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ABSTRACT 
Homonymous visual field defects (HVFDs) are a common consequence of posterior brain injury. 
Most patients do not recover spontaneously and require rehabilitation. To determine whether 
a certain intervention may help an individual patient, it is necessary to predict the patient’s 
level of functioning and the effect of specific training. We provide an overview of both the 
existing literature on HVFDs in terms of the International Classification of Functioning, 
Disability, and Health (ICF) components and the variables predicting the functioning of HVFD 
patients or the effect of treatment. We systematically analyzed 221 publications on HVFD. All 
variables included in these articles were classified according to the ICF, as developed by the 
World Health Organization, and checked for their predictive value. We found that ICF helps to 
clarify the scope of the existing literature and provides a framework for designing future 
studies, which should consider including more outcome measures related to Activities and 
Participation. Although several factors have been described that predict HVFD patients’ level of 
functioning or the effects of training, additional research is necessary to identify more. 
 
INTRODUCTION  
Among the most common consequences of postchiasmatic stroke are homonymous visual field 
defects (HVFDs), such as hemianopia. These often have a negative impact on the patients’ level 
of functioning. There is an increasing amount of attention to the possibilities of treatment, 
which is either aimed at restoration of the visual field or at compensation for the field defect. 
Although there are analyses of the factors that predict the level of functioning for patients with 
HVFDs or the effect of an intervention, to our knowledge there has been no large-scale review. 
Furthermore, most studies on HVFDs make use of a myriad of parameters, and consistency in 
measurements among the different studies is lacking. To create an accessible overview of the 
information in the available literature, all individual parameters described in 221 articles on 
HVFD were classified and examined for their predictive effect on other parameters.  

We use the International Classification of Functioning, Disability, and Health (ICF). The ICF, 
as developed by the World Health Organization in 2001, has the purpose of establishing a 
common language for describing health and health-related states in order to improve 
communication among users such as health care workers, researchers, policymakers and the 
public, including people with disabilities (World Health Organization, 2001). The ICF framework 
(Figure 3.1) consists of two parts outlining the situation for a patient with a given health 
condition. The first describes Functioning and Disability and distinguishes the components 
Body Functions and Structures and Activities and Participation. The second part, the Contextual 
Factors, consists of the components Environmental Factors and Personal Factors. The Body 
Functions not only include physiological, but also psychological, functions, whereas the Body 
Structures describe anatomical body parts. The ICF defines an Activity as “execution of a task or 
action by an individual” which represents “the individual perspective of functioning.” 
Participation is defined as “a person’s involvement in a life situation,” which represents “the 
societal perspective of functioning.” Functioning and Disability can be influenced by external 
Environmental Factors, such as the physical and social environment of an individual, as well as 
by internal Personal Factors, the characteristics of the individual. The components are further 
structured in domains and categories, resulting in unique codes for individual parameters.  
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Figure 3.1. An illustrative example of the ICF scheme (World Health Organization, 2001) in case of homonymous 
hemianopia, a common form of HVFD. 
 

The ICF as widely used in rehabilitation settings helps the clinician decide which levels of 
functioning should be assessed. For example, in case of a patient with postchiasmatic brain 
damage (Health Condition), the visual field (Body Functions) could be assessed, as well as the 
degree of bumping into objects (Activities) and the difficulty traveling to work (Participation). 
Furthermore, the impact of Environmental Factors, such as social support from family and 
friends, as well as Personal Factors, such as the patient’s experience with walking the route to 
work, are worth being assessed, because they can have a large influence on the functioning of 
the patient (see Figure 3.1). 

The wide application of the ICF in rehabilitation settings makes the ICF a suitable 
framework for examining how the components of interest for clinical rehabilitation are 
examined and described by the existing research literature. We apply the ICF to gain more 
insight into the HVFD, which refers to blindness for part of the visual field caused by 
postchiasmatic brain damage. Because of the location of the injury, the visual field defect is 
identical for both eyes and therefore is called homonymous. HVFD is a negative predictor for 
recovery after stroke. When stroke patients also have HVFD, they require longer rehabilitations 
in hospitals, are less independent in their mobility, have a lower rate of independence in self-
care function, and are more impaired in their activities of daily life (Feigenson et al., 1977; 
Friedman, 1995; L. Han, Law-Gibson, & Reding, 2002; Patel, Duncan, Lai, & Studenski, 2000; 
Reding & Potes, 1988).  

Only in a minority of cases does the visual field completely recover spontaneously, 
although the literature is ambiguous about the exact numbers (Zihl, 2011). For patients with 
persistent field defects, several training methods are available. One approach is restorative 
training, which is aimed at regaining visual functions at the border of or within the field defect, 
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and therefore its focus is on the ICF component Body Functions and Structures. Another 
approach is compensatory training, aimed at learning how to deal with the field defect. 
Compensatory training usually focuses on making systematic eye movements, although there is 
a large variance in training protocols used (for an overview see Bouwmeester, Heutink and 
Lucas (2007). Whereas some protocols teach patients to make systematic eye movements 
during exploration tasks, others focus on specific eye movements during reading. We include 
the use of prism glasses in our discussion of compensatory treatment. For compensatory 
training, the outcome can also be on a Body Function, but often improvement on Activities and 
Participation, such as improvement in the mobility domain, is the aim of compensatory 
treatment. There has been a substantial amount of discussion on whether the restorative 
training truly restores the visual field or if the effects could be confounded by unsteady fixation 
during perimetry assessment (Bouwmeester et al., 2007; Pollock et al., 2011; Reinhard et al., 
2005). 

From a rehabilitation perspective, it is important to be able to assess prognosis and to 
choose the right intervention for a patient with HVFD. When it is known which factors 
influence a patient’s level of functioning, this increases knowledge of the characteristics that 
predict the development of the field defect, level of future functioning, and the effect of 
treatment. For example, when it is not expected that restorative training will improve the 
visual field any further, the patient could possibly still benefit from compensatory training.  
 We review the literature on HVFD within the scope of the ICF to give an overview of the 
existing literature on HVFDs in terms of the ICF components and the variables predicting the 
functioning of HVFD patients or the effect of treatment. First, HVFD and its relationship with 
the different ICF components are described in more detail. Second, the ICF scheme is applied 
to systematically categorize all variables studied, as well as the specific predictors analyzed by 
the selected literature. The results section includes an overview of the focus in terms of the ICF 
of all variables examined in the literature (Table 3.1), of the predictors (Tables 3.1 and 3.3) and 
of the predictor-outcome combinations (Table 3.2). At last, the most relevant factors found to 
predict the HVFD patients’ level of functioning and the effects of treatment are described 
(section 3.4.2). We hope that this review will allow clinicians, as well as researchers, to select 
from ICF components of interest, from several specific parameters, or from information on 
restorative training, compensatory treatment, or no treatment.  
 
HVFD AND ITS RELATION TO THE ICF COMPONENTS 
HVFD: different types and their frequencies of occurrence  
HVFD is classified in the ICF under Body Function b210: Seeing functions, and more specifically 
under b2101: Visual field functions (World Health Organization, 2001). HVFDs depend on the 
size and location of the postchiasmatic brain lesion. In a complete hemianopia, half of the 
visual field is absent, and in a quadrantanopia only a quarter of the visual field is missing. In 
cases of macular sparing, the central visual field is spared. In case of a partial defect, the visual 
field defect is called a scotoma, although in some traditions, scotoma is actually used as the 
general term for different types of visual field defects, including hemianopia. The terms 
hemianopia and HVFD are often used for the same field defects, although hemianopia does not 
necessarily imply a homonymous field defect, and HVFDs do not have to be restricted to one-
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half of the visual field. We use the term HVFD to refer to visual field defects that are 
homonymous and mainly restricted to one half of the visual field. Other patterns of visual field 
defects exist, such as bitemporal and altitudinal and other monocular field defects, but 
because the underlying pathology of these defects is prechiasmatic, and the consequences for 
daily life are also different, these fall outside the scope of the present review.  

Several authors mentioned the frequencies of different forms of HVFD. It is often assumed 
that the type of field defect has an influence on the level of functioning, as is further illustrated 
in section 3.4.2. Zhang et al. (2006a) found that 58% of the HVFDs could be classified as 
homonymous hemianopia (of which 13% had macular sparing), and 29% HVFDs were 
categorized as quadrantanopia. Homonymous scotomatous visual field defects formed 13% of 
the cases. Fujino et al. (1986) used a comparable classification. Homonymous hemianopia was 
present in 41% of the HVFD patients, and 37% of these had central field sparing. 
Quadrantanopia was present in 34% of the patients: 20% with a predominantly upper visual 
defect, and 14% with a predominantly lower visual defect. An irregular shape visual field 
defect, hemianopic scotoma, or bilateral visual field defects were present in 10%, 6%, and 9% 
of the cases, respectively. Zihl (2011) found 58% of the unilateral field defects to be a 
hemianopia, 17% a quadrantanopia, and 10% a paracentral scotoma. In a study of Trobe et al. 
(1973) 75% of the HVFD patients showed a unilateral homonymous hemianopia, 6% a bilateral 
homonymous hemianopia, 16% a homonymous quadrantanopia, and 3% a paracentral 
scotoma.  

 
HVFD and its relation with health condition 
The most common cause of HVFDs is damage to the occipital lobes (responsible for 45% of the 
HVFDs in Zhang et al. (2006a) and 51% in Fujino et al. (1986)). Another common etiology is 
damage to the optic radiations (32% in Zhang et al. (2006a) and 29% in Fujino et al. (1986)). 
Other, rarer causes are damage to the optic tract or to the lateral geniculate body. 
 HVFDs are most often caused by a stroke, but head trauma and brain tumors are also 
common (Fujino et al., 1986; Trobe et al., 1973; Zhang et al., 2006a; Zihl, 2011). According to 
the study of Zhang et al. (2006a), stroke was the main cause of HVFD, with cerebral infarction 
accounting for 59% and hemorrhage accounting for 11% of the HVFD cases. Other major 
causes were trauma (14%) and brain tumors (11%). In comparison, Trobe et al. (1973) found 
vascular occlusion to be the cause in 89% HVFDs patients--occlusion of the posterior cerebral 
artery in 86% and occlusion of the middle cerebral artery in 3% of the cases. Trauma was found 
to be the cause in 3.5%. Among the less common causes of HVFD are multiple sclerosis, seizure 
disorders, and the posterior form of Alzheimer disease (Trobe et al., 1973; Zhang et al., 2006a).  

HVFD is one of the leading consequences of postchiasmatic brain damage; it has been 
estimated that 89% of patients with postchiasmatic brain injury have homonymous visual field 
defects (Zihl, 2011). To give an idea of the incidence in the total population, when visual fields 
were assessed in a large Australian urban elder community population (N = 3,216, age ≥ 49 
years), HVFDs were present in 0.8% of the total sample and in 8.3% of those that had 
experienced a stroke (Gilhotra et al., 2002). Rossi et al. (1990) reported that 31% of the stroke 
patients in their inpatient rehabilitation unit had either homonymous hemianopia or visual 
neglect. Feigenson et al. (1977) found 31% of their stroke unit patients to suffer from 
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homonymous hemianopia. The difference in prevalence among these samples of stroke 
patients (8.3% vs 31%) could possibly be explained by a selection bias. Stroke patients without 
HVFD are less likely to be admitted to a stroke unit. The estimated percentage of patients 
suffering from hemianopia after stroke may also vary depending on the definition of 
hemianopia, time since stroke, and methodology used. The percentage of hemianopia was 
found to be 73% in a group of 2,738 patients with large infarction in the territory of the middle 
cerebral artery (Heinsius, Bogousslavsky, & Van Melle, 1998). In another study among a 
relatively small group of patients (N = 89) with posterior cerebral artery stroke, 54% had 
hemianopia (Ng, Stein, Salles, & Black-Schaffer, 2005). Van Stavern et al. (2001) found that of 
326 patients with head trauma, 14% presented postchiasmatic visual field defects.  
 
Activities and participation 
Most patients with HVFD report reading problems and mobility problems (Gassel & Williams, 
1963b; Trobe et al., 1973; Warren, 2009). Zihl (2011) mentions specific problems of bumping 
into obstacles and of wayfinding, especially in unfamiliar surroundings. According to Warren 
(2009), patients with HVFD face difficulties in daily life such as problems with driving, shopping 
(the result of orientation and mobility problems), meal preparation, financial management (the 
result of reading problems), personal hygiene or grooming, and watching television. Problems 
with regard to writing, reading, anxiety when walking in crowded surroundings, disorientation, 
and collisions with objects or people on the side of the visual field defect are self reported by 
40-90%. Based on patients’ self-assessments, both their vision-related and general quality of 
life are decreased by the visual field defect (Gall, Franke et al., 2010; Papageorgiou et al., 2007; 
Wagenbreth et al., 2010).  
 
Environmental and personal factors 
The performance of HVFD patients can be influenced by environmental and personal factors. A 
patient who lives next to a shopping center would have fewer problems with shopping than 
someone who lives in a rural area and is dependent on a driver’s license or public transport. 
Examples of personal factors that could be of influence are age and gender. HVFDs have been 
observed at all ages, but they are most common in patients between ages 50 and 70 (Fujino et 
al., 1986; Trobe et al., 1973). Although some studies showed an equal occurrence of HVFDs 
among men and women (Zhang et al., 2006a), others found a higher occurrence in men (Fujino 
et al., 1986; Trobe et al., 1973). To our knowledge, no systematic studies have been performed 
on the frequency of other personal factors or environmental factors.  
 
DATA EXTRACTION 
The included publications (see Method of Literature Search) were classified into three 
categories: 1) studies describing the functioning of people with HVFD regardless of treatment, 
2) studies about the effect of restorative training aimed at partial recovery of the lost visual 
field, 3) studies concerning the effect of compensatory training. 

For each publication, each variable mentioned was allocated to one of the ICF components. 
Furthermore, each article was checked for predicting factors within the group of HVFD 
patients. A predictor was defined as a variable that was examined for its relationship with  
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Box 3.1. Categories of predicting factors. 
Body Functions and Structures 
 Visual functions, such as characteristics of the visual field, visual acuity, and contrast sensitivity 
 Neuro-anatomical factors, such as lesion location, lesion size, and etiology 
 Side of field defects. Because a distinction between left-sided and right-sided field defects is directly related 

to a distinction between left-sided and right-sided brain damage, this predicting factor could be ascribed to 
the visual functions as well as to the neuro-anatomical category. Therefore it was decided to create a 
separate category for comparisons between left-sided and right-sided field defects or brain lesions.  

 Neuropsychological predictors, including neglect, awareness, and insight 
 Other body functions and structures 
 
Activities  
 Activities, such as performance on reading tasks 
 
Participation 
 Participation, such as return to work, participation in social activities, etc. 
 
Personal Factors 
 Patient characteristics, such as age, gender, and time since lesion 
 
Environmental Factors 
 Environmental factors, such as contact with other patients in a vision rehabilitation clinic 
 
Other 
 Other variables. These are variables that do not fit in one of the other categories.  

 
another variable. In case a correlation or association between two variables was described 
instead of a clear predictor-outcome combination, both variables were included as a predictor. 
This means that the predictors indicate statistical associations and not necessarily causal 
connections. 

A number of predictor categories were distinguished, as presented in Box 3.1. The 
classification within the group of Body Functions and Structures was not based on the ICF, but 
was found helpful for structuring our findings.  

The ICF is a helpful framework for categorizing the different variables examined by studies 
on HVFD. A large number of variables are explicitly listed in the ICF, such as visual field or visual 
acuity. In case a parameter was not explicitly listed, the authors made a collective decision, 
which was always unanimous. The categorization of some variables is explained here to 
prevent confusion. Because the ICF explicitly states that Body Functions also include mental 
functions, tests aimed at measuring neuropsychological constructs, such as the Trailmaking 
Test or the Line Bisection Test, were allocated to the Body Functions component. Eye 
movement parameters, such as fixation duration and saccade length during a visual search 
task, were also classified as Body Functions. The reaction time and accuracy of responses were 
categorized as measures of Activities, since these parameters are an indication of performance 
on a certain task, except for tasks that were clearly applied to measure an underlying body 
function, such as neuropsychological or perimetric tests. 

The ICF lists a number of domains that could be applied for both Activities and Participation 
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and makes four suggestions with regard to the distinction between Activities and Participation. 
Here, the suggestions are applied to allow all domains to be part of both the Activities and the 
Participation component and not to allocate certain domains to Activities and certain domains 
to Participation in advance. A certain action or performance was classified as an Activity, unless 
it clearly defined a person’s Participation, such as return to work and performing certain 
hobbies. In line with this reasoning, it was decided that the possession of a valid driver’s license 
and the ability to use public transport were categorized as Activities. Having a driver’s license 
does not necessarily define Participation, because one might not actually drive; obtaining a 
valid driver’s license is an Activity closely related to Participation, however, because not having 
a license clearly restricts the possibilities of transport. 
 
RESULTS 
In total, 221 journal articles were considered for data extraction (references 1-10, 12-38, 40, 
42-55, 57-59, 61-134, 136-144, 146-155, 157-159, 161-201, 203-218, 220-228, and 230-233 in 
Appendix 3.1). The results are presented in Table 3.1. The level of functioning in people with 
HVFD regardless of any intervention was addressed in 180 publications. In 31 publications the 
effect of restorative training was described, and the effect of compensatory training was 
discussed in 29 articles. Because an individual publication can address both the general 
functioning and the effect of training, the numbers in total exceed the total number of studies 
included (N = 221).  

Besides knowing what factors have been found to predict another variable, called the 
outcome variable, it is also interesting to know the kind of outcome variables for which 
predicting factors have been examined. Therefore, every predictor-outcome connection was 
identified and it was decided to which ICF component each outcome variable belonged. Table 
3.2 shows the number of predictor-outcome combinations that were found in terms of the ICF.  
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Table 3.1. Overview of variables described in 221 publications on HVFD, classified according to ICF. 
Subject of 
publication  

Variable ICF level No. of 
publications  

References 
(Appendix 3.1) 

Functioning 
without 
intervention 
n = 180 

All variables Body Functions and Structures 180 (100%)  
Activities 50 (28%)  
Participation 16 (9%)  

     
 Predictors Body Functions and Structures   
  Visual functions (visual field 

characteristics, macula sparing, 
contrast sensitivity, visual acuity, eye 
movements, eccentric fixation, 
oculomotor functioning, color vision, 
hallucinations, visual phenomena) 

73 (41%) 3, 4, 9, 18, 24, 29, 
37, 38, 43, 44, 45, 
46, 47, 48, 49, 53, 
54, 55, 58, 64, 70, 
79, 81, 82, 85, 95, 
99, 101, 105, 109, 
117, 119, 120, 134, 
136, 140, 141, 144, 
148, 149, 150, 154, 
155, 157, 163, 172, 
177, 180, 183, 187, 
189, 192, 195, 196, 
197, 198, 203, 204, 
205, 206, 215, 217, 
218, 222, 223, 224, 
225, 226, 227, 231, 
228, 232, 233 

  

  Side of field defect 58 (32%) 2, 3, 13, 14, 20, 21, 
22, 23, 32, 33, 34, 
37, 42, 44, 47, 49, 
58, 63, 69, 89, 91, 
94, 98, 99, 106, 
107, 109, 120, 121, 
131, 139, 140, 144, 
149, 154, 157, 163, 
173, 179, 181, 187, 
189, 190, 191, 192, 
195, 196, 203, 205, 
209, 217, 218, 226, 
227, 228, 230, 231, 
232 

   Neuro-anatomy (lesion location, 
etiology, lesion size, degree of 
hypodensity of lesion, angiography, 
visually evoked potentials, cerebral 
dominance)  

55 (31%) 4, 16, 18, 24, 29, 
36, 38, 40, 43, 44, 
46, 48, 49, 54, 55, 
58, 59, 64, 70, 81, 
82, 85, 94, 95, 105, 
108, 111, 117, 119, 
126, 134, 136, 139, 
141, 148, 154, 183, 
186, 189, 192, 195, 
196, 198, 203, 204, 
205, 209, 210, 215, 
217, 223, 224, 225, 
226, 231 
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Subject of 
publication  

Variable ICF level No. of 
publications  

References 
(Appendix 3.1) 

   Neuropsychological predictors 
(awareness of deficits, insight, 
mental deterioration, level of 
consciousness, attention, 
depression, neglect, form 
perception, object recognition, visual 
processing speed, executive 
functioning, dyslexia, dysphasia, 
language deficits, apraxia) 

24 (13%) 2, 3, 23, 37, 44, 45, 
47, 48, 49, 69, 90, 
94, 120, 122, 128, 
171, 177, 187, 189, 
203, 209, 215, 217, 
231 

   Other body functions and structures 
(arm position, head movements, 
paresis, hemiplegia, sensory 
disorder, tactile extinction, physical 
defects, physical complaints at 
onset) 

9 (5%) 49, 58, 94, 182, 
198, 203, 215, 218, 
224 

  Activities (reading performance, dot 
counting speed, search task performance, 
visuoperceptual behaviour during driving, 
driving performance) 

12 (7%) 44, 47, 58, 140, 
143, 149, 177, 217, 
218, 227, 228, 231 

  Participation 0 (0%)  
  Personal Factors (age, gender, time since 

lesion, driving experience, driving status, 
reading practice, age at onset of 
hemianopia, race) 

43 (24%) 13, 14, 17, 21, 43, 
44, 46, 48, 70, 78, 
85, 97, 105,111, 
120, 121, 126, 136, 
139, 140, 149, 154, 
163, 180, 181, 189, 
191, 192, 195, 196, 
198, 206, 209, 215, 
217, 221, 224, 225, 
226, 227, 230, 231, 
232 

  

  Environmental Factors 0 (0%)  
  Other (questionnaire scores: Visual 

Functioning Questionnaire, questionnaire 
of Kerkhoff, Cerebral Visual Disorders 
questionnaire, Driving Habits 
Questionnaire, Health Survey Short Form: 
SF-36; rate of illness onset) 

10 (6%) 23, 45, 47, 58, 143, 
154, 189, 203, 209, 
228 

    

  No predictors 59 (33%)  
Effect of 
restoration 
training 

All variables Body Functions and Structures 31 (100%)  
Activities 11 (35%)  
Participation 8 (26%)  

n = 31      
 Predictors Body Functions and Structures   
   Visual functions (visual field 

characteristics, macula sparing, 
hallucinations) 

9 (29%) 46, 78, 151, 152, 
153, 154, 161, 162, 
167 

   Side of field defects 2 (6%) 75, 153 
   Neuro-anatomy (etiology) 5 (16%) 26, 66, 78, 153, 

176 
   Neuropsychological predictors 

(attention level) 
1 (3%) 
 

153 

   Other body functions and structures 0 (0%)  
  Activities 0 (0%)  
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Subject of 
publication  

Variable ICF level No. of 
publications  

References 
(Appendix 3.1) 

  Participation 0 (0%)  
  Personal Factors (age, gender, time since 

lesion) 
9 (29%) 26, 66, 75, 78, 153, 

154, 155, 162, 167   
  Environmental Factors 0 (0%)  
 Other (subjective improvement in daily 

life) 
2 (6%) 154, 167 

  No predictors 17 (55%)  
Effect of 
compensatory 
training 

All variables Body Functions and Structures 29 (100%)  
Activities 22 (76%)  
Participation 3 (10%)  

n = 29      
 Predictors Body Functions and Structures   
   Visual functions (visual field 

characteristics, eye movements, 
preferred illumination for reading, 
dark/light adaptation) 

4 (14%) 89, 90, 230, 232 

   Side of field defects 8 (28%) 91, 131, 144, 226, 
227, 230, 231, 232 

   Neuro-anatomy (lesion location, 
etiology) 

3 (10%) 91, 227, 232 

   Neuropsychological predictors (visual 
perception, visual object recognition, 
neglect) 

2 (7%) 90, 164 

   Other body functions and structures 
(head movements) 

1 (3%) 90 

  Activities (reading performance) 1 (3%) 89 
  Participation 0 (0%)  
  Personal Factors (age, gender, time since 

lesion) 
5 (17%) 90, 91, 138, 230, 

232   
  Environmental Factors (number of 

patients in clinic) 
1 (3%) 12 

  Other 0 (0%)  
  No predictors 16 (55%)  
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Table 3.2. Number of predictor-outcome combinations classified according to the ICF.  

Body, Body Functions and Structures; Act, Activities; Part, Participation; Pers, Personal Factors; Env, 
Environmental Factors. 
One publication could contain multiple combinations within the same category. For example, when an article 
mentioned the effect of both macula sparing and visual acuity on reading speed, it contributed two times to the 
Body-Act category. Therefore, the number of publications that mentioned one or more combinations of a certain 
category is depicted in parentheses. 

 
ICF Components 
With regard to the variables examined in the literature, it was found that all studies included 
variables at the level of Body Functions and Structures. This is not surprising since all studies 
examine HVFD, which by itself is a Body Function. Variables belonging to the Activities 
component were used more often in compensation studies (76%), as compared with studies on 
general functioning (28%) and restorative training (35%). Participation measures were more 
often described by restoration articles (26%), compared with compensation articles (10%) and 
articles on general functioning (9%). 
 With respect to the predicting factors it is interesting that all three types of studies 
(focusing on general functioning, restoration or compensation) mainly assessed the predicting 
effect of Body Functions and Personal Factors. Only one article examined the influence of 
Environmental Factors, and 33% of the publications on general functioning and 55% of 
restoration and compensation studies did not report on any predicting factors.  

Most of the predictors were related to outcome variables belonging to the component 
Body Functions and Structures, the effect of predictors on certain Activities was studied less 
often. Although in studies on general functioning and restoration training a few predictors 
were related to Participation outcome, no predictors for Participation outcome were identified 
for compensatory training.  

Combination General functioning Restoration training Compensatory Training 

Predictor  Outcome  
Body Body 248 (105) 18 (12) 20 (9) 
Body Act 104 (44) 5 (4) 12 (8) 
Body Part 21 (9) 2 (2) - 
Act Body 12 (11) - 1 (1) 
Act Act 9 (8) - 1 (1) 
Act Part 5 (4) - - 
Part Body - - - 
Part Act - - - 
Part Part - - - 
Pers Body 65 (37) 15 (9) 10 (4) 
Pers Act 33 (14) 1 (1) 6 (3) 
Pers Part 13 (6) - - 
Env Body - - 1 (1) 
Env Act - - 1 (1) 
Env Part - - - 
Other Body 3 (3) 1 (1) - 
Other Act 6 (6) - - 
Other Part 1 (1) - - 
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Predicting factors 
The studies revealed several factors that were found to influence the level of functioning in 
patients with HVFD. Table 3.3 presents the evidence found for all the different predictors 
encountered.  
 Because it would take too much space to elaborate on each predictor, only the most 
relevant findings are described further. The selection of the predictors to be described here 
was based on relevance, frequency, and clarity in the original article. The predictors selected 
are assumed to be relevant for a wide range of researchers as well as professionals working in 
rehabilitation. In some articles, the predictors or their outcome parameters were not 
sufficiently explained or the descriptions of the predicting effects were ambiguous. In these 
cases, the predictors were not considered. For each predictor, the information is organized by 
outcome in such a way that first the outcome parameters on the Body Function level are 
discussed, followed by the Activities and Participation. 
  
Predictors of functioning without intervention 
Body functions and structures  
Visual field characteristics – Some visual field characteristics were found to predict the 
spontaneous recovery of the HVFD. When the border between the intact and the affected 
region of the visual field was clearcut, less recovery could be expected than when a more 
gradual transition from the blind to the intact region was present (Zihl, Von Cramon, 
Brinkmann, & Backmund, 1977). A larger portion of incomplete VFDs recovered over time 
compared to the complete VFDs (C. S. Gray et al., 1989; Zhang et al., 2006b). 
 Size of the field defect was not related to search time on a visual search task, when search 
time was defined as the amount of deviation from the average search time of a healthy control 
group (Machner et al., 2009). Blythe et al. (1987) reported an absence of an association 
between size of HVFD and reading problems or bumping into obstacles on the blind side. The 
relationship between size of the HVFD and standardized quality of life measures has been 
examined in several studies, showing that a larger visual field defect may be related to an 
impaired quality of life according to some subscales, but not to others (Gall, Mueller, 
Kaufmann, Franke, & Sabel, 2008; Gall, Mueller, Gudlin et al., 2008; Gall, Lucklum, Sabel, & 
Franke, 2009; Gall, Franke et al., 2010; Gall, Wagenbreth, Sgorzaly, Franke, & Sabel, 2010; 
Papageorgiou et al., 2007; Wagenbreth et al., 2010). Several studies found that the extent of 
the visual field loss did not predict car-driving performance (Racette & Casson, 2005; Schulte, 
Strasburger, Muller-Oehring, Kasten, & Sabel, 1999; Wood et al., 2011), whereas other studies 
reported that patients with hemianopia were more impaired in car driving than patients with 
quadrantanopia (Elgin et al., 2010; Wood et al., 2009). 

A number of studies found a predictive effect of macular sparing. HVFD patients with 
macular sparing were found to read faster (Lane et al., 2010; Papageorgiou et al., 2007; 
Trauzettel-Klosinski & Brendler, 1998; Zihl, 1995a) and to make less aberrant eye movements 
during reading (Leff et al., 2000; Trauzettel-Klosinski & Brendler, 1998; Zihl, 1995a). Machner et 
al. (2009), however, did not find a relation between macular sparing and search time on a 
visual search task. This inconsistent finding could be explained by the difference in task 
requirements. Information from the central visual field is highly important during reading,  
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Table 3.3. Evidence for predicting effects. 
Predictor General 

functioning 
Restoration 
training 

Compensatory 
training 

Body Functions and Structures    
Visual functions     
 Size, type and completeness of VFD + + + 
 Maculasparing + ±1 n/a 
 Congruency of VFD for both eyes + n/a n/a 
 Visual acuity + n/a n/a 
 Contrast sensitivity + n/a n/a 
 Oculomotor functioning ±1 n/a n/a 
 Eye movements + n/a + 
 Eccentric fixation ±1 n/a n/a 
 Preferred illumination for reading n/a n/a - 
 Dark/light adaptation n/a n/a - 
 Eye disease/deviation + n/a n/a 
 Afferent pupillary defect + n/a n/a 
 Visual phenomena/hallucinations + + n/a 
Side of field defect  ±2 + 
Neuro-anatomy    
 Etiology + + ±1 
 Lesion location + n/a ±1 
 Lesion volume - n/a n/a 
 Amount of damage in certain brain 
 area/degree of hypodensity of lesion 

 
±1 

 
n/a 

 
n/a 

 Cerebral dominance - n/a n/a 
 Angiography ±1 n/a n/a 
 EEG/VEP ±1 n/a n/a 
 Hyperactivity as measured by MEG ±1 n/a n/a 
 PET: I/C-ratio ±1 n/a n/a 
Neuropsychological predictors    
 Global visuospatial tests/visual 
 perception 

+ n/a - 

 Neglect + n/a + 
 Form perception/ visual object 
 recognition 

- n/a - 

 Trailmaking Test part A + n/a n/a 
 Trailmaking Test part B + n/a n/a 
 Bells Test + n/a n/a 
 Hidden Figures Test + n/a n/a 
 Line bisection + n/a n/a 
 Grey Scales + n/a n/a 
 Executive functioning as measured 
 with the DSST 

 n/a n/a 

 Apraxia - n/a n/a 
 Dyslexia ±1 n/a n/a 
 Dysphasia ±1 n/a n/a 
 Language deficits - n/a n/a 
 Depression + n/a n/a 
 Attention ±1 + n/a 
 MMSE - n/a n/a 
 Mental deterioration - n/a n/a 
 Level of consciousness ±1 n/a n/a 
 Hemianopic anosognosia/awareness 
 of VFD/insight in VFD 

+ n/a n/a 

 Somatic anosognosia + n/a n/a 
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Predictor General 
functioning 

Restoration 
training 

Compensatory 
training 

Other Body Functions and Structures    
 Arm position - n/a n/a 
 head movements ±2 n/a + 
 hemiparesis/hemiplegia/hypotonia + n/a n/a 
 Sensory disorder + n/a n/a 
 tactile extinction ±1 n/a n/a 
 Physical complaints at onset - n/a n/a 
 Neurologic deficits - n/a n/a 
Activities    
Reading performance + n/a + 
Performance dot counting task + n/a n/a 
Performance search task + n/a n/a 
Visuoperceptual behaviour during driving 
(VIS) 

- n/a n/a 

Driving performance + n/a n/a 
Participation n/a n/a n/a 
Personal Factors    
Age + + + 
Gender + - - 
Time since lesion + ±1 + 
Driving experience + n/a n/a 
Driving status + n/a n/a 
Reading practice ±1 n/a n/a 
Age at onset of hemianopia ±1 n/a n/a 
Race - n/a n/a 
Environmental Factors    
Number of patients in clinic n/a n/a + 
Other    
Rate of illness onset - n/a n/a 
Subjective improvement in daily life n/a + n/a 
Visual Functioning Questionnaire + n/a n/a 
Health Survey Short Form: SF-36 + n/a n/a 
Cerebral Visual Disorders - n/a n/a 
Kerkhoff-questionnaire + n/a n/a 
Driving Habits Questionnaire ±2 n/a n/a 
(+) a significant effect reported in at least one publication; (-) examined, but no evidence reported in any of the 
publications; (±1) at least one publication mentioned an effect, but without reporting the p-values; (±2) at least 
one publication reported that the data suggest an effect, but that this was not significant (often due to small 
sample sizes); (n/a) not examined in any of the publications. 
 
whereas performance on visual search tasks depends more on peripheral information. Tant, 
Brouwer et al. (2002) did not expect macular sparing to influence on on-road driving 
performance; a significant positive correlation was found between the degrees of macular 
sparing and visual scanning behavior during driving, however. They suggested that macular 
sparing possibly leads to less difficulty with identifying objects, which makes it easier to 
compensate for the field defect. In a different on-road driving study (Elgin et al., 2010; Wood et 
al., 2009), 22 hemianopia patients were classified as either having macular sparing (n = 8) or 
not (n = 14). Here no significant difference between these two groups was found. 

Side of field defect – The side of the field defect is one of the most examined predictors. In 
this context, it must be kept in mind that an effect of side of field defect might actually reflect 
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an underlying effect of which cerebral hemisphere is damaged. The term “left-sided HVFD 
patient” refers to a patient with right hemisphere damage leading to a visual field defect on 
the left side and vice versa. 

Several visual search tasks have been used to assess visual scanning in hemianopia patients. 
Zihl (Zihl, 1995b; Zihl, 1999) asked HVFD patients how many dots were presented on a large 
screen, the right answer being 20. He found no difference between left-sided and right-sided 
HVFD patients with regard to the time necessary to count the dots. Side of field defect also had 
no influence on the eye movements during the task. Where Zihl only used one stimulus, Tant 
(2002) used 29 dot patterns, the number of dots ranging between 5 and 21 dots. He found that 
left-sided HVFD patients made more errors and showed, although not significantly, longer 
counting times compared with right-sided HVFD patients. Again, no influence of HVFD side on 
the eye movement parameters was found. Other studies found better visual search 
performance in left-sided HVFD patients compared with right-sided HVFD patients. When 
HVFD patients had to fixate in an ascending order numbers that were randomly distributed on 
a large screen, the right-sided HVFD patients had longer scanpaths, longer saccade durations, 
and longer reaction times. Several other scanning parameters, however, did not differ 
significantly between the two patient groups (Passamonti, Bertini, & Ladavas, 2009). When 
HVFD patients were asked to indicate whether or not one of 25 simultaneously presented 
squares was open at the top, the reaction was faster for left-sided than for right-sided HVFD 
patients, although this difference was not significant (Hildebrandt, Giesselmann, & 
Sachsenheimer, 1999). Machner et al. (2009) used a visual search paradigm in which 
participants had to detect 0, 1, 4, or 8 targets among a large number of distractors. Right-sided 
HVFD patients showed longer reaction times than left-sided HVFD patients, as well as a higher 
rate of refixations. No difference between left-sided and right-sided HVFD patients was found 
for the percentage of search time spent in the blind hemifield. Pambakian et al. (2000) asked 
HVFD patients to watch pictures, each presented for 3 seconds. Right-sided HVFD patients 
fixated more often on the picture area that corresponded to their blind hemifield than left-
sided HVFD patients. This effect might be mediated by the awareness of the visual field loss. 
Because right-sided HVFD is caused by left hemisphere damage, these patients often have 
better awareness of their visual field loss than left-sided HVFD patients with right hemisphere 
damage and might therefore compensate better for their visual field defect by fixating more on 
the right side of the picture. No difference, however, was found for side of HVFD with regard to 
the total fixation time on the blind side of a picture. No difference was found for side of HVFD 
concerning the percentage of saccades towards the blind side. To summarize, there is some 
inconsistency in the results of studies that examined scanning efficiency with regard to the 
effect of side of HVFD, which could possibly be explained by the differences among tasks used 
in different studies. 
 HVFD patients often report difficulty with reading. Patients with a right-sided HVFD 
experience different problems with reading than left-sided HVFD patients. Patients with left-
sided HVFD often reported problems with finding the beginning of a new line, whereas those 
with right-sided HVFD had more trouble with smoothly reading along the line (Kerkhoff, 
Munssinger, Eberlestrauss, & Stogerer, 1992; Schuett, Heywood, Kentridge, & Zihl, 2008). 
Objective measurements confirm that left-sided HVFD patients make more saccades during the 



 
 Systematic review on HVFD | 3 

 

 37 
 

return sweep to the next line than right-sided HVFD patients (Passamonti et al., 2009; 
Trauzettel-Klosinski & Brendler, 1998). Right-sided HVFD patients showed a higher number of 
progressive saccades, as well as more regressions (Passamonti et al., 2009; Trauzettel-Klosinski 
& Brendler, 1998) and longer fixation durations (Zihl, 1995a), compared with left-sided HVFD 
patients. With regard to the speed of reading, right-sided HVFD patients were found to be 
more impaired than left-sided HVFD patients (Lane et al., 2010; Papageorgiou et al., 2007; 
Trauzettel-Klosinski & Brendler, 1998; Zihl, 1995a). HVFD in the right hemifield was also 
associated with more reading errors (Passamonti et al., 2009). These results were found for 
languages written from left to right. Different results might be found for other writing systems. 

Several studies have assessed the effect of side of field defect on car-driving performance, 
either in a driving simulator (Bowers, Mandel, Goldstein, & Peli, 2010; Szlyk, Brigell, & Seiple, 
1993) or on the road (Elgin et al., 2010; Racette & Casson, 2005; Tant, Brouwer et al., 2002; 
Wood et al., 2009; Wood et al., 2011). Although some studies found differences between left-
sided and right-sided HVFD patients, others did not.  
 Etiology and lesion location - Zhang et al. (2006b) found that spontaneous recovery of the 
HVFD was not significantly associated with either etiology or lesion location. Tiel and Kölmel 
(1991), however, found a relation between lesion location and the location of visual field 
recovery. Dromerick and Reding (1995) examined hemianopia patients who also had 
hemiparesis and hemisensory loss. When patients with cortical, subcortical, or mixed lesion 
were compared, no difference was found for impairments in activities of daily life, self care, 
and ambulation at the time of admission in an inpatient stroke rehabilitation unit. A 
nonsignificant trend was found for cortical patients to have a shorter stay in the rehabilitation 
unit and to have a better self care and ambulation score on time at discharge. Miyai et al. 
(1997) examined a similar patient group and also found that patients with cortical lesions 
scored better on self care and ambulation on time of admission than patients with basal 
ganglia lesions. The patients with the cortical lesions had a shorter length of stay compared 
with the basal ganglia patients, although this difference was not significant. Lesion location did 
not influence whether patients went home after discharge or to a nursing home. Damage to 
the occipitotemporal (fusiform) gyrus, the parahippocampal gyrus, and parts of the inferior 
occipital lobe was found to be related to a poorer performance on visual scanning tasks 
(Hardiess, Papageorgiou, Schiefer, & Mallot, 2010). No predictive value of etiology was found 
for the majority of subscales of quality of life questionnaires (Gall, Mueller, Gudlin et al., 2008; 
Gall et al., 2009; Gall, Franke et al., 2010) as well as for visual scanning behavior during driving 
(Tant, Brouwer et al., 2002) or safety of driving (Wood et al., 2009). 

Neuropsychological predictors – In 1962 Warrington (1962) reported on the importance of 
awareness of the visual field defect. She found that awareness was strongly associated with 
“imaginative completion”. Hemianopia patients who were not aware of their visual field defect 
reported that they saw a complete figure when presented with an incomplete figure with the 
missing part being located in the hemianopic field. Hemianopia patients who were aware of 
their visual field defect did not show this phenomenon of completion. Related to this, 
completion was also associated with neglect, but not with mental deterioration. Gassel and 
Williams (1963b) reported that insight in the visual field defect was not only related to the 
phenomenon of completion, but also to visual functioning in daily life activities, as assessed by 
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interviews with patients and close relatives. Several studies reported that HVFD patients with 
additional neglect were found to be more impaired than HVFD patients without neglect on all 
kind of tasks, such as visual search tasks (Meienberg, 1983; Meienberg, Harrer, & Wehren, 
1986; Muller-Oehring et al., 2003) and scanning during driving in a driving simulator (Szlyk et 
al., 1993).  

The predicting value of neuropsychological tests on driving performance has been 
examined by several studies (Elgin et al., 2010; Szlyk et al., 1993; Tant, Brouwer et al., 2002; 
Wood et al., 2009). Wood et al. (2009) found performance on the Trailmaking Test part A to be 
lower in the patients who had stopped driving compared with the patients who continued 
driving. No relation was found between current driving status and scores on the Mini-Mental 
Status Examination, the Digit Symbol Substitution Test, or the Trailmaking Test part B. The 
safety of on-road driving was predicted by the performance on the Trailmaking Test part A and 
the Digit Symbol Substitution Test, but not by the Mini-Mental Status Examination and the 
Trailmaking Test part B. Elgin et al. (2010) confirmed that safety of driving was related to 
performance on the Trailmaking Test part A. Tant, Brouwer et al. (2002) found that visual 
performance during driving could be predicted by the scores of HVFD patients on the Grey 
Scales, the Bells Test, the Trailmaking Test part B, and the Hidden Figures Test. 
 
Personal Factors  
Personal factors – Several studies provide evidence that time since lesion influenced visual 
scanning parameters. When HVFD patients were asked to look back and forward between the 
examiner’s two fingers, the saccade towards the finger in the blind hemifield was shorter for 
patients with a time since lesion shorter than six months than those with HVFD for a longer 
time period (Meienberg, 1983). Zihl (1995b) found that patients with a shorter time period 
since lesion showed a longer search time and less efficient scanning when 20 dots had to be 
counted. When participants were asked to view pictures (Pambakian et al., 2000), HVFD 
patients with longer time periods since lesion showed fixation patterns that deviated more 
from the fixation patterns of healthy controls compared with patients with shorter time 
periods since lesion. These results indicate that HVFD patients might learn to compensate for 
their HVFD spontaneously over time, although Meienberg (1988) did not find an association 
between time since lesion and visual scanning. Although some studies did not find a significant 
effect of time since lesion on reading speed, reading errors (Zihl, Krischer, & Meissen, 1984), 
and eye movements during reading (Zihl, 1995a), Trauzettel-Klosinski and Brendler did (1998). 
For right-sided HVFD patients they found that an increased time since lesion was related to a 
higher reading speed as well as fewer saccades and regressions per line. For left-sided HVFD 
patients the number of saccades during the return sweep to the next line decreased over time. 
Time since lesion did not influence driving performance (Bowers, Mandel, Goldstein, & Peli, 
2009; Schulte et al., 1999; Wood et al., 2009), although Tant et al. found a relation between 
time since lesion and scanning behavior during driving (Tant, Brouwer et al., 2002). No 
influence of time since lesion on quality of life has been reported, except for the subscales 
measuring role difficulties (Gall et al., 2009; Gall, Franke et al., 2010; Papageorgiou et al., 
2007). 
 Age was not found to influence the spontaneous recovery of the visual field (Tiel & Kolmel, 
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1991; Zhang et al., 2006b). Reading speed was found to be related to age, showing that 
younger HVFD patients read faster than older HVFD patients (Trauzettel-Klosinski & Brendler, 
1998). This effect, however, was not as pronounced as in healthy controls. Other studies did 
not find an association between age and reading speed, reading errors (Zihl et al., 1984), and 
eye movements during reading (Zihl, 1995a). Although it was found that older HVFD patients 
showed more impairment in visual behavior during driving (Bowers et al., 2009; Tant, Brouwer 
et al., 2002), Wood et al. reported that age was not related to safety of driving (Wood et al., 
2009). Additionally, where some studies found that older HVFD patients displayed a poorer 
quality of life (Gall, Mueller, Gudlin et al., 2008; Gall et al., 2009), others found no association 
(Gall, Franke et al., 2010; Papageorgiou et al., 2007; Wagenbreth et al., 2010). 
 Several studies examined the influence of gender. Spontaneous recovery of the HVFD was 
not predicted by gender (Tiel & Kolmel, 1991; Zhang et al., 2006b). Eye movements during 
reading were also not found to be different for men and women (Zihl, 1995a). Furthermore, 
gender did not predict scanning behavior during driving (Tant, Brouwer et al., 2002). Although 
several studies found no significant differences for men and women on quality of life (Gall, 
Mueller, Gudlin et al., 2008; Papageorgiou et al., 2007; Wagenbreth et al., 2010), Gall et al. 
found an effect of gender on the subscale physical functioning as well as on the physical and 
mental composite scores (Gall, Franke et al., 2010). 
 
Predictors of the effect of restorative training  
There is still considerable controversy whether restorative training truly expands the visual 
field or whether unsteady fixation during perimetry assessment confounded the results. When 
Reinhard et al. (2005) controlled fixation stability during perimetry by assessing scanning laser 
ophthalmoscope fundus monitoring, no improvement of the absolute border of the visual field 
was found following restorative training.  
 
Body functions and structures  
Visual field characteristics - A number of studies related characteristics of the visual field to the 
effect of restorative training. Poggel et al. (Poggel, Mueller, Kasten, & Sabel, 2008) found that 
the size of the field defect within the central 30⁰ was related to the visual field gain after 
restorative training; a larger intact central visual field corresponded to more visual field gain. 
This is in accordance with the finding of Kasten and Sabel (1995) showing that smaller field 
defects were related to a larger increase of the visual field. In a study of Sabel et al. (2004), 
visual field gain by restorative therapy was statistically comparable for patients with complete 
hemianopia and patients with incomplete hemianopia, quadranopia, or paracentral scotomas, 
but the effect size was again slightly larger in the latter group. A variable related to the visual 
field size is the size of the area of residual vision (ARV), which is the area of the visual field that 
is not completely blind, but has a higher light detection threshold than the intact visual field. A 
larger ARV before training resulted in more visual field gain (Poggel, Kasten, & Sabel, 2004; 
Poggel, Mueller, Kasten, Bunzenthal, & Sabel, 2010) and an improvement in color and form 
perception (Poggel, Mueller et al., 2008) following restorative training. Related to this is the 
finding that restorative training was less likely to increase the visual fields of patients with a 
steep border between the intact and affected visual field (Poggel et al., 2010). The influence of 
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visual field size was also found to extend to vision-related difficulties in daily life. Patients with 
complete hemianopia showed less improvement on a standardized vision-related quality of life 
questionnaire compared to patients with smaller field defects (Gall, Mueller, Gudlin et al., 
2008). The amount of increase in visual field size after restorative training was positively and 
significantly related to the visual related activities and quality of life (Gall, Mueller, Gudlin et 
al., 2008; Poggel et al., 2010). 

Etiology - No clear conclusion could be drawn about the influence of etiology on the 
amount of visual field increase after restorative training. One study (Schmielau & Wong, 2007) 
showed that patients who experienced a hemorrhage benefitted more than patients who 
experienced an infarction when kinetic perimetry was used, but this effect disappeared when 
the visual field was measured by static perimetry. Poggel, Mueller et al. (2008) found no 
differences in training effect for patients who suffered from stroke and patients who suffered 
from vascular malformations or aneurysm surgery.  
 
Personal factors  
Personal factors - Besides the predictors related to visual field characteristics and etiology, a 
number of personal factors were found to influence the effect of restorative training. Although 
some studies revealed that age was not significantly related to visual field gain (Kasten, 
Bunzenthal, & Sabel, 2006; Romano, Schulz, Kenkel, & Todd, 2008; Sabel et al., 2004) or to an 
improvement of visual motion perception (Huxlin et al., 2009), Poggel, Mueller et al. (2008) 
found that older patients improved significantly more with regard to visual field size, form 
recognition, and color discrimination compared with younger patients. Time since lesion was 
not found to influence the effect of restorative training on visual field gain (Huxlin et al., 2009; 
Kasten & Sabel, 1995; Poggel, Mueller-Oehring, Kasten, Bunzenthal, & Sabel, 2008; Poggel, 
Mueller et al., 2008; Romano et al., 2008; Sabel et al., 2004) or on the improvement in color 
and form perception (Poggel, Mueller et al., 2008). These studies almost exclusively examined 
patients in the chronic phase with a considerable variation in time since lesion. One study 
examining the effect of gender on visual and attentional effects of restorative training found no 
significant difference (Poggel, Mueller et al., 2008). 
 
Predictors of the effect of compensatory training  
Body functions and structures  
Visual field characteristics - The literature is ambiguous about the influence of visual field 
characteristics on the effect of compensatory training. In one study (Kerkhoff, Munssinger, 
Haaf et al., 1992) 122 patients with HFVD followed a systematic scanning training. This 
compensatory training enlarged the visual field in part of the group, but the increase in visual 
field was not related to the increase in visual search field, defined as the area in which eye 
movements were made when searching for a bright light. The size of the visual search field 
before training was negatively related to the amount of visual search field gain; patients with 
smaller initial visual search fields had a larger increase in visual search field. The preferred 
illumination for reading, dark/light adaptation, and visual object recognition did not explain the 
visual search field gain. Zihl and von Cramon (1985) found that eccentricity of the visual field 
border, a variable related to the size of the field defect, did not influence the amount of 
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saccadic training necessary to increase the visual field. The subjective improvement of visual 
field did depend on the eccentricity of the visual field border. Patients with a field defect near 
the macula needed less visual field gain to subjectively notice an improvement in their visual 
field, compared with patients in which the initial visual field border was more than 10⁰ away 
from the center. Furthermore, this study showed that an increase in visual field caused an 
improvement in reading performance.  
 Side of field defect – Another factor analyzed for its influence on the effect of 
compensatory training was side of the HVFD. Kerkhoff et al. (1994) found no difference 
between left-sided and right-sided HVFD with regard to the visual field gain or the visual search 
field gain after compensatory scanning training. Other studies also found no influence of side 
of lesion on visual field gain by scanning-specific and reading-specific oculomotor training (Zihl 
et al., 1984; Zihl & Von Cramon, 1985; Zihl, Saemann, Schenk, Schuett, & Dauner, 2009). The 
side of the field defect was found to have an effect on reading performance. Zihl (1995a) 
examined the effect of a reading training, in which patients were instructed to make certain 
eye movements during reading. Patients with right-sided visual field loss needed more training 
sessions than left-sided HVFD patients to reach the same reading scores as healthy 
participants. In a study by Passamonti, Bertini and Lavadas (2009) the effect of an audiovisual 
scanning training was analyzed. For patients with right-sided HVFD, there was an improvement 
in reading performance, a decrease of progressive and regression saccades, a decrease in 
fixation duration, and an increase of saccadic amplitude. Patients with left-sided HVFD on the 
other hand, only benefitted from the training by a decrease in the number of saccades when 
searching for the beginning of the next line. The eye movement parameters on a visual search 
task in left-sided HVFD patients became similar to those of healthy controls in the follow-up 
period, while the right-sided HVFD patients still showed aberrant visual scanning.  
 Etiology and lesion location - Several studies found no influence of the cause of brain 
damage on visual field gain (Zihl & Von Cramon, 1985), visual search field gain (Kerkhoff, 
Munssinger, Haaf et al., 1992) or the improvement in visual search tasks after compensatory 
scanning training (Kerkhoff et al., 1994). In the area of regained visual field, color and form 
recognition recovered in most of the patients with posterior cerebral infarction, whereas in 
most with closed head trauma, only light detection came back after scanning training (Zihl & 
Von Cramon, 1985). With regard to the predicting effect of lesion location, it was found that 
damage to both the posterior thalamus and the occipitoparietal cortex has a negative influence 
on the effect of scanning training (Zihl, 1995b). On the other hand, Kerkhoff et al. (1994) found 
no influence of lesion location on visual field gain, visual search field gain, or performance on 
visual search tasks.  
 Head movements - The use of head movements during scanning training is found to 
influence the effect of compensatory training. Patients who made more and larger head 
movements needed significantly more training sessions to obtain the same amount of visual 
search field gain (Kerkhoff, Munssinger, Haaf et al., 1992). 

Neglect - Although neglect did not influence visual field gain after compensatory scanning 
training (Kerkhoff, Munssinger, Haaf et al., 1992), patients with HVFD accompanied by neglect 
needed 25% more training sessions to regain the same amount of visual search field as patients 
without neglect.  
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Personal factors  
Personal factors – Some studies analyzed the predicting effect of age, time since lesion, or 
gender. No predicting influence of age has been found on visual field gain (Zihl et al., 1984; Zihl 
& Von Cramon, 1985), visual search field gain (Kerkhoff, Munssinger, Haaf et al., 1992), 
improvement on visual tests (Kerkhoff et al., 1994) or improvement in reading performance 
(Zihl et al., 1984) by compensatory training. Pambakian et al. (2004) however, found that older 
patients improved more on activities on daily life after visual search training. Time since lesion 
also did not influence visual field gain (Zihl et al., 1984; Zihl & Von Cramon, 1985), visual search 
field gain (Kerkhoff, Munssinger, Haaf et al., 1992) and visual performance improvement 
(Kerkhoff et al., 1994). On the other hand, Zihl et al. (1984) found that the longer the time since 
lesion, the more reading training sessions were necessary. According to Kerkhoff et al. (1994) 
men and women did not differ on their improvement of visual performance by scanning 
training. Zihl and von Cramon (1985) also found no gender differences for visual field gain. 
 
Environmental factors  
Prism glasses have been used for patients with HVFD (Bowers, Keeney, & Peli, 2008; Giorgi, 
Woods, & Peli, 2009; Peli, 2000; Rossi et al., 1990; Szlyk, Seiple, Stelmack, & McMahon, 2005). 
Patients were more inclined to keep using the glasses in the clinics where eight or more HVFD 
patients received prism glasses, compared with clinics with a maximum of five patients 
(Bowers et al., 2008). No explanation has been found for this finding. It is worth mentioning 
that the total number of HVFD patients in the clinics is the only predicting factor within the 
Environmental Factors component encountered in the current review.  
 
DISCUSSION 
Options for rehabilitation programs are increasing for patients with HVFD. These programs aim 
for improvement at different levels of functioning. To estimate whether or not a certain 
intervention will help the patient, it is necessary to make a prediction about the future 
functioning of this patient and about the effect of specific training. Therefore, we have tried to 
increase awareness of the focus of previous research on HVFD patients and to give an overview 
of the variables that are already known to predict HVFD patients’ level of functioning or the 
effect of treatment.  

Some shortcomings have to be mentioned. The ICF was chosen as a framework for 
classifying the literature. Although the ICF is of great help in distinguishing different levels of 
functioning, it has limitations, as already mentioned in the Method section. The ICF therefore 
forms a valuable starting point, but has to be extended with specific parameters when being 
applied within the context of a specific research area.  
 We did not take into account the quality of the studies. This means that Table 3.3 is the 
result of an exploration of the influence of the different predictors, neglecting the fact that 
sample size and research methods obviously influence the results. Because thoroughly 
analyzing the size and strength of the predicted effects would require examination of the 
sample sizes, specific patient characteristics, and research methods of all 221 articles, this fell 
beyond the scope of this review. The aim of future studies could be to examine the 
relationships between a selection of interesting parameters in more detail by further analyzing 
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the research methods and effects found. A final remark on Table 3.3 is that predictors for 
which no effect has been found might be underrepresented as a result of a bias making 
publication of nonsignificant research findings less likely. 

Despite these shortcomings, however, we found several interesting results. As explained in 
the Method section, all tasks, except for tasks measuring an underlying body function, were 
allocated to the component Activities. This resulted in a very broad range of Activities (i.e., 
from the time necessary to count a number of dots to the performance on a driving test). 
Although every study under investigation included variables at the level of Body Functions and 
Structures, fewer studies considered Activities, however, and even fewer took measures of 
Participation into account. The finding that compensation studies were, compared with 
restoration studies, more focused on activities could possibly be explained by the nature of the 
training. Restorative training aims at improving the visual field itself, which is clearly a Body 
Function, whereas compensation often aims at improving performance on search tasks or to 
improve mobility activities. The finding that restoration studies more often reported on 
participation outcome compared to compensation studies is more difficult to explain. In this 
context, it is important to consider that the investigation of participation outcome in most of 
the studies examining the effect of restoration or compensation was not very elaborate. 
Articles were frequently allocated to the Participation category because only one question 
related to whether patients returned to work or pursued their hobbies.  

Although the original ICF framework includes causal arrows between all the different 
components, in the case of HVFDs not all these relations are equally relevant. Important issues 
in rehabilitation are, for example, the influence of visual field size (Body Function) on the 
degree of reading problems (Activity) or the influence of avoiding obstacles (Activity) on the 
ability to go shopping independently (Participation). Although an improvement in participation 
could lead to improvements in certain activities by means of a learning effect, the focus of 
research as well as clinical work is usually on causalities in the other direction. Therefore, it is 
not surprising that most predictors were found to be of the component Body Functions and 
Structures and that no predictors were found in the Participation component. More surprising 
is the finding that little attention has been paid to the relationship between Activities and 
Participation measures. None of the studies on compensatory training, and relatively few 
studies on general functioning or restorative training, examined the effect of some predictor 
on participation. Besides the causalities between Body Functions and Activities and between 
Activities and Participation, the influence of Personal and Environmental Factors on functioning 
is also relevant. Personal factors are among the most examined predictors, and only one study 
included an environmental factor as a possible predictor. In daily life, environmental factors 
greatly influence the activities one performs and participation in society. At this time, the 
literature on HVFD gives us no information about environmental factors.  
 We have three recommendations for future studies. First, to allow comparison across 
studies and the possibility of meta-analyses, researchers should be aware of and report on the 
ICF components and domains they are focusing on. In this context, it is also noteworthy that 
restorative and compensatory training are aiming at improvement of different ICF domains, 
which should be taken into account when discussing the use of both training approaches. 
Although restorative training primarily focuses on improving the visual field (ICF code b2101), 
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compensatory training teaches the patient to apply scanning strategies in daily life – for 
example, to improve mobility (ICF code d4). Only if compensation and restoration studies use 
the same outcome measures is a comparison between the two approaches possible. The study 
of Roth et al. represents a good example of such a comparison (Roth et al., 2009). A second 
recommendation with regard to the ICF is to use measurements of Participation more 
frequently. From a rehabilitation perspective, the most important outcome of an intervention 
is whether it benefits patients in their daily life. Because participation depends heavily on the 
capacity for certain activities and on the functioning of certain body parts, it is important to 
know through which body functions and activities a training could improve participation. 
Possibly, new measures for participation are necessary to gain more insight into these 
relationships, although measuring participation is complicated due to standardization 
problems. Third, more knowledge is necessary with regard to the influence of certain 
predictors on the level of functioning of patients with HVFDs.  
 
CONCLUSION 
Analyzing 221 publications on HVFD showed that studies in this field focus most on Body 
Functions, less on Activities, and almost never on Participation. Because an important goal of 
rehabilitation is to improve a patient’s participation, future studies on intervention effects 
should include participation outcome measures. The existing literature on interventions for 
HVFD is of little help when one must decide whether and which training to give to individual 
patients. Additional research is necessary to identify those factors that predict both the level of 
functioning of patients with HVFDs and the effects of training. The ICF helps to clarify the scope 
of the existing literature, and it is recommended to consider this framework when designing 
future studies.  
 
METHOD OF LITERATURE SEARCH  
The literature search was performed in June 2011. The Web of Science database (including the 
Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities 
Citation Index databases) was searched for journal publications on HVFDs by using the search 
strategy as presented in Box 3.2. 

Based on the abstracts, those studies were included that described a clearly specified 
number of adults with field defects described as homonymous hemianopia or homonymous 
visual field defects mainly restricted to one half of the visual field. Only English and German 
publications were included, which resulted in exclusion of a number of articles in French. 
Supplements, meeting abstracts, notes, and letters to editors were not included.  
 The included publications were then assessed on their content. The literature search was 
restricted to human adults. A number of studies on children, monkeys, and cats with HVFD, or 
simulated HVFD in healthy people, were therefore excluded. Articles about transient field 
defects in cases of epilepsy, migraine, or hyperglycemia were not included. Case studies (n = 1) 
were also excluded.  

Besides studies on the subject of HVFD, reviews were also included for further analysis. For 
the reviews, the same inclusion criteria were applied as for the studies. The reviews were  
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Box 3.2. Search strategies in web of science. 
1 Hemianopia (title) 
2 Hemianopia (topic, not title) AND predict* (title or topic) / training (title or topic) / therapy (topic) / 

participation (topic) / participate (topic) /  quality of life (topic) / daily (topic) / compensation (topic) / 
correlates (topic) / prognostic (topic) / prognosis (topic) / demographic  (topic) / neuropsycholog* (topic) / 
cognitive (topic) 

3 Hemianopic (title) AND NOT hemianopia (title) 
4 Hemianopic (topic, not title) AND NOT hemianopia (title or topic) AND NOT hemianopsia (title or topic)  
5 Visual field defect (title) AND predictors (title) 
6 Visual field defect (topic) AND predictors (topic)  
7 Visual field defect (topic) AND predicting (topic)  
8 Cerebral blindness (topic) AND NOT hemianopia (topic) AND predictors (topic) / predicting (topic) / training 

(topic) / therapy (topic) / participat* (topic) / quality (topic) / daily (topic) / compensation (topic) / 
correlates (topic) / prognos* (topic) / demographic (topic) / neuropsychologic* (topic) / cognitive  
(topic) 

9 Cortical blindness (topic) and not hemianopia (topic) AND predict* (topic) / training (topic) / therapy  
(topic) / participat* (topic) / quality of life (topic) / daily (topic) / compensation (topic) / correlates (topic) / 
prognos* (topic) / demographic (topic) / neuropsychologic* (topic) / cognitive (topic) 

10 Hemianopsia (title) AND NOT hemianopia (title or topic) 
11 Hemianopsia (topic, not title) AND NOT hemianopia (topic) AND predict* (topic) / correlates (topic) / 

prognosis* (topic) / demographic (topic) / training (topic) / compensation (topic)  
12 Homonymous and Field and Defects (title) AND NOT Hemianopic (title) AND NOT hemianopia (topic or title) 

AND NOT hemianopsia (topic or title)  
13 Homonymous and Field and Defects (topic, not title) AND NOT Hemianopic (title) AND NOT hemianopia 

(title or topic) AND NOT hemianopsia (title or topic)  

 
checked for statements about predicting factors and corresponding references were added to 
the data file in case they were not yet included.  
 
SUPPLEMENTARY MATERIAL  
Supplementary material related to this article can be found at http://dx.doi.org/10.1016/ 
j.survophthal.2013.02.006. 
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