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Introduction 
Assessing change over time is one of the major uses of neuropsychological 

practice ( Heaton et al., 2001 ); test–retest procedures, for example, are 

needed to detect deterioration due to brain alteration or improvements 

induced by rehabilitation treatments. Among the various statistical 

approaches, the Reliable Change Index (RCI) is one of the simplest and most 

appropriate measures for evaluating a change over time of an individual 

score from both a statistical and a clinical point of view ( Zahra and Hedge, 

2010 ). The RCI can be defined as a psychometric criterion aimed at 

evaluating a potential change over time of an individual score ( Zahra and 

Hedge, 2010 ). Although the RCI is fairly widespread in neuropsychological 

literature ( Chelune et al., 1993 ; Sawrie et al., 1996 ; Maassen, 2004 ; 

Hensel et al., 2007 ), in some subfields, this index is still employed in an 

unsystematic way. Here we will focus on the cognitive consequences of 

cranial irradiation for oncological management ( Gondi et al., 2010 , 2012 , 

2014 ; Kim et al., 2018 ; Acharya et al., 2019 ; Tringale et al., 2019 ). 

Converging literature indicates that the link between cranial irradiation and 

an increased risk of a posttreatment neurocognitive decline occurring 

months or years after radiation therapy can be taken for granted. 

Notwithstanding that technological advances allow to minimize the risk of 

normal tissue injury, a certain degree of structural and/or functional brain 

alteration seems to be an inescapable consequence of the radiation 

treatment of brain tumors ( Pazzaglia et al., 2020 ). Since primary brain 

tumors usually affect middle-aged people, who are often still working and 

very active in social life, such an effect has great relevance from clinical and 
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social perspectives. That said, the definition of clear criteria for the 

administration, scoring, and data analysis of the neuropsychological tests 

used to detect and evaluate in each patient the presence and the degree of 

radiation-induced cognitive impairment still remains an open issue. In this 

opinion paper, after some brief remarks about relatively common 

methodological problems in this literature, we offer some methodological 

recommendations, focusing on a wider use of RCI. 

Neuropsychological Assessment 
While neuropsychological assessment is widely acknowledged as a highly 

valid and reliable tool to evaluate nearly all cognitive disorders in the course 

of normal aging, neurodegenerative diseases, as well as traumatic or 

vascular injury, the lack of standardized procedures made the diagnosis and 

the description of the supposed cognitive impairment following cranial 

irradiation controversial. First of all, various studies enrolled patients with 

diseases of different clinical stages; while some studies investigated patients

who underwent cranial irradiation after surgical excision of primary brain 

tumors (e. g., Haldbo-Classen et al., 2019 ), other studies recruited patients 

with cerebral metastases who also received systematic treatment (e. g., 

Chang et al., 2009 ; Brown et al., 2016 ). Second, the timing of 

neuropsychological assessment varied widely between studies, with a follow-

up extending from a few weeks (e. g., Welzel et al., 2008 ) to several years 

(e. g., Klein et al., 2002 ). Furthermore, the lack of uniform standards 

resulted in the absence of any guideline concerning the choice of 

neuropsychological instruments to be used to assess the patients' outcomes.

It follows that, in some cases, the patients were presented with a very large 
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battery of tests (e. g., Steinvorth et al., 2003 ; Welzel et al., 2008 ; Tsai et al.,

2015 ; Brown et al., 2016 ) that encompass a very wide range of cognitive 

domains (i. e., memory, executive functions, language, abstract reasoning, 

etc.), while in other cases, authors focused on a specific domain and 

administered the patients with only a single test (e. g., Gondi et al., 2014 : 

The Hopkins Verbal Learning Test-r; Welzel et al., 2008 : The Auditory Verbal 

Learning Test), thus making a comparison between studies difficult, if not 

impossible. In particular, the absence of a widely acknowledged criterion to 

determine whether the patients' performance over the years should be 

considered worsened or improved so far prevented clinicians and 

epidemiologists to measure the exact prevalence of cognitive decline after 

cranial irradiation. Notwithstanding these limitations, there is a general 

consensus that memory is the cognitive function that is most often affected 

by cranial irradiation because of the involvement of the hippocampus. 

Actually, in the field of cognitive assessment, the individuals' performance 

on memory test is the one most influenced by practice. It follows that only 

pre-post clinical changes, where the effect of practice has been taken into 

account, should be judged as significant. 

Clinical Significance: the Reliable Change Index 
One of the most common and critical issues within the literature about the 

cognitive consequences of cranial irradiation is the scarcity of attention to 

clinical significance and the statistical reliability of the measures employed. 

Indeed, many papers have assessed the pre–post changes only on the basis 

of the means of the pretreatment group and the posttreatment group. For 

example, neurocognitive dysfunction was alternatively defined as a z -score 
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drop of 1. 5 ( Gondi et al., 2012 ; Kim et al., 2018 ) or a decline of more 

thantwostandard deviations from the patient's own baseline value ( Li et al., 

2007 ). In other cases, the longitudinal trends of neurocognitive outcomes 

have been estimated by means of a regression analysis ( Acharya et al., 

2019 ). 

However, these approaches are unable to assess if there is a clinical pre–

post significant change for each individual. Following Zahra and Hedge 

(2010) , an effect can be defined as clinically significant if “ the individual 

has moved from being more like a clinical population […] to being more like 

a non-clinical population” (p. 15) or vice versa . With regard to cranial 

irradiation, the point is to understand if an individual has moved to being 

more like a non-clinical population to be more similar to a clinical population 

in terms of neurocognitive deficits. 

Another point to take into account is the reliability of the measure (i. e., its 

capability of producing similar results under consistent conditions). The 

commonly employed approach based on statistical significance usually does 

not take into account the reliability of the measures: however, many 

neuropsychological tests include highly reliable tests as well as not-so-

reliable tests. In the latter case, the results should be interpreted in a more 

cautious manner. 

The RCI developed by Jacobson and Truax (1991) [see also Christensen and 

Mendoza (1986) and Chelune et al. (1993) ] is the gold-standard measure to 

assess statistical and clinical significance while taking into account the 

reliability of the neuropsychological test as well. 
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Assuming that the test–retest reliability coefficient r xx and the standard 

deviation of the pretreatment group are known, it is possible to apply the RCI

formula: 

t 1 - t 2 ( 2 ( s 1 1 - r x x ) 2 ) 

where t 1 and t 2 are, respectively, the baseline and the posttreatment 

scores. Here Jacobson and Truax (1991) assume that two scores are parallel 

measures (the estimated common reliability coefficient and the common 

variance are obtained by the test–retest correlation and the variance of the 

initial measure in the current study; see Maassen, 2004 ). Computing the RCI

is equivalent to computing a z -score; in other terms, it is a way to 

standardize the difference in SD units. According to basic statistics principles

( Agresti and Finlay, 2009 ), an RC larger than 1. 96 (in absolute value) would

represent an actual change because it is unlikely to occur ( p < 0. 05) 

without an actual difference. In the field of neuropsychological assessment, a

variant of the Jacobson and Truax (1991) formula proposed by Chelune et al. 

(1993) is more widespread: this alternative approach also takes into account 

practice effects as a consequence of repeated testing. There are other 

variants of the formula with different ways to calculate the standard error 

[for a discussion, see Hinton-Bayre (2000) , Maassen (2004) , and Temkin et 

al. (1999) ]. According to several theoretical considerations of Maassen 

(2004) , the preferable option is to assume that the reliability coefficients of 

pre- and post-measures are equal, estimating the former and the variances 

of the pre- and postscores from the research sample. Formally, the 

denominator can be computed as follows: 
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( s 1 2 + s 2 2 ) ( 1 - r 12 ) 

where the indexes 1 and 2 refer to the pre- and post-measures. 

In the cranial irradiation literature, even if the RCI is not the standard 

approach to assess whether patients have been diagnosed as cognitively 

worsened (or improved), some studies have employed this index ( Chang et 

al., 2009 ; Gondi et al., 2014 ; Tringale et al., 2019 ). For example, Gondi et 

al. (2014) , on the basis of a version of RCI, adopted a drop of at least two, 

three, or five points from baseline on the Hopkins Verbal Learning Test—

Revised ( Benedict et al., 1998 ) for immediate recognition, delayed recall, 

and total recall, respectively. 

The importance of the application of the RCI index within neuropsychology 

(including other ways of assessing clinical change) along with a discussion of 

common issues is reviewed in Duff (2012) [see also Temkin et al. (1999) ]. 

Moreover, in some cases, the application of RCI has led to a controversy 

about the procedure outlined for determining confidence intervals (

Abramson, 2000 ; Hinton-Bayre, 2000 ; Temkin et al., 2000 ; Maassen, 2004

). 

Discussion 
The aim of this contribution was to unsystematically highlight some 

methodological issues observed within the literature about the cognitive 

consequences of cranial irradiation for oncological management ( Gondi et 

al., 2010 , 2012 , 2014 ; Kim et al., 2018 ; Acharya et al., 2019 ; Tringale et 

al., 2019 ). We advocate that much of the debate and many of the 
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controversial results found within and across these studies are mainly based 

on such issues; the patients with disease of different clinical stages, the 

timing of neuropsychological assessment, and the absence of guidelines 

about the neuropsychological battery to employ for assessing the outcomes 

make it difficult to compare studies. In particular, we focus on the statistical 

criteria for determining cognitive deterioration (or improvement); the use of 

the RCI could be an ideal approach to assess a relevant clinical change in a 

pre–post comparison ( Zahra and Hedge, 2010 ). However, not all the studies

employed this approach, whereas many other works adopted traditional 

statistical analysis or arbitrary criteria. 

The limited use of RCI does not concern only the literature about the 

cognitive deficit of cranial irradiation. Indeed, Zahra and Hedge (2010) asked

themselves why RCI is not popular within academic psychology. According to

them, possible explanations are the need for comparison of population 

means and standard deviations, the necessity to know the reliability of the 

measurements, and the fact that the most popular statistical packages do 

not compute it. With regard to the latter point, Zahra (2010) has made an 

RCI calculator available on his website. 

It is important to note that we did not perform a systematic review of the 

literature: future review works should address the mentioned issues in order 

to produce a clear picture about the magnitude of such limitations and 

evaluate the impact about current conceptions on the cognitive effect of 

cranial irradiation. 
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To conclude, we believe that this work will induce greater awareness about 

the mentioned methodological issues and will contribute to a greater 

diffusion of RCI as a tool for determining clinical change in 

neuropsychological assessments performed as a result of cranial irradiation. 

Author Contributions 
GG, SS, and AP equally contributed to all phases of the development of the 

manuscript including conception, literature review, and writing. All authors 

contributed to the article and approved the submitted version. 

Conflict of Interest 
The authors declare that the research was conducted in the absence of any 

commercial or financial relationships that could be construed as a potential 

conflict of interest. 

References 
Abramson, I. S. (2000). Reliable change formula query: a statistician's 

comments. J. Int. Neuropsych. Soc. 6, 365–365. doi: 10. 

1017/S1355617700633131 

CrossRef Full Text | Google Scholar 

Acharya, S., Wu, S., Ashford, J. M., Tinkle, C. L., Lucas, J. T., Qaddoumi, I., et 

al. (2019). Association between hippocampal dose and memory in survivors 

of childhood or adolescent low-grade glioma: a 10-year neurocognitive 

longitudinal study. Neuro-oncology . 21, 1175–1183. doi: 10. 

1093/neuonc/noz068 

https://assignbuster.com/cognitive-decline-after-cranial-irradiation-hoping-
for-a-systematic-application-of-the-reliable-change-index/

http://scholar.google.com/scholar_lookup?author=I.+S.+Abramson+&publication_year=2000&title=Reliable+change+formula+query%3A+a+statistician's+comments&journal=J.+Int.+Neuropsych.+Soc.&volume=6&pages=365-365
https://doi.org/10.1017/S1355617700633131


 Cognitive decline after cranial irradiat... – Paper Example  Page 10

PubMed Abstract | CrossRef Full Text | Google Scholar 

Agresti, A., and Finlay, B. (2009). Statistical Methods for the Social Sciences, 

4th Edition . New York, NY: Pearson. 

Google Scholar 

Benedict, R. H. B., Schretlen, D., Groninger, L., and Brandt, J. (1998). Hopkins

verbal learning test-revised: normative data and analysis of inter-form and 

test-retest reliability. Clin. Neuropsychol. 12, 43–55. doi: 10. 1076/clin. 12. 1. 

43. 1726 

CrossRef Full Text | Google Scholar 

Brown, P. D., Jaeckle, K., Ballman, K. V., Farace, E., Cerhan, J. H., Anderson, 

S. K., et al. (2016). Effect of radiosurgery alone vs radiosurgery with whole 

brain radiation therapy on cognitive function in patients with 1 to 3 brain 

metastases: a randomized clinical trial. J. Am. Med. Assoc. 316, 401–409. doi:

10. 1001/jama. 2016. 9839 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Chang, E. L., Wefel, J. S., Hess, K. R., Allen, P. K., Lang, F. F., Kornguth, D. G., 

et al. (2009). Neurocognition in patients with brain metastases treated with 

radiosurgery or radiosurgery plus whole-brain irradiation: a randomised 

controlled trial. Lancet Oncol. 10, 1037–1044. doi: 10. 1016/S1470-

2045(09)70263-3 

CrossRef Full Text | Google Scholar 

https://assignbuster.com/cognitive-decline-after-cranial-irradiation-hoping-
for-a-systematic-application-of-the-reliable-change-index/

http://scholar.google.com/scholar_lookup?author=E.+L.+Chang&author=J.+S.+Wefel&author=K.+R.+Hess&author=P.+K.+Allen&author=F.+F.+Lang&author=D.+G.+Kornguth+&publication_year=2009&title=Neurocognition+in+patients+with+brain+metastases+treated+with+radiosurgery+or+radiosurgery+plus+whole-brain+irradiation%3A+a+randomised+controlled+trial&journal=Lancet+Oncol.&volume=10&pages=1037-1044
https://doi.org/10.1016/S1470-2045(09)70263-3
http://scholar.google.com/scholar_lookup?author=P.+D.+Brown&author=K.+Jaeckle&author=K.+V.+Ballman&author=E.+Farace&author=J.+H.+Cerhan&author=S.+K.+Anderson+&publication_year=2016&title=Effect+of+radiosurgery+alone+vs+radiosurgery+with+whole+brain+radiation+therapy+on+cognitive+function+in+patients+with+1+to+3+brain+metastases%3A+a+randomized+clinical+trial&journal=J.+Am.+Med.+Assoc.&volume=316&pages=401-409
https://doi.org/10.1001/jama.2016.9839
https://pubmed.ncbi.nlm.nih.gov/27458945
http://scholar.google.com/scholar_lookup?author=R.+H.+B.+Benedict&author=D.+Schretlen&author=L.+Groninger&author=J.+Brandt+&publication_year=1998&title=Hopkins+verbal+learning+test-revised%3A+normative+data+and+analysis+of+inter-form+and+test-retest+reliability&journal=Clin.+Neuropsychol.&volume=12&pages=43-55
https://doi.org/10.1076/clin.12.1.43.1726
http://scholar.google.com/scholar_lookup?author=A.+Agresti&author=B.+Finlay+&publication_year=2009&title=Statistical+Methods+for+the+Social+Sciences,+4th+Edition
http://scholar.google.com/scholar_lookup?author=S.+Acharya&author=S.+Wu&author=J.+M.+Ashford&author=C.+L.+Tinkle&author=J.+T.+Lucas&author=I.+Qaddoumi+&publication_year=2019&title=Association+between+hippocampal+dose+and+memory+in+survivors+of+childhood+or+adolescent+low-grade+glioma%3A+a+10-year+neurocognitive+longitudinal+study&journal=Neuro-oncology&volume=21&pages=1175-1183
https://doi.org/10.1093/neuonc/noz068
https://pubmed.ncbi.nlm.nih.gov/30977510


 Cognitive decline after cranial irradiat... – Paper Example  Page 11

Chelune, G. J., Naugle, R. I., Lüders, H., Sedlak, J., and Awad, I. A. (1993). 

Individual change after epilepsy surgery: practice effects and base-rate 

information. Neuropsychology 7, 41–52. doi: 10. 1037/0894-4105. 7. 1. 41 

CrossRef Full Text | Google Scholar 

Christensen, L., and Mendoza, J. L. (1986). A method of assessing change in 

a single subject: an alteration of the RC index. Behav. Ther. 17, 305–308. doi:

10. 1016/S0005-7894(86)80060-0 

CrossRef Full Text | Google Scholar 

Duff, K. (2012). Evidence-based indicators of neuropsychological change in 

the individual patient: relevant concepts and methods. Arch. Clin. 

Neuropsychol. 27, 248–261. doi: 10. 1093/arclin/acr120 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Gondi, V., Hermann, B. P., Mehta, M. P., and Tomé, W. A. (2012). 

Hippocampal dosimetry predicts neurocognitive function impairment after 

fractionated stereotactic radiotherapy for benign or low-grade adult brain 

tumors. Int. J. Radiat. Oncol. Biol. Phys . 83, e487–e493. doi: 10. 1016/j. 

ijrobp. 2011. 10. 021 

CrossRef Full Text | Google Scholar 

Gondi, V., Pugh, S. L., Tome, W. A., Caine, C., Corn, B., Kanner, A., et al. 

(2014). Preservation of memory with conformal avoidance of the 

hippocampal neural stem-cell compartment during whole-brain radiotherapy 

https://assignbuster.com/cognitive-decline-after-cranial-irradiation-hoping-
for-a-systematic-application-of-the-reliable-change-index/

http://scholar.google.com/scholar_lookup?author=V.+Gondi&author=B.+P.+Hermann&author=M.+P.+Mehta&author=W.+A.+Tom%C3%A9+&publication_year=2012&title=Hippocampal+dosimetry+predicts+neurocognitive+function+impairment+after+fractionated+stereotactic+radiotherapy+for+benign+or+low-grade+adult+brain+tumors&journal=Int.+J.+Radiat.+Oncol.+Biol.+Phys&volume=83&pages=e487-e493
https://doi.org/10.1016/j.ijrobp.2011.10.021
http://scholar.google.com/scholar_lookup?author=K.+Duff+&publication_year=2012&title=Evidence-based+indicators+of+neuropsychological+change+in+the+individual+patient%3A+relevant+concepts+and+methods&journal=Arch.+Clin.+Neuropsychol.&volume=27&pages=248-261
https://doi.org/10.1093/arclin/acr120
https://pubmed.ncbi.nlm.nih.gov/22382384
http://scholar.google.com/scholar_lookup?author=L.+Christensen&author=J.+L.+Mendoza+&publication_year=1986&title=A+method+of+assessing+change+in+a+single+subject%3A+an+alteration+of+the+RC+index&journal=Behav.+Ther.&volume=17&pages=305-308
https://doi.org/10.1016/S0005-7894(86)80060-0
http://scholar.google.com/scholar_lookup?author=G.+J.+Chelune&author=R.+I.+Naugle&author=H.+L%C3%BCders&author=J.+Sedlak&author=I.+A.+Awad+&publication_year=1993&title=Individual+change+after+epilepsy+surgery%3A+practice+effects+and+base-rate+information&journal=Neuropsychology&volume=7&pages=41-52
https://doi.org/10.1037/0894-4105.7.1.41


 Cognitive decline after cranial irradiat... – Paper Example  Page 12

for brain metastases (RTOG 0933): a phase II multi-institutional trial. J. Clin. 

Oncol. 32, 3810–3816. doi: 10. 1200/JCO. 2014. 57. 2909 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Gondi, V., Tomé, W. A., and Mehta, M. P. (2010). Why avoid the 

hippocampus? A comprehensive review. Radiother. Oncol. 97, 370–376. doi: 

10. 1016/j. radonc. 2010. 09. 013 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Haldbo-Classen, L., Ali, A., Wu, M. L., Lukacova, S., von Oettingen, G., 

Gottrup, H., et al. (2019). Long-term cognitive dysfunction after radiation 

therapy for primary brain tumors. Acta Oncol . 58, 745–752. doi: 10. 

1080/0284186X. 2018. 1557786 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Heaton, R. K., Temkin, N., Dikmen, S., Avitable, N., Taylor, M. J., Marcotte, T. 

D., et al. (2001). Detecting change: a comparison of three 

neuropsychological methods, using normal and clinical samples. Arch Clin 

Neuropsych 16, 75–91. doi: 10. 1093/arclin/16. 1. 75 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Hensel, A., Angermeyer, M. C., and Riedel-Heller, S. G. (2007). Measuring 

cognitive change in older adults: reliable change indices for the Mini-Mental 

State Examination. J Neurol Neurosur Ps 78, 1298–1303. doi: 10. 1136/jnnp. 

2006. 109074 

https://assignbuster.com/cognitive-decline-after-cranial-irradiation-hoping-
for-a-systematic-application-of-the-reliable-change-index/

http://scholar.google.com/scholar_lookup?author=R.+K.+Heaton&author=N.+Temkin&author=S.+Dikmen&author=N.+Avitable&author=M.+J.+Taylor&author=T.+D.+Marcotte+&publication_year=2001&title=Detecting+change%3A+a+comparison+of+three+neuropsychological+methods,+using+normal+and+clinical+samples&journal=Arch+Clin+Neuropsych&volume=16&pages=75-91
https://doi.org/10.1093/arclin/16.1.75
https://pubmed.ncbi.nlm.nih.gov/14590193
http://scholar.google.com/scholar_lookup?author=L.+Haldbo-Classen&author=A.+Ali&author=M.+L.+Wu&author=S.+Lukacova&author=G.+von+Oettingen&author=H.+Gottrup+&publication_year=2019&title=Long-term+cognitive+dysfunction+after+radiation+therapy+for+primary+brain+tumors&journal=Acta+Oncol&volume=58&pages=745-752
https://doi.org/10.1080/0284186X.2018.1557786
https://pubmed.ncbi.nlm.nih.gov/30757955
http://scholar.google.com/scholar_lookup?author=V.+Gondi&author=W.+A.+Tom%C3%A9&author=M.+P.+Mehta+&publication_year=2010&title=Why+avoid+the+hippocampus%3F+A+comprehensive+review&journal=Radiother.+Oncol.&volume=97&pages=370-376
https://doi.org/10.1016/j.radonc.2010.09.013
https://pubmed.ncbi.nlm.nih.gov/20970214
http://scholar.google.com/scholar_lookup?author=V.+Gondi&author=S.+L.+Pugh&author=W.+A.+Tome&author=C.+Caine&author=B.+Corn&author=A.+Kanner+&publication_year=2014&title=Preservation+of+memory+with+conformal+avoidance+of+the+hippocampal+neural+stem-cell+compartment+during+whole-brain+radiotherapy+for+brain+metastases+(RTOG+0933)%3A+a+phase+II+multi-institutional+trial&journal=J.+Clin.+Oncol.&volume=32&pages=3810-3816
https://doi.org/10.1200/JCO.2014.57.2909
https://pubmed.ncbi.nlm.nih.gov/25349290


 Cognitive decline after cranial irradiat... – Paper Example  Page 13

PubMed Abstract | CrossRef Full Text | Google Scholar 

Hinton-Bayre, A. (2000). Reliable change formula query. J. Int. Neuropsych. 

Soc. 6, 362–363. doi: 10. 1017/S1355617700633118 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Jacobson, N. S., and Truax, P. (1991). Clinical significance: a statistical 

approach to defining meaningful change in psychotherapy research. J. 

Consult. Clin. Psychol. 59, 12–19 doi: 10. 1037/0022-006X. 59. 1. 12 

PubMed Abstract | CrossRef Full Text 

Kim, K. S., Wee, C. W., Seok, J. Y., Hong, J. W., Chung, J. B., Eom, K. Y., et al. 

(2018). Hippocampus-sparing radiotherapy using volumetric modulated arc 

therapy (VMAT) to the primary brain tumor: the result of dosimetric study 

and neurocognitive function assessment. Radiat. Oncol. 13, 13–29. doi: 10. 

1186/s13014-018-0975-4 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Klein, M., Heimans, J. J., Aaronson, N. K., van der Ploeg, H. M., Grit, J., Muller, 

M., et al. (2002). Effect of radiotherapy and other treatment-related factors 

on mid-term to long-term cognitive sequelae in low-grade gliomas: a 

comparative study. Lancet 360, 1361–1368. doi: 10. 1016/S0140-

6736(02)11398-5 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/cognitive-decline-after-cranial-irradiation-hoping-
for-a-systematic-application-of-the-reliable-change-index/

http://scholar.google.com/scholar_lookup?author=M.+Klein&author=J.+J.+Heimans&author=N.+K.+Aaronson&author=H.+M.+van+der+Ploeg&author=J.+Grit&author=M.+Muller+&publication_year=2002&title=Effect+of+radiotherapy+and+other+treatment-related+factors+on+mid-term+to+long-term+cognitive+sequelae+in+low-grade+gliomas%3A+a+comparative+study&journal=Lancet&volume=360&pages=1361-1368
https://doi.org/10.1016/S0140-6736(02)11398-5
https://pubmed.ncbi.nlm.nih.gov/12423981
http://scholar.google.com/scholar_lookup?author=K.+S.+Kim&author=C.+W.+Wee&author=J.+Y.+Seok&author=J.+W.+Hong&author=J.+B.+Chung&author=K.+Y.+Eom+&publication_year=2018&title=Hippocampus-sparing+radiotherapy+using+volumetric+modulated+arc+therapy+(VMAT)+to+the+primary+brain+tumor%3A+the+result+of+dosimetric+study+and+neurocognitive+function+assessment&journal=Radiat.+Oncol.&volume=13&pages=13-29
https://doi.org/10.1186/s13014-018-0975-4
https://pubmed.ncbi.nlm.nih.gov/29463267
https://doi.org/10.1037/0022-006X.59.1.12
https://pubmed.ncbi.nlm.nih.gov/2002127
http://scholar.google.com/scholar_lookup?author=A.+Hinton-Bayre+&publication_year=2000&title=Reliable+change+formula+query&journal=J.+Int.+Neuropsych.+Soc.&volume=6&pages=362-363
https://doi.org/10.1017/S1355617700633118
https://pubmed.ncbi.nlm.nih.gov/10824508
http://scholar.google.com/scholar_lookup?author=A.+Hensel&author=M.+C.+Angermeyer&author=S.+G.+Riedel-Heller+&publication_year=2007&title=Measuring+cognitive+change+in+older+adults%3A+reliable+change+indices+for+the+Mini-Mental+State+Examination&journal=J+Neurol+Neurosur+Ps&volume=78&pages=1298-1303
https://doi.org/10.1136/jnnp.2006.109074
https://pubmed.ncbi.nlm.nih.gov/17442763


 Cognitive decline after cranial irradiat... – Paper Example  Page 14

Li, J., Bentzen, S. M., Renschler, M., and Mehta, M. P. (2007). Regression after

whole-brain radiation therapy for brain metastases correlates with survival 

and improved neurocognitive function. J. Clin. Oncol. 25, 1260–1266. doi: 10. 

1200/JCO. 2006. 09. 2536 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Maassen, G. H. (2004). The standard error in the Jacobson and Truax Reliable

change index: the classical approach to the assessment of reliable change. J.

Int. Neuropsychol. Soc. 10, 888–893. doi: 10. 1017/S1355617704106097 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Pazzaglia, S., Briganti, G., Mancuso, M., and Saran, A. (2020). Neurocognitive

decline following radiotherapy: mechanisms and therapeutic implications. 

Cancers 12: 146. doi: 10. 3390/cancers12010146 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Sawrie, S. M., Chelune, G. J., Naugle, R. I., and Lüders, H. O. (1996). Empirical

methods for assessing meaningful neuropsychological change following 

epilepsy surgery. J Int Neuropsych Soc . 2, 556–564. doi: 10. 

1017/S1355617700001739 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Steinvorth, S., Welzel, G., Fuss, M., Debus, J., Wildermuth, S., 

Wannenmacher, M., et al. (2003). Neuropsychological outcome after 

fractionated stereotactic radiotherapy (FSRT) for base of skull meningiomas: 

https://assignbuster.com/cognitive-decline-after-cranial-irradiation-hoping-
for-a-systematic-application-of-the-reliable-change-index/

http://scholar.google.com/scholar_lookup?author=S.+M.+Sawrie&author=G.+J.+Chelune&author=R.+I.+Naugle&author=H.+O.+L%C3%BCders+&publication_year=1996&title=Empirical+methods+for+assessing+meaningful+neuropsychological+change+following+epilepsy+surgery&journal=J+Int+Neuropsych+Soc&volume=2&pages=556-564
https://doi.org/10.1017/S1355617700001739
https://pubmed.ncbi.nlm.nih.gov/9375160
http://scholar.google.com/scholar_lookup?author=S.+Pazzaglia&author=G.+Briganti&author=M.+Mancuso&author=A.+Saran+&publication_year=2020&title=Neurocognitive+decline+following+radiotherapy%3A+mechanisms+and+therapeutic+implications&journal=Cancers&volume=12&pages=146
https://doi.org/10.3390/cancers12010146
https://pubmed.ncbi.nlm.nih.gov/31936195
http://scholar.google.com/scholar_lookup?author=G.+H.+Maassen+&publication_year=2004&title=The+standard+error+in+the+Jacobson+and+Truax+Reliable+change+index%3A+the+classical+approach+to+the+assessment+of+reliable+change&journal=J.+Int.+Neuropsychol.+Soc.&volume=10&pages=888-893
https://doi.org/10.1017/S1355617704106097
https://pubmed.ncbi.nlm.nih.gov/15637779
http://scholar.google.com/scholar_lookup?author=J.+Li&author=S.+M.+Bentzen&author=M.+Renschler&author=M.+P.+Mehta+&publication_year=2007&title=Regression+after+whole-brain+radiation+therapy+for+brain+metastases+correlates+with+survival+and+improved+neurocognitive+function&journal=J.Clin.+Oncol.&volume=25&pages=1260-1266
https://doi.org/10.1200/JCO.2006.09.2536
https://pubmed.ncbi.nlm.nih.gov/17401015


 Cognitive decline after cranial irradiat... – Paper Example  Page 15

a prospective 1-year follow-up. Radiother. Oncol. 69, 177–182. doi: 10. 

1016/S0167-8140(03)00204-4 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Temkin, N. R., Heaton, R. K., Grant, I., and Dikmen, S. S. (1999). Detecting 

significant change in neuropsychological test performance: a comparison of 

four models. J. Int. Neuropsycol. Soc. 5, 357–369. doi: 10. 

1017/S1355617799544068 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Temkin, N. R., Heaton, R. K., Grant, I., and Dimken, S. S. (2000). Reliable 

Change formula query: temkin et al. reply. J. Int. Neuropsycol. Soc. 6, 364–

364. doi: 10. 1017/S135561770063312X 

CrossRef Full Text | Google Scholar 

Tringale, K. R., Nguyen, T. T., Karunamuni, R., Seibert, T., Huynh-Le, M. P., 

Connor, M., et al. (2019). Quantitative imaging biomarkers of damage to 

critical memory regions are associated with post–radiation therapy memory 

performance in brain tumor patients. Int. J. Radiat. Oncol. Biol. Phys. 105, 

773–783. doi: 10. 1016/j. ijrobp. 2019. 08. 003 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Tsai, P. F., Yang, C. C., Chuang, C. C., Huang, T. Y., Wu, Y. M., Pai, P. C., et al. 

(2015). Hippocampal dosimetry correlates with the change in neurocognitive 

https://assignbuster.com/cognitive-decline-after-cranial-irradiation-hoping-
for-a-systematic-application-of-the-reliable-change-index/

http://scholar.google.com/scholar_lookup?author=K.+R.+Tringale&author=T.+T.+Nguyen&author=R.+Karunamuni&author=T.+Seibert&author=M.+P.+Huynh-Le&author=M.+Connor+&publication_year=2019&title=Quantitative+imaging+biomarkers+of+damage+to+critical+memory+regions+are+associated+with+post%E2%80%93radiation+therapy+memory+performance+in+brain+tumor+patients&journal=Int.+J.+Radiat.+Oncol.+Biol.+Phys.&volume=105&pages=773-783
https://doi.org/10.1016/j.ijrobp.2019.08.003
https://pubmed.ncbi.nlm.nih.gov/31408667
http://scholar.google.com/scholar_lookup?author=N.+R.+Temkin&author=R.+K.+Heaton&author=I.+Grant&author=S.+S.+Dimken+&publication_year=2000&title=Reliable+Change+formula+query%3A+temkin+et+al.+reply&journal=J.+Int.+Neuropsycol.+Soc.&volume=6&pages=364-364
https://doi.org/10.1017/S135561770063312X
http://scholar.google.com/scholar_lookup?author=N.+R.+Temkin&author=R.+K.+Heaton&author=I.+Grant&author=S.+S.+Dikmen+&publication_year=1999&title=Detecting+significant+change+in+neuropsychological+test+performance%3A+a+comparison+of+four+models&journal=J.+Int.+Neuropsycol.+Soc.&volume=5&pages=357-369
https://doi.org/10.1017/S1355617799544068
https://pubmed.ncbi.nlm.nih.gov/10349298
http://scholar.google.com/scholar_lookup?author=S.+Steinvorth&author=G.+Welzel&author=M.+Fuss&author=J.+Debus&author=S.+Wildermuth&author=M.+Wannenmacher+&publication_year=2003&title=Neuropsychological+outcome+after+fractionated+stereotactic+radiotherapy+(FSRT)+for+base+of+skull+meningiomas%3A+a+prospective+1-year+follow-up&journal=Radiother.+Oncol.&volume=69&pages=177-182
https://doi.org/10.1016/S0167-8140(03)00204-4
https://pubmed.ncbi.nlm.nih.gov/14643955


 Cognitive decline after cranial irradiat... – Paper Example  Page 16

function after hippocampal sparing during whole brain radiotherapy: a 

prospective study. Radiat. Oncol . 10: 253. doi: 10. 1186/s13014-015-0562-x 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Welzel, G., Fleckenstein, K., Schaefer, J., Hermann, B., Kraus Tiefenbacher, 

U., Mai, S. K., et al. (2008). Memory function before and after whole brain 

radiotherapy in patients with and without brain metastases. Int. J. Radiat. 

Oncol. Biol. Phys. 72, 1311–1318. doi: 10. 1016/j. ijrobp. 2008. 03. 009 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Zahra, D. (2010). RCI calculator . Available online at: https://daniel-zahra. 

webs. com/publications. htm (accessed May, 8, 2020). 

Zahra, D., and Hedge, C. (2010). The reliable change index: why isn't it more

popular in academic psychology. PsyPag Quarterly. 76, 14–19. 

Google Scholar 

https://assignbuster.com/cognitive-decline-after-cranial-irradiation-hoping-
for-a-systematic-application-of-the-reliable-change-index/

http://scholar.google.com/scholar_lookup?author=D.+Zahra&author=C.+Hedge+&publication_year=2010&title=The+reliable+change+index%3A+why+isn't+it+more+popular+in+academic+psychology&journal=PsyPag+Quarterly.&volume=76&pages=14-19
https://daniel-zahra.webs.com/publications.htm
https://daniel-zahra.webs.com/publications.htm
http://scholar.google.com/scholar_lookup?author=G.+Welzel&author=K.+Fleckenstein&author=J.+Schaefer&author=B.+Hermann&author=U.+Kraus+Tiefenbacher&author=S.+K.+Mai+&publication_year=2008&title=Memory+function+before+and+after+whole+brain+radiotherapy+in+patients+with+and+without+brain+metastases&journal=Int.+J.+Radiat.+Oncol.+Biol.+Phys.&volume=72&pages=1311-1318
https://doi.org/10.1016/j.ijrobp.2008.03.009
https://pubmed.ncbi.nlm.nih.gov/18448270
http://scholar.google.com/scholar_lookup?author=P.+F.+Tsai&author=C.+C.+Yang&author=C.+C.+Chuang&author=T.+Y.+Huang&author=Y.+M.+Wu&author=P.+C.+Pai+&publication_year=2015&title=Hippocampal+dosimetry+correlates+with+the+change+in+neurocognitive+function+after+hippocampal+sparing+during+whole+brain+radiotherapy%3A+a+prospective+study&journal=Radiat.+Oncol&volume=10&pages=253
https://doi.org/10.1186/s13014-015-0562-x
https://pubmed.ncbi.nlm.nih.gov/26654128

	Cognitive decline after cranial irradiation: hoping for a systematic application ...
	Introduction
	Neuropsychological Assessment
	Clinical Significance: the Reliable Change Index
	Discussion
	Author Contributions
	Conflict of Interest
	References


