ORIGINAL ARTICLE

Interactive CardioVascular and Thoracic Surgery (2017) 1-7
doi:10.1093/icvts/ivx171

Cite this article as: Duynstee F, Keunen RW, van Sonderen A, Keyhan-Falsafi AM, Hoohenkerk GJ, Stephens G et al. Impact of the Haga Braincare Strategy on the
burden of haemodynamic and embolic strokes related to cardiac surgery. Interact CardioVasc Thorac Surg 2017; doi:10.1093/icvts/ivx171.

Impact of the Haga Braincare Strategy on the burden of
haemodynamic and embolic strokes related to cardiac surgery

Friso Duynstee®, Ruud W.M. Keunen®*, Agnes van Sonderen?, Ali M. Keyhan-FaIsafib, Gerard J.F. Hoohenkerk®,
Gayleen Stephensb, Erik Teeuws®, Jan W.K. van Alphen©, Dénes L. Tavy?, Arne Mosch?,
Sebastiaan F.T.M. de Bruijn® Hans van Overhagen®, Frank E.E. Treurniet?, Lucas C. van Dijk® and
Paulien M. van Kampen®

Department of Neurology and Clinical Neurophysiology, Haga Teaching Hospitals, The Hague, Netherlands
Department of Cardiosurgery, Haga Teaching Hospitals, The Hague, Netherlands

Department of Cardioanaesthesiology, Haga Teaching Hospitals, The Hague, Netherlands

Department of Intervention Radiology, Haga Teaching Hospitals, The Hague, Netherlands

Haga Academy, Haga Teaching Hospitals, The Hague, Netherlands

* Corresponding author. Department of Neurology, Haga Teaching Hospitals, Leyweg 275, 2545 CH The Hague, Netherlands. Tel: +31-70-2100000;
e-mail: r.keunen@hagaziekenhuis.nl (R W.M. Keunen).

Received 16 January 2017; received in revised form 17 April 2017; accepted 26 April 2017

Abstract

OBJECTIVES: This study prospectively evaluates the impact of the Haga Braincare Strategy (HBS) on the occurrence of haemodynamic
and embolic stroke in a cohort of patients who underwent coronay artery bypass grafting (CABG), valve replacement of a combination of
both types of surgery between 2012 and 2015 at the Haga Teaching Hospitals.

METHODS: The HBS is a dual strategy based on a preoperative vascular work-up of the cerebral circulation by transcranial Doppler and a
perioperative monitoring of the cerebral circulation by cerebral oximetry. Duplex of the carotid arteries and/or computed tomography
angiography prior to surgery was performed in high-risk patients. Patients with severe carotid artery stenosis were scheduled for carotid
angioplasty prior to surgery or waived from surgery.

RESULTS: A total of 1065 patients were included. Poor cerebral haemodynamics were identified by transcranial Doppler in 2.1% of
patients (n=22). Based on the HBS, 3 patients were waived from surgery, 4 received preoperative carotid angioplasty followed by cardiac
surgery and the remaining patients were operated while being monitored with bilateral cerebral oximetry sensors. In all, 2.2% of the study
group experienced a stroke (n=23), of which none were classified as haemodynamic. Most of the remaining presumed embolic strokes
showed a minor to moderate stroke severity.

CONCLUSIONS: In this single-centre prospective follow-up study, surveillance of cerebral perfusion by the HBS eliminated the occurrence
of haemodynamic stroke while most of the residual strokes had a good to favourable prognosis.

Keywords: TCD - cerebral oximetry « CABG - Stroke

INTRODUCTION cerebral arteries [MCAs]), (i) poor collaterals and/or (jii) a drop in
systemic blood pressure and/or blood oxygenation. On computed
tomography (CT) and magnetic resonance imaging a haemody-
namic stroke appears as a so-called watershed infarct (see Fig. 1).

With the ischaemia sensitive diffusion weighted magnetic reso-

Perioperative stroke (POS) can be a devastating complication fol-
lowing cardiac surgery. The incidence of POS in the literature
varies between 1 and 5% [1, 2]. POS is an important cause of mor-

bidity and mortality after cardiac surgery. Most of POS are embolic
in nature and presumed to be the result of intraoperative surgical
manipulation of the aortic arch or postoperative atrial fibrillation
(AF). However, a substantial number of the POS are haemody-
namic in nature. Haemodynamic strokes are due to the combina-
tion of (i) high-grade stenosis or occlusions of conductance vessels
(for instance the brachiocephalic artery, carotid and/or middle

nance imaging watershed infarcts can be seen in up to 48% of the
patients following a cardiosurgical procedure [3]. A recent systemic
review and observational studies estimated that 10-50% of POS in
cardiac surgery are haemodynamic in nature [4-6]. Recent CABG
trials in patients with occlusive cerebrovascular disease showed
stroke/death ratios ranging from 3.8% to 20.6%, indicating that
poor-cerebral perfusion is associated with poor outcome.
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Figure 1: CT imaging 6 months after an acute postoperative left hemispheric
stroke related to cardiac surgery. The vascular territories involved are the left
sided anterior and posterior watershed areas. Duplex scanning of the carotid
arteries after surgery showed bilateral high-grade carotid artery stenosis.

Between 2006 and 2007, a small number of devastating
haemodynamic strokes were observed at the Haga teaching
Hospitals. All patients suffered from watershed infarcts and occlusive
cerebrovascular diseases. Following these strokes, we felt we should
re-evaluate the stroke prevention strategy related to cardiac surgery.
We hypothesized that if we could reduce the incidence of the post-
operative haemodynamic stroke rate we might simultaneously
reduce the overall stroke severity and the overall stroke/death rate.

In an attempt to reduce burden of POS, we looked for a dual
strategy that would identify both high-risk patients prior to surgery
and cerebral low-flow states during and in the first hours after sur-
gery. The dual strategy approach is based on the well-known fact
that ischaemic/hypoxic postsurgery organ failure is most com-
monly seen in patients who exhibit poor organ flow and/or func-
tion prior to surgery. This applies not only for the brain but also
for other perfusion sensitive organs such as the kidneys. Therefore,
surveillance of both the presurgery cerebral haemodynamics and
perisurgical saturation could potentially be the best combination
to prevent postoperative cerebral haemodynamic stroke.

Routine carotid artery duplex screening and subsequent caro-
tid revascularization in every detected carotid artery stenosis has
been one of the strategies to reduce the risk for postoperative
haemodynamic strokes. However, past literature shows that this
strategy did not reduce the incidence of POS. The benefits of uni-
versal carotid artery revascularization procedures do not out-
weight the costs of screening nor does this strategy reduce the
overall POS incidence [7, 8] Instead of focussing on the patency
of the carotid arteries, we examined the cerebral haemodynamics
by transcranial Doppler (TCD) at the origin of both MCAs. The
cerebral haemodynamics at the origin of the MCA reflect the net
result of both patency of the carotid arteries and quality of collat-
eral circulation [9]. Therefore, our hypothesis was that MCA
haemodynamics should better identify patients at risk for haemo-
dynamic strokes than the evaluation of the patency of the

carotid arteries. Moreover, we combined preoperative TCD with
non-invasive cerebral oximetry monitoring during and after the
first hours of surgery in order to detect perioperative cerebral
low-flow states. We called this dual strategy the ‘Haga Braincare
Strategy’ (HBS). It turned out that implementation of the HBS
reduced the incidence of ischaemic postoperative delirium at the
Haga by more than 50% [10]. Since the last years, we have sys-
tematically implemented and documented the results of the HBS
in a prospective follow-up study. In this article, we describe the
results with special focus on the impact of the HBS on stroke epi-
demiology and how it influenced decision making.

METHODS
Inclusion/exclusion criteria

From August 2012 to November 2015, The Haga Teaching
Hospitals (The Hague, Netherlands), 1065 consecutive patients
were prospectively enrolled. Inclusion criteria were age >18 years,
elective CABG and/or valve replacement surgery. Excluded were
86 other cardiosurgical procedures predominantly Maze proce-
dures and aorta ascendens replacement surgery.

Outline of Haga Braincare Strategy

All patients were subjected to evaluation of cerebral haemody-
namics prior to surgery by TCD (see Fig. 2). If TCD revealed poor
collaterals, a duplex and/or CT angiography (CTA) was performed.
If TCD was not possible, the status of the cerebral haemodynamics
was established by duplex and/or CTA (see Fig. 3). After this work-
up, patients could be identified with poor collaterals and carotid
artery high-grade stenosis or occlusions without cerebral of intra-
thoracal stenosis. In case of ICA occlusion, they could be stratified
for surgery with mild hypothermia (34-36°C) or—in case of a
severe carotid artery stenosis—scheduled for elective carotid angio-
plasty prior to surgery. In case of severe multilevel occlusive cere-
brovascular disease patients were waived from surgery. All patients
who experience a stroke were subjected to a postoperative CT and
duplex scan. Stroke outcome was established at discharge.

Outcome definitions

The primary outcome was the incidence of haemodynamical
strokes. A haemodynamic stroke was defined as every stroke
within the run-off territory of a >70% carotid artery stenosis with
a post-stroke CT, a pattern indicative for recent watershed
infarcts. Patients with bilateral recent watershed infarcts and no
carotid artery occlusions were also classified as haemodynamic
strokes. All other strokes were defined as embolic unless the CT
scan revealed an intracranial haemorrhage. Secondary outcome
measurements were stroke rate, stroke severity, type of strokes
(ischaemic/haemorrhagic) and stroke mortality.

Evaluation of cerebral haemodynamics by
transcranial Doppler/duplex

The TCD examinations were performed by cardiosurgical
nurse practitioners with a 2-MHz pulsed bidirectional TCD
(Delica 9-series, Delicate Manufacturer, Shenzhen, China). Poor
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Figure 2: Flowchart I. CTA: computed tomography angiography; MCA: middle cerebral arteries; PI: pulsatility index; TCD: transcranial Doppler

haemodynamics were defined by a pulsatility index (PI) <0.70
and/or a left/right asymmetry of the PI at the origin of the MCA
(or carotid syphon) of more than 50% compared from the refer-
ence side (which is the side with the highest PI). The reason for
the asymmetry criterion was that in the higher age groups, the PI
reference value can increase above the value of 2.0.
Consequently, a Pl value of for instance 1.0 which would other-
wise be regarded as normal in a patient aged 60 years could be
indicative for poor collaterals in a patient aged 90years. If poor
collaterals were identified, patients were further analysed by
duplex scanning (Toshiba Xariow, Ultrasound Imaging System,
SSA-680 A) of the carotid arteries. In case of a high-grade carotid
artery stenosis, a CTA was performed. CTA allowed to classify the
underlying cerebrovascular abnormalities into single- or multile-
vel abnormalities. Three levels were used for scoring the vascular
abnormalities: Level a. intrathoracic (for instance a brachioce-
phalic artery stenosis), Level b. carotid bifurcation and Level c.
base of the brain (for instance a MCA M1 stenosis). Single level
abnormalities were defined as high-grade stenosis on at least lev-
els a, b or c. Multi-level abnormalities were combination of sten-
otic lesions at 2 or more levels. If neither the transtemporal nor
the transorbital approach was feasible, the patients were analysed
by duplex (see Fig. 3). In case of high-grade duplex stenosis, a
CTA was performed and based on the absence or presence of
the anterior and posterior communicating arteries patients were
graded as having good or poor cerebral collaterals.

Follow-up of patients with poor-cerebral
haemodynamics

Based on the outcome of the vascular work-up, 3 options pur-
sued: (i) waiving surgery (in case of CT angiographically proven
very poor cerebral flow due to bilateral multilevel occlusions in
the cardio-cerebral arterial tree), (ii) restoration of cerebral flow
in case of unilateral single level high-grade carotid artery stenosis
by angioplasty or (iii) protecting the vulnerable brain during sur-
gery using mild hypothermia in case of unilateral single level car-
otid artery occlusion. The idea of selective angioplasty was based
on the assumption that carotid angioplasty is presumably safer in
CABG patients than carotid surgery [10]. Post-procedural close
TCD ultrasound and blood pressure surveillance was performed
in the patients scheduled for angioplasty. Tight control of sys-
temic blood pressure lasted for 2 weeks after angioplasty to pre-
vent a postoperative cerebral hyperperfusion syndrome.

Surgical procedures

The surgical team used uniform anaesthesia, surgical and perfusion
techniques. All of the CABG and CABG plus procedures were per-
formed with a cardiopulmonary bypass. Standard flow rates of
2.2-241/min were used to maintain a mean arterial pressure
>60 mmHg, partial pressure of carbon dioxide (arterial) maintained
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Figure 3: Flowchart II. CTA: computed tomography angiography; TCD: transcranial Doppler.

at >40 mmHg by alpha-stat management, and haematocrit main-
tained above 22%. All patients were monitored with near-infrared
spectroscopy (NIRS) (INVOS 5100; Somanetics Corporation, Troy,
MI, USA). Further details of the cardiovascular procedures and
NIRS have been published earlier by Palmbergen et al. [10].

Assessment of disability

The modified Ranking Score (mRs) (http://enwikipedia.org/wiki/
Modified_Rankin_Scale) was used to estimate the amount of depend-
ence or disability in daily activities. It is a numeric scale which ranges
from 0 to 6, where 0 means no disability or discomfort and 6 means
the death of the patient. In case a POS occurred, a neurologist was
consulted. The neurological consultation included a neurological
examination, CT scan of the brain and if indicated a carotid artery
duplex to estimate the presence or absence of a carotid artery steno-
sis. Stroke severity was estimated by using the National Health
Institute Stroke Scale (NIHSS) (http:/Avww.ninds.nih.gov/doctors/NIH_
Stroke_Scale.pdf). The NHISS ranges from 0 to 42. Scores between 1-4
and 5-15 were classified as respectively minor to moderate. Higher
scores were classified as moderate to severe (16-20) or severe (21-42).

Data management

The following data were collected preoperatively using electronic
case record forms: background demographics, type of surgery,
modified Rankin Score, results of TCD exams, duplex and/or CTA
examinations, preoperative neurological consultations, preoperative

carotid surgery or angioplasty and the use of cerebral oximetry.
Postoperative outcome parameters were stroke rate, stroke severity
at discharge and stroke mortality. Since 2014, the EuroSCORE
(European System for Cardiac Operative Risk Evaluation) was added
to this list. The case record forms were stored in an internet-based
data management system that allowed online statistical analysis
(Mediwebdesignin© Netherlands).

Statistical analyses

Categorical values are presented as numbers (percentages) and were
analysed using chi-square tests or Fisher's exact tests. The Fisher's
exact test was used instead of the chi-squared test when the
expected frequencies calculated from the marginal totals were (con-
siderably) <5 in cross tables (as the normal approximation of the
binomial distribution will then be less appropriate). For numerical
data whose distributions approximate normality, data was presented
in mean and 95% Cl| and an independent t-test was used. Numerical
data which was not normally distributed was presented in median
and range. Logistic regression was used to calculate the odds ratios
for POS. Statistical significance was considered at P<0.05. SPSS
(v 17.0) statistical software was used for statistical analysis.

Ethical aspects

The study is not subdued to Medical Research Involving Human
Subjects Act. The board of directors of the Haga Teaching
Hospitals agreed with the study (T15-065).
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Table 1: Baseline demographics

Study group

Year of observation 2012-2015
Number 1065
Age, mean (95% Cl) 68.6 years (67.9-69.2)

Gender, number of females (%) 288 (27)
Number of grafts, mean (95% Cl) 2.8(2.7-3.0)
Type of surgery
CABG (%) 717 (67.3%)
Valve surgery (%) 316 (29.7%)
CABG +valve (%) 32(3.0%)
EuroSCORE?, mean (95% Cl) 3.1(3.0-3.3)

“Available in 927 patients.
Cl: confidence interval; CABG: coronay artery bypass grafting.

RESULTS

A total of 1065 consecutive patients were identified for inclusion
in the study group. Patients demographic data and their co-
morbidities are presented in Table 1.

Transcranial Doppler, duplex and computed
tomography angiography findings

Complete TCD exams of both MCAs could be performed in
86.3% of the patients. The Pl values of the MCA ranged from 0.42
to 2.95. The mean Pl was 1.23. Figure 4 shows a histogram of the
observed Pl values. Reduced PI values <0.7 were observed in
1.0% (n=9).

Figure 5 shows the PI left/right asymmetry expressed in a per-
centage in these patients. Asymmetrical Pl values more than 50%
were observed in 0.5% of the patients (n=4). A >50% Pl asymme-
try could be indicative for a high-grade ipsilateral carotid artery
stenosis or occlusion in combination with poor cerebral collater-
als. As there was an overlap between patients with asymmetrical
Pl and reduced PI, the total number of patients with poor cere-
bral haemodynamics was 1.1% (n=10).

In 7 of the 10 patients with poor collaterals by TCD, a duplex
scan was performed. The duplex scan revealed patent carotid
arteries in 72%, (5 patients) a unilateral carotid artery stenosis
was observed in 28% (2 patients). The remaining 3 patients in
whom the duplex scanning was not performed are discussed
under the subject protocol violations. In 13.7% of the patients
(n=146), a TCD could not be performed either by absent tempo-
ral windows. All except 4 of the 146 patients were examined by
duplex scanning. Nearly 90% of these patients exhibited patent
carotid arteries. Nine patients exhibited unilateral carotid artery
stenosis. Only 1 patient experienced bilateral stenosis/occlusions.

Follow-up of patients with a high-haemodynamic
stroke risk profile

After TCD and duplex findings, CTA examinations revealed
4 patients who were scheduled for angioplasty and 3 patients who
were waived from surgery. Therefore, the HBS TCD/duplex/CTA
work-up of patients resulted in identification of 0.28% of the ini-
tially scheduled patients who were waived from surgery and 0.37%

Distribution of Pl values (%)
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>0.7 0.7-17 <17

Figure 4: Histogram of the Pl values expressed in a percentage. PI: pulsatility index.
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Figure 5: Histogram of the PI left/right asymmetry expressed in a percentage.
Pl: pulsatility index.

of the patients who were scheduled for angioplasty. None of the
patients, who were scheduled for angioplasty, experienced neither
a stroke nor a cerebral hyperperfusion syndrome. None of the
high-risk patients were operated under mild-hypothermic condi-
tions. One patient experienced an inguinal haematoma due to the
angioplasty. Two of 3 patients who were waived from surgery
underwent an uncomplicated coronary angioplasty. One of them
(Male 69years) died 2years later from lung cancer. The other
patient (Male 55years) recovered from New York Heart
Association Class Il to Class | after angioplasty. One (Male 83 years)
refused coronary angioplasty. Now 2 years later, he still has New
York Heart Association functional Class Il. He did neither experi-
ence a stroke nor a myocardial infarction during follow-up.

Postoperative stroke epidemiology (study group)

Twenty three patients experienced a stroke (2.2% of the patients).
All strokes in these cohorts were ischaemic in nature. None of
the strokes were observed distally to a subtotal or occluded inter-
nal carotid artery (ICA). Two patients exhibited a stroke distally to
a 70% ICA stenosis. These strokes occurred during the postopera-
tive phase and showed no CT abnormalities. Atrial fibrillation
(AF) and a valve thrombotic lesion were found as co-findings.
These strokes were classified as embolic. In 1 patient, a postoper-
ative operative duplex was not available. Based on CT/TCD find-
ings, his stroke was classified as embolic rather than
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Table 2: Demographics of patients with and without a postoperative stroke

No POS POS Odds ratio

Number 1042 23

Age, mean (95% Cl) 68.4 (67.7-69.0) 77.6 (73.7-81.6) 111 (1.05-1.16)
Gender, number of females (%) 279 (27) 9 (64) 1.76 (0.75-4.11)
Percentage of valve surgery (%) 306 (29) 10 (50) 2.31(0.95-5.61)
N grafts, mean (95% Cl) 2.8(2.7-3. 2.9(2.1-3.8) 1.02 (0.82-1.27)
Preoperative mRs mean (95% Cl) 2.1(2.0-2. 2.1(2.0-2.3) 1.60 (0.58-4.42)
EuroSCORE?, mean (95% Cl) 3.1(3.0-3. 4.1(2.6-5.7) 1.12(0.96-1.31)
Blood flow velocities (cm/s) 41 (39-41 48 (40-55) 1.06 (1.02-1.10)*
PI 12(1.2-13) 13(1.1-1.4) 130 (0.24-7.07)
mRs at discharge mean (95% Cl) 2.3(2.3-2.4) 3.4(2.8-4.0) 5.67(3.18-10.13)
Mortality number (%) 9(1) 2(9) 10.93 (2.22-53.71)
Delirium number (%) 68 (7) 6 (26) 5.06 (1.93-13.24)
Mean length of ICU stay, mean days (95% Cl) 1.4(1.3-15 2.8 (1.4-4.3) 1.13(1.03-1.24)
Mean length of stay, mean days (95% Cl) 6.9 (6.4-7.4 11.4(8.3-14.5) 1.02 (1.00-1.03)

#Available in 16/23 stroke patients.

Pl: pulsatility index; ICU: intensive care unit; POS: postoperative stroke; Cl: confidence interval.

haemodynamic. This means that all the strokes in this cohort
were qualified as embolic. No devastating haemodynamic stroke
distally to an occluded carotid artery stenosis was observed in this
cohort of patients. The majority of the strokes were observed in
the MCA territory. Table 2 shows the data of the baseline demo-
graphics and clinical parameters and outcome of patients with
and without POS in the study group.

Patients who experienced a stroke were approximately
10-years older compared to those who did not experience a
stroke. Strokes were often seen in patients with cardiac valve sur-
gery. As expected TCD haemodynamics were not discriminative
in this HBS cohort. However, outcome parameters were all signif-
icantly worse for stroke patients. Stroke patients stayed signifi-
cantly longer at the hospital and were significantly longer
admitted at the intensive care unit compared to none stroke
patients. The chance to experience a postoperative delirium was
5 times higher in stroke patients and the chance to die was more
than 10 times higher. We reckon these data should be taken with
care due to the low numbers in these groups. Table 3 shows
stroke epidemiology in relation to type of surgery.

The stroke incidence for CABG patients and valve replacement
surgery was 1.3% and 3.0% respectively. Combined surgery was in
this cohort associated with a unexpected high-stroke incidence of
9.3%. According to the NIHSS over 95% of these strokes were classi-
fied a minor (n=12) or moderate (n=11). Most stroke patients
recovered substantially. Two stroke patients died: 1 patient died
from multi-organ failure although his initial stroke severity was clas-
sified as minor. The other patient had a severe initial stroke and
died from pneumonia. Therefore, mean stroke/death ratio was 8.6%.

Protocol violations

Protocol violations occurred in 9 of the 1065 patients (0.9%).
Most of the violations occurred in the diagnostic work-up of
patients. Four patients had absent temporal windows and 3 had
poor collaterals by TCD. These patients skipped the duplex scan-
ning protocol. None of these patients experience a postoperative
stroke. Two protocol violations occurred in patients who were
scheduled for carotid stenting, although they had good cerebral

haemodynamics. None of the above mentioned protocol viola-
tions influenced the outcome of this study.

DISCUSSION

In this single-centre prospective follow-up study, surveillance of
cerebral perfusion by the HBS eliminated the occurrence of hae-
modynamic strokes while nearly all of the residual embolic stroke
were classified as minor or moderate. These results are consistent
with the observation of Nakamura et al. [11] that intensive man-
agement of cerebral haemodynamics reduce stroke after coronary
artery surgery. Moreover, the results support the current evolving
concept that keeping the cerebral haemodynamics above the lim-
its of cerebral autoregulation and securing cerebral oxygenation
prevents cerebral ischaemia and improve outcome [12-14]. To
our knowledge, this is the first systematic documentation of pre-
operative TCD findings in a large cohort of patients scheduled for
cardiac surgery. Poor collaterals based on TCD criteria were
observed in 2.1% of the patients of whom 36% had significant
occlusive cerebro-vascular disease. In other words, poor-cerebral
haemodynamics identified by TCD are a clinical relevant phenom-
enon and the cut-off Pl values used in the present study seem to
be sufficient to support the objective of the HBS: elimination of
postoperative haemodynamic strokes. Having identified patients
with high risk for postoperative haemodynamic stroke, the positive
message is that the majority of patients with poor-cerebral hae-
modynamics could be safely operated. The implementation of the
HBS seems to shifts the balance of haemodynamic versus embolic
strokes towards embolic predominance. These emboli occur in rel-
atively well-perfused areas of the brain and previous stroke studies
have shown that emboli in well-perfused brain tissue result in
smaller infarcts with a better clinical outcome and vice versa [15].
This might explain why most of these strokes occurring under HBS
were classified as minor and moderate.

However, strokes may still have a negative impact on outcome.
For instance, stroke patients had significantly longer hospital
stays, as well as significantly longer stays in the intensive care
unit. The chance to experience a postoperative delirium was 5
times higher in stroke patients. Ultimately, the mortality rate
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Table 3: Stroke epidemiology and type of surgery

Type of surgery CABG VR CABG and VR
Number of patients 717 316 32

Gender, number of female (%) 141 (20) 134 (42) 13 (47)

Age, mean (95% Cl) 67.4 (66.7-68.1) 70.9 (69.6-72.1) 71.3(67.1-75.5)
Overall mortality, number (%) 5(0.7) 5(0.3) 1(3.0)
Stroke, number (%) 10(1.3) 10(3.0) 3(9.3)
Stroke type All ischaemic All'ischaemic All ischaemic
Stroke pathophysiology® No haemodynamic No haemodynamic No haemodynamic
Stroke severity at onset 5.5 4.5 7.1

Stroke severity at discharge 2.6 9.0 34

Stroke mortality, number (%) 2 (20) 0(0) 0(0)

“Defined as strokes within the run-off territory of a >70% carotid artery stenosis with a post-stroke CT pattern indicative for recent watershed infarcts or strokes
within the run-off territory of patent carotid arteries with a post-stroke CT pattern indicative for bilateral recent watershed infarcts.
CABG: coronary artery bypass grafting; Cl: confidence interval; VR: valve replacement.

appeared to be 10-fold higher compared to those who did not
experience a stroke. Therefore, increasing effort to reduce perio-
perative embolization and to identify of high-risk patients by
TCD embolus detection is warranted.

Limitations

Several limitations of this study must be taken into consideration.
Firstly, it is a single-centre study in a limited number of patients.
We believe that validating these data in larger multi-centre studies
is the next step to prove the value of the TCD screening strategy.
Secondly, the study design was a prospective follow-up study
rather than a randomized controlled trial. In other words, it showed
the reduction of haemodynamic strokes in this patient cohort but
did not prove the superiority of the HBS above a conventional
stroke prevention regime. Third, although this study gives argu-
ments that patients with a Pl value >0.7 can be safely operated if
the cerebral flow is closely monitored with cerebral oximetry, we
do not know whether waiving surgery in patients with poor-cere-
bral haemodynamic and multilevel occlusive cerebrovascular dis-
ease is really the best option for these patients. A last limitation of
this study is that we did not systematically look at the cerebral hae-
modynamics of the posterior circulation. Using observational TCD/
duplex scanning, it may be interesting to study the relationship
between the basilar cerebral haemodynamics and the neurological
outcome of patients scheduled for cardiac surgery.

Conflict of interest: Ruud W.M. Keunen develops universal soft-
ware for embolus detection by TCD which is distributed by SMT
Medical in Germany on Delicate TCD instruments. Ruud W.M.
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