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Abstract

Mild cognitive impairment (MCI) is a dynamic state between normal cognition and dementia, where interventions can be taken to
stop or delay the progression to dementia. It is broadly of 2 types—amnestic, where memory loss is the chief concern and non-
amnestic, where it is not. One variant of nonamnestic, dysexecutive, being more prevalent is sometimes known as a separate subtype
by itself. Diagnosis of MCl is mostly clinical and is aided by various scales and neuropsychological testing. Functional imaging studies
help in early detection and is superior to biomarkers or structural magnetic resonance imaging. Although there is no evidence
supporting any pharmacological intervention, cognitive rehabilitation, memory training, and caregiver support play a strong role in
limiting and sometimes reversing the ongoing cognitive decline. As the spectrum of MCl is heterogeneous, making the right diagnosis

can be a challenging; hence, we need a systematic yet cost-effective algorithm for the timely management of MCI.
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Introduction

Mild cognitive impairment (MCI) outlines dysfunction in sev-
eral mental processes such as memory, learning, attention, lan-
guage, executive control, and decision making. Over the years,
many clinicians have postulated their ideas about cognitive
dysfunctions related to MCI and dementia. Kral' in 1962 des-
ignated the term “senescent forgetfulness” to describe memory
loss in the elderly population. More than 2 decades later,
National Institute of Mental Health Work Group® associated
“Age-Associated Memory Impairment” with healthy, nonde-
mented, persons older than 50 years of age—who have been
experiencing declining memory since they were young adults.
International Psychogeriatric Association proposed ‘“age-
associated cognitive decline” in 1994° to refer to the pathology
of multiple cognitive domains declining with normal aging.
The Canadian Study of Health and Aging,* in 1997, used the
term “cognitive impairment no dementia” to characterize an
intermediate cognitive dysfunction that doesn’t constitute
dementia.

The term MCI was coined by Reisberg and colleagues’ in
1988 to describe a transitional state between normal cognition
and dementia, which may turn to full blown dementia in the
future. The MCI can hence serve as the clinical stage in which
meaningful interventions can be initiated to avoid or delay the
onset and/or severity of the impending dementia. In 1999,
Petersen and colleagues® defined patients with MCI as nonde-
mented individuals who have documented memory impair-
ments that is inconsistent for their age and yet have normal
performance in nonmemory cognitive territories and in the

activities of daily living. These researchers also found that
patients with MCI displayed deficits confined to poor perfor-
mance on memory tests, while the patients with Alzheimer’s
Disease (AD) displayed a wider array of cognitive deficits.
The concept of MCI has undergone radical changes since then,
and this article attempts to provide a comprehensive review on
the same.

Clinical Criteria for MCI

The clinical criteria for MCI has been a subject of a great deal
of study, validation, and criticism. In 2004, revised Interna-
tional Working Group criteria’ expanded the preexisting con-
cept of MCI to include objective and subjective impairments
in any of the several cognitive domains. Later in 2004, Petersen
revised his earlier criteria and redefined MCI as a state of
decline in cognition, which is not dementia yet is not normal
for the given age and does not amount to significant impair-
ments in functional activities.® He further divided MCI into 2
clinical phenotypes of amnestic MCI (aMCI) and nonamnestic
MCI (naMCI)—with the presence or absence of memory
impairment. In 2009, Jak and colleagues9 developed a
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“comprehensive neuropsychological criteria” for identifica-
tion of multiple subtypes of MCI that required at least 2 perfor-
mances within a cognitive domain to fall >1 standard
deviations (SDs) below the established cutoff. This criteria
revealed a better balance of sensitivity and specificity to detect
impairment than the earlier ones. These newer practices are fur-
ther discussed in the clinical subtype section of this article.

Epidemiology of MCI

The Mayo Clinic Study of Aging'® in 2008 had estimated 15%
prevalence of MCI in nondemented persons aged older than 70
years. They also reported that aMCI is twice as common as
naMCI. However, latest research by Libon at al'' suggests that
patients with MCI presenting solely with primary anterograde
amnesia or a dysexecutive state, that is, single domain MCI,
constitute the minority of cases, while multiple-domain MCI
(mxMCI) is the most prevalent presentation. The MCI preva-
lence in the population varies across various studies per the
clinical definitions used,'*2® although the rates generally con-
verge in the range of 14% to 18% for individuals aged 70 years
or older.?’

Regardless of the definition, those who have MCI generally
progress to dementia in higher proportions than the cognitively
normal individuals,'*>?° although there is still a degree of
inconsistency regarding who is going to develop dementia. The
MCl is also related to higher health-related resource utilization.
Results of a recent study obtained from multivariate analyses of
longitudinal data show that, after controlling for participant and
informant characteristics, direct medical costs were 44% higher
for participants with MCI than for those without.?' Participants
with MCI were almost 5 times as likely to use informal care as
those without.!

Various clinical studies, both cross-sectional and retrospec-
tive, have examined a wide number of putative risk factors for
MCL%%23! Male gender,22 African American race,? increased
age,®?2° lower education level,>>° apolipoprotein E (APOE)
4 genotype,”>**2° lack of physical exercise,”® smoking,*’ a
diet high in processed food,*® carbohydrate-rich diet,* and
comorbidities like hypertension,®* hypercholesterolemia,*
diabetes,24 chronic renal failure,3 Uand depression23 have been
identified to be associated with MCI.

Clinical Subtypes of MCI
Conventional Criteria—aMCl and naMCl

Amnestic MCI. Tt is the most common subtype of MCI® and is
often thought as a precursor to AD. These patients have episo-
dic memory score more than 1.5 SDs below than that of age-
appropriate normal individuals.®

1. Single domain—these patients have only memory com-
plaints and objective memory impairment with pre-
served general cognitive function. They neither have
problems with activities of daily life nor do they qualify
for dementia.

2.  Multiple domain—these persons have main complaint
of memory loss but they also have additional subtle
impairments in other cognitive functions, which may
be impaired in the range of 0.5 to 1 SD below than that
of age- and education-matched controls.® These other
impairments may be revealed with careful neuropsy-
chological (NP) testing. Such patients may have subtle
problems with activities of daily living but do not qua-
lify for dementia.

Nonamnestic MCI.

1. Single domain—these patients do not have a memory
complaint and have isolated impairment in a nonmem-
ory domain such as execution, language, visuospatial
skills, and so forth. Depending on the domain, these
patients can progress to frontotemporal dementia, pri-
mary progressive aphasia, dementia with Lewy body
disease, or vascular dementia, and so forth.

2. Multiple domain—these patients have subtle impair-
ments in multiple nonmemory domains of cognition.

Comprehensive NP Classification

The conventional classification system had its flaws. The
dichotomous “‘amnestic” or ‘“nonamnestic” scheme often
obscured groups with unique yet important patterns of impair-
ment and cannot adequately capture the heterogeneity of MCI.
Also, findings from a recent study’? illustrated that one of the
subtypes produced by the conventional criteria, single domain
naMCI, mostly performed within normal limits, suggesting its
susceptibility to false-positive diagnostic errors. Hence in
2009, a comprehensive NP classification system was intro-
duced,’ which further provided 4 neuropsychologically distinct
MCI clusters® mentioned subsequently:

1. Amnestic—impairments on measures of recall and
recognition.

2. Mixed—impairments on multiple measures of recall
and recognition, language, executive function, and
visuospatial functioning.

3. Dysexecutive—impaired attention, executive function-
ing (including verbal fluency), and visuospatial func-
tions, but intact memory performance.

4. Visuospatial—impairment on 1 measure of visual con-
struction (block design).

Dysexecutive MCI

Over the years, another distinct variety of MCI has cropped up,
known as the dysexecutive MCI (dMCI), which is essentially a
naMCI having predominant executive dysfunction.''** Studies
have shown that dMCI is less likely to involve other areas of
cognition over time or progress to dementia.>* Also, patients
with mxMCI with executive dysfunction who progressed to
dementia were less likely to have an Alzheimer’s-type
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dementia and more likely to experience a stroke, than patients
with MCI without executive dysfunction.>* Compared to the
patients with stable dMCI, the patients with dMCI who prog-
ress to dementia showed brain atrophy in the bilateral insula
and left lateral temporal lobe on magnetic resonance imaging
(MRI).*® Patients with dMCI converting to dementia are also
older, have lower baseline performance on category fluency
and a spatial location task, and report fewer symptoms.>>

The dMCl is classically differentiated from aMCI with the
help of NP testing and imaging modalities. The dMCI, when
compared with control participants, has significantly lower
scores on the majority of executive function tests and has
increased behavioral symptoms and left prefrontal cortex
atrophy on MRL'" In contrast, aMCI has significantly lower
scores on tests of memory and a pattern of atrophy including
bilateral hippocampi and entorhinal cortex, right inferior par-
ietal cortex, and posterior cingulate gyrus when compared
with control participants.'' A recent study has even implied
that electroencephalography

alone can be a much better parameter than NP in distin-
guishing dMCI from mx-aMCI.*°

Mild Cognitive Impairment Symptoms
and Clinical Diagnosis

Symptoms experienced by patients with MCI can be broadly
classified as cognitive and neuropsychiatric. While some
degree of cognitive decline is part of normal aging, patients
with MCI exhibit pronounced decline in processing speed and
executive control tasks®’ and significant memory impairment.
Sometimes the subjective memory complains can predict the
overall cognitive decline accurately’®>° while at other times
it comes forward as a nonspecific criterion.** Patients with
MCT unlike their AD counterparts are more aware of their
symptoms and are also more troubled by them.*' Patients with
MCI progressing to dementia report lesser perception of symp-
toms** and hence this can be used as an indicator to identify
worsening disease.

Mood and behavioral symptoms too are common in MCL*?
Depression is probably the most common neuropsychiatric
symptom followed by irritability, anxiety, aggression, and
apathy.***> Patients with these behavioral symptoms often
have more severe cognitive impairment than those without
it**5 and patients with depression having MCI progress to
AD at a higher rate than those without depression.*® However
compared to patients with MCI, patients with AD have both
higher frequency and severity of neuropsychiatric symptoms.*’

A variety of methods are used to diagnose MCI including
the Clinical Dementia Rating (CDR) scale.*® This is a semi-
structured interview with the patient and the caregiver that
assesses memory, along with orientation, judgement, and prob-
lem solving, knowledge of community affairs, home and hob-
bies, and personal care. Global Deterioration Scale (GDS) is
another scale*® that is occasionally used for MCI but com-
monly used for patients with AD. Patients with MCI fit into
GDS stage 2 or 3 and a CDR of 0 or 0.5.°

A brief mental status examination, such as the Mini-Mental
State Examination (MMSE), is often insensitive to the detection
of early impairment™®; more useful measures include the Short
Test of Mental Status and the Montreal Cognitive Assessment.
Alzheimer’s Disease Assessment Scale-cognitive subscale
(ADAS-cog) is also increasingly been used for MCI. It consists
of 11 tasks measuring the disturbances of memory, language,
praxis, attention, and other cognitive abilities. Other tests include
functional assessments such as Alzheimer’s disease Cooperative
Study-activities of daily living (ADCS-ADL) and Disability
Assessment for Dementia and global cognition assessments such
as the ADCS-Clinical Global Impression of Change.

Neuropsychological Evaluation

Making a distinction between MCI and normal aging can be a
challenge, as subtle forgetfulness and having difficulty recal-
ling common words may also be a part of normal aging. Distin-
guishing other functional deficits associated with MCI can be
even more taxing, as some patients won’t be even aware of
them. Hence, NP is used to distinguish the borderline MCI
cases from normal aging, for example, a recent trial identified
early aMCI groups without having objective memory symp-
toms with the help of discrepancy of scores between Verbal
IQ and General Memory tests.”' Even in a pre-MCI population,
decline in NP or a score lower than a threshold may be a pre-
dictive of patients likely to progress to MCI. Although higher
proportion of patients with MCI can be identified by the CDR
criteria than NP; patients with MCI identified by NP have a
higher rate of conversion to dementia.>? These findings suggest
that the CDR is sensitive to subtle changes in cognition not
identified by the NP algorithm but is also sensitive to demo-
graphic and clinical factors probably leading to a greater num-
ber of false positives.

Neuropsychological testinggenerally involves testing gen-
eral intellectual function, memory, construction, language,
attention, and executive functions. Intellectual functioning
is commonly verified by the Wechsler Adult Intelligence
Scale-IV or the National Adult Reading Test-American Ver-
sion or Raven’s Coloured Progressive Matrices. Verbal mem-
ory is tested by California Verbal Learning Test-II, while
visual memory and construction is tested by 24-point modi-
fied Rey Osterrieth figure. One recently published study suc-
cessfully predicted the conversion to MCI in patients with
normal cognition and conversion to AD in patients with MCI,
by a visual paired comparison task.”® The task assessed mem-
ory function, by determining a preference for a novel picture
compared to a previously viewed picture, measured by view-
ing time using infrared eye tracking. Language function has
been assessed with semantic fluency tests (‘““animal” naming
test) and the Boston Naming Test, whereas attention and exec-
utive function are assessed by with digit span tests and the
Stroop Color-Word Interference Test. Depression is screened
by the GDS, which is a 30-item self-reported assessment scale
and has a higher sensitivity for patients with MCI than their
demented counterparts.>*
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Computerized cognitive testing is becoming increasingly
popular, given its greater precision and efficiency in measuring
cognitive function. Tests such as Mindstreams by NeuroTrax
Corp (New York; formerly known as “Mild Impairment Bat-
tery”) or CogState Brief Battery by Cogstate Ltd (Australia)
detects MCI superior to that of traditional NP tests.”>>® It con-
sists of custom software installed on the testing computer that
serves as a platform for interactive cognitive tests that produce
precise accuracy and reaction time.”’ The complete Global
Assessment Battery (administration time: approximately 45
minutes) samples a wide range of cognitive domains, including
memory (verbal and nonverbal), executive function, visual spa-
tial skills, verbal fluency, attention, information processing,
and motor skills. It successfully detects MCI and mild dementia
even in the presence of depression.”®

Role of Other Diagnostic Modalities
Neuroimaging

In AD, the earliest signs of cerebral atrophy are found in the
medial temporal lobe,*” hence structural neuroimaging stud-
ies focusing on these areas could predict conversion from
MCI to AD.®® These changes are generally appreciated 1 to
2 years prior to cognitive decline and are better predictors
of future AD than CSF biomarkers®®®'; 1 recent study has
even reported that local vascular damage is also associated
with increased brain atrophy in patients with MCIL%* But
unfortunately in multiple-domain naMCI such changes can
rarely be perceived®®; however, 1 study has hinted that cogni-
tive impairment in both aMCI and dMCI is related to cerebral
hypoperfusion.® Some studies have also associated increased
white matter hyperintensities and cortical infarction in MRI
also with MCI®*®® Theoretically, alterations in neuronal
activity precede neuronal loss, so hypometabolism should
precede hippocampal atrophy.®” This might be one of the rea-
sons that almost all studies have reported that functional ima-
ging is superior to structural imaging in early detection of
MCT as well as in predicting the chances of conversion of MCI
to AD or general cognitive decline.®®7?

Fluorodeoxyglucose positron emission tomography is a spe-
cialized imaging technique that may be useful for early predic-
tion of the chances of conversion of MCI to AD, particularly in
the presence of APOE &4 allele.” Patients with impaired episo-
dic memory having PET abnormality have very high chances
of converting to AD in near future.”* Also, patients with higher
11C-labeled Pittsburgh compound-B amyloid tracer retention
have higher rate of progression to dementia than those who
do not.”>”7” Patients with aMCI also exhibit temporomesial and
temporoparietal hypoperfusion on single-photon emission
computed tomography (SPECT).”® It has been found in func-
tional MRI studies that greater memory-related hippocampal
activation also successfully predicts future cognitive decline.”

Diffusion tensor imaging (DTI) is an MRI technique that
enables the measurement of the restricted diffusion of water
in tissue in order to produce neural tract image and has

increasingly been used in dementia trials in the recent time.
In a recent DTI study of patients with MCL®® better paired
associate learning is found to be selectively associated with
lower axial diffusion but not with lower radial diffusion
(DR), mean diffusivity (MD), or fractional anisotropy (FA)
of the temporal stems. Conversely, better paired associate
learning is associated with lower DR, higher FA, and lower
MD in the fornix.®* One recent study on DTT has testified that
microstructural degradation of the fornix precedes hippocam-
pal atrophy in aMCI, and hence it may serve as a novel imaging
marker.®' Another recent study revealed that DTI tractography
enables anatomical definition of region of interest for correla-
tion of behavioral parameters with diffusion indices, and func-
tionality can be correlated with white matter integrity.®*

CSF and Plasma Biomarkers

In 2007, Ray and colleagues discovered 18 signaling proteins
in the plasma, which successfully predicted the onset of AD
in patients with MCI but failed to foresee non-AD dementias.®
Further studies on CSF biomarkers have revealed a low ratio of
CSF AP42-tau in majority of patients with MCIL®* This low
ratio, which is generally existent in AD, is found in patients
with both aMCI and naMCL®**

Genetic Testing

There has been a lot of controversy regarding whether APOE
€4 genotype is a strong risk factor for conversion of MCI to
AD; while several studies have supported the association,®>*®
there are others who have negated it.’**® A new study has
reported deletion variant of a2b-adrenergic receptor to be asso-
ciated with decreased risk of MCL.?' Another recent study iden-
tified certain gene expression signatures that recognized patients
with aMCI that progressed to AD within 2 years with a predic-
tion accuracy of 74% to 77%.°% But still there is paucity of sub-
stantial evidences to justify a routine genetic testing in patients
with MCI.

Therapeutic Interventions

1. Pharmacological—at present, there is no single med-
ication approved by the Food and Drug Administration
for the treatment of MCI. The class of drugs that are
most commonly used for the management of patients
with MCI are listed subsequently.

2. Acetylcholinesterase inhibitors—several large clinical
trials have assessed the efficacy of donepezil,”**°
galantamine,”® and rivastigmin®’ in patients with MCI,
but none of the drugs were found successful in treating
the long-term clinical cognitive dysfunction and stop-
ping or lowering the progression to AD. Galantamine-
treated patients also reported higher deaths, mostly
from vascular causes.”® However, the ADCS drug trial
in patients with aMCI revealed that treatment with
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donepezil delayed progression to AD among patients
with depression.*’

3. Antioxidants and anti-inflammatory agents—antioxi-
dants such as high daily dosage of vitamin E**** and
nonsteroidal anti-inflammatory drugssuch as rofe-
coxib'® also do not help in reducing the risk of
progression to AD in patients with MCI. Trials evalu-
ating the effects of Ginkgo biloba in patients with
MCT also found no benefit for treatment in preventing
cognitive decline'”" or the imminent dementia.'®
However, in a study in Italy, elderly patients with MCI
had significant improvements in several measures of
cognitive function when supplemented with an oily
emulsion of docosahexaenoic acid—phospholipids
containing melatonin and tryptophan for 12 weeks,
compared with the placebo.'®® Another study having
patients treated with melatonin tablets at night for at
least 15 months also exhibited significantly better per-
formance in MMSE and ADAS-cog.'*

4. There are some ongoing trials with few newer antiox-
idants or anti-inflammatory agents in patients with
MCI—like a study with a formulation containing
N-acetyl cysteine added to folic acid, vitamin B12,
vitamin E, S-adenosylmethionine, and acetyl-L-carni-
tine to evaluate the effect on the behavioral status
(clinicaltrials.gov NCT00903695) and to determine
whether this formulation can delay MCI conversion
to AD (clinicaltrials.gov NCT01320527). Other such
novel clinical trials in MCI include—evaluating the
effect of resveratrol on ADAS-cog score (clinical-
trials.gov NCT01219244) and assessing the impact
of curcumin on amyloid deposition in the brain (clin-
icaltrials.gov NCT01383161).

5. Insulin—A pilot clinical trial on intranasal insulin
treatment has shown improved memory, ADAS-Cog
score, and functional abilities in patients with both
aMCI and AD.'?

6. Antidepressants—As discussed earlier, patients with
MCI having depression experienced greater deficits
in cognitive functioning and are more prone to
developing AD, than their nondepressed counter-
parts.*>*®*® Thus, identifying and treating depres-
sion in individuals with MCI may improve their
memory and cognitive functioning.'®

7. Cognitive (brain training)—One study revealed that
postcognitive rehabilitation, there is significantly
improved performance on memory tasks in patients
with MCIL.'®” Although a literature review on patients
with aMCI receiving cognitive therapy revealed sig-
nificant improvements on 44% of objective measures
of memory and 12% of objective measures of cogni-
tion other than memory.'”® Some other studies have
also confirmed that the effect of a cognitive rehabilita-
tion program results in significant improvement in
multiple cognitive domains as measured by the global
cognitive scales or NP evaluation,and the effects are

preserved over extended follow-up periods, thereby
concluding that early cognitive intervention may delay
conversion to AD.'%-!10

8. Other promising research came with a recent rando-
mized controlled clinical trial having 8 memory train-
ing sessions for patients with MCI suggesting
evidences of cognitive plasticity.!'! The training ses-
sions involved learning mnemonic strategies based
on ecological tasks, completion of tasks, which
recruited attention and executive functions and educa-
tional content provision on memory and aging; and at
the end of the sessions the patients with MCI exhibited
cognitive performance typical of individuals without
cognitive impairment.

9. Lifestyle modification—Moderate degree of physical
exercise, like regular brisk walking, improves cogni-
tion, and delays further decline, 12,113 improves verbal
and spatial memory''* and significantly enhances the
quality of life.''> People on Mediterranean diet also
pose a lower risk of developing MCI and conversion
of MCI to dementia."'® Prolonged daily computer use
in the elderly patients®* is also found to be associated
with lower odds of having MCI.

10. Newer therapies—A recent multicenter randomized
controlled trial in China in patients with MCI involv-
ing electroacupuncture intervention revealed improve-
ment in general cognition, memory, and visual-space
skills.""”

Suggested Clinical Algorithm

Figure 1 summarizes an algorithm that can be used to approach
any patients with suspected MCI. A descriptive history fol-
lowed by a detailed physical examination including clinical
cognitive assessment can often be sufficient to suspect MCI.
Suspected cases should be further confirmed by NP testing and
imaging. High clinical suspicion of MCI, but a negative test
result on NP may be an early case of MCI or even pre-MCI;
such cases should skip structural imaging and straight go to
functional imaging modalities. Other patients should be
referred first for structural MRI to assess the extent of the dis-
ease, and if the results are negative, then only should be
referred to functional imaging. This would result in an early
diagnosis yet judicious utilization of the resources. Relevant
treatment modalities of patients with MCI per their clinical
signs and symptoms are also suggested in the algorithm.

Caring for the Caregivers

Like all other dementias, the role of caregivers in patients with
MCI can be challenging; apart from the usual difficulties, there
is always a degree of uncertainty in the minds of the caregiver
about the ultimate fate of the patient. This may give rise to
ambiguous feelings, distress, and false interpretations of the
changes observed.''®'?! In several studies, both patients with
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Detailed History

!

Physical Examination Including Mental Status Examination
and clinical scoring using CDR etc.

|

Positive for MCI

Neuropsychological Testing (NP) — Paper or Computerized

|

|

Positive for MCI
Brain Imaging- Structural
NP
Negative ﬂ Negative for MCI
for MCl,
but high . . .
o Brain Imaging- Functional
clinical [":>
suspicion
Positive

[ MCI Confirmed ]_

Positive for MCI

If amnestic symptoms

Donepezil

If depressive symptoms

Antidepressants (SSRIs)

%

All patients

Antioxidants or Anti-
inflammatory agents

Increasing symptoms or
significant memory deficit

Cognitive Therapy

Figure |. Proposed algorithm for diagnosis and management of a patient with suspected mild cognitive impairment (MCI).

MCI and their partners expressed a need for more information
and support,'?>"'* indicating the call for a psychosocial inter-
vention aimed at information, support, and effective coping.
A recently published study has examined the efficacy of a
comprehensive group program aimed at caring partners of
patients with MCI, which comprised elements of psychoeduca-
tion, cognitive rehabilitation, and cognitive behavioral therapy.
Qualitative results at program completion suggested that the

caregivers reported gains in knowledge, insight, acceptance,
and coping skills'?*; however, the group intervention was not
proven to be effective.

Conclusion

Much of the challenges regarding successful management of
MCI lie in the vagueness of its clinical definition, for example,
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the degree of cognitive impairment in nonmemory cognitive
domains, the degree of functional impairment, and its hetero-
geneous presentations. Apart from a systematic pharmacolo-
gical and nonpharmacological therapeutic strategy, we are
also in dire need of a simple algorithm for the diagnosis of
MCI—which might have a combination of entities from his-
tory, clinical scores, to NP, to imaging results; but at the same
time also be on the right side of the cost—benefit ratio. Such an
algorithm is suggested here. Furthermore, caregiver support
and general awareness regarding MCI in the population can
be 2 other aspects that may prove to be a cornerstone in the
management of MCI.
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