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Background. The effect of valve surgical procedures on
cognition was investigated in patients undergoing con-
ventional or robotically assisted techniques. The con-
founding factors of surgical procedure, mood state,
preexisting cognitive impairment, and repeated experi-
ence with cognitive tests were controlled for.

Methods. Patients undergoing conventional valve pro-
cedures (n [ 15), robotically assisted valve procedures
(n [ 15), and thoracic surgical procedures (n [ 15), along
with a nonsurgical control group (n [ 15) were tested
preoperatively, 1 week after operation, and 8 weeks after
operation by use of a battery of cognitive tests and a
mood state assessment. Surgical group data were
normalized against data from the nonsurgical control
group before statistical analysis.

Results. Patients undergoing conventional valve pro-
cedures performed worse than those undergoing roboti-
cally assisted valve procedures on every subtest before
operation, and this disadvantage persisted after opera-
tion. Age and premorbid intelligence quotient were
significantly associated with performance on several

cognitive subtests. Anxiety, depression, and stress were
not associated with impaired cognitive performance in
the surgical groups after operation. A week after opera-
tion, patients undergoing conventional valve procedures
performed worse on the cognitive tests that had a motor
component, which may reflect discomfort caused by the
sternotomy. Patients undergoing robotically assisted
valve procedures were significantly less impaired on in-
formation processing tasks 1 week after operation when
compared with those undergoing conventional valve
procedures. The majority of patients who were impaired
1 week after operation recovered to preoperation levels
within 8 weeks.
Conclusions. The robotically assisted valve surgical

procedure results in more rapid recovery of performance
on cognitive tests. However, regardless of the type of
surgical intervention, the prospect of a recovery of
cognitive performance to preoperative levels is high.

(Ann Thorac Surg 2014;97:48–55)
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The introduction of robotically assisted valve surgical
procedures has provided the potential for improve-

ment in postoperative outcomes. In comparison with
conventional valve procedures, the benefits of robotically
assisted valve procedures include a reduction in intensive
care unit stay, a reduction in the overall hospital stay after
operation, a lower requirement for blood product trans-
fusion, significantly less bodily pain, and a superior
cosmetic appearance after operation [1].

Cardiac surgical procedures can expose the brain to
potentially harmful complications (eg, microemboli,
systemic inflammation, hypoperfusion), and the risk of
such complications is significant with conventional
valve surgical procedures, which are associated with a
high incidence of microembolizations because of the
invasiveness of the open chamber procedure. This
factor is thought to be responsible for the higher

levels of postoperative cognitive decline (POCD) that
are associated with conventional valve procedures
compared with coronary artery bypass grafting (CABG)
procedures [2]. The invasiveness of conventional valve
procedures is also related to incisional trauma because
of the full median sternotomy required for direct visu-
alization of the operative field [3]. Although both con-
ventional and robotically assisted valve procedures
involve cardiopulmonary bypass (CPB) and incisional
trauma, robotically assisted valve procedures avoid the
complications associated with sternotomy, resulting in
less trauma and morbidity [3]. However, it is not yet
known whether robotically assisted valve procedures
produce better outcomes for POCD when compared
with conventional valve procedures.
The aim of the present study was to compare the extent

and incidence of POCD after robotically assisted and
conventional valve procedures. Care was taken to control
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for methodologic factors that have been shown by pre-
vious studies to influence outcomes. For instance, base-
line (preoperative) comparisons were performed to
address practice effects from repeated assessment ses-
sions [4]. Emotional state, especially anxiety and depres-
sion, have been shown to significantly interfere with
neuropsychologic performance after other types of car-
diac surgical procedures; hence, their impact on valve
procedures was assessed [5]. The duration of anesthesia
was examined for its capacity to influence outcomes in
this study because this factor has been associated with
increased cognitive dysfunction [6].

Patients and Methods

Enrollment
All procedures, materials, and methods had human ethics
approval from three institutions: Monash University,
Southern Health and Epworth Hospital. All patients were
required to give informed consent before inclusion in the
study. Patients were recruited when they attended a
preadmission clinic before operation or were contacted
by the researcher before their preadmission clinic and
asked to volunteer. Nonsurgical control participants were
recruited from retirement villages in Melbourne. All
participants gave written consent.

A total of 60 participants completed all testing sessions
and were included in the analysis of results. A total of 45
patients underwent conventional valve procedures,
robotically assisted valve procedures, or thoracic surgical

procedures, with 15 patients in each group. The conven-
tional valve group underwent aortic valve replacement
(n ¼ 8), aortic valve and mitral valve replacement (n ¼ 1),
mitral valve replacement (n ¼ 3), and mitral valve repair
(n ¼ 3). The robotically assisted valve group all under-
went mitral valve repair. Valve pathologic conditions
consisted of stenosis (n ¼ 10) and regurgitation (n ¼ 8) in
the conventional valve group and stenosis (n ¼ 1) and
regurgitation (n ¼ 14) in the robotically assisted valve
group. A further 15 participants constituted the nonsur-
gical control group. Table 1 provides a list of participant
characteristics. Exclusion criteria for all participant
groups were previous cardiac operations, history of psy-
chiatric disorders, previous neurologic complications or
traumatic brain injury, age over 80 and under 50 years,
and inadequate English reading and writing skills to
perform the required tasks.

Operative Technique
All surgical procedures were elective. The anesthetic
technique was standardized, and conventional general
anesthesia was administered to all surgical groups.
Administration regimens were left to the discretion of the
individual anesthetist.

Conventional Valve Procedure
Five experienced surgeons performed the conventional
valve operations, using a median sternotomy for all pa-
tients. Central CPB was established for all patients at
moderate hypothermia (32� to 34�C), with all valve repairs

Table 1. Demographic Data of Patients in Surgical Groups and Control Group

Variable
Conventional
Valve Group

Robotically
Assisted Valve Group

Surgical Control
Group

Nonsurgical
Control Group

No. 15 15 15 15
Age, mean (SD) 65.3 (9.2) 60.0 (5.8) 60.9 (7.1) 65.5 (9.0)
Age range, y 50-77 54-71 51-73 52-80
Sex, % male 60.0 80.0 40.0 46.7
Education level, mean (SD) 9.4 (2.1)a 12.2 (2.7) 10.7 (2.9) 11.8 (3.4)
Education range, y 5-12 8-15 6-15 7-20
WTAR score, mean (SD) 37.9 (9.9) 40.8 (7.3) 35.5 (10.6) 39.6 (6.0)
Hypertension, n 9 1 5 1
Cerebrovascular disease, n 1 0 0 0
Diabetes, n 4 0 2 1
Stress, mean (SD) 8.1 (5.6) 9.5 (7.2) 14.5 (9.8)b 6.7 (5.1)
Anxiety, mean (SD) 6.9 (4.7) 6.8 (7.0) 10.0 (8.8) 2.7 (3.6)
Depression, mean (SD) 7.1 (9.6) 3.7 (3.6) 8.1 (8.8)b 4.7 (5.7)
1 wk postop, no. days, mean (SD) 10 (2.2)a 6.6 (3.6) 7.2 (2.8) 8.9 (8.6)
8 wks postop, no. days, mean (SD) 64 (18)c 58.7 (14.4) 63.8 (21) 51.2 (8.6)
Anesthesia time, min, mean (SD) 288.6 (54.5)d 280.7 (72.7)e 146.2 (74.8) n/a
CPB time, min, mean (SD) 115.2 (37.7) 133.4 (42.8) n/a n/a
Cross-clamp time, min, mean (SD) 90.7 (36.7) 97.5 (26.9) n/a n/a

a Significant difference between conventional valve and robotically assisted valve groups (p < 0.05). b Significant difference between surgical control
and nonsurgical control groups (p < 0.05). c Significant difference between conventional valve and nonsurgical control groups (p <
0.05). d Significant difference between conventional valve and surgical control groups (p < 0.05). e Significant difference between robotically
assisted valve and surgical control groups (p < 0.05).

CPB ¼ cardiopulmonary bypass; n ¼ number of participants; SD ¼ standard deviation; WTAR ¼ Weschler Test of Adult Reading.
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