATA. The repeat SPECT showed a marked increase in flow and metabolism in right temporal, right frontal parietal cortex, and left frontal parietal cortex. This patient then showed recoverable clinical improvement, but was unable to continue therapy due to his visa expiring. Upon his return home, HA had an intensive course of PT, ST. Our center was informed that 3 months later he was able to return to college.

Case 8.MJ

MJ, a 31 year old white male AIE patient for a period of 12 years. At that time there was a near-fatal CO intoxication which resulted in the prolonged period of coma. When seen, the patient was semi-comatose, spastic with intermittent contractions of the jaw and upper extremities. The tracking with the eyes was very slow and there was no response to commands. Communication was only occasional. The patient was brought to the medical center without prior discussions. Had the case been presented over the telephone, in all probability, this therapy with such a history, would have been refused. However, in view of the long trip and the condition of the patient, it was agreed that an initial study would be performed and an attempt of HBO therapy made based on a SPECT scanning which showed frontal temporal deficits bilaterally. He initially received 20 exposures 1 hr x 1.5 ATA). His mother purchased a used Vickers chamber and he has now had over 200 treatments. MJ's repeat SPECT scan showed a dramatic increase in flow in the temporal lobe bilaterally. He demonstrated a dramatic change after 20 treatments. He is less spastic and more relaxed. The patient has more control in opening his hands, particularly the left. MJ could track more and turns his head in order not to miss anything. He shows no hesitation in moving his legs (use is quick and definite). The patient is acknowledging the factor of time and his mind is working better. The scans were destroyed by a computer glitch but the patient improved tremendously and was able to return to society with no mental deficit after over 12 years of coma.

DISCUSSION

The above patients along with other published theoretical and applied clinical studies strongly suggest that HBO should be a prime therapeutic modality for treating not just coma, but all brain injuries both early and late stages. Rather than being faced with the dilemma of do not resuscitate (DNR) a trial with HBO- SPECT protocol is urged. The results to date indicate a large percentage of patients improving from PVS to arousal and in certain cases improving on to reenter society. There was a direct relationship between utilization of HBO and clinical results in all treated cases.

HBO is necessarily supplemented with continuous physical/vocational rehabilitation therapies (11, 12, 13) to help redirect recovering neural tissues. Training, in tasks requiring manual skills, stimulates neuronal plasticity mechanisms in the CNS- in particular those cortical areas involved in their integration and coordination- that aid in the reorganization of undamaged parts of the brain (14).  In brain injuries, where there is no matrix, pressurized oxygen has beneficial effects in that it: 1) restores the integrity of the blood​brain barrier and cell membranes; 2) reduces cerebral edema; 3) reduces intracranial pressure; 4) neutralizes toxic amines; 5) increases neovascularization; 6) acts as a scavenger of free radicals; 7) efficiently elevates diffusional driving force oxygen thereby; increasing tissue oxygen availability; 8) promotes phagocytosis, (thereby internal debridement); 9) stimulates angiogenesis and (10) reactivates idling neurons. Many of the above mechanisms are similar to peripheral wound healing.

All of the above mechanisms would be beneficial not only in limiting the damage of the ischemic cascade, but would be extremely valuable in treating marginal ischemic stunned brain tissue. Numerous reports of recovered ischemic or marginal tissue (up to 14 years post-event) have been documented in the literature (12). The rationale for the sequential oxygen intervention SPECT brain scans and HBO therapy in head injury and vegetative states derives from Neubauer and Gottlieb's modification and utilization of Astrup, et al.'s concept of idling neurons (4, 11, 12, 13, 14, 15), i.e. the existence of potentially recoverable, metabolically lethargic, and electrically nonfunctional neurons in an ischemic penumbral zone. Neubauer and Gottlieb suggest that the clinical improvements in brain function they obtain using their protocols - lightening of the PVS to complete recovery- is due to oxygen-induced reactivation of idling neurons and the concomitant stimulation of wound-healing processes in the brain (15). The ultimate clinical status and

recovery with brain injuries depend upon: a) the size and location of the epicenters or areas of destruction, which are irreversible; b) the surrounding zones of dormant but recoverable neurons fanning out in the periphery; c) the asymmetry involved; d) the organization and reorganization of impaired and non-impaired sensory and motor neurons; e) plasticity; and f) meshing of sensory and motor fibers at the brain stem/cord junction.

It is to help solve the problems associated with diagnosis, prognosis, therapeutics, and defining end-points of treatment that this therapy (monitored by sequential SPECT brain scanning) with intervening HBO exposures is of value. It is not only innovative but a practical approach to AIE. Again, all patients are augmented by occupational, vocational and nutritional therapy.

With respect to treating coma, the question is whether the financial expenditure is worth the hoped for clinical results. Until the introduction of sequential SPECT scanning with HBO intervention, there has been no neuro diagnostic technique that could provide scientific basis even hinting as to whether any long-term therapeutic modality would be effective. Current techniques dealing with respect to the initial management of comatose patients involves subcategorizing patients into metabolic or structural mass lesions by using history, physical examination, and X-rays, MRI'S, appropriate laboratory tests, and sampling of spinal fluid. Based on data obtained, suitable supportive care is instituted for the many cases, causing extreme financial problems for long-term care.  Patients that have had hyperbaric oxygen exposures of 200 plus have shown no signs of oxygen toxicity or the development of cataracts. Another positive aspect of hyperbaric oxygen, is all anti-seizure drugs were discontinued, including large doses of Phenobarbitol, Tegretol, Dilantin, and Depakote. (Such drugs may often contribute to the PVS.)

CONCLUSIONS

SPECT scanning with hyperbaric oxygen challenge may help select which patient with anoxic          ischemic encephalopathy may have possible recoverability.  
This protocol should be used in the acute anoxic ischemic encephalopathy as quickly as possible to limit damage in an attempt to prevent long-term catastrophes.
Spontaneous recovery in the presented cases was deemed highly unlikely by all physicians and consultants.

All patients that were treated showed a positive response on the SPECT scans and this was paralleled clinically. Each patient treated had the coma broken or improved, with some reentering society.

Sequential SPECT indicates the dosage and end-point of hyperbaric oxygen exposures, and an objective test.

 Concomitant use of all modalities of therapy and nutrition are indicated with hyperbaric oxygen.

 The cost effectiveness and outcome with this protocol would suggest further evaluation with longitudinal studies.  We must reevaluate our thinking regarding the dose of oxygen under hyperbaric conditions in the acute and long-term AIE and all brain injuries especially the neurologically injured diver. Previous treatment schedule for acute CO intoxication and serious DCI have been inadequate therapeutic attempts. The use of more intense and prolonged HBO is emerging. (17, 18)

ADDENDUM

The data has implications in forensic medicine pertaining to legal definitions of what constitutes brain death (1). The President's Commission for the Study of Ethical Problems in Medicine (16) the criteria of which includes documentation of cessation of brain function. In addition, for more definitive determination of brain death, it is suggested that sequential SPECT scanning with a challenge of 6 liters surface oxygen for 40 minutes (tight mask) be utilized (if HBO is not available).
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