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AbstrAct
Introduction Adverse neurocognitive outcomes 
are still an important cause of morbidity and 
mortality after cardiac surgery. The most common 
neurocognitive disorders after conventional cardiac 
surgery are postoperative cognitive dysfunction 
(POCD), stroke and delirium. Minimal invasive cardiac 
procedures have recently been introduced into 
practice. Endoscopic coronary artery bypass grafting 
(Endo-CABG) is a minimal invasive cardiac procedure 
based on the conventional CABG procedure. 
Neurocognitive outcome after minimal invasive 
cardiac surgery, including Endo-CABG, has never 
been studied. Therefore, the main objective of this 
study is to examine neurocognitive outcome after 
Endo-CABG.
Methods and analysis We will perform a prospective 
observational cohort study including 150 patients. 
Patients are categorised into three groups: (1) patients 
undergoing Endo-CABG, (2) patients undergoing a 
percutaneous coronary intervention and (3) a healthy 
volunteer group. All patients in the Endo-CABG group 
will be treated following a uniform, standardised 
protocol. To assess neurocognitive outcome after 
surgery, a battery of six neurocognitive tests will be 
administered at baseline and at 3-month follow-up. 
In the Endo-CABG group, a neurological examination 
will be performed at baseline and postoperatively 
and delirium will be scored at the intensive care 
unit. Quality of life (QOL), anxiety and depression 
will be assessed at baseline and at 3-month follow-
up. Satisfaction with Endo-CABG will be assessed 
at 3-month follow-up. Primary endpoints are the 
incidence of POCD, stroke and delirium after Endo-
CABG. Secondary endpoints are QOL after Endo-CABG, 
patient satisfaction with Endo-CABG and the incidence 
of anxiety and depression after Endo-CABG.
Ethics and dissemination The neurological outcome 
after minimal invasive coronary artery surgery study 
has received approval of the Jessa Hospital ethics 
board. It is estimated that the trial will be executed 
from December 2016 to January 2018, including 
enrolment and follow-up. Analysis of data, followed by 
publication of the results, is expected in 2018.
trial registration number NCT02979782.

IntroductIon
background and rationale
Despite improvements in surgical techniques, 
perfusion systems and perioperative guide-
lines, adverse neurological outcomes are still 
an important cause of morbidity and mortality 
after cardiac surgery.1 2 Consequently, neuro-
logical outcome after cardiac surgery remains 
an important issue of interest since neurolog-
ical complications have a major impact on 
quality of life (QOL) and healthcare costs 
after cardiac surgery.3–5 The most common 
neurological disorders after cardiac surgery 
are postoperative cognitive dysfunction 
(POCD), stroke and delirium.6–8

POCD is broadly defined as a decline in 
cognition temporally associated with surgery. 
It is recognised to reflect a disturbance of 
brain function related to surgery.9 10 Due to 
the multifactorial nature of POCD, it is diffi-
cult to pinpoint one major cause.11–13 Short-
term POCD or cognitive decline lasting up to 
6 weeks postsurgery is usually transitory and 
is observed in 25%–50% of all patients after 
conventional cardiac surgery.6 14 Long-term 
POCD or cognitive decline 3–6 months after 
surgery occurs in 10%–30% of cardiac patients 
and is associated with major consequences 
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Protocol

strengths and limitations of this study

 ► This is the first study to date to assess neurological 
outcome after minimal invasive cardiac surgery.

 ► A large battery of neurocognitive tests will be applied 
to assure a thorough and accurate assessment 
of the neurocognitive function after endoscopic 
coronary artery bypass grafting (Endo-CABG).

 ► The neurocognitive outcome of patients undergoing 
Endo-CABG will not be compared with patients 
undergoing conventional CABG in this randomised 
controlled trial.
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and financial implications such as a higher risk of leaving 
the labour market and an increased mortality.4 Incidence 
of POCD varies strongly since there are no universally 
accepted guidelines and analytic criteria for the diagnosis 
of POCD. The ‘1995 statement of consensus on assess-
ment of neurobehavioral outcomes after cardiac surgery’, 
however, highlighted the most reliable and recommended 
battery of neuropsychological testing to assess for POCD 
in clinical studies.15

The following battery of tests has been recommended 
in the consensus statement15 16:

 ► Rey auditory verbal learning test to test verbal memory 
(RAVLT)

 ► Trail making test A and B to test attention (TMT A 
and B)

 ► Grooved Pegboard Test to test fine motor function.
Additional recommendations of the consensus state-

ment to conduct reliable POCD testing are15:
 ► baseline testing;
 ► at least one assessment of POCD 3 months 

postoperatively;
 ► a control group and a comparative group;
 ► the same person tests both preoperatively and 

postoperatively;
 ► clinical neurological investigation is necessary.
Adherence to consensus statement recommendations 

in studies investigating POCD after cardiac surgery 
however is very low. For example, only 25% of all prospec-
tive cohort studies using a control group included all four 
tests named in the consensus statement.17

Additional tests on top of the tests stated in the 
consensus statement such as the Wechsler Adult Intelli-
gence Scale (WAIS)-III digit span test and the WAIS-III 
digit symbol-coding test can be performed to assess addi-
tional neurological outcome measures. The Mini-Mental 
State Examination (MMSE) is often used as a supple-
mental indicator of pre-existing neurological decline.

The RAVLT has a Cronbach’s alpha coefficient of 0.80 
and an adequate validity and good reliability.18 TMT A 
and B have a high validity and reliability.19 20 The Grooved 
Pegboard Test has a good validity and a high reliability.21 
The WAIS-III digit span test and WAIS-III digit symbol-
coding test have a high validity and a high reliability.22 
The MMSE has a moderate validity and reliability.23

The statistical methods used to define the cut-off point 
between POCD and normal variation in cognitive func-
tion also vary widely.24 Commonly used statistic criteria are 
a percentage change from baseline in a defined number 
of tests (usually a decline of >20% in at least two tests) 
or an absolute decline from baseline scores greater than 
a predefined proportion of the SD in at least two tests.24 
These statistical methods have been criticised because 
they do not relate cognitive data from age-matched 
healthy controls and also fail to assess learning effects 
and normal variability and cognitive decline in a healthy 
population over the same period. The Reliable Change 
Index (RCI) is an alternative statistical method that is 
increasingly used in POCD research. RCI relates the 

changed scores to the normal test–retest variability in an 
age-matched control population.24

Stroke is also an important neurological complication 
after cardiac surgery with an incidence of 1%–5%.19 20 
Stroke is caused by disturbances in the blood supply to 
the brain. Most frequently, these disturbances are caused 
by thromboembolic events, general hypoperfusion or 
ruptured vessels in the brain. The risk of stroke is highest 
the first few days after cardiac surgery and is diagnosed 
based on neurological evaluation and signs on CT or MRI 
scan.6 8 25

Finally, delirium is characterised by acute onset atten-
tion disorders and fluctuating changes in the mental 
state of the patient.26 The aetiology of delirium is usually 
multifactorial.26 Delirium can easily be diagnosed using 
the Confusion Assessment Method for the Intensive Care 
Unit (CAM-ICU) score.26 The CAM-ICU score has a high 
validity and reliability.27 Studies have consistently demon-
strated an incidence of postoperative delirium between 
5% and 46% after cardiac surgery.28–30

New developments in cardiac surgery have recently led 
to the introduction of minimal invasive cardiac proce-
dures into practice. These minimal invasive cardiac 
procedures are proven to be feasible and have excellent 
procedural and short-term outcomes (eg, in hospital 
mortality, hospitalisation time, scar healing, wound infec-
tions and postoperative recovery).31–33 Endoscopic coro-
nary artery bypass grafting (Endo-CABG) is a minimal 
invasive cardiac procedure based on the conventional 
CABG procedure but avoids a median sternotomy using 
a thoracoscopic technique. The Endo-CABG procedure 
is used to treat patients with multivessel coronary artery 
disease. Benefits of this procedure include reduced post-
operative pain, reduced duration of hospital stay and 
fast recovery and return to work.32 33 Retrograde arterial 
perfusion (RAP) during minimal invasive cardiac proce-
dures, however, may be associated with a higher incidence 
of neurological complications.34 In patients with severe 
(grades IV and V) aortic atherosclerosis, RAP has clearly 
been shown to increase the risk of cerebral embolic 
complications.34 However, neurocognitive outcome after 
minimal invasive cardiac surgery, including Endo-CABG, 
has never been studied.

The main objective of the neurological outcome after 
minimal invasive coronary artery surgery (NOMICS) 
study is to examine neurocognitive outcome and 
the incidence of neurological complications after 
Endo-CABG.

Primary objective
Assessment of the incidence of POCD, stroke and delirium 
after minimal invasive CABG (Endo-CABG).

secondary objectives
1. to compare QOL before Endo-CABG and 3 months 

after Endo-CABG
2. to study patient satisfaction with Endo-CABG
3. to study patient satisfaction with the performed tests
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Table 1 Study groups

Group Intervention

Endo-CABG, surgical group
(minimal invasive cardiac surgery group)

Procedure/surgery: Endo-CABG minimal invasive cardiac intervention
Other names: minimal invasive coronary artery bypass grafting

PCI, surgical control group
(comparative minimal invasive procedure)

Procedure/surgery: PCI stenting procedure
Other names: percutaneous coronary intervention

Healthy volunteer, control group
(to exclude learning effect or natural variation in 
neurological testing)

No intervention
This group will be age matched and sex matched

Endo-CABG, Endoscopic coronary artery bypass grafting; PCI, percutaneous coronary intervention.

4. to study the influence of various demographic and 
perioperative variables on neurological outcome after 
Endo-CABG

5. to compare the incidence of anxiety and depression 
before Endo-CABG and 3 months after Endo-CABG.

MEthods And AnAlysIs
study design
The NOMICS study is a single-centre prospective obser-
vational cohort study of 150 patients. The study is 
being performed in accordance with the Declaration of 
Helsinki and has been approved by the ethics committee 
of the Jessa Hospital in Hasselt (registration number 
B243201630254). Informed consent will be obtained 
from all participants. The study is implemented in line 
with the Standard Protocol Items: Recommendations 
for Interventional Trials (SPIRIT) statement.35 The final 
report will follow the Strengthening the Reporting of 
Observational Studies in Epidemiology checklist for 
cohort studies.36

Population
Consecutive adult patients undergoing Endo-CABG will 
be enrolled in the present study. In line with the ‘1995 
statement of consensus on assessment of neurobehavioral 
outcomes after cardiac surgery’, a comparative group and 
a control group will also be enrolled in this study in a 
1:1:1 ratio (table 1). The comparative group consists of 
patients undergoing an elective percutaneous coronary 
intervention (PCI). This group is included to investi-
gate whether the observed neurological outcomes in the 
Endo-CABG group are not related to normal comorbid-
ities in cardiovascular patients. It should be noted that 
PCI itself may be associated with impaired neurological 
outcome.37 The control group consists of healthy volun-
teers to eliminate natural variation in neurophysiological 
testing and to exclude the learning effect that can occur 
when repeated neurophysiological testing is performed.

All patients planned for Endo-CABG and PCI will be 
informed about the study at their preoperative visit by the 
cardiac surgeon and interventional cardiologist, respec-
tively, and will be provided with a patient information 
sheet. Healthy volunteers will be recruited from spouses 
of patients and healthcare workers and will be age 
matched and sex matched. Interested patients will receive 

an appointment with the study investigator (FV) and will 
be assessed for eligibility. Detailed eligibility criteria are 
listed in table 2. The purpose, procedures and potential 
risks and benefits of the study will be explained thor-
oughly to all participants who meet the eligibility criteria 
by FV. If interested, a written informed consent will be 
obtained from each participant. The participants will be 
able to withdraw from the study at any time without conse-
quences for therapy. This trial will be performed at a high 
volume institution (Jessa Hospital, Hasselt, Belgium). 
Based on the number of selected procedures performed 
annually in the Jessa Hospital, it is estimated that the trial 
will be executed from December 2016 to January 2018, 
including enrolment and follow-up.

outcome measures
Outcome measures in the domains of neurological 
outcome (POCD and MMSE), QOL, patient satisfac-
tion with Endo-CABG and performed tests, anxiety and 
depression will be assessed at baseline and 3 months after 
intervention or baseline testing (figure 1). Delirium will 
be assessed daily during intensive care unit and medium 
care stay (3–4 days), and stroke will be assessed during 
hospital stay and at the 3-month follow-up appointment 
in case of a clinical suspicion. Patients who are unable to 
come to the hospital for follow-up will be tested at home.

Primary outcome measures
Primary endpoints are:
1. The incidence of POCD at 3 months after surgery. A 

battery of four tests (RAVLT, TMT A and B and the 
Grooved Pegboard Test) mentioned by the ‘statement 
of consensus on assessment of neurobehavioral 
outcomes after cardiac surgery’, published in 1995 
supplemented with two additional tests (ie, the WAIS-
III digit span test and WAIS-III digit symbol-coding 
test) will be administered to determine the cognitive 
outcome.15

2. The incidence of stroke. A baseline neurological 
examination will be performed by a neurologist to 
register preoperative neurological deficits. In case of 
clinical suspicion of new neurological deficits by the 
attending intensive care specialist and/or neurolo-
gist, a brain CT scan or MRI scan will be performed to 
confirm the diagnosis of stroke.
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Table 2 Eligibility criteria

Inclusion criteria Exclusion criteria

 ► Minimum age of 18 years
 ► Elective Endo-CABG procedure (group 1)
 ► Elective PCI procedure (group 2)
 ► Healthy volunteers (group 3)

 ► Medical history of:
 – Postoperative cognitive dysfunction, delirium or cerebrovascular 
accident

 – Symptomatic carotid artery disease
 – Dementia (score MMSE <20/30)
 – Renal dysfunction: glomerular filtration rate <30 mL/min
 – Hepatic dysfunction: serum glutamic oxaloacetic transaminase/
aspartate aminotransferase or serum glutamic-pyruvic transaminase/
alanine aminotransferase, more than three times higher than normal 
limits

 ► History of drug and/or alcohol abuse
 ► Language barrier or incapability to communicate
 ► Physical condition making participation impossible
 ► Participation in other clinical trials of a drug or medical instrument
 ► Surgical revision or intraoperative major cardiac event (Endo-CABG 
group)
 ► Conversion to cardiac surgery or major intraoperative adverse event 
(PCI group)

Endo-CABG, Endoscopic coronary artery bypass grafting; MMSE, Mini-Mental State Examination; PCI, percutaneous coronary intervention.

3. The incidence of delirium. Delirium will be assessed 
with the CAM-ICU score.26

Secondary outcome measures
The following outcomes will also be assessed (see also 
figure 1):

 ► QOL, measured by the European Quality of Life-5 
Dimensions (EQ-5D) questionnaire38 to determine 
the effect of the intervention (Endo-CABG or PCI) 
on QOL;

 ► depression, measured by the Center for Epidemiolog-
ical Studies Depression (CES-D) questionnaire,39 and 
anxiety, measured by the Surgical Fear Questionnaire 
(SFQ).40 As recommended by the consensus state-
ment (1995),15 both mood state assessments will be 
performed concurrently with the neuropsychological 
assessments because the performance of neuropsy-
chological tests can be influenced by mood state;

 ► patient satisfaction with Endo-CABG and 
performed tests, assessed with an 11-point numer-
ical rating scale (where 0=not satisfied at all and 
10=extremely satisfied);

 ► assessment of predictors of poor neurological 
outcome after Endo-CABG. The predictive value of 
various demographic (ie, age and gender) and peri-
operative variables on neurological outcome after 
Endo-CABG will be assessed.

The EQ-5D has a limited validity and a moderate relia-
bility.41 The CES-D and SFQ have a good validity and reli-
ability.40 42

baseline assessment measurements
In addition to the primary and secondary outcome 
measures, the researcher will also record participants’: 

age, gender, body mass index, American Society of Anes-
thesiologists classification and highest level of education.

data collection methods and management
All neurocognitive tests are performed by one single 
researcher in an isolated room. This study investigator 
is extensively trained for this specific test battery by a 
an experienced neuropsychologist. The preoperative 
neurological examination will be performed by an expe-
rienced neurologist. Consequently, standardised testing 
without interobservational variation will be guaranteed. 
Baseline tests will be performed in the Endo-CABG 
group, the PCI group and the control group. Baseline 
testing will be performed 2–14 days prior to procedure 
(see figure 1).

All data of 150 participants will be anonymously collected 
on paper at Jessa Hospital. The patient records will be 
kept in a locker until entered on password-protected 
computers. The entered data will be double checked by 
two independent researchers to minimise human errors. 
All patients enrolled will be carefully monitored until 3 
months after surgery or baseline testing. The whole study 
will be supervised by members of the anaesthesiology 
department at Jessa Hospital.

Perioperative procedure (Endo-cAbG group)
All patients in the Endo-CABG group will be treated 
following a uniform, standardised protocol for anaes-
thesia, surgical techniques and extracorporeal circula-
tion to reduce treatment heterogeneity within the study 
group (see online supplementary appendix file). This 
protocol includes recently recommended neuroprotec-
tion methods in an attempt to minimise the risk of poor 
neurological outcome after cardiac surgery.
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Figure 1 Schedule of enrolment, interventions and assessments. CAM-ICU, Confusion Assessment Method for the Intensive 
Care Unit; CES-D, Center for Epidemiological Studies Depression; Endo-CABG, Endoscopic coronary artery bypass grafting; 
EQ-5D, European Quality of Life-5 Dimensions; MMSE, Mini-Mental State Examination; POCD, postoperative cognitive 
dysfunction; SFQ, Surgical Fear Questionnaire; WAIS, Wechsler Adult Intelligence Scale.

statistical methods
POCD is defined as a decline in performance on 
neuropsychological assessment between baseline 
and 3-month follow-up beyond natural variation and 
learning effects. We used the RCI to control for natural 
variation or, in other words, the test–retest variability 
inherent in a matched normative data set.10 The RCI 

or z-score provides an estimate of the probability that 
a patient’s change in test score is reliable and not 
due to chance.10 The learning effect occurs because 
repeated administration of a test increases the knowl-
edge of the test structure and thus performance tends 
to improve with repeated administration.17 We used a 
healthy control group to control for learning effects 
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and natural variation. We used a PCI group to sepa-
rate the effects of surgery from those of underlying 
disease.

The individual RCI scores will be calculated as follows: 
for each patient, the baseline score from each test will 
be subtracted from the follow-up score, giving Δx. The 
same will be done in the control group, giving Δxc. The 
mean change on that test in the control group will then 
be subtracted from Δx to eliminate practice effects. This 
result will then be divided by the SD of Δxc to eliminate 
the effect of natural variation in test performance. This 
is called a Z-score. The RCI is defined as the sum of the 
Z-scores of all tests. The difference score is computed 
such that a positive change reflects improvement and vice 
versa.

POCD in an individual patient is defined as an RCI 
≤−1.645 (significance level 5%) or Z-score ≤−1.645 in at 
least two different tests.

Stroke is defined as a new neurological deficit presenting 
in hospital combined with signs of recent ischaemic cere-
bral infarction on brain CT or MRI. Patients with a post-
operative stroke within the 3-month observation period 
will automatically also be classified in the POCD group.

Delirium is defined by the CAM-ICU test, and the result 
will be dichotomised. The QOL will be tested using a 
Mann-Whitney U test at significance level 5%. The group 
RCI scores will be compared using analysis of variance or 
Kruskal-Wallis.

sample size
Sample size calculation will be based on expected neuro-
cognitive outcome assessed with a battery of neurocogni-
tive tests. Based on a previous study,11 we assume a mean 
SD of 3.567 for the difference score of a battery of neuro-
cognitive tests. Therefore, to detect a significant change 
in performance on a battery of neurocognitive tests 
between baseline and 3-month follow-up with a power of 
at least 90% at a significance level of 0.05, 132 patients 
will be required (44 in each of the three study groups). 
The sample size will be inflated to 50 participants per 
group (150 in total) to account for a possible 12% loss to 
follow-up.

dIscussIon
The present study will be the first study to date to inves-
tigate the incidence of poor neurocognitive outcome 
3 months after Endo-CABG. Minimal invasive cardiac 
procedures including Endo-CABG have recently been 
introduced into practice. Minimal invasive cardiac surgery 
has been expanding substantially last years because it 
is associated with reduced postoperative pain, reduced 
duration of hospital stay and fast recovery and return 
to work. Retrograde aortic perfusion during minimal 
invasive cardiac procedures however, may be associated 
with a higher incidence of neurological complications.34 
Patients with severe atherosclerotic disease grade IV 
or V in the arch or ascending aorta on intraoperative 

transesophageal echocardiography will be excluded from 
retrograde aortic perfusion in this study to reduce the risk 
of cerebral embolic complications. These patients will be 
switched to central cannulation with antegrade perfusion 
(right subclavian artery).

Ideally, the neurocognitive outcome of patients under-
going Endo-CABG should be compared with patients 
undergoing conventional CABG in a randomised 
controlled trial. This is unfortunately not possible due 
to the lack of elective conventional CABG surgery in our 
centre.

In conclusion, the present single-centre prospec-
tive observational cohort study may provide informa-
tion on the risk of poor neurocognitive outcome after 
Endo-CABG. This information may clarify if theoretical 
concerns regarding the risk of cerebral embolic compli-
cations during retrograde aortic perfusion in patients 
with mild atherosclerotic disease grades I, II and III are 
justified or not.
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