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Case Report

Freezing of Gait Following Hypoxic Brain Injury 
- Two Cases Reports -Yu Hui Won, M.D., Mi Hee Park, M.D., Yong Wook Kim, M.D.Department and Research Institute of Rehabilitation Medicine, Yonsei University College of Medicine, Seoul 120-752, Korea

Freezing of gait (FOG), which is the most common symptoms in Parkinson’s disease, is a unique gait disorder that patients are unable to initiate or continue locomotion. However, the pathophysiology of FOG has been poorly understood. We report two cases, one case is a 26-year old man and the second case is a 65-year old man, who showed FOG following hypoxic brain injuries caused by sudden cardiac arrest and hypovolemic shock, respectively. Brain F-18 FDG-PET images demonstrated the diffuse cortical hypometabolism in case 1 patient, and the decreased metabolism of the subcortical structures in case 2 patient. Two patients showed the typical features of FOG (turning, destination, and tight quarter hesitations combined with kinesia paradoxa) and the abnormal patterns of temporospatial data in kinematic gait analysis. We present two cases of FOG following hypoxic brain injury with reviewing of some literatures.
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INTRODUCTION  Freezing of gait (FOG) is a typical symptom of de-generative central nervous system (CNS) diseases, which indicates a short and sudden gait disorder that occurs when one starts walking or turns in another direction while walking or gets to one’s destination after walking. Most patients with FOG feel as if their feet are glued to the ground, and in serious cases it may block loco-motion. FOG, which blunts the sense of balance in the process of ambulation, is an important factor of a hurt from a fall. Nevertheless, its pathogenesis has not been clearly unraveled and also any effective treatments have not been developed yet. In particular, there have been few reports of FOG in patients with hypoxic brain in-jury (HBI). This paper is to report 2 cases of FOG in patients after HBI.

CASE REPORT

Case 1  A 26-year-old male, who had no significant medical history and neurologic abnormalities, was admitted to the emergency room due to sudden cardiac arrest. After undergoing cardiopulmonary resuscitation, he was trans-ferred to the cardiology ward. The pharmacotherapy was performed with diagnosis of idiopathic ventricular fibrillation, J-wave syndrome and HBI. On a fluid-atte-nuated inversion recovery-magnetic resonance imaging (FLAIR-MRI) scan performed on the brain 1 month af-ter hospitalization, the diffuse cerebral edema was ob-served (Fig. 1-A). A cardiac pacemaker was set in the patient 2 months after hospitalization. One month later, the patient was transferred to the rehabilitation depart-ment, where he underwent comprehensive treatments for cognitive dysfunction and gait disturbance.
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Fig. 1. A 26 year-old man asso-ciated with hypoxic brain injury following sudden cardiac arrest. (A) T2-flair MR axial image showeddiffuse brain swelling. (B) Posi-tron emission tomography (PET) axial views showed decreased FDG uptake in the bilateral fron-tal, parietal, and occipital lobes (white arrow) and metabolic defectin the bilateral thalamus (whitearrow head).
 The neurologic examinations found that the patient was alert with the JFK coma recovery scale (JFK-CRS) score of 23. But on the Korean mini-mental state ex-amination (K-MMSE), the patient showed the cognitive dysfunction with the score of 21. On positron emission tomography (PET) performed on the brain, the cerebral hypometabolism was observed on both frontal, both pa-rietal, and both occipital lobes and both sides of the thalami (Fig. 1-B).  The patient could walk by himself when he was transferred to the rehabilitation ward, but showed gait disturbance. An inquiry, made of the patient’s care-giv-er, found that the patient showed gait disturbance from early ambulatory phase after cardiac arrest. On physical examinations, he showed a shuffling gait when turning, hence the time up and go test (TUG) was performed under suspicion of FOG. On TUG, turning hesitation and 

destination hesitation were observed. Also, tight-quarter hesitation was observed whenever the patient passed through the room door. Moreover, the patient showed kinesia paradoxa whenever crossing a line (Table 1). On a FOG questionnaire (FOG-Q)1 performed to meas-ure the severity, the patient was classified as moderate level of FOG with the score of 14 out of 24. A gait analysis, performed prior to rehabilitation, showed the delay of cadence and double support time, but the short-age of step length, step time, walking speed and single support time (Table 2).  The patient underwent balance and gait training, and comprehensive rehabilitation for 2 months, but did not show significant changes in clinical characteristics and gait (Table 1). Afterwards, the patient moved to anoth-er hospital so as to continue to undergo rehabilitation.
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Table 1. Subtypes of Freezing of Gait and Occurrence of Kinesia Paradoxa in Two Patients with Hypoxic Brain Injury be-fore and after Rehabilitative Treatment Case 1 Case 2Initial Follow up Initial Follow upSubtypes of freezing of gait  Start hesitation − − − −
　　Turning hesitation ＋ ＋ ＋ ＋
　　Destination hesitation ＋ ＋ ＋ −
　　Tight quarter hesitation ＋ ＋ ＋ ＋Kinesia paradoxa ＋ ＋ ＋ ＋Freezing of gait questionnaire (total 24) 14 14 19 17
Table 2. Spatiotemporal Data of Kinematic Gait Analysis in Two Patients with Freezing of Gait after Hypoxic Brain Injury Case 1 Case 2 NormaladultsCadence (steps/min) 128 203 106Walking speed (m/s) 0.42 0.09 1.16Step length (m) 0.17 0.02 0.61Step time (sec) 0.49 0.34 0.51Single support time (%) 30.6 21.8 38.4Double support time (%) 31.1 57.1 23.2
Case 2  A 65-year-old male, who had no significant medical history and neurologic abnormalities, had gone into hy-povolemic shock as he had been stabbed in the abdo-men, and as a result sustained cardiac arrest and HBI. Four months later, he had been able to walk by him-self but showed gait disturbance. Six months after the accident, he was hospitalized and underwent rehabilitation. The neurologic examinations, performed immediately af-ter hospitalization, found that the patient was alert with the JKF-CRS score of 23. But on K-MMSE, the pa-tient showed the manifestation of cognitive dysfunction with the score of 25.  On the brain FLAIR-MRI scan performed 3 months after the accident, high-signal intensities were observed on both basal ganglia and both sides of the subcortical white matter (Fig. 2-A). On brain PET performed 6 months after the accident, the cerebral hypometabolism was ob-served on both basal ganglia and both thalami (Fig. 2-B).  The patient could walk by himself before hospital-ization, but showed a shuffling gait when turning, hence TUG was performed under suspicion of FOG. On TUG, 

turning hesitation and destination hesitation were observed. Also, tight-quarter hesitation was observed when the patient passed through the room door. Moreover, the patient showed kinesia paradoxa whenever crossing a line (Table 1). On FOG-Q before treatment, the patient was classified as severe FOG with the score of 19. A gait analysis, performed prior to rehabilitation, showed that the decrease of cadence and double support time but the shortage of step length, step time, walking speed and single support time (Table 2).  The patient underwent comprehensive rehabilitation with balance and gait training for 6 weeks. As a result, the problem of destination-hesitation was completely re-solved, but in turning and tight-quarter hesitations, sig-nificant changes were not observed. The severity was slightly lowered with the FOQ-Q score of 17 (Table 1). Afterwards, the patient periodically underwent out-pa-tient treatment.
DISCUSSION

　 FOG is a gait disturbance caused by a CNS injury, which precludes one from starting ambulation or in-hibits the movements during locomotion. Ordinarily, it occurs unpredictably, and in serious cases it may cause abasia.2 In common with Parkinson disease and Parkinson plus syndromes (progressive supranuclear palsy, multi-ple system atrophy, etc.), FOG is known to be closely related with degenerative CNS diseases, and in rare cases it is reported to be related with cerebrovascular disease.2 As regards FOG in patients with HBI, however, there have been no reports other than that of Feve et al.3
　 The pathophysiology of FOG had been reported to be based upon the damage to the basal ganglia, the core 
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Fig. 2. A 65 year-old man asso-ciated with hypoxic brain injury following hypovolemic shock. (A) Brain MR T2-flair axial im-age showed high signal in-tensity in the bilateral thalamus and deep white matter (yellow arrow) (B) Positron emission tomography (PET) axial views showed diffusely decreased FDG uptake in the bilateral basal ganglia (white arrow) and tha-lamus (white arrow head).
part of motor control. However, recent neuroimaging stud-ies have revealed that FOG is related with cerebral re-gions other than the basal ganglia. Matsui et al.4 re-ported that the decreased cerebral blood flow of the orbitofrontal cortex is associated with FOG. Bartels et al.5 reported that FOG is related with the hypofunction of the parietal lobe and the putamen. The neural corre-lates for FOG have not been clearly understood, but it has been reported that the input of wrong signals into the occipitoparietal area that integrates sensory and visual information or the malfunction of the frontos-triatal pathway that controls gait by processing in-putted signals may disrupt basal ganglia coordination of gait and cause a sudden distruption in gait program-ming, leading to FOG.6 According to a report,3 HBI-re-lated FOG occurs after the injury of the basal ganglia. However, conclusive results have not been brought about as of now. Meanwhile, the above-mentioned two cases 

show that the hypofunction of frontostriatal pathway or occipitoparietal area may cause FOG even in patients with HBI. (In Case 1, dysfunction was observed in the diffuse cerebral cortex including the frontal lobe, the parietal lobe and the occipital lobe. In Case 2, dysfunc-tion was observed in the subcortical area including the basal ganglia and the thalamus.) The two cases did not show significant differences in the clinical character-istics of FOG.  The clinical characteristics of FOG are largely divided into four according to situations, start hesitation, turn-ing hesitation, destination hesitation just before reach-ing destination, and tight-quarter hesitation when pass-ing through a narrow space.2 In many patients, at least two hesitations arise simultaneously with each other. Also in the two cases presented in this report, TUG be-fore and after rehabilitation session showed that vari-ous hesitations arose concurrently.
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 The FOG-Q is to measure the severity of FOG sensed by patients.1 In Case 1, the FOG-Q score was 14 even after rehabilitation. But in Case 2, it was slightly low-ered from 19 to 17 after rehabilitation due to reso-lution of destination hesitation. In the case of Parkinson disease, FOG ensures on its progress. But in the case of HBI-related FOG, there have been no studies on clin-ical characteristics. In Case 2, slight improvements were observed after rehabilitation, but checks were not made of other improvements in connection with the results, which was a limitation of this study. Thus, there is a need to conduct a further study on the clinical symp-toms related with the improvement of FOG.  Kinesia paradoxa means the phenomenon that if a line is drawn on the ground in front of the foot of a patient, the patient can usually step over it without FOG.7 In the two cases, kinesia paradoxa was observed not only before but after rehabilitation. It has been re-ported that the mechanism of kinesia paradoxa might be explained by the activation of the premotor cortex; to be specific, the premotor cortex is activated when the patient crosses a line drawn on the floor, and its activation heightens the accuracy of visuomotor control, and as a result the patient may be able to walk nor-mally without FOG.8 But, there have no few studies on the mechanism of kinesia paradoxa. In this connection, further studies need to be conducted.  FOG-related motion analysis has been mostly per-formed on patients with Parkinson disease. Alice et al.9 performed motion analysis on normal adults and 10 patients who showed the FOG, and compared them in visuospatial indexes. The results showed the decrease of cadence and double support time, but the shortage of walking speed, step length and single support time, which were statistically significant. Likewise, the two cases, presented in this report, showed the decrease of cadence and double support time but the shortage of step length, step time, walking speed and single sup-port time. In Case 2, gait disturbance was more serious in company with a subcortical injury. It may be be-cause gait was more affected by the injury of the basal ganglia, a subcortical area, rather than by the cerebral cortex.

  It is very difficult to treat FOG, but clinically balance and gait training, visual or auditory stimulation, phar-macotherapy and surgical operations are tried. The problem is that there is still controversy over such methods.10 Particularly in relation to FOG caused by HBI, the mechanism has not been unraveled yet and al-so there have been few scientific reports. Such being the case, there have been no reports on therapeutic methods and effects. It is imperative to study them for the future.  This paper is to report 2 cases of FOG following HBI with literature review.
REFERENCES1) Giladi N, Shabtai H, Simon ES, Biran S, Tal J, Korczyn AD. Construction of freezing of gait questionnaire for patients with Parkinsonism. Parkinsonism Relat Disord 2000; 6: 165-1702) Okuma Y. Freezing of gait in Parkinson's disease. J Neurol 2006; 253 Suppl 7: 27-323) Feve AP, Fenelon G, Wallays C, Remy P, Guillard A. Axial motor disturbances after hypoxic lesions of the globus pallidus. Mov Disord 1993; 8: 321-3264) Matsui H, Udaka F, Miyoshi T, Hara N, Tamaura A, Oda M, Kubori T, Nishinaka K, Kameyama M. Three-dimensional stereotactic surface projection study of freezing of gait and brain perfusion image in Parkinson's disease. Mov Disord 2005; 20: 1272-12775) Bartels AL, de Jong BM, Giladi N, Schaafsma JD, Maguire RP, Veenma L, Pruim J, Balash Y, Youdim MB, Leenders KL. Striatal dopa and glucose metabolism in PD patients with freezing of gait. Mov Disord 2006; 21: 1326-13326) Bartels AL, Leenders KL. Brain imaging in patients with freezing of gait. Mov Disord 2008; 23 Suppl 2: S461-4677) Fahn S. The freezing phenomenon in parkinsonism. Adv Neurol 1995; 67: 53-638) Hanakawa T, Fukuyama H, Katsumi Y, Honda M, Shibasaki H. Enhanced lateral premotor activity during paradoxical gait in Parkinson's disease. Ann Neurol 1999; 45: 329-3369) Alice N, Fabienne C, Anne-Marie W, Kaat D. Does freezing in Parkinson's disease change limb coordination? A kinematic analysis. J Neurol 2007; 254: 1268-127710) Morris ME, Iansek R, Galna B. Gait festination and freezing in Parkinson's disease: pathogenesis and rehabilitation. Mov Disord 2008; 23 Suppl 2: S451-460


