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Abstract

Objective: The present study aimed to examine and compare the effect of surgery on intelligence and verbal/nonverbal memory in immediate versus delayed recall  in patients with temporal lobe epilepsy. 
Methods: Forty-eight patients with left (n=28) or right (n=20) Temporal Lobectomy (n=22) or Amygdalohippocampectomy (n=26), which were medically interactable to epilepsy participated in the study. They were grouped according the side of surgery (Left; Right) and type of surgery (Temporal Lobectomy (TL) or Amygdalohippocampectomy (AH)). There were eleven healthy controls. Intelligence and memory were examined in all groups according to Wecshler Adult Intelligence Scaled-Revised tests for Verbal, Performance and Full Scale IQs; and Wecshler Adult Memory Scale, Form II, for verbal and nonverbal memory. Three memory subtests were selected to provide measures of both immediate and delayed recall: Logical memory, Visual reproduction and Paired associate learning of words. T-test, On-way ANOVA and Two-way ANOVA were used for analysis the tests data in SPSS. 
Results: Left Temporal lobe epilepsy groups (LT and LAH) demonstrated a significantly decline in verbal memory after left temporal lobe resection; whereas in right sided surgical groups (RT and RAH) a significant decrease in nonverbal memory was observed. For the difference between intelligence and memory, our results showed that the deficit is selective to memory and not extending to verbal or nonverbal functions in general in the two left sided surgucal groups. Working memory has a decline in RAH goups. 
Conclusion: Postoperative memory performance has significantly decreased for verbal memory in temporal epilepsy group with left temporal lobe resection; on the other hand, nonverbal memory after operation had significant decline in patinets whith right side resection of temporal lobe. The other aspects of intelligence and verbal and nonverbal functions were intact after surgery so it is confirmed that they are not dependent on medial temporal lobe areas. Working memory has a meaningful decrease in RAH goups after operation with lowest scores in FS IQ and VIQ. There was a classic double dissociation for verbal and nonverabl paired associate learning and delayed recall in left and right temporal lobes.      
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GENERAL INTRODUCTION


1 -   MEMORY
After  the bilateral medial-temporal-lobe operation of H. M. By William Scoville in 1953  in order to bring the patient's epilepsy under control, definitely one of the most widely studied cases about memory in the history of neuropsycology was started, because H. M is not only amnesic (not able to aquire and retain memories) but also his injury is limited to a small and definit part of the brain. But generally, the 1980s is known as the beggining of the modern memory revolution because in that decade it was realized that memory has different forms. Studies of H. M. As well as new approaches to the investigation of neural basis of memory such as new thepretical models, an increasing interest about the function of the brain from cognitive psycologists and using brain imaging techniques, all, contributed to this discovery (Kolb & Whishaw, 2003). As a whole, we can define memory as the capacity to learn from experience and it is the function of many systems.
1-1   Different Forms of Memory   
Scientists and therapists differenciate between Short-term and Long-term memory. Another division in memory is considering it as declarative or Explicit memory and nondeclarative or Implicit memory, and some scientists believe the latter devisions are the broadest categories to which memory may be assigned (Kolb & Whishaw, 2003).
a) Explicit Memory:  is the conscious awareness about encoding, storing and retrieval (Schacter, 1987) of previous experiences, for example, describing what you had for lunch this noon or identifing the events of the past, and it is called Declarative memory too. Declarative memory itself includs Episodic and Semantic memory, and is dependent on the medial temporal-diencephalic portions. As Tulving proposes, episodic memory enables person to remember past personal experiences and is memory for contextuallity bound experiences occuring in a definite time and place (e.g. remembering going to Plaza restaurant last summer). Semantic memory, as defined by Tulving, is referred to all knowledge that is not autobiographical and is about the world and is general, for example, knowledge about historical events, so, it is free of context such as information like words and facts about the world and oneself. Also, this kind of memory enables the person to recognize family and friends and includes the information learned in school (Kolb & Whishaw, 2003).
There is also another destinction between episodic and semantic memory proposed by Wheeler et al,. (1997), which is said that episodic memory is about one's autonoetic or self-knowing awareness of his/her experiences and it allows both retrospective memory and prospective memory for plannig the future. On the other hand, semantic memory is about noetic awareness of the world existence that are not dependent on self and autonoetic awareness and a subjective sense of time and in this kind of memory retrieval is with a sense of knowing.  

We have another kind of memory call Aoutobiographical memory which is a part of the declarative memory and can be episodic or semantic and this depends on the contribution of autonoetic awareness and self and a subjective sense of time (Tulving, 2001). 
b) Implicit Memory:  is an unconscious, nonintentional form of memory and it is called Nondeclarative memory as well (Schacter, 1987). Nondeclarative memory consists of skill learning such as riding a bicycle or playing sports and also priming, and is supported by structers in brain except medial temporal lobes and diencephalon. 

Studies of H. M. with impaired explicit memory and intact implicit memory played an important role in the discovery that these two types of memory are completely seperate and it showed that implicit memory is stored independently of the temporal lobe. Because in this patient this region of the brain had been surgically removed. 
In 1890, William James drew a distinction between memories that last for a very short time (a few seconds) and longer-term memories.  In 1958, seperate short-term and long-term memories were suggested by Broadbent. 
Short term memory or intermediate memory, is the type of memory for holding digits, words, names or other things in our mind for a brief perid of time, in another word, it is for processing of the memoranda in preparation for consolidation and storage. Also there is another type of memory called working memory, a type of memory that is on line and needs to be rehearsed in order to be maintained.  The normal span of working memory is about 7 chunks of information that can be held on line for about a minute. After this time period, the information is either rehearsed so it can be maintained for longer, or the trace fades. Intermediate or short term memory happens after working memory. Long-term memory refers to the ability of  process, store and retrieve information for long period of time for example days or years and as descreibed before is devided in to implicit and explicit memory (Figure 1). 
Short-term and long-term memory systems are parallel because material is processed seperately and simltaneously in them (Kolb & Whishaw, 2003). It is suggested that perceptual information passes in to short-term memory before encoding in to long-term memory and information from long-term memory can feed back to short-term memory. But in general, information are retrieved from both system independently.
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Figure 1   The types of memory and the neural structures most closely related to each one.  (Kolb, B., and Whishaw, I. Q. Fandamentals of Human Neuropsycology. Fifth edition. Chapters 18, 2003.)

Working memory  	    Short term memory 		Long term memory

1-2    Dissociations in memory 
These dissociations can occur between declarative and nondeclarative memory, between semantic and episodic memory, between recall and recognition memory and between recollection and familarity-based recognition.  
As said, one dissociation can be occured between episodic and semantic memory. Lesion studies have found evidenc to suggest that some new learning is possible in spite of sever episodic memory impairment. But there is some debate if this new learning is evidence of intact semantic memory, residual episodic memory, nondeclarative memory or intact perceptual memory. 
For dessociation between recall and recognition there is evidence to suggest that bilateral hipocampal damage may cause a recognition deficit based on recall and recollection with relative sparing in recognition based on familiarity. These findings suggest that the perirhinal cortex can support some aspects of recognition which is not dependent on the hippocampus (Anna Adlam, 2004).
 
1-3   Brain Structures supporting memory
Temporal Lobes – Medial Temporal Lobes 
The temporal lobe comprises all the tissues that lies below the Sylvian sulcus and anterior to the occipital cortex. Subcortical temporal lobe structures consist of the amygdala, the hippicampal formation and limbic cortex (Kolb & Whishaw, 2003).
The medial temporal lobe (MTL or limbic cortex) includes the amygdala and adjacent cortex (uncus), the hippocampus and surrounding cortex and the fusiform gyrus. 
[image: ]
Figure 2  Gross anatomy of the temporal lobe on a medial view and the gyri visible on the medial view. The uncus refers to the anterial extension of the hippocampus. (Kolb, B., and Whishaw, I. Q. Fandamentals of Human Neuropsycology. Fifth edition. Chapters 15, 2003.)

Structures in the medial temporal lobe are highly interconnected with each other and with extra-MTL structures and they form a network. This MTL-cortical portion of the brain is thought to be responsible for declarative memory. 
The idea that the temporal lobes have some roles in memory is not only based on H. M.'s case. The first evidence that the temporal lobes have a role in human memory was provided by Veladimir Bekhterev in 1900. When he autopsied the brain of a patient who had a severe memory deficit he discovered a bilateral softening in the medai temporal lobe area. After that in 1950s, many patients with bilateral medial temporal cortex damage, such as H. M., had sever memory defects (Kolb & Whishaw, 2003).
Hippocampus 
Eventhough H. M.'s operation consisted of the medial temporal lobe removal, Scoville and Milner in their original paper, "Loss of recent memory after bilateral hippocampal lesions", implied that the loss of the hippocampus was responsible for his memory impairments. After that, many studeis and investigations argue against the conclusion that H. M.'s memory deficit was soley from damage to hippocampus. However, clinical and experimantal researchs continue to implicate the hippocampus in some kind of memory. 
The results of these astudies have shown that the neural mechanisms underlying anterograde and retrograde amnesias show that anterograde deficits in memory are more severe than retrograde deficits. Moreover, some subjects are more impaired on episodic memory than on semantic memory. There are some evidences that memory from early life may be different from memories from later life in that many subjects with retrograde amnesia retain their early memories. Lastly, with practice, even adoult amnesic patients may learn (Kolb & Whishaw, 2003).
We can differentiate between cortical and mesial hippocampal parts of declarative memory performance, the first involve in functions of working memory, data acquisition, and permanent repository of knowledge, and the next one in long-term consolidation and retrieval of memory contents (Helmstaedter & Elger, 1998).
The amygdala
The amygdaloid complex consist a number of seperate nuclei, each with a specific function. Sarter and Markowitsch suggest that the amygdala has a role in memory processes associated with events that have emotional significance in one's life. Thus it's role in patients with medial temporal lobe lesions may be emptional in nature (Kolb & Whishaw, 2003).

1-4    Connections of  the Temporal Cortex – A Medial Temporal Projection
The projection from the visual and auditory systems into medial temporal or limbic areas first goes to the perihrinal cortex, then to the entorhinal cortex and at last it goes into the hippocampal formation or the amygdala or both. The hippocampal formation is the major circuit that forms the perforant pathway. Disturbance in this projection cause major disabilities of hippocamal functions (Kolb & Whishaw, 2003).

1-5    A Theory for Temporal Lobe Function 
 On the basis of cortical anatomy, there are 3 main sensory functions for the temporal cortex: 1- processing of the auditory input,  2- visual object recognition, and 3- storing sensory input for long-term which is called  memory; that in this study we worked basically on the third function; memory.
The hippocampal formation plays a special role in organizing the memory of objects in space and it works in connection with object-recognition and memory functions of neocortex. The hippocampus contains cells that code place in space and these cells let us to percieve and remember events (Kolb & Whishaw, 2003). The amygdala adds the "emotion" to sensory imputs and memories. 
1-6    Symptoms of Temporal Lobe Lesion
Among various symptoms of temporal lobe lesions such as disorders of auditory, music and visual perception is impaired long-term memory. 
Interests in the temporal lobes function in memory was started in 1950s by the discovery that removal of the medial temporal lobes, including the amygdala and the hippocampus, causes amnesia for all events after the removal which, as mentioned before, is called anterograde amnesia. The extent of memory disturbance increases in direct proportion to the amount of temporal lobe which is damaged. These damages in the Left temporal lobe, causes impairment in recall of  verbal material such as short stories and lists of words. On the other hand, lesions in the Right temporal lobe causes impaiment in nonverbal material such as geometric drawings, faces and tunes (Kolb & Whishaw, 2003).

1-7    Assymetry of Temporal Lobe Function
The temporal lobes are sensitive to epileptic abnoralities and for drug resistant forms of epilepsy, removal of the abnormal temporal lobe is often benefitial in treating epilepsy. Another benefit of this situation is that it helps neuropsychologists to study the specialization of the temporal lobes (Kolb & Whishaw, 2003).. 
Brenda Milner and her colleagues suggested that various memory deficits depends on the side the lesion is on. Damage to the left temporal lobe causes verbal memory (Helmstaedter & Elger, 1998)  and damages to the right side is associated with nonverbal memory impairment (Kolb & Whishaw, 2003). According to this “material-specific” pattern of memory impairment, left and right temporal lobes are specialized to support verbal and nonverbal memory, respectively. Beside this, it suggests that the severity of memory impairment is affected by the extent to which mesial structures are engaged (Gonzalez et al., 2007).
Although the left and right temporal lobes have relatively specialized functions but, some important functional overlap is revealed in the relativele minor effects of unilateral temporal lobectomy, and this is a striking results in such a large removal of cerebral hemispheres (Kolb & Whishaw, 2003).

2-   Epilepsy
An epileptic person suffers recurrent and different seizures and these are associated with disturbances on consciousness. The episods in epilepsy have various names such as seizures, convulsions, attacks and fits but, non of these terms can soley define the situation because the episods features can be very different. Epileptic seizures are grouped as symptomatic seizures and idiopathic seizures. Symptomatic seizures can be identifed with a specific cause for example, trauma, tumor, vascular malformation, infection, puberty, fever, toxic chemicals, sensory stimuli, reading or speaking or coughing, alcohol and other reasons. But idiopathic seizures arise spontaneousely and in the absence of the central nervous system deficits. The brain is most epileptogenic when it is relatively inactive and the patient is sitting calm and stil. 
The incidence of epilepsy is lower than the prediction of one-gene genetic model in famalies. The more likely assumpsion is that some genotypes have predisposition to seizure problems given certain environmental situations. The varying lenghts of intervals between each attack – from minutes to hours to weeks or even years – is most significant clinical charachteristic of this disorder. Generally, there are three main symptoms found in different types of epilepsy:
1 – An aura (A sensation like an odor or just a feeling), or warning of impending seizure
2 – Loss of consciousness
3 -  Movement
Epilepsy diagnosis is confirmed by EEG. 
Four Types of Epileptic seizures:
1- Focal Seizures: It begins in one place and then spread. Hughlings Jackson, in 1870, proposed that the seizures (called Jacksonian seizures), probably originate from a focus point in neocortex representing the region of the body where the movement is first seen; later this suggestion proved to be correct. 
2- Generalized Seizures: These attacks are bilateraly symmetrical without focal onset. 
3- Akinetic and Myoclonic Seizures: Akinetic seizures are usually just in the children. Myoclonic spams are massive attackes that consist of a sudden flexion or extension of the body and often begin with a cry.   
The Treatment
Usually these patients are treated with an anticonvulsant drug such as diphenylhydantoin (DPH, Dilantin), phenobarbital or other drugs. The mechanisms of drug influence is still uncertain but, it probably inhibit the discharge of the abnormal neurons by stabilizing the neuronal membrane. Surgery, is another treatment that is done for not satisfactory medication treatments. In surgery the focus of abnoral functioning is removed in patients with focal seizures. Temporal lobe resection is among the most surgeries that have been done for treatment because these lobes are more involved in epilepsy (Kolb & Whishaw, 2003). 

3 -   What is Double Dissociation?
The oldes research on hemisphereic specialization infers function from behavioral impairments that arise because of strokes or surgery. For concluding that the cortical region has laterlized special function it is essential to show that lesions in other places of the brain do not produce the same impairment. Doubel Dissociation is the strongest experimental method for showing lateralization of functions of the brain. In this method two areas of the neocortex are functionaly dissociated by two behavioral tests and each test is being influenced by a lesion in one area and not in the other part (Kolb & Whishaw, 2003). 
    
4 -   Some Near Studies to This Work 
Patients with medically interactable epilepsy have a various range of social disturbances such as memory dysfunction. As saied before, temporal lobe resection is effective in treating of refractory partial seizures, but Helms	taedter and coworkers suggested that about 50-80% of individuals have short and long-term seizure termination (Helmstaedter & Elger,1998). Rocchetta and coworkers suggested that  about 15-20%  of  patients have relapses after initial freedom (15-20 years after surgery) and have complex postoperational cognitive abnormalities (Rocchetta et al., 1995). Emotional, memory and vocational disability are some of secondary results of anterior temporal lobectomy (ATL), regardless of seizure control outcom (Helmstaedter & Elger, 1998). 
Postoperative cognitive performance can be affected by a variety of factors such as age at seizure onset, size and site of seizure, etiology, duration of epilepsy, age at surgery, seizure relapse and behavioral factors. The effects of seizure on cognitive functions can be reflected in a number of intelligence tests (Brian et al, 2001) (Vargha-Khadem et al., 1997) such as Wechsler Adults Intelligence Scales (WAIS) that have many subtests for various skills and abilities.
Although it is possible to have increase in cognitive abilities reflected by WAIS after epilepsy surgery, just like it was before it by reduction in seizure, (Gleissner et al., 2002)  but long-term effects of operation on cognitive abilities are very complex and not known clearly (Brian et al., 2001) and studies related to this follow-up are scarce. Most of these studies show effects after 6 months of surgery (4-6), only a few describe the effects in 1 year  (Rocchetta et al.,  1991)  (Giovagnoli, AR. 1999)  or 2 years after operation (Gonzalez et al., 2007). 
In most temporal lobe epilepsies, the amount of the anterior temporal lobe which is resected differs and is commonly included the amygdalohippocampal formation and different parts of neocortex. The episodic memory has better understood during neurological studies of patients with temporal lobe epilepsy (TLE), and in this aspect TLE patients are impaired, but much less attention has been devoted to the semantic memory (Brian et al., 2001). The lateral and mesial structures of the temporal lobe have a really important role in semantic memory (Giovagnoli, AR. 1999).  
One study with a comparison of 1 year and 9 years after surgery showed decrease of verbal memory in Left Temporal Lobectomy (LTL) groups, but this groups were small and the results of other pathology groups were not showed (Vargha-Khadem et al, 1997). Whereas Adams et al. (1990) had a study in both left and right sides and they observed a decrease in verbal memory after left temporal lobectomy, but not after right temporal lobectomy.      Cheung et al. (2012), also found that Left temporal lobe epilepsy patients had a decrease in verbal memory after LTL and intrestingly, Hepworth et al., (2002) indicated that this pattern is vice verssa in children; and those with left temporal lobe lesions did not show more difficulty in learning on verbal task compared to normal controls; this finding is in contrast to adults results; for right temporal lobe they showed that children are like adults and in both, right temporal lobes are important for spatial learning.  
In a study Alpherts and co-workers assessed the long-term effects of anterior temporal lobectomy on intelligence. They observed 28 left Temporal Lobectomy and 43 right TL patients in 6 years follow-up and used WAIS (version 1970) tests before operation and at 3 intervals after it: short-term (interval of 6 months), intermediate-term (interval of 2 years) and long-term (interval of 6 years). One-way analysis of variances were done for every WAIS variable. IQ scores before and after surgery were compared for FSIQ, VIQ and PIQ by repeated measures analysis of variance. They observed that despite the previous studies that suggested a decrease of VIQ in LTL groups, this decrease was not seen in their study; rather the VIQ increased at 6 years after operation which could be explained partly by longer follow-up period and finally, they concluded that the long-term effects of temporal lobectomy on intelligence are limited and the largest results in VIQ are obtained 2-6 years after operation (Alpherts et al., 2004). These scientists, in another study showed the dynamics of verbal memory decline by estimating each subject more than once after surgery and estimated the long-term temporal lobectomy effects on verbal memory by using of an interval of 6 years. They estimated verbal memory performance using a verbal learning test and used an analysis of variance and SPSS for analysis. The result was an ongoing memory decrease for consolidation and acquisition of verbal material for up to 2 years after operation in LTL groups (p<0.01). In RTL groups there was an increase in consolidation and acquisition at first (which is universally reported), but it ended 2 years after surgery and there was a return to the preoperative level. Despite a previous study which reported that paients who were retested at least 9 years after surgery had lower scores than those at 1 year after surgery, Alpherts and co-workers showed that this decrease was already reached at 2 years after surgery and side of surgery, is the core variable related to postoperative verbal memory functions (Alpherts et al., 2006). In the review done by Spencer & Huh it is indicated that in contrast to the high morbidity reported in older studies, recent studies show that less than 10% of individuals have new motor, visual or cognitive deficits after surgery. About cognitive outcomes in adults, again most studies explain significant decrease in verbal memory after 19-50% of dominant temporal excisions. Long-term researches (>5 years) demonstrate that although memory disablities increase right after surgery, the degree of decline stabilises after 1-2 years (Spencer et al., 2008) as Alpherts mentioned too.  
In another study, Bjornaes and co-workers compared refractory epileptic seizure consequences on intellectual functions in children and adults with respect to both seizure severity and the course of the disorder. They showed that seizures have significant effects on intellectual functions of children, but they affect adults with early onset of epilepsy much less. The reason may be the different stages in development of intellectual abilities, or interference of seizures with neural maturation in critical periods in chidren (Bjornaes et al.,  2001).
Moreover, Hermann and co-workers identified the determinants of changes in visual-spatial, memory and language functions after ATL. As part of their methods, they evaluate chronological age, years of education, IQ, age at onset of elpilepsy, laterality of ATL and surgical outcome (seizure-free/ not seizure-free) and they followed up to see if they can be used as predictor of changes (or independent variables) after ATL in neuropsychological functions. For estimating memory function, 29 patients with resection of dominant and 32 patients with nondominant  ATL were examined. Their results showed that for language and visual-spatial tests, laterality of excision was not a predictor for decline in cognitive ability after operation, whereas laterality was a significant predictor of postoperative change for all memory indices and this demonstrates that surgery had a direct influence on the degree and direction of changes in memory function after surgery (Hermann et al., 1991)
The last research that I should mention here and is much nearer to this work is the one related to Lee, Yip and Jones-Gotman. They examined the effects of epileptic unilateral temporal lobectomy on memory. They identified 33 researches that estimated pre- and post-operational memory ability. Two subtests of Wechsler Memory Scale were used: Logical Memory and Visual Reproduction. Their results confirmed that left TLE subjetcts had worse ability for verbal memory than right TLE patients before and after excision and difference was more severe after surgery, but data for laterality of nonverbal memory in the right side were not confirmed. Also a decline in verbal memory, specially immediate verbal memory, after left lobe excision was observed. The pattern for memory change in right temporal lobe after excision was less clear in studies. Left TLE subjects were worse on immediate and delayed verbal memory after surgery compared to right TLE patients; so again, these scientists proposed that side of surgery and epileptic seizure in temporal lobe has significant effects on verbal memory ability in individuals. Beside these, the study indicated that relationship between laterality of seizure, temporal lobe excision and nonverbal memory function need to be verified by more research (Lee et al., 2002).

5 -       Aimes of This Study
In this study we examined 2 types of surgical groups with different extent of temporal cortical removal: AmygdaloHippocampectomy, in which the amygdala and the hippocamus were removed and, Temporal Lobectomy, in which a much larger portion of temporal lobe compared to first surgery was removed. I've tried to find out if this differenc in the extent of removal has any special effect on the memory and learning tasks in the patients. 
Also as told in previous part and Lee, Yip and Jones-Gotman suggested, I tried to examine the relationship between laterality of seizure, temporal lobe excision and impairements in verbal material memory such as short stories and lists of words in the left temporal lobe. In this study, the memory subtests which were done for examining the function of verbal memory and learning after operation in epileptic patients were: 1- logical memory (story recall), 2- paired associate learning of word (verbal and non-verbal) and 3- visual reproduction (design recall) in the form of both immediate and delayed recall in left and right temporal lobes. On the other hand, as in part 1-7 was mentioned, lesions in the right temporal lobe causes impaiment in nonverbal material such as geometric drawings, faces and tunes; so, I wanted to examine this suggestion by some other memory subtests including geometric designs and also paired associate nonverbal words tests. I searched to fine out if there is any significant differences in the mean scores obtained from various groups of patients depending on the side of surgery.
Another mather of research in this study is to find out if surgery in the the left hemisphere – left temporal lobe – have been produced deficits in verbal memory and learning (Paired associate verbal words, story telling and recall) that are not produced by surgery in the right hemisphere – right temporal lobe, and vice versa. So I analysed the data to find a doubel dissociation between verbal and nonverbal memory and learning in left and right temporal lobes. 











METHODS & MATERIALS




Participants: Forty-eight patients (22 Females and 26 males) with left (n=28) or right (n=20) Temporal Lobectomy (n=22) or Amygdalo-hippocampectomy (n=26) for medically intractable epilepsy participated in the study. At the time of testing, all participants ranged in age from 12 to 49 (Mean=31.8; SD=7.45). Patients were grouped according to the side of surgery (Left - L; Right - R), and type of surgery (TL-Temporal Lobectomy; AH- Amygdalo-Hippocampectomy). Eleven healthy controls of comparable age to the patients (Mean=32.0; SD=6.65) were selected and administered the same test protocols as the patients. Table 1 shows the details of the groups.  

Table 1. Demographics of patient & control groups
	Group
	N
	Gender (F:M)
	Age at Test (Yrs) (SD)

	LT
	13
	8:5
	33.77 (6.38)

	LAH
	15
	7:8
	29.40 (8.58)

	RT
	9
	2:7
	32.44 (4.00)

	RAH
	11
	5:6
	32.00 (9.94)




Procedures:  Intelligence and memory were examined in all groups. Each participant was individually assessed and administered the following tests:
1) Intelligence: The Wechsler Adult Intelligence Scale-Revised (UK edition) providing standardized scores for Verbal, Performance, and Full Scale IQs. The IQs were prorated on the basis of four subtests from each of the scales: Verbal: Information, Similarities, Mathematics, and Digit Span (Forward and Backward); Performance: Picture Completion, Block Design, Object Assembly, and Digit Symbol. Standard scores are reported (mean = 100; standard deviation = 15). 
(a) Semantic Knowledge. From each of the verbal and nonverbal IQ scales, one subtest with the highest memory load was selected (verbal scale: Information; nonverbal scale: Picture Completion) to form a new variable to represent semantic knowledge. For ease of comparison across different sets of standard scores, all scaled scores (mean = 10; standard deviation = 3) were transformed into standard scores (mean = 100; standard deviation = 15). Next, the average of the two standard scores (viz Information ss + Picture Completion ss) / 2) were calculated.
(b) Working Memory. For online memory, repetition of a string of digits both Forward (as they are heard) or Backward (repeating them in reverse order) was recorded.

Table 2.  Intelligence, factual memory & working memory
	Group
	Semantic memory (SD)
	Working memory (SD)
	Verbal IQ (SD)
	FS IQ (SD)

	LT
	93.65 (5.65)
	102.54 (6.69)
	95.60 (14.26)
	95 (10.49)

	LAH
	93.70 (5.53)
	104.40 (7.76)
	98.87 (12.92)
	95.87 (12.84)

	RT
	95.33 (5.22)
	106.00 (6.87)
	99.43 (15.87)
	95.86 (13.06)

	RAH
	92.77 (8.53)
	99.45 * (4.80)
	87.67 (16.97)
	87.67 (14.50)

	NC
	97.27 (5.92)
	108.45 (6.68)
	108.00 (23.12)
	109.25 (20.89)



For doing the whole work and examining to find the best results I devided the project to 3 phases. In phase 1, I worked with IQs data, phase 2 is related to MQ and its difference with IQs (Verbal IQ, Performance IQ and Full Scale IQ)  and the last phase, which can be said is the main part of the work, is about memory subtests and learning and searchs the effects of temporal lobe surgery on verbal and non-verbal abilities in patients. Below is the details of statistic analysis done in each phase. The related results, tables and graphs are available in the "Results" part of the thesis. 





















PHASE 1:    Baseline tests for patients and controls indicating their respective intellectual abilities and aspects of memory not dependent on the medial temporal lobe  



1. examining the patient groups.  Here I wanted to determine whether the patient groups differ in ways not related to surgery that might be causing any differences I see in the dependent variables.  If the groups are very different in age, then this may be causing a difference in memory function rather than anything to do with the surgery. So, the first group of analyses examined the patients to see if they differ from each other in terms of:
 
1.1  Frequencies of Each Sex in Various Groups  
I wanted to know if there were the same number of M and F in each following groups. Imagine that M and F have different effects after surgery. If there are many more of one sex in a group, the results for the group may just reflect the effects for that sex.
1.1.1 Frequencies of each sex in the two sided groups (Left and Right)
Using T-test and Chi-square.
1.1.2  Frequencies of each sex in the two types of surgery groups 
Using T-test and Chi-square.
1.1.3  Frequencies of each sex in 4 patient groups and 5 groups (with controls)
Using T-test and Chi-square. 

1.2   Mean Age and IQ 
I  tried to find if the surgery groups differ  from each other (4 group analysis) and
from the normal controls (5 group) in  age.  So, Age was the dependent variable here and I used the 4 or 5 groups as my factor (independent  variable) in one-way ANOVA. 

1.3   Left  Side Versus Right Side
I collapsed across the type of surgery so with one large left surgical group, and also one large right surgical group, I compared them to find a significant difference between the left and right groups on the measures of IQ. I used T-test for this as well. 



1.4   Males Versus Females

1.4.1 I compared IQs between men and women in 4 types of patient groups and between 4 types and control group. 
1.4.2. In next step, I compared the IQs in men in 5 groups and then, in women in 5 groups (using one-way ANOVA). 

1.5   One type of surgery versus the other (placetype).

1.5.1 I compared  IQs  between Temporal lobectomy and Amygdalohippocompectomy  in left side and right side seperately. I used T-test for this proccess. 
1.5.2 Then  I  compared  IQs  generally  according to factor of the placetype in all 4 and then 5 groups (The SPSS does not take to account the normal controls because the variable of placetype is meaningless for normal controls and they do not have any type of surgery, so the total number in all tables is 48 patients).

1.6    IQs in 4 and 5 Groups  
I used  one-way  ANOVA  to compare the  4  patient  groups with  each other on the three measures of  IQ and then repeated and added the control group so I had 5 groups all together to see if 4 surgery groups differ from the normal controls in IQ.
 
1.7    Information Scaled Scores in 4 and 5 Groups
To see if the surgery groups differ in their performance in this subtest of IQ and if they differ from normal controls, I used one-way ANOWA. First 5 groups as factor and information scaled score as dependent variable, then I repeat this with 4 groups.

1.8   Picture Completion Scaled Scores in 4 and 5 Groups
To see if the surgery groups differ in their performance on in this subtest of IQ and if they differ from normals, I used one-way ANOWA. First 5 groups as factor and picture completion scaled score as dependent variable, then repeat this with 4 groups.

1.9  Mean Semantic  Scores in 4 and 5 Groups
Both Information and Picture Completion IQ subtests involve semantic information - one is verbal and the other is non-verbal – So, I wanted to make a new variable called "semantic" by (information ss + picture completion ss/2). Then I Compared this new variable as dependent variable in 4 surgery groups and between 4 groups and normal controls.

2. Verbal Semantic Memory, VisualPerceptual Semantic Memory, and Working Memory.
In this part of the work, I entered the two components of semantic memory and working memory into one ANOVA and perform tests of simple effects to determine which groups show significant differences. 

We have the two components of working memory and semantic memory. Working memory is purely auditory verbal (I.e. repetition of digits) whereas semantic memory is made up of one auditory verbal (Information) and one visual perceptual subtest (Picture Completion), so we are comparing a purely auditory verbal component with a component that is a mixture of auditory  verbal and visual perceptual (3 components together).  So,  I derived two separate components: one auditory verbal and one visual perceptual from the IQ subtests. This, as mentioned before, would mean calculating a new component of verbal semantic memory from Information and Similarities, and another component of visual perceptual semantic memory from Picture Completion and Object Assembly. Then, I converted both final scores to standard scores and put the standard scores of the three components into a group (5 groups) x component (3 components) two-way ANOVA to determine whether side and type of surgery have differential effects on the performance of the three components. I did post hoc tests, to break down the significant main effects and their interactions. 
 



























PHASE 2: Relationship between intelligence and memory 

 

A . So far in phase 1, I looked at the groups to see if their characteristics differed and I found that they didn't. Then, I looked to see if things like type of surgery, side of surgery, sex, etc, affected their IQ scores.  
 In phase 2 of the work, to see if things like type of surgery (placetype- temporal lobectomy or amygdalohippocampectomy), side of surgery (left or right), sex, etc, affect petients MQ scores, first, I compared intelligence (full scale IQ, verbal IQ, Performance IQ) with memory function using a test which is mostly assessing verbal memory, in this case immediate verbal memory (i.e. MQ).  The scores are derived by subtracting the total MQ from the full scale IQ or verbal IQ in turn.  If the result of this subtraction is a positive number (i.e. full scale IQ 95 -  MQ 70 = + 25), then memory is much lower than IQ; if however memory score is higher than intelligence the opposite will be found and the result will be a negative number (i.e.  Full scale IQ 80 – MQ 95 = -15). 
So, I calculated for every subject three new scores (3 new variables) - the difference between VIQ and MQ  (VIQ/MQ); the difference between PIQ and MQ (PIQ/MQ); and the difference between FS IQ and MQ (FS IQ/MQ). Then,  I looked at these different scores in the same way I did the IQ analyses. 
The groups are the same, so there was no need to repeat that first set of analyses.

 
A-1    Side and VIQ/MQ 
Comparing the effect of side of surgery on VIQ/MQ, by T-test.
A-2  Placetype (Temporal Lobectomy – TL or Amygdalohippocampectomy – AH)  and VIQ/MQ 
Doing T-test. 
A-3    Gender and VIQ/MQ 
Doing T-test. 
A-4     Four groups of patients, normal controls and VIQ/MQ 
One-way ANOVA.
The only analyses that differed when using 4 or 5 groups was the one-way ANOVA. So, there was no need to repeat the T-tests for side, placetype and gender : they were exactly the same in both 4 or 5 groups.
One-way ANOVA for 4 groups was repeated. 
A-5     Side, Placetype (TL or AH), Gender and PIQ/MQ
Comparing the effect of side of surgery on PIQ/MQ by T-test.
 A-6    Four groups of patients, normal controls and PIQ/MQ 
Using one-way ANOVA.
I repeated one-way ANOVA with 4 groups. 
A-7    Two-way ANOVAs for VIQ/MQ

A-7-1   Side and placetype as fixed factors, VIQ/MQ as dependent factor

Doing two-way ANOVA.

A-7-2   Gender and type (LAH, RAH,LT, RT and NC) as fixed factors, VIQ/MQ as dependent factor

Doing two-way ANOVA.

A-7-3 Gender and placetype (TL, AH) as fixed factors, VIQ/MQ as dependent factor

Doing two-way ANOVA.

A-8     Two-way ANOVAs for PIQ/MQ
A-8-1    Side and placetype (TL, AH), PIQ/MQ
Doing two-way ANOVA.

A-8-2   Gender and type as fixed factors, PIQ/MQ as dependent factor

Doing two-way ANOVA.

A-8-3   Gender and placetype (TL, AH) as fixed factors, PIQ/MQ as dependent factor

Doing two-way ANOVA.

A-9  FSIQ/MQ
I also ran the same analysis by comparing MQ scores with FS scale IQ.  
These were best done as two-way ANOVAs.  






PHASE 3: Memory


In pahse 3 or the main and most important phase of the work, I wanted to explore the effects of surgery on MQ and its subtests. For this, I started with T- test and then, one-way ANOVA and two–way ANOVA, as the way done in phase 1 and 2. But before going to statistical analysis it's good to have a look at a short description from the Memory tests. 
In this work, the Wechsler Memory Scale, Form II (Wechsler and Stone, 1945; Wechsler, 1976) was administered in full according to standard procedures to provide a memory quotient (MQ). This test is the best test of general verbal memory ability. However, because the Wechsler memory quotient is influenced by nonspecific disorders of attention, two subtests, paired associates and logical stoies, are aftedn used as a purer measure of verbal memory function (Bryan Kolb and Ian Q. Whishaw. Fandamentals of Human Neuropsycology, Fifth edition, 2003) . Age corrections are given for each raw score which account for the participant's age and are applied to take account of the wide age range of the participants. They have also been applied to take account of the young age of the child relative to adults.

Three subtests, known to be sensitive to adverse effects of left temporal lobe damage (Milner, 1970) were selected to provide measures of both immediate and delayed recall:

Logical Memory (Verbal Memory): (i.e. prose passages). The 2 standard stories (A and B) each containing 24 units of information were read aloud to participants, one at a time. Right after hearing the first one, the subject had to tell it back. Then the second one was read aloud and recalled. This is Immediate Recall and the score is the number of elements of the story recalled correctly. There are scores for Story A, Story B and the average of the two. Then, later, following a 90 min interval filled with other tasks, the subject was asked to recall the stories without hearing them again and an average score again calculated (Milner, 1975). This is Delayed Recall. Scores and recall was calculated for each condition. 

Visual reproduction (Non-Verbal Memory) – Geometric Designs:  The subject was shown a geometric design on a card for 20 seconds and had to draw it as soon as it was taken away.  There was a second card with a design and a third card with two designs (4 in all).  The immediate reproduction of geometric designs was scored as described in the WMS manual. As well as an average over the 4. And then, following 40 min filled with interpolated tasks, participants were again asked to draw the geometric designs from memory (Delayed Recall) (Milner, 1975). The scores represent the accuracy of the drawings.  

Paired associate learning of words (Verbal): This subtest was administered as described in the WMS manual and scored for immediate recall after each of the three presentations of the 10 paired associates. The set of 10 pairs consists of six pairs of related items (easy to remember, e.g. come-go) and four pairs of unrelated items (hard to remember, e.g. in-although). Pairs of words were read aloud to the subject - then the first word was given and they had to complete the pair. The score is the number of correct words recalled.  There is a score for each of these three trials (Immediate recall).  There are separate scores for the recall of easy pairs and hard pairs as well as the total pairs.  Delayed recall was measured after an interval of 90 min; but only once so there was only a total, easy and hard score for Delayed (i.e. not 3 times for the 3 trials as in Immediate). Both were scored out of 10. Below is an example of this test and the way it was administered:

Figure 1.  Verbal Paired Associate Learning Test

· 1.		Baby 					Cries
· 2.		In					Although
· 3.		Up 					Down
· 4.		School					Grocery
·  
·  
· 10.		North					South 

Paired Associates (Non-verbal): An equivalent test using pairs of shapes rather than words.  This nonverbal task could be performed by the patients and at the same time highlighted the underlying hemispheric specialisation for this type of material. There were same scores for Immediate and Delayed recall of non-verbal stimuli. Below is an example of the way this test was administerd. 
Figure 2.   Non-verbal Paired Associate Learning Test

[image: ]
Also, some other subtests were examined as below:
Information
Orientation: These are questions like "what is the date?" etc. and the score on each is the number of correct answers.
Mental Control: Is the recall of a string of digits both Forward (as they are heard) or Backwards (remembering them in reverse order). The same work with Block was done- a set of blocks of wood were fixed to a board and they were touched in a particular order while the subject was watching - they had to repeat the sequence . This too was done Forward and Backwards.

In order to understand what is the effect of gender, side, placetype and type of surgery, respectively, on each of the MQ subtests and MQ scores itself, I did the following statistical analysis with SPSS version 19. All the results and their related graphs and tables are shown in "Results" part of the thesis.  

AA.   MQ
The effect of gender:
Doing T-test. 
The effect of side:
Doing T-test. 
The effect of placetype:
Doing T-test. 
The effect of type of surgery:
Doing One-way ANOVA.
The effect of placetype and side:
Doing two-way ANOVA. 

A.   Verbal memory and differences in immediate versus delayed recall  (Story Recall) 
A-1   Immediate recall stories average
A-2   Immediate recall story A 
A-3   Immediate recall story B
A-4   Delayed recall stories average
A-5   Delayed recall story A  
A-6   Delayed recall story B
The effect of gender:
Doing T-test.
The effect of side:
Doing T-test.
The effect of placetype:
Doing T-test.
The effect of type of surgery:
Doing one-way ANOVA.
The effect of placetype and side 
Doing two-way ANOVA.


B.   Information 
The effect of gender:
Doing T-test. 
The effect ofo side:
Doing T-test. 
The effect ofo placetype:

Doing T-test. 
The effect of type of surgery:
Doing one-way ANOVA.
The effect of placetype and side:
Doing two-way ANOVA.

C.   Orientation
The effect of gender:
Doing T-test.

The effect of side:
Doing T-test.

The effect of placetype: 

Doing T-test.

The effect of type of surgery:
Doing one-way ANOVA.
The effect of placetype and side:
Doing two-way ANOVA.

D.   Mental Control
The effect of gender:
Doing T-test. 
The effect of side:
Doing T-test. 
The effect of placetype: 

Doing T-test. 
The effect of type of surgery:
Doing one-way ANOVA.
The effect of placetype and side:
Doing two-way ANOVA.


E.   Digit Recall
E-1   Digits F and B total weighted
E-2   Digits F weighted
E-3   Digits B weighted
The effect of gender:
Doing T-test.
The effect of side:
Doing T-test.
The effect of placetype:
Doing T-test.
The effect of type of surgery:
Doing two-way ANOVA.
The effect of placetype and side:
Doing two-way ANOVA.


F.   Block Recall
F-1   Block F and B weighted
F-2   Blocks F weighted
F-3   Blocks Back eighted
The effect of gender:
Doing T-test.
The effect of side:
Doing T-test.
The effect of placetype:
Doing T-test.
The effect of type of surgery:
Doing one-way ANOVA.
The effect of placetype and side:
Doing two-way ANOVA.

G.   Acual Span Lenght Recall
G-1   Actual span length forward 
G-2   Actual span length backward
The effect of gender:
Doing T-test.
The effect of side:
Doing T-test.
The effect of placetype:
Doing T-test.
The effect of type of surgery:
Doing one-way ANOVA.
The effect of placetype and side:
Doing two-way ANOVA.


H.  Nonverbal memory and differences in immediate versus delayed recall (Design Recall)

H-1    Immediate recall designs average
H-2    Immediate recall design 1 
H-3    Immediate recall design 2 
H-4    Immediate recall design 3 L 
H-5    Immediate recall design 3 R 
H-6    Delayed recall designs average
H-7    Delayed recall design 1 
H-8    Delayed recall design 2 
H-9    Delayed recall design 3 L 
H-10  Delayed recall design 3 R 
The effect of gender:
Doing T-test.
The effect of side:
Doing T-test.
The effect of placetype:
Doing T-test.
The effect of type of surgery:
Doing one-way ANOVA.
The effect of placetype and side:
Doing two-way ANOVA.

I .  Verbal learning  (Paied Associate Verbal) 
I-1    Paired associates verbal immediate weighted 
I-2    Total easy trial 1
I-3    Total hard trial  1 
I-4    Total easy trial 2
I-5    Total hard trial  2
I-6    Total easy trial 3
I-7    Total hard trial  3
1-8   Paired associates verbal delayed weighted
I-9    Total easy delayed recall
I-10  Total hard delayed recall
The effect of gender:
Doing T-test.
The effect of side:
Doing T-test.
The effect of placetype:
Doing T-test.
The effect of type of surgery:
Doing one-way ANOVA.
The effect of placetype and side:
Doing two-way ANOVA.

J .  Non-verbal learning  (Paied Associate Non-verbal)

J-1    Paired associates non-verbal immediate weighted
J-2    Total easy trial 1
J-3    Total hard trial  1 
J-4    Total easy trial 2
J-5    Total hard trial  2
J-6    Total easy trial 3
J-7    Total hard trial  3
J-8    Paired associates nonverbal delayed total
J-9    Paired associates nonverbal delayed easy
J-10  Paired associates nonverbal delayed hard
The effect of gender:
Doing T-test.
The effect of side:
Doing T-test.
The effect of placetype:
Doing T-test.
The effect of type of surgery:
Doing one-way ANOVA.
The effect of placetype and side:
Doing two-way ANOVA.

K.   Time for immediate recall of synonyms
The effect of gender:
Doing T-test.
The effect of side:
Doing T-test.
The effect of placetype:
Doing T-test.
The effect of type of surgery:
Doing one-way ANOVA.
The effect of placetype and side:
Doing two-way ANOVA.


L.  The Analysis of Repeated Measures / double dissociation of function for verbal and nonverbal paired associate learning and delayed recall.  

L-1 Group  x  Paired Associate Learning (Trials1, 2, 3) and Delayed Recall (2-way mixed model ANOVA with repeated measures on Trials)
A 2-way mixed design ANOVA comparing Group (5 levels; NC, LT, LAH, RT, RAH) and Trial (4 levels; 1, 2, 3 and Delayed Recall) was conducted in order to examine the effect of side and type of surgery on performance on the learning trials and the delayed recall trial. Moreover, I needed to see if there was any classic double dissociation of function for verbal and nonverbal paired associate learning and delayed recall.  

Post hoc analysis (one way ANOVA) of group differences at each Trial was then assessed.

L-2   Group x Story Recall (2 way mixed ANOVA with repeated measure on Immediate vs Delayed Recall)
A two-way mixed design ANOVA was conducted comparing group (5 levels; NC, LT, LAH, RT, RAH) and story recall (2 levels; immediate and delayed) to examine the effect of side and type of surgery on the amount of a story successfully recalled at different time points.

L-3  Group x Design Recall (2 way mixed ANOVA with repeated measure on Immediate vs Delayed Recall)
A two-way mixed design ANOVA comparing group (5 levels, NC, LT, LAH, RT, RAH) and design recall was conducted in order to compare the effect of surgery type and side on the recall of geometric designs at immediate and delayed conditions. 




























RESULTS


PHASE 1 :  IQ Components, Semantic memory and Working memory

The main finding of this phase was about Working memory (One-way ANOVA): 
There was a significant main effect of Group on working memory performance; F (4, 54)=2.83, p=0.033. Bonferroni corrected post-hoc analysis indicated that the RAH group obtained significantly lower scores compared to the NC group on the working memory task (p=0.027).

Below, you can see the details of the results related to all other analysis mentioned in the "Methods & Materials". Many of these results may not be significantly meaningful but for doing the work completely, they are brought togerther in this part: 

1.1  Frequencies of Each Sex in Various Groups  

1.1.1 Frequencies of each sex in the two sided group 
Chi-square result box showed that exact significance value was greater than 0.5, so the frequencies of males and females are not significantly different in left and right groups.

1.1.2 Frequencies of each sex in the two type of surgery groups
Chi-square result box indicated that exact significance value was greater than 0.5, so the frequencies of males and females were not significantly different in the Temporal Lobectomy and Hippocompectomy groups.

1.1.3 Frequencies of each sex in the 4 groups of patients and 5 groups (with controls)
Chi-square result box showed that significance value was greater than 0.5. So, the frequencies of males and females were not significantly different in the 4  groups of patients and in 5 groups with normal controls (Table 1).

1.2   Mean Age and IQ 

The one way ANOVA test showed that there wasn't any significancant difference in age between 4 groups and between 4 groups with controls (Table 1).

1.3   Left  Side Versus Right Side

In all table outputs IQs had a significance level greater than 0.05. So, again there wasn't a significant difference between the left and right sided groups on the measure of IQs.

1.4  Males Versus Females

1.4.1 Significance levels in all cases were greater than 0.05. Again, there was not any difference between men and women on the measures of IQ. 
1.4.2 All significance levels were greater than 0.05 for both men and women, so there wasn't significant difference on the measure of IQs between 5 groups  in  men  and  in women, seperately. I did this analysis for 4 groups of patients without control group as well, and again, I found no significant defference between IQs in 4 groups of patients.

1.5   One type of surgery versus the other (placetype)

1.5.1 In all output tables the significance level was greater than 0.05. There was not any significant difference in VIQ, PIQ  and  FS IQ  between the two surgical groups on each side.
1.5.2 Again there was no significant difference between IQs in 2 placetype groups in all groups. 

1.6    IQs in 4 and 5 groups  

I could see that still there was no difference between 4 groups on the measures of IQ, and   between 4 groups and the control group as well.

1.7    Information Scaled Scores in 4 and 5 Groups

Tables showed there wasn't any significant difference in information scores between 4 groups and between 4 groups and normal controls.

1.8   Picture Completion Scaled Scores in 4 and 5 Groups

Tables showed that there was not any significant defference in picture completion scores between 4 groups and between 4 groups and normal controls. 

1.9  Mean Semantic  Scores in 4 and 5 Groups
The results showed that there was no difference between  mean semantic scores in 4 groups and between 4 groups and normal controls.
Table 1: Demographics of patient & control groups
	Group
	N
	Gender (F:M)
	Age at Test (Yrs) (SD)

	LT
	13
	8:5
	33.77 (6.38)

	LAH
	15
	7:8
	29.40 (8.58)

	RT
	9
	2:7
	32.44 (4.00)

	RAH
	11
	5:6
	32.00 (9.94)

	NC
	11
	7:4
	32.0 6.65)





2.   Verbal Semantic Memory, VisualPerceptual Semantic Memory, and Working Memory.

The Test of Between Subject Effect tables showed that there wasn't any significant main effect between two factors (side and type of surgery) and neither was the interaction for both verbal semantic memory and visual perceptual semantic memory, but there was a significant effect for factor "type" in working memory (total digits): sig. : 0.085. 
Running one way ANOWA (df:4, F:2.834 and Sig.: .033) and post hoc, it became clear that RAH was significantly different in working memory: sig. : 0.027. 
For all patient groups I have three dependent measures from the IQ subtests (Working Memory, verbal Semantic Memory, and nonverbal Semantic memory), and two independent measures of side (left, right) and type of surgery (amygdalohippocampectomy, temporal lobectomy).  I have found no main effect of side or type of surgery in the patient groups, and no effect of verbal or visual semantic memory in the groups. The only significant effect was for working memory and that is in the RAH group in comparison to the control group, not any other patient group (Table 2) (Figure 1).


Table 2.  Intelligence, factual memory & working memory
	Group
	Semantic memory (SD)
	Working memory (SD)
	Verbal IQ (SD)
	FS IQ (SD)

	LT
	93.65 (5.65)
	102.54 (6.69)
	95.60 (14.26)
	95 (10.49)

	LAH
	93.70 (5.53)
	104.40 (7.76)
	98.87 (12.92)
	95.87 (12.84)

	RT
	95.33 (5.22)
	106.00 (6.87)
	99.43 (15.87)
	95.86 (13.06)

	RAH
	92.77 (8.53)
	99.45 * (4.80)
	87.67 (16.97)
	87.67 (14.50)

	NC
	97.27 (5.92)
	108.45 (6.68)
	108.00 (23.12)
	109.25 (20.89)


*working memory is significant in RAH group. There are no significant group differences with regards to full scale IQ, verbal IQ, or semantic memory, which is a measure derived from two subtests of the intelligence test 















PHASE 2:  IQ – MQ Differences

The summary of main findings of this phase is:
(a) VIQ/MQ difference (One-way ANOVA) 
There was a significant main effect of Group on VIQ/MQ difference scores; F(4, 54)= 8.99, p<0.001. 
Bonferroni corrected post-hoc analysis indicated that both the LT and LAH groups showed a significantly lower MQ than VIQ compared to the NC group (p<0.001). 
(b) FSIQ/MQ  difference (One-way ANOVA) 
There was a significant main effect of Group on FSIQ/MQ difference scores; F(4, 54)=9.31, p<0.001. 
Bonferroni corrected post-hoc analysis indicated that the LAH group had a significantly lower MQ compared to FS IQ compared to both the RT group (p=0.047) and the NC group (p<0.001). The LT group also had a significantly lower FS IQ compared to the NC group (p<0.001). 

Below, you can see the details of the results related to other analysis mentioned in the "Methods & Materials": 

A-1    Side and VIQ/MQ 
The result was a significant difference between the means (p=.003).  So, there was a difference in this variable depending on the side of surgery.
The right-sided groups had VIQ/MQ means of negative score, It means that the members of the group have larger MQ than VIQ – much like the pattern of normall controls. But in left-sided groups, The VIQ/MQ mean was positive and it showed smaller MQ scores than VIQ, which was far away form the pattern of normal control groups.
A-2  Placetype (Temporal Lobectomy–TL or Amygdalohippocampectomy–AH)  and VIQ/MQ 
Considering the effect of placetype, the table showed that there was no significant difference (0.815 > 0.05) between TL and AH in their affect on VIQ/MQ.
A-3    Gender and VIQ/MQ 
It became clear that sex had also no significant effect (0.604 > 0.05) on VIQ/MQ. 
A-4     Four groups of patients, Normal Controls and VIQ/MQ 
There was a significant difference here. The ANOVA table told us that the Between Groups factor was significant (.000).  To see where this difference came from, I Looked at the Post-Hoc results table.  Both left-sided groups (LAH and LT) were significantly different from the NC group (.000) but neither of the right-sided groups were.  So, side was making a difference to this variable although it didn't matter which type of surgery they had.
If we looked at  the  left-sided  groups, we observed that they both had VIQ/MQ mean of positive scores - compared to mean of VIQ/MQ in NC which was large and negative (-17.1818) - This meaned that the members of LAH and LT groups have smaller MQ than VIQ –  a different pattern compared to normal controls. But in right-sided groups, the VIQ/MQ means are negative so they showed larger MQ scores than VIQ.
One-way ANOVA for 4 groups was repeated: 
There  wasn't any significant difference between 4 groups of patinets in variable VIQ/MQ.
In the 4-group analysis, the Between Groups facto was significant (p=.027). But the Post Hoc tests tell us that no two groups are significantly different from each other.  This can happen if the groups are all close to being significant and are so when added up together, but
no two by themselves are.

A-5     Side, Placetype (TL or AH), Gender and PIQ/MQ
The result was a significant difference between the means (p=.016).  So there was a difference in this variable depending on the side of surgery. 
If we looked at  the  Right  group, we observed that it had VIQ/MQ means of negative score which meaned that the members of the group had lager MQ than VIQ – almost the same as the pattern of normal control groups. But in left group, the VIQ/MQ mean was positive, so it showed smaller MQ scores than VIQ, which was far away from the pattern of VIQ/MQ scores in  normal control groups. 
The outputs show no significant difference between PIQMQ in grouping factors placetype and gender ( just like VIQMQ).

A-6    Four Groups of Patients, Normal Controls and PIQ/MQ 
The significnace level of the Between Groups factor was 0.001. So, there was a significance difference between groups. To see how, I looked at the multiple comparisons table.
It showed a significant difference between LT and RT patients, with a significance level of 0.047 (<0.05). So, I can say that PIQ/MQ was significantly different in RT and LT patients compared to other lobectomy types. The large positive PIQ/MQ mean score in LT (7.7692) was an indicative of much smaller MQ than PIQ – somehow abnormality- but in RT it's vice versa, The larg negative PIQ/MQ mean score (-9.1667) – very near to normals- showed a much larger MQ than PIQ.
Also, both Left groups (LT and LAH) were different from the NC group, and their significance levels were 0.001 and 0.008, respectively.  Again, both left-sided groups had large positive PIQ/MQ mean scores compareed to NC, which can be an indicative of much smaller MQ than PIQ, a pattern far away from the normals.
I repeated one-way ANOVA with 4 groups. 
The significnace level of the Between Groups factor was 0.050 for LT and RT (0.05). So, again I can say that there was a significant difference in LT and RT  petients in PIQ/MQ values. 
A-7    Two-way ANOVAs for VIQ/MQ

A-7-1   Side and Placetype as fixed factors, VIQ/MQ as dependent factor

From the Test of Between Subject Effect table , we can see that main factor of side was
significant but that of placetype was not and neither was the interaction
between them. 
The significant main effect of the factor of side was 0.03. 
So, by going through descriptive statistics table we saw that, when the factor of side was considered, the total VIQ/MQ mean was positive (4.3214)  in left side and negative in right side (-5.3250), which indicated that in left side, the MQ scores were  much smaller than VIQ – which was far away from the normal control's pattern - but in right side, it was vice versa.

As mentioned in part A-1, the T-test table showed a p value of .003 for the factor side. 

A-7-2   Gender and Type (LAH, RAH,LT, RT and NC) as fixed factors, VIQ/MQ as dependent factor

From the Test of Between Subject Effect table , we can see that main factor of type was significant, but that of gender was not and neither was the interaction between them. 
The significant main effect of the factor of type was 0.028. 
So, by going through descriptive statistics table, we saw that when the factor of type was considered, the total VIQ/MQ mean was positive in LT an LAH compared to negative VIQ/MQ mean scores in right groups. This showed that in left side, the MQ scores were much smaller than VIQ - which was not the same as the pattern of normal -  and it was vice versa for right side.

A-7-3 Gender and Placetype (TL, AH) as fixed factors, VIQ/MQ as dependent factor

From the Test of Between Subject Effect table it is clear that there was not any significant main effect between two factors and neither was the interaction. 





A-8     Two-way ANOVAs for PIQ/MQ
A-8-1    Side and Placetype (TL, AH), PIQ/MQ
From the Test of Between Subject Effect table we could see that main factor of side was significant but that of placetype was not and neither was the interaction
between them. 
The significant main effect of the factor side was 0.012. 
So, by going through descriptive statistics table we observed that when the factor of side was considered, the total PIQ/MQ mean was positive (5.7500)  in left side and negative in right side (-4.5750), which indicated that in left side, the MQ scores were much smaller than VIQ  - which was far away from the normal control pattern - but in right side, it was vice versa. So it might be an indicative for abnormality in left side patients.
As mentioned in part A-5, for the effect of side of surgery on PIQ/MQ, T-etest showed a p value of .016. 

A-8-2   Gender and Type as fixed factors, PIQ/MQ as dependent factor

From the Test of Between Subject Effect table it was clear that there was not any significant main effect between two factors and neither was the interaction.

A-8-3   Gender and placetype (TL, AH) as fixed factors, PIQ/MQ as dependent factor

From the Test of Between Subject Effect table it was clear that there was not any significant main effect between two factors and neither was the interaction.


*

As we are answering the overall question that what variables may influence  memory outcome after surgery for seizures, it is obvious from above outputs that variable side, have much more effect on the difference between VIQ and PIQ with MQ scores than any other variable such as type of surgery or gender of the subject (except the difference between LT and RT patients in PIQMQ). Looking at the effect of side on the variables VIQMQ and PIQMQ, following conclusions may be derived:
In  A-1, we can see that there is a significant difference in the variable VIQMQ, depending on the side of surgery. Also, this result is true for the effect of side on PIQMQ (A-5). By looking at the different mean of MQ  (A-9) we can see that in left side, MQ mean in 4 types of patients is 90.3214 which is much less than MQ mean in right side: 98.1250. VIQ mean is almost the same in both sides. So, we can say that by much less MQ mean in left side surgery, there will be more memory difficulty in this side because it is much far away from the pattern of normal controls. 

In A-4,  we see that both left groups (LAH and LT) are significantly different from the NC group in VIQMQ, but neither of the R groups is.  So again, it is shown that side is making a difference to the variable VIQMQ although it doesn't matter which type of surgery they have.
In A-6, outputs show a significant difference between LT and RT patients for the variable PIQMQ.  Also, both Left groups (LT and LAH) are different from the NC group (as for VIQMQ). Also, there is a significant difference in LT and RT  petients in PIQMQ values between 4 groups only. 
In A-7-1, we can see that there is a significant main effect in factor side on VIQMQ .
Another important concept, which has been mentioned in the beginning, is the fact that larger MQ compare to VIQ is a sign of being normal. If  we  look at the control groups we will see that the mean difference between the MQ and VIQ scores is in the negative direction and is very large (around 17 points difference).  If we look at all 11 people in the group, we will see that in every case, the MQ is larger than the VIQ.  So this is what we expect in the "normal" population - an MQ that is the same or greater than VIQ.  If we look at  the 2  Right  groups, we will see that they also have the same pattern of MQ larger than VIQ but with a smaller difference. Whereas in the 2 left groups, the direction is the opposite and they have larger VIQ than MQ. 
 

A-9  FSIQ/MQ
I could observe the reduction of MQ relative to VIQ (Figure 3) and FS IQ (Figure 2 & 3), in the Left surgery group as shown in Figure 2.  



[image: ]
Figure 2.  Intellectual status in relation to memory  Comparing intelligence (full Scale IQ, verbal IQ) with memory function. It is clear that for both full scale IQ and verbal IQ, the results of the two groups with left sided removals indicate better IQ than memory, whereas for the two groups with right sided removals and the controls the opposite pattern is found. 



Figure 3.  MQ and VIQ in 4 Groups of Patients and Normal Controls – MQ is significantly lower compared to VIQ in left sided surgical groups. 













PHASE 3: Memory 
(Including the main part and findings of this project)

The summary of main findings of this phase is about the tasks mentioned below:
 
I)  Paired Associate Learning 
(a) Paired Associate weighted score (One-way ANOVA) – (Table 3)
There was a significant effect of Groups on overall wordpairs correctly recalled across the three learning trials; F(4, 54)= 8.06, p<0.001. 
Bonferroni corrected post-hoc analysis indicated that both the LAH and the LT groups performed significantly worse than the NC group (p<0.001, respectively). 
(b) Easy pairs (n= 18) One-way ANOVA - (Table 3)
The assumption of homogeneity of variance was violated; therefore the Welch F ratio is reported. There was a significant main effect of Group on percentage of words pairs correctly recalled in the ‘easy’ category over the three learning trials; F(4, 22.16)=13.47, p<0.001. 
Bonferroni corrected post hoc indicated that the LAH and the LT groups performed significantly worse than the NC group (p=0.001, p= 0.037, respectively). 
(c) Hard pairs  (n = 12) One- way ANOVA – (Table 3)
There was a significant main effect of Group on the percentage of correctly recalled ‘hard’ paired associates across the 3 learning trials; F(4, 54)=9.08, p<0.001. 
Bonferroni corrected post-hoc analysis indicated that both the LAH and the LT groups performed significantly worse than the NC group (p<0.001, respectively). 
(d) Group  x  Paired Associate Learning (Trials1, 2, 3) and Delayed Recall (2-way mixed model ANOVA with repeated measures on Trials) – (Table 3 and Figure 4)
There was a significant main effect of Group: F(4, 54)= 11.03, p<0.001. Bonferroni corrected post hoc analysis indicated that across trials, the LAH group performed significantly worse than the RT (p=0.025) and NC groups (p<0.001).  The LT group also performed significantly worse than the RT (p=0.045) and NC (p<0.001) groups. Finally, the RAH group performed significantly worse than the NC group (p=0.04)
There was also a significant main effect of Trials: F(1, 4)=32.69, p<0.001. Post hoc analysis indicated that across groups, performance on trial 1 was significantly worse than performance on trials 2 (p<0.001), 3 (p<0.001) and delayed recall (p<0.001). Performance on trial 2 was significantly worse than performance on trial 3 (p=0.009), and performance on the delayed recall trial was significantly worse than performance on trial 3 (p<0.001). 
Finally, there was a significant interaction between Group and Trials; F(4, 54)= 1.871, p=0.042, indicating that performance on the Paired Associate Trials differed depending on group membership. 
Bonferroni corrected Post hoc analysis (repeated measures ANOVA) indicated that in the NC group, performance on Trial 1 was significantly worse than trials 2 (p=0.01), 3 (p=0.02) and delayed recall (p=0.007). The LAH and RAH groups displayed similar patterns, with performances on Trial 1 being significantly worse than trial 2 (p=0.002, p<0.001, respectively) and 3 (p=0.002, p=0.003, respectively). In contrast, there was no significant difference in performance between Trials in the LT and RT groups; however in the LT group the delayed recall trial was nearing being significantly worse than trials 2 and 3 (p= 0.056, p= 0.059 respectively). 
Post hoc analysis (one way ANOVA) of group differences at each Trial was then assessed. 
There was a significant effect of Group on number of word pairs correctly recalled in Trial 1; F(4, 54)=8.56, p<0.001. Bonferroni corrected post hoc analysis indicated that the LAH group performed significantly worse than the RT group (p=0.012) and the NC group (p<0.001), the RAH group performed significantly worse than the NC group (p=0.007) and the LT group performed significantly worse than the NC group (p=0.002).
There was a significant effect of Group on number of word pairs correctly recalled in learning trial 2; F(4, 54)= 8.04, p<0.001. Bonferroni corrected post hoc analysis indicated that the LAH group performed significantly worse than the NC group (p<0.001) and that the LT group performed significantly worse than the NC group (P<0.001). 
Learning trial 3: the assumption of homogeneity of variance was violated, therefore the Welch F ratio is reported. There was a significant effect of Group on number of word pairs correctly recalled in trial 3; F(4, 25.08)=8.74 (p<0.001). Bonferroni corrected post hoc analysis indicated that the LAH group performed significantly worse than the NC group (p=0.002) and that the LT group also performed significantly worse than the NC group (p=0.002).
Delayed recall trial; the assumption of homogeneity of variance was violated, therefore the Welch F ratio is reported. There was a significant effect of Group on number of word pairs correctly recalled in the delayed recall trial; F(4, 24.27)= 33.56, p<0.001. Bonferroni corrected post hoc analysis indicated that the LAH group performed significantly worse than normal controls (p<0.001), and that the LT group performed significantly worse than RAH group (p=0.044), the RT group (p=0.016) and the NC group (p<0.001).


II) Group x Story Recall (2 way mixed ANOVA with repeated measure on Immediate vs Delayed Recall)  - Table 3
There was a significant main effect of Group: F(4, 54)= 5.70, p=0.001, with Bonferroni corrected post hoc analysis indicating that across the Immediate and Delayed Recall conditions, the LAH group performed significantly worse than the NC group (p=0.002), the RAH group performed significantly worse than the NC group (p=0.022) and the LT group performed significantly worse than the NC group (p=0.002).  
There was also a significant main effect of Recall Condition: F (1, 4)=111.92. Post hoc analysis indicated that performance on the Delayed Recall condition was significantly worse than performance in the Immediate Recall condition across all groups (p<0.001). 
III) Group x Design Recall (2 way mixed ANOVA with repeated measure on Immediate vs Delayed Recall) – Table 3
There was a significant main effect of Group: F (4, 54)= 6.47, p<0.001), with Bonferroni corrected post hoc analysis indicating that across both Immediate and Delayed Recall conditions,  the RAH group performed significantly worse than the NC group (p=0.005), the LT group performed significantly worse than the NC group (p=0.003), and the RT group performed significantly worse than the NC group (p<0.001). 
There was also a significant main effect of Recall condition: F(1, 54)= 111.09 p<0.001, with post hoc analysis indicating that across all groups, Delayed Recall was significantly worse than Immediate Recall (p<0.001). 

Table 3.  Mean scores and SD of five groups in all  tests and variables
	
	
	LT (N=13)
	LAH (N=15)
	RT      (N= 9)
	RAH (N=11) 
	NC (N=11)

	I) IQ/MQ Difference
	
	
	
	
	
	

	
VIQ/MQ Discrepancy 
(VIQ-MQ)
	
M
	
3.15
	
5.33
	
-5.72
	
-5.00
	
-17.18

	
	SD
	11.04
	10.47
	10.34
	10.08
	9.60

	
FSIQ/MQ Discrepancy
(FSIQ-MQ)
	M
	4.46
	4.67
	-7.94
	-4.18
	-16.45

	
	SD
	10.18
	10.85
	11.71
	9.34
	8.34

	II) Paired Associate Learning (Verbal and Non-verbal)
	
	
	
	
	
	

	Paired Associate Learning (weighted)

/21
	M (%)
	49.28
	48.89
	68.25
	64.72
	83.77

	
	SD
	16.10
	16.86
	20.76
	18.80
	11.21

	
Paired associate Learning Easy (3 trials)
/18
	M (%)
	85.04
	80.00
	93.83
	85.35
	99.50

	
	SD
	11.20
	17.03
	7.05
	11.46
	1.68

	Paired Associate Learning
Hard (3 trials)
/12)




	M (%)
	22.44
	24.44
	49.07
	49.24
	71.97

	
	SD
	24.39
	23.25
	31.58
	27.75
	19.82

	Paired Associate Learning (trial 1)
/10
	M (%)
	53.08
	44.00
	68.89
	54.55
	80.91

	
	SD
	17.02
	19.57
	17.64
	20.18
	8.31

	Paired Associate Learning (trial 2)
/10
	M (%)
	60.00
	62.00
	76.67
	75.45
	90.91

	
	SD
	14.14
	15.68
	16.58
	19.16
	10.44

	Paired Associate Learning (trial 3)
/10
	M (%)
	66.92
	67.33
	82.22
	82.72
	93.64

	
	SD
	19.32
	18.70
	19.22
	13.48
	8.09

	
Paired Associate Learning Delayed
/10




	M (%)
	   51.54
	55.33
	76.67
	72.73
	92.73

	
	SD
	8.01
	19.95
	19.36
	24.94
	9.05

	
	
	
	
	
	
	

	
Paired Associate Non-verbal Immediate weghited
 

	M 
	5.88
	6.50
	4.22
	4.70
	9.77

	
	SD
	2.22
	2.93
	2.11
	1.81
	3.36

	Paired Associate Non-verbal Delayed Total 

	M
	4.54
	5.13
	3.22
	3.80
	7.36

	
	SD
	2.18
	1.99
	2.22
	2.25
	1.96





	
	
	
	
	
	
	

	
	
	LT
	LAH
	RT
	RAH
	NC

	III) Recall of Stories 

	
Immediate
/23
	M (%)
	24.75
	28.26
	37.92
	29.64
	43.87

	
	SD
	7.49
	12.91
	14.53
	10.81
	11.83

	
Delayed
/23
	M (%)
	16.72
	15.58
	25.36
	18.58
	35.87

	
	SD
	8.77
	11.42
	16.54
	14.32
	12.29




	IV) Recall of Geometric Designs 

	
Immediate 
/14
	M (%)
	67.03
	79.76
	63.10
	68.18
	88.64

	
	SD
	15.30
	13.06
	12.88
	12.00
	11.50

	
Delayed
/14
	M (%)
	41.48
	45.71
	32.94
	40.91
	69.16

	
	SD
	18.87
	28.48
	19.30
	17.67
	21.86
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Figure 4.  Verbal versus Non-verbal Paired Associate Learning and Recall   A classic double dissociation of function for verbal and nonverbal paired associate learning and delayed recall. The two left sided groups perform significantly worse in verbal learning and delayed recall, the reverse is true for the two right sided groups. 

You can see the details of the results related to all other analysis mentioned in the "Methods & Materials" below. Many of these results were not significantly meaningful but for writing the thesis completely I bring them all here:
AA.    MQ
No significant difference was found in T-test outputs for the effect of gender on MQ scores. 
Also, there wasn't any significant difference in the effect of side on MQ scores. 
And there was no significant difference by the effect of placetype on MQ scores. 
The effect of type of surgery:
The one-way ANOVA results showed that there was a significant difference for  the effect of type of surgery on MQ scores when patients groups were compared with NC group: 
The between groups sig. was 0.000 so I refered to multiple comparisons of post hoc test and saw that there was a significant difference between NC and LAH (P=0.000), between NC ad RAH (P= 0.003) and between NC and LT (p=0.000).
The effect of placetype and side:
From the Test of Between Subject Effect table, it was clear that there was not a significant main effect between two factors placetype and side of the surgery and neither was the interaction.


A .  Story Recall 
T-Test outputs showed that there was no significant difference in the effect of gender on the variables. 
But there was a significant difference from the side effect on immediate recall story B, with a p=0.042.
Also, there was no significant difference in the effect of placetype on the variables.
The effect of type of surgery:
The one-way ANOVA results showed that there was a significant difference in  the effect of type of surgery on all the variables when NC group was considered (n<6), but not between patients groups alone (n<5): 
In Immediate recall story average, the between groups sig. was 0.001; so, I refered to multiple comparisons of post hoc test and  found a significant difference between NC and LAH (P=0.013) and between NC ad LT (P= 0.002).
In Immediate recall story A, the between groups sig. was 0.001; so, I refered to multiple comparisons of post hoc test and found a significant difference between NC and LAH (P=0.004); between NC and LT (P= 0.003) and between NC and RAH (P=0.015).
For Immediate recall story B, the between groups sig. was 0.015 so I refered to multiple comparisons of post hoc test and found a significant difference between NC and LT (P= 0.023).
In Delayed recall story average, the between groups sig. was 0.001. When I did  multiple comparisons of post hoc test, I found a significant difference between NC and LAH (P= 0.002); NC and RAH (P=0.021); and between NC and LT (P= 0.005).
In Delayed recall story A, the between groups sig. was 0.000. So I refered to multiple comparisons of post hoc test and found a significant difference betwen NC and LAH (P= 0.000), between NC and RAH (P=0.008) ad between NC and LT (P= 0.004).
In Delayed recall story B, the between groups sig. wass 0.022 so I refered to multiple comparisons of post hoc test and saw that there was a significant difference between NC and LT (P= 0.037) (Figure 5).
The effect of placetype and side 
In In immediate recall stories average, from the Test of Between Subject Effect table, we can saw that main factor of side is significant (0.038), but that of placetype was not and neither was the interaction between them. 
In immediate recall story B, also the factor of side was significant (0.028). 
The significant main effect of the factor of side on these two variables were 0.055 and 0.042, respectively.
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Figure 5.  Immediate versus delayed verbal memory   All groups behave similarly in that they lose information about the stories over the delay period of 90 minutes.  However, the lowest level of achievement is again seen in the two left sided groups with not a significant difference between their performance levels.  




 


B.   Information WMS	
There was a significant difference in the effect of gender on information variable with p =0.039. 
But, there was no significant difference in the effect of side on this variable. 
And there wass no significant difference in the effect of placetype on this variable as well.

The effect of type of surgery:
One-way ANOVA results showed that there was no significant difference in relation to the effect of type of surgery on this variable, both in patients groups and between patients groups and NCs. 
The effect of placetype and side:
From the Test of Between Subject Effect table, it was clear that there wasn't any significant main effect between two factors of placetype and side of the surgery and neither was the interaction. 

C.   Orientation
There was not any significant difference in the effect of gender on this variable. 
Also, there was not any significant difference in the effect of side on this variable. 
And there wassn't any significant difference in the effect of placetype on this variable.

The effect of type of surgery:
One-way ANOVA results showed that there was no significant difference in relation to the effect of type of surgery on  the variable, both when n<6 and when n<5.
The effect of placetype and side:
From the Test of Between Subject Effect table, it was clear that there wasn't any significant main effect between two factors of placetype and the side of the surgery and neither was the interaction. 


D.   Mental control
There was no significant difference in the effect of gender on this variable. 
Also, there was no significant difference in the effect of side on this variable. 
And there wasn't any significant difference in the effect of placetype on this variable as well.

The effect of type of surgery:
One-way ANOVA results showed that there was no significant difference in relation to the type of surgery on this variable, both when n<6 and when n<5.
The effect of placetype and side:
From the Test of Between Subject Effect table it was found no significant main effect between two factors of placetype and the side of the surgery. Neither was the interaction. 


E.   Digit Recall
There was no significant difference in the effect of gender on any of these variables. 
There was also, no significant difference in the effect of side on any of the variables.
And there was no significant difference in the effect of placetype too. riables.
The effect of type of surgery:
One-way ANOVA results showed a significant difference in relation to the effect of type of surgery on two first variables compared to NC groups, but not between 4 patients groups: 
In Digits F and B total weighted, the between groups sig. was 0.033; So, I refered to multiple comparisons of post hoc test and found a significant difference between NC and RAH (P=0.027).
In Digits F weighted, the between groups sig. was 0.018.So,  I refered to multiple comparisons of post hoc test and found a significant difference between NC and RAH (P=0.030).
The effect of placetype and side:
From the Test of Between Subject Effect table it was clear that there was a significant interaction between placetype and side on Digits F and B Total Weighted (0.039) and on Digits F Weighted (0.009), but not in each variable seperately. 


F.   Block Recall
There was no significant difference in the effect of gender on any of these variables.
Also, there is no significant difference in the effect of side on any of them.
And there is no significant difference in the effect of placetype too.
The effect of type of surgery:
One-way ANOVA results showed that there was no significant difference in relation to the effect of type of surgery on all of the variables, both when n<6 and when n<5.
The effect of placetype and side:
From the Test of Between Subject Effect table it was clear that there was not any significant difference in main factors and neither was an interaction. 


G.   Actual span length Recall 
Gender, didn't have any significant effect on these two variables. 
Side, also, didn't have any significant effect on them.
And Placetype, didn't have any significant effect as well.
The effect of type of surgery:
One-way ANOVA results showed that there was no significant difference in relation to the effect of type of surgery on these two variables, both when n<5 and when n<6.
The effect of placetype and side:
From the Test of Between Subject Effect table it was clear that there was not any significant difference in main factors and neither was an interaction. 

H.   Design Recall
Gender did not have any significant effect on all these variables. 
There was a significant difference in the efect of side on variable "immediate recall design 1", P= 0.045 and "immediate recall design 3L", P= 0.030.
There was a significant difference in the efect of placetype on variables "immediate recall designs average" (P= 0.024)  and "immediate recall design 3R"  (P= 0.026).
The effect of type of surgery:
There was a significant difference in following variables in relation to type of surgery when n<6:
In Immediate recall designs average, between groups sig. was 0.000, by referring to multiple comparison table we found a significant difference between LAH and RT (P= 0.039), NC and RAH (P= 0.006) and between NC and LAT (P=0.002).  
In the task of Immediate recall design 1, between groups sig. was 0.025, by referring to multiple comparison table I saw a significant difference between NC and RT (P= 0.017).
In Immediate recall design 3R, between groups sig. Is 0.022, by referring to multiple comparison table we see that there is significant difference between NC and RT (P= 0.040).
Delayed recall designs average, between groups sig. was 0.006, by referring to multiple comparison table a significant difference between LAH and LT (P= 0.036), NC and RAH (P= 0.042) and between NC and RT (P=0.006) was found.  
In Delayed recall design 1, between groups sig. was 0.029 and by referring to multiple comparison table I found a significant difference between NC and RT (P= 0.013) (table 8).
When n<5:
In Immediate Recall Design Average, there was a significant difference between RT and LAH (p=0.031)
The effect of placetype and side:
From the Test of Between Subject Effect table it was clear that there was a significant difference in the variables
In Immediate recall designs average, there was a significant difference in main factor of placetype (p=0.029), but neither was in side and interaction. 
In Immediate recall design 1, there was a significant difference in main factor of side (p=0.038).
In Immediate recall design 3L, there was a significant difference in the main factor of side (p=0.035).
And in Immediate recall design 3R, there was a significant difference in the main factor of placetype (p=0.029).
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Figure 8. Immediate versus delayed nonverbal recall   The pattern of results are the same as before in that all groups lose information over time. However, this time the two right sided groups appear to be losing the information in delayed recall more than the two left sided groups. 





I.    Paired Associates Verbal Learning and Recall
There was only a significant difference in variable Total easy trial 3 from the effect of gender.

There was a significant difference from effect of side on these varibels:

Paired associates verbal immediate weighted, P= 0.002
Total hard trial  1, P= 0.017
Total hard trial  2, P= 0.001
Total hard trial  3, P= 0.003
Paired associate verbal delayed weighted, P= 000
Total easy delayed recall, P= 0.037
Total hard delayed recall, P=000.

There was a significant difference from effect of placetype on the varibele "total easy trial 1", P= 0.008.
The effect of type of surgery:
There was a significant difference in most of the variables in relation to type of surgery when n<6:
In Paired associate verbal immediate weighted, between groups sig. was 0.000, by referring to multiple comparison table a significant difference between NC and LAH (P= 0.000) and between NC and LT (P=0.000) was observed.  
In Total easy trial 1, between groups sig. was 0.001, by referring to multiple comparison table a  significant difference between NC and LAH (P= 0.001) and between NC and RAH (P= 0.046) was found.
In Total hard trial 1, between groups sig. value was 0.000, and after referring to multiple comparison table a significant difference between NC and LAH (P= 0.001) and between NC and LT (P= 0.000) was found.
In Total easy trial 2, the between groups sig. was 0.030, after referring to multiple comparison table no significant difference  was observed between all groups. 
In Total hard trial 2, the between groups sig. Value was 0.000, and after referring to multiple comparison table a significant difference between NC and LAH (P= 0.000) and between NC and LT (P= 0.000) was found.
In Total hard trial 3, the between groups sig. was 0.001, by referring to multiple comparison table a significant difference between NC and LAH (P= 0.002) and between NC and LT (P= 0.004) was found.
In Paired associate verbal delayed weighted, the between groups sig. was 0.000, and by referring to multiple comparison table I saw that there was a significant difference between NC and LAH (P= 0.000) and between NC and LT (P= 0.000).
In Total easy delayed recall, between groups sig. was 0.002, by referring to multiple comparison table I saw that there was significant difference between NC and LAH (P= 0.005) and between NC and LT (P= 0.010).
And finally, in Total hard delayed recall, between groups sig. was 0.000, and after referring to multiple comparison table a significant difference between NC and LAH (P= 0.000) and between NC and LT (P= 0.000) was found.
And when n<5:
In Total easy trial 1, between groups significant value was 0.026. By referring to multiple comparison table I saw that there was a significant difference between LAH and RT (p=0.024).
In Paired associate verbal delayed weighted, the between groups sig. was 0.005, by referring to multiple comparison table a significant difference between LT and RT (0.021) was found.
And in Total hard delayed recall, between groups sig. was 0.001, and by referring to multiple comparison table a significant difference between RT and LT (P= 0.022) was observed.
The effect of placetype and side:
From the Test of Between Subject Effect table it was clear that there was a significant difference in:
Paired associate verbal immediate weighted, in main factor side (p=0.002), but not in placetype and in interaction. 
And also in below factors without any significant interaction:

Total easy trial 1, in main factor placetype (p=0.007).
Total hard trial 1, in main factor side (p=0.016).
Total hard trial 2, in main factor side (p=0.002).
Total hard trial 3, in main factor side (p=0.004).
Paired associate verbal delayed weighted, in main factor side, (p=0.000)
Total easy delayed recall, in main factor side (p=0.002).
Total hard delayed recall, in main factor side (p=0.000).



[image: ]

Figure 11. Verbal paired associate Learning -  The overall learning (over three trials) is lowest in the two left sided groups with no difference between their performance.  


  




J.    Paired Associates Non-verbal Learning and Recall
There was no significant difference in the effect of gender on all of the related variabes. 
There was a significant difference in the effect of side on these variables:
Paired associates nonverbal immediate weighted, P= 0.016
Total easy trial 1, P= 0.001
Total hard trial  2, P= 0.047
Total easy trial 3, P= 0.032
Paired associates nonverbal delayed total, P= 0.040
Paired associates nonverbal delayed easy, P= 0.045
And there was no significant difference in the effect of placetype on all of the variabes in this task. 
The effect of type of surgery:
There was a significant difference in most of the variables in relation to type of surgery, when n<6:
Paired associates nonverbal immediate weighted, between groups sig. 0.000, by referring to multiple comparison table a significant difference between NC and LAH (P= 0.025), NC and RAH (P= 0.000), NC and LT (P=0.006) and between NC and RT (P=0.000) was found.  
Total easy trial 1, between groups sig. 0.004, by referring to multiple comparison table a significant difference between NC and RAH (P= 0.035) and between NC and RT (P=0.022) was found.  
Total hard trial 1, between groups sig. 0.005, by referring to multiple comparison table a significant difference between NC and LAH (P=0.007), NC and RAH (P= 0.020) and between NC and RT (P=0.026) was found.  
Total hard trial 2, between groups sig. 0.000, by referring to multiple comparison table a significant difference between NC and LAH (P=0.004), NC and RAH (P= 0.000), NC and LT (P=0.000) and between NC and RT (P= 0.000) was found.  
Total easy trial 3, between groups sig. 0.019, by referring to multiple comparison table a significant difference between NC and RT (P=0.031) was found.  
Total hard trial 3, between groups sig. 0.009, by referring to multiple comparison table a significant difference between NC and LT (P=0.034), NC and RAH (P= 0.039) and between NC and RT (P=0.016) was observed.  
Paired associate nonverbal delayed total, between groups sig. 0.000, by referring to multiple comparison table a significant difference between NC and LT (P=0.019), NC and RAH (P= 0.003) and between NC and RT (P=0.001) was found.  
Paired associate nonverbal delayed easy, between groups sig. 0.017, by referring to multiple comparison table a significant difference between NC and RT (P=0.017) was found.  
Paired associate nonverbal delayed hard, between groups sig. 0.000, by referring to multiple comparison table a significant difference between NC and LAH (P= 0.008), NC and LT (P=0.001), NC and RAH (P= 0.001) and between NC and RT (P=0.001) was found.  
When n<5:
In variable "total easy trial 1" between groups sig. 0.011, by referring to multiple comparison table a significant difference between LAH and RT (P= 0.031) was found.   
The effect of placetype and side:
From the Test of Between Subject Effect table it was clear that there was a significant difference in:
Paired associate non-verbal immediate weighted, in main factor side (p=0.019), but not in placetype and in interaction. 
And also in below factors without any significant interaction:
Total easy trial 1, in main factor side (p=0.002).
Total easy trial 3, in main factor side (p=0.034).
Paired associate non-verbal delayed total, in main factor side (p=0.044).
Paired associate non-verbal delayed easy, in main factor side (p=0.049).








 K.    Time for immediate recall of synonyms
There was no significant difference in the effect of gender on this variable. 
There was also no significant difference in the effect of side on this variable.
But there was a significant difference in the effect of placetype on this variable with P= 0.011.
The effect of type of surgery:
There was a significant difference in this variable. Between groups sig. 0.000, by referring to multiple comparison table a significant difference between NC and LAH (P= 0.000), NC and RAH (P= 0.001) and between NC and LT (P=0.005) was found.  
And when n<5:
There was a significant difference in this variable, between groups sig. 0.016, and by referring to multiple comparison table a significant difference is between LAH and RT (P= 0.011) was found.
The effect of placetype and side:
From the Test of Between Subject Effect table it was clear that there was a significant difference in main factor placetype (p=0.006), but there was no significant difference in side, neither interaction. 
L.  The Analysis of Repeated Measures

L-1 Group  x  Paired Associate Learning (Trials1, 2, 3) and Delayed Recall (2-way mixed model ANOVA with repeated measures on Trials) (Table 3, Figure 4)
As writed in Phase 3-I-d, there was a significant main effect of Group: F(4, 54)= 11.03, p<0.001. Bonferroni corrected post hoc analysis indicated that across trials, the LAH group performed significantly worse than the RT (p=0.025) and NC groups (p<0.001).  The LT group also performed significantly worse than the RT (p=0.045) and NC (p<0.001) groups. Finally, the RAH group performed significantly worse than the NC group (p=0.04)
There was also a significant main effect of Trials: F(1, 4)=32.69, p<0.001. Post hoc analysis indicated that across groups, performance on trial 1 was significantly worse than performance on trials 2 (p<0.001), 3 (p<0.001) and delayed recall (p<0.001). Performance on trial 2 was significantly worse than performance on trial 3 (p=0.009), and performance on the delayed recall trial was significantly worse than performance on trial 3 (p<0.001). 
Finally, there was a significant interaction between Group and Trials; F(4, 54)= 1.871, p=0.042, indicating that performance on the Paired Associate Trials differed depending on group membership. 
Bonferroni corrected Post hoc analysis (repeated measures ANOVA) indicated that in the NC group, performance on Trial 1 was significantly worse than trials 2 (p=0.01), 3 (p=0.02) and delayed recall (p=0.007). The LAH and RAH groups displayed similar patterns, with performances on Trial 1 being significantly worse than trial 2 (p=0.002, p<0.001, respectively) and 3 (p=0.002, p=0.003, respectively). In contrast, there was no significant difference in performance between Trials in the LT and RT groups; however in the LT group the delayed recall trial was nearing being significantly worse than trials 2 and 3 (p= 0.056, p= 0.059 respectively). 
Post hoc analysis (one way ANOVA) :  
There was a significant effect of Group on number of word pairs correctly recalled in Trial 1; F(4, 54)=8.56, p<0.001. Bonferroni corrected post hoc analysis indicated that the LAH group performed significantly worse than the RT group (p=0.012) and the NC group (p<0.001), the RAH group performed significantly worse than the NC group (p=0.007) and the LT group performed significantly worse than the NC group (p=0.002).
There was a significant effect of Group on number of word pairs correctly recalled in learning trial 2; F(4, 54)= 8.04, p<0.001. Bonferroni corrected post hoc analysis indicated that the LAH group performed significantly worse than the NC group (p<0.001) and that the LT group performed significantly worse than the NC group (P<0.001). 
Learning trial 3: the assumption of homogeneity of variance was violated, therefore the Welch F ratio is reported. There was a significant effect of Group on number of word pairs correctly recalled in trial 3; F(4, 25.08)=8.74 (p<0.001). Bonferroni corrected post hoc analysis indicated that the LAH group performed significantly worse than the NC group (p=0.002) and that the LT group also performed significantly worse than the NC group (p=0.002).
Delayed recall trial; the assumption of homogeneity of variance was violated, therefore the Welch F ratio is reported. There was a significant effect of Group on number of word pairs correctly recalled in the delayed recall trial; F(4, 24.27)= 33.56, p<0.001. Bonferroni corrected post hoc analysis indicated that the LAH group performed significantly worse than normal controls (p<0.001), and that the LT group performed significantly worse than RAH group (p=0.044), the RT group (p=0.016) and the NC group (p<0.001).

L-2   Group x Story Recall (2 way mixed ANOVA with repeated measure on Immediate vs Delayed Recall) (Table 3)
As writed in Phase 3–II, there was a significant main effect of Group: F(4, 54)= 5.70, p=0.001, with Bonferroni corrected post hoc analysis indicating that across the Immediate and Delayed Recall conditions, the LAH group performed significantly worse than the NC group (p=0.002), the RAH group performed significantly worse than the NC group (p=0.022) and the LT group performed significantly worse than the NC group (p=0.002).  
There was also a significant main effect of Recall Condition: F (1, 4)=111.92. Post hoc analysis indicated that performance on the Delayed Recall condition was significantly worse than performance in the Immediate Recall condition across all groups (p<0.001). 

L-3  Group x Design Recall (2 way mixed ANOVA with repeated measure on Immediate vs Delayed Recall) (Table 3) 

As writed in Phase 3–III, there was a significant main effect of Group: F (4, 54)= 6.47, p<0.001), with Bonferroni corrected post hoc analysis indicating that across both Immediate and Delayed Recall conditions,  the RAH group performed significantly worse than the NC group (p=0.005), the LT group performed significantly worse than the NC group (p=0.003), and the RT group performed significantly worse than the NC group (p<0.001). 
There was also a significant main effect of Recall condition: F(1, 54)= 111.09 p<0.001, with post hoc analysis indicating that across all groups, Delayed Recall was significantly worse than Immediate Recall (p<0.001). 































DISCUSSION & CONCLUSION


The present study examined the postoperational memory function in left- and right TLE patients both in immediate and delayed recall. Beside memory, this study examined the Intelligence and its difference with memory in all groups of patients and controls after resection. 
The Extent of Removal
As mentioned earlier in the introduction part, the extent of memory disturbance increases in direct proportion to the amount of temporal lobe which is damaged or removed. In this study we examined two types of surgical groups with different extent of temporal cortical removal: Amygdalohippocampectomy and Temporal Lobectomy. 
This study suggest a difference on the basis of side of removal but not extent of removal; because both LT and LAH in verbal or RT and RAH for nonverbal paired associate learning and delayed recall are impaired and this is not true for a definite type of surgery, for example just for LT and RT or just for LAH and RAH. This may suggest that the main and crucial role of memory proccessing is related to the hippocampus and the amygdala of temporal lobes and not other areas in these lobes. The removal of these two portions (The hippocampus and the amygdala) in both types of our patients groups (AH, TL) with no significantly different results confirms this suggestion.   

The Side of Removal
As it was hypothesied  in "introduction" part,  the damages in the left temporal lobe, causes impairment in recall of  verbal material such as short stories and lists of words. On the other hand, lesions and in this case, removal of the right temporal lobe, causes impaiment in nonverbal material such as geometric drawings, faces and tunes. The results of this work confirms this matter and is consistent with previous neuropsychological studies (Helmsteadter 1997, Gleissner 1998) and the fact that temporal lobectomy can lead to significant memory decline which is more prominent in left-TLE patients (Gleissner 2002, Gleissner 2004).  I can introduce this discussion in the form of three previously mentioned phases: 

Phase 1    
The baseline tests results for patients and controls indicate that their respective intellectual abilities and aspects of memory are not dependent on the medial temporal lobe and the hippocampus. There are no significant group differences with regards to full scale IQ, verbal IQ, or semantic memory, which is a measure derived from two subtests of the intelligence test. To the extent that verbal IQ is a reflection of semantic knowledge that has been acquired over time, it is not expected that this aspect of verbal abilities will suffer as a result of  left temporal lobe surgery; therefore VIQ is in line with the standard of normal controls, and those with right sided surgery. 
But, there is a significant group difference with regards to working memory with the RAH group mean lower than the control mean. This is not surprising given that the FS IQ and VIQ of the RAH group is the lowest and that working memory contributes to acquisition and consolidation of knowledge. 
Those aspects of cognitive function such as working memory and the two aspects of semantic retrieval are NOT dependent on the medial temporal lobes and the hippocampus, so, they are not affected by the effects of epilepsy and/or surgical removal, regardless of hemispheric side of involvement and this is consistent with the findings of Herman and coworkers who concluded that for language and visual-spatial tests, laterality of excision was not a predictor for decline in cognitive ability after operation (Hermann et al., 1991). There is a discussion on the matter of longterm follow up in assessing VIQ disabality in patients after surgery. 

Phase 2   
The relationship between intelligence and memory  in the patient groups show a difference in performance on the part of the two left sided groups. Our prediction based on Dr Vargha-Khadem's previous experiments with temporal lobectomy patients (mostly children and young adults) and what have been indicated in the literature (Helmsteadter 1997, Gleissner 2004), confrimed to be true in that adult patients with temporal lobe surgery are likely to have developed left lateralization for language and verbal memory; therefore those with left temporal lobe surgery are likely to show a selective impairment in verbal memory. This study suggests that this impairment is selective to memory and does not extend to verbal abilities in general, or to language processing. 
From the results of both full scale IQ and verbal IQ, it is clear that the two groups with left sided removals indicate better IQ than memory, whereas for the two groups with right sided removals and the controls the opposite pattern is found. Both Temporal Lobectomy and AmygdaloHippocampectomy groups in left side are identical in this result. This suggests that, as saied above, the deficit is selective to memory, not extending to verbal or nonverbal functions in general and in the two left sided surgical groups, regardless of extent of removal of medial temporal lobe tissue, memory has been selectively compromised in relation to intelligence. Also again, we can suggest that the type of surgery does not reveal significant differences between groups regardless of the side involved; the significant level of side factor is 0.003 in VIQ/MQ but that of the placetype(Type of the surgery) is 0.641.

Phase 3 
Verbal memory - By looking at graphs 5-7 in results section, we can say that all groups behave similarly in that they lose information about the stories over the delay period of 90 minutes. However, the lowest level of achievement is again seen in the two left sided groups with not a significant difference between their performance levels. The idea that verbal memory is lateralised in left medial temporal lobe region of the brain, is confirmed.   
Non-verbal memory -  Looking at graphs 8-10 in results section, we can see that the pattern of design recall results are the same as before in that all groups lose information over time. However, this time the two right sided groups appear to be losing the information in delayed recall more than the two left sided groups. So, the issue that  non-verbal or visual memory is lateralised in the right medial temporal lobe, is confirmed. 
Verbal learning – A shown in figures 11-14 in results section, the two left sided groups learn much less over three trials than the right sided groups and controls. As mentioned in introduction, adult patients with temporal lobe surgery are likely to have developed left lateralization for language and verbal memory; therefore those with left temporal lobe surgery are likely to show a selective impairment in verbal memory, particularly during delayed recall, or through the process of verbal learning, compared to those with light temporal lobe surgery, and normal controls, this prediction is confirmed by our results.  
Non-verbal learning   Figures  15-17 in results section show that two right sided groups learn much less over time over three trials than left sided groups and controls in nonverbal learning. So, this confirms the right lateralization of nonverbal tasks of memory in right temporal lobe regions of the brain. However, regardless of side and size of surgery, the performance on nonverbal tasks in all trial conditions, was significantly poorer than performance on verbal tasks. This may be related to the fact that the nonverbal paired associate task is a very difficult task because the material is totally new for the participants and  It requires to remember the shapes and associate them with one another in the correct order of pairing. This task is much harder than the geometric designs that can be verbalised. The verbal paired associates are easier because they involve known words and you can associate them more readily.  


As it was indicated in the results of Hermann and coworkers, laterality was a significant predictor of postoperative change for all memory indices and this demonstrates that surgery had a direct influence on the degree and direction of changes in memory function after surgery (Bruce & Hermann, 1991).  Moreover, the results of Lee, Yip and Jones-Gotman studies including that left TLE subjetcts had worse ability for verbal memory than right TLE patients before and after excision and difference was more severe after surgery, again confirmed by our study about the postoperational deficits in verbal memory in left ATL groups. They mentioned that data for laterality of nonverbal memory in the right side were not confirmed and the pattern for memory change in right temporal lobe after excision was less clear in studies. However, in our study the results confirmed that nonverbal paired associate  learning and delayed recall were worse in right-sided groups after surgery, compared to the left–sided groups. 

Overall, this study confirms the finding by Lee, Yip and Jones-Gotman that side of surgery and epileptic seizure in temporal lobe has significant effects on verbal memory ability in individuals ( Lee, 2002).
Another matther of discussion is that some scientists such as Alpherts and coworkers observed that despite the previous studies that suggested a decrease of VIQ in LTL groups, this decrease was not seen in their study; rather the VIQ increased at 6 years after operation. They mentioned that this increase could be explained partly by longer follow-up period. Finally, they concluded that the long-term effects of temporal lobectomy on intelligence are limited and the largest results in VIQ are obtained 2-6 years after operation (Alpherts, 2004) and they also showed in another study that this decrease was already reached at 2 years after surgery and side of surgery, is the core variable related to postoperative verbal memory functions (Alpherts, 2006.) just like the results obtained here. As mentioned earlier in this part, our study suggests that the impairment is selective to memory and does not extend to verbal abilities in general, or to language processing. 
Long-term researches (>5 years) demonstrate that although memory disablities increase right after surgery, the degree of decline stabilises after 1-2 years (Spencer S. And Huh L. 2008).
In our study there was not any long-term follow up (exept that of 90 minutes intervals for delayed recall of data)  and we suggest this to be done in near future for same data. But on the other hand, here in this study, we showed that nonverbal memory testing was as much lateralizing and predictive as verbal memory testing, and this complete the debate proposed by Vulliemoz and coworkers (Vulliemoz e al., 2012).

Is There any Double Dissociation ? 
Another mather of research in this study was to find out if sugery in the left hemisphere – left temporal lobe – have been produced deficits in verbal memory and learning (Paired associate verbal words, story telling and recall) that are not produced by surgery in the right hemisphere – right temporal lobe, and vice versa. By looking at figure 4 in results section,  I can say the the response is YES.  So, I may conclude that the functions of two hemispheres are dissociated. However, the non-verbal tasks such as geometric design recalls and visual learning are more disrupted after right hemisphere - temporal lobe - surgery. Because right temporal lobe removal disturbs tasks not disrupted by left hemisphere – temporal lobe- removal and vice versa,  the two hemispheres are doubly dissociated. This comparison does not include the normal controls so the results show how the patient groups differ with regards to the type of material they have to learn and remember in the long term. 








CONCLUSION

I evaluated postoperative cognitive function, including memory and IQ, in patients undergoing surgery for temporal lobe epilepsy and I found out that:

1- There is no significant difference in the extent of temporal lobe removal on the performance of verbal and nonverbal memory and learning after operation.
2- Working memory has the lowest level in RAH groups and this is consistent with the decline in consilidation and aquisition of verbal memory.
3- Although some of cognitive function such as the two aspects of semantic retrieval are not dependent on the medial temporal lobes and the hippocampus and are not affected by surgical removal, regardless of hemispheric side of involvement;  but episodic memory is impaired based on the side of the removal. In left sided removal, verbal memory and learning is defected and in right sided removal, non-verbal memory and learning is impaired. And all these impairments have significant decline in delayed recall tasks and not immediate recal. So, laterality is a significant predictor of postoperative change for all memory indices and this demonstrates that surgery had a direct influence on the degree and direction of changes in memory function after surgery 
4-  The impairment is selective to memory and does not extend to verbal abilities in general, or to language processing; and in the two left sided surgical groups, regardless of extent of removal of medial temporal lobe areas, memory has been selectively compromised in relation to intelligence. 
5- An Assymetry of memory function can be observed from test results: verbal memory is lateralised in left medial temporal lobe region of the brain, whereas nonverbal or visual memory is lateralised in the right medial temporal lobe areas.   
6-  A Classic double dissociation found for verbal and nonverabl paired associate learning and delayed recall in left and right temporal lobes.      
7- Regardless of side and size of surgery, the performance on non-verbal tasks in all trial conditions, was significantly poorer than performance on verbal tasks; and this can be related to more novel items of performance in nonverbal task. 

Because in this study there was not a long-term follow up, much more studies should be done to find out the duration and severity of impariment in verbal and nonverbal memory and learning  in longer periods in each eplileptic patients after operation; for example in 1 year and more that 2 years follow up.
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Figure1.  Working Memory, Verbal Semantic Memory and VisualPerceptual Semantic Memory-  Working memory is significantly lower in RAH group compared to Normal controls
Verb.Seman.Stan.	LT	LAH	RT	RAH	NC	86.86999999999999	91.66	93.61	89.77	91.36	VisuPercep.Seman.Stan.	LT	LAH	RT	RAH	NC	96.86999999999999	94.460000000000022	93.05	95.23	100	workingDigit.Stan.	LT	LAH	RT	RAH	NC	102.54	104.4	106	99.45	108.45	Standard Mean Scores
MQ	NC	LT	LAH	RT	RAH	118.09	88.23	92.13	103.05	94.09	VIQ	NC	LT	LAH	RT	RAH	108	95.6	98.86999999999999	99.43	87.669999999999987	
Mean Scores



Figure 6.  Immediate and Delayed Story Recall in Left and Right Groups - Again the scores are lower in left sided groups compared to normal controls and righte sided  groups. 
 
Immediate story recall	NC	Left	Right	10.09	6.1199999999999966	7.67	Delayed story recall	NC	Left	Right	8.25	3.7	4.9700000000000024	
Mean score



Figure 7. Immediate and Delayed Story Recall in Amygdalohippocampectomy and Temporal Lobectomy Groups - Delayed recall is significantly lower compared to immediate recall in both types of surgical groups in respect to normal controls.
Immediate story recall	NC	AH	TL	10.09	6.63	6.9300000000000024	delayed story recall	NC	AH	TL	8.25	3.8699999999999997	4.6599999999999975	
Mean score



Figure 9.  Immediate and Delayed Design Recall in Left and Right Groups - The two right sided groups appear to be losing the information in delayed recall more than the two left sided groups. Delayed recall has significantly lower scores compared to immed
Immediate design recall	NC	Left	Right	12.41	10.34	9.2200000000000006	Delayed design recall	NC	Left	Right	9.68	6.1199999999999966	5.22	Column1	NC	Left	Right	
Mean score



Figure 10.   Immediate and Delayed Design Recall in Amygdalohippocampectomy and Temporal  Lobectomy Groups - Two types of surgical groups do not differ significantly in their nonverbal performance.  Delayed recall has significantly lower scores compared t
Immediate design recall	NC	AH	TL	12.41	10.48	9.16	delayed design recall	NC	AH	TL	9.68	6.1099999999999985	5.3199999999999985	
Mean scores



Figure 12.  Delayed & Immediate Paired Associate Verbal Memory  - Overall Verbal learning (over three trials) is lowest in the two left sided groups with no meaningful difference between their performance. Delayed recall is significantly lower in all grou
Paired associate verbal immediate recal	NC	LT	LAH	RT	RAH	17.59	10.350000000000026	10.27	14.33	13.59	Paired associate verbal delayed recal2	NC	LT	LAH	RT	RAH	9.27	5.1499999999999995	5.53	7.6599999999999975	7.2700000000000014	
Row Mean Scores



Figure 13.  Paired Associate Verbal Memory in Amygdalohippocampectomy and Temporal Lobectomy Groups - Delayed recall is significantly lower compared to controls. There is no difference between two surgical groups compared to each other and the controls.
Paired associate immediate	NC	AH	LT	17.59	11.67	11.98	Paired associate delayed	NC	AH	LT	9.27	6.2700000000000014	6.18	
Mean scores



Figure 14. Paired Associate Verbal Memory in Left and Right Groups-  Overall Verbal learning (over three trials) is lowest in the two left sided groups with no meaningful difference between their performance. 
  
paired associate immediate	NC	Left	Right	17.59	10.3	13.92	paires associate delayed	NC	Left	Right	9.27	5.3599999999999985	7.45	
Mean scores



Figure 15.  Paired Associate Non-verbal Memory  -  Overall Non-verbal learning (over three trials) is lowest in the two right sided groups with no meaningful difference between their performance. 
Paired associate nonverbal Immediate recal	NC	LT	LAH	RT	RAH	9.77	5.88	6.5	4.22	4.7	Paired associate nonverbal delayed recal	NC	LT	LAH	RT	RAH	7.3599999999999985	4.54	5.13	3.22	3.8	
Correct  Responses



Figure  16.  Paired Associate Non-verbal Memory in Left and Right Groups-  Overall Non-verbal learning (over three trials) is lowest in the two right sided groups with no meaningful difference between their performance. Delayed recall has meaningful lower
paired associate immediate	NC	Left	Right	9.77	6.21	4.4700000000000024	paired associate delayed	NC	Left	Right	7.3599999999999985	4.8599999999999985	3.53	
Mean scores



Figure 17.  Paired Associate Non-verbal Memory in Amygdalohippocampectomy and Temporal Lobectomy Groups -  There is no difference between type of surgery in non-verbal learning and both TL  and AH groups are same in their immediate and delayed parfprmance
paired associate immediate	NC	AH	TL	9.77	5.78	5.2	paired associate delayed	NC	AH	TL	7.3599999999999985	4.5999999999999996	4	
Mean scores
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