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Abstract
Background: Besides inducing behavioral unresponsiveness, a key goal of anesthesia is to prevent the
experience of surgery (connected consciousness) by inducing either unconsciousness or disconnection
of consciousness from the environment. In pursuing this key goal, avoiding the risk of postoperative
cognitive dysfunction is also necessary. In this case report we relate electroencephalography waveform
characteristics during intraoperative bispectral index monitoring to long-term neurocognitive decline.
Case presentation: We describe the case of two 68-year-old homozygous twins who underwent the same
general anaesthesia regimen, but had different results on neurocognitive testing 12 months
postoperatively. Neurocognitive tests (Montreal Cognitive Assessment, Trail Making Test A and B, Digit
Span Test, and Frontal Assessment Battery) were performed in three different times: the day before
surgery, the third day postoperatively, and 12 months after surgery for follow-up. During anaesthesia,
connected consciousness and anaesthesia depth were monitored using the isolated forearm technique
and bispectral index monitoring. The mean value of bispectral index was lower in one twin (S1) than in
the other (S2). Moreover, the same twin who presented lower values of bispectral index had two episodes
of burst suppression, whereas the other had none. Regarding the neurocognitive evaluations, both twins
did not show significative differences between the tests performed before and after surgery, but an
important difference was founded at the 12-month follow-up, when only one twin (S1) showed distinctly
worse test scores than previous, denoting a significant cognitive decline. Conclusions: This case-report
suggests that bispectral index electroencephalography waveform characteristics during intraoperative
bispectral index monitoring may be useful in detecting brain’s susceptibility to general anaesthesia and in
predicting long-term neurocognitive decline.

Background
Experience of surgery (defined as connected consciousness1 ) should be prevented by general
anaesthesia, by inducing either unconsciousness or disconnection of consciousness from the
environment.
Isolated forearm technique (IFT) and bispectral index (BIS) are two of the most important methods
proposed to monitor consciousness during general anaesthesia. Even if BIS values between 40 and 60
are generally recommended as targets for guiding the administration of hypnotics during general
anaesthesia2, a recent meta-analysis3 suggest that some patients can exhibit a positive IFT response
during surgery with BIS values at range, indicating that to avoid connected consciousness and
associated implicit memory (which may lead to adverse psychiatric sequelae, including post-traumatic
stress disorder4) may require lowering BIS target values and increasing the depth of anaesthesia.
Regarding this issue, there is concern that increasing the depth of anaesthesia may adversely affect
patient outcomes, nevertheless the literature contains conflicting data. For example, deep hypnotic levels
have been independently associated with postoperative mortality5-7, but their influence on postoperative
cognitive dysfunction (POCD) and delirium has not been established8 9. Furthermore, although previous
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works6-7 in certain at-risk populations suggests that low Mean Arterial Pressure (MAP) and BIS are
independently associated with various poor postoperative outcomes, including mortality, Sessler et al
found that BIS values < 45 alone, without hypotension and potential cerebral hypoperfusion, was instead
associated with a (non-significant) reduction in mortality10. As far as we know, this is the first study that
suggest a possible relation to BIS EEG waveform with the patient brain reserve and his possible
neurocognitive outcomes.

Case Presentation
Two italian 68-year-old male homozygous twins (S1 and S2) who underwent general anaesthesia for
total thyroidectomy. They have the same scolarity, lived on different floors of the same apartment with
their respective family and did the same job (they were hodmen). Their weight and height were 73 kg and
174 cm (S1) and 76 kg and 175 cm (S2). Both twins had essential hypertension that was well controlled
with beta-blockers and, prior to this, neither of them has undergone surgery.
Each twin received an identical general anaesthesia regimen. No premedication was administered.
Anaesthesia was induced with fentanyl 150 mcg and propofol 2 mg kg-1, and neuromuscular blockade
(NMB) was achieved with rocuronium 1 mg kg-1. After orotracheal intubation, anaesthesia was
maintained with desflurane at a minimum alveolar concentration of approximately 0.8 (5.4% vaporizer
setting on the Dräger Zeus® Infinity® Empowered anaesthesia machine). Two fentanyl boluses were
administered: 150 mcg just before skin incision and 100 mcg 40 minutes later. Rocuronium 0.15 mg kg-1
boluses were administered to maintain a deep NMB (absence of first twitch at train-of-four stimulation).
Thirty minutes before the end of surgery, the patients received paracetamol 1000 mg, ketoprofen 160 mg,
and ondansetron 4 mg for pain, nausea and vomiting prophylaxis, respectively. At the conclusion of
surgery, deep NMB was reversed with sugammadex 4 mg kg-1 and the desflurane was, then,
discontinued.
Both twins underwent BIS, IFT, and train-of-four (TOF) monitoring throughout anaesthesia. BIS and TOF
monitors were placed before anaesthesia induction and removed after emergence. The tourniquet used
for IFT monitoring was placed on the dominant arm before induction. It was inflated after injection of
propofol and fentanyl, but before the patients received any rocuronium. The tourniquet was deflated only
after complete reversal of NMB (verified by TOF) at the end of surgery. IFT testing was performed at 5minute intervals throughout surgery. The patients wore headphones through which they heard a recorded
voice saying, “Name, name, it’s your anaesthesiologist speaking. If you can hear me, squeeze your hand…
[10 seconds pause] … Name, name, it’s your anaesthesiologist speaking. If you feel pain, squeeze your
hand twice” (with “name” replaced by the name of the patient).
Both twins underwent the same neuropsychological tests at three different times: the day before surgery
(T0), 3 days after surgery (T1), and 12 months after surgery (follow-up). Montreal Cognitive Assessment
(MoCA), Trail Making Test A (TMT-A) and B (TMT-B), Forward and Backward Digit Span Tests (DST), and
Frontal Assessment Battery (FAB) were performed. These tests assessed cognitive function, including
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short-term memory, working memory, visuo-spatial research ability, selective and divided attention,
psychomotor speed and executive functions. The test results were collected, corrected for age and level
of schooling, and then interpreted by a psychologist (APM). Both cut-off values (26/30 for MoCA, 94
seconds for TMT-A, 283 seconds for TMT-B, 3.75/9 for DST Forward, and 3/9 for DST Backward) and zscores (for FAB) were considered when evaluating mental impairment. Cognitive deficit was deﬁned as a
score below the cut-off value for the MoCA and DST tests, a score above the cut-off for the TMT tests, or
a z-score of at least –1.0 for the FAB test (1 or more standard deviation reduction in FAB performance).

Results
Neither twin required vasoconstrictor drugs during general anaesthesia, as their intraoperative
haemodynamic parameters were stable. Neither twin reported explicit recall.

Neurological monitoring results
Before induction of anaesthesia the BIS values for S1 and S2 were 97 and 98, respectively. In both
patients, the mean BIS was < 60 during anaesthesia. The mean bis was 35 for S1 and 42 for S2.
Furthermore, 2 episodes of burst suppression were observed on the BIS monitor’s electroencephalography
(EEG) waveform display for S1: the first occurred after skin incision and lasted 12 minutes, and the
second occurred approximately 40 minutes after skin incision (after the 100 mcg fentanyl bolus) and
lasted 8 minutes. No burst suppression was observed for S2. Intraoperative BIS values are summarized in
Table 1.
Neither patient exhibited a positive IFT response during surgery. S1 had a positive response 8 minutes
after discontinuing desflurane and was extubated 3 minutes later. He was confused (referring to hospital
personnel as his mother) for approximately 10 minutes after awakening. S2 had a positive IFT response
6 minutes after discontinuing desflurane and was extubated 4 minutes later. He was confused (thought
he was at park) for approximately 5 minutes after awakening. Neither patient exhibited arm
complications related to ischemia induced by the tourniquet.
IFT response during surgery are shown in Table 1.

Neurocognitive testing results
Preoperatively, the scores obtained at MoCA, FAB and Backward DST tests fulfilled the definition of
cognitive deficit for both twins. At 3 days postoperatively, the scores on all tests worsened in both twins,
except for the Forward and Backward DST scores which remained the same as preoperatively. For both
the preoperative and postoperative tests, the results for S1 were approximately the same as those for S2.
At the 12-month follow-up, the neurocognitive test results for S2 were generally similar to his
postoperative results; by contrast, S1 had clear worsening of all test results, with all values fulfilling (or
almost fulfilling [TMT-A score was at the cut-off value]) the definition of cognitive deficit.
Neurocognitive test results are shown in Table 1.
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Table 1: Neurocognitive test results and intraoperative monitoring values.
BIS: bispectral index; DST: Digit Span Test; FAB: Frontal Assessment Battery; IFT: isolated forearm
technique; MoCA: Montreal Cognitive Assessment; TMT: Trail Making Test. Neurocognitive results in
parentheses (c) represent age- and schooling-corrected values.

Discussion And Conclusions
This case report focused on two important anaesthesia themes: connected consciousness during general
anaesthesia and POCD after anaesthesia delivery.
Neither of our patients exhibited a positive IFT response, suggesting that they did not experience
connected consciousness. However, an IFT response is quite frequent during general anaesthesia
(34.8%), especially during maintenance (31.2%), using intravenous anaesthesia (48%), and targeted BIS
values of 45 to 60 (57%)3. The risk of connected consciousness can be reduced by achieving a deeper
level of anaesthesia. In this regard, there is concern that deep anaesthesia may increase the risk of POCD,
but this issue remains controversial. In their large randomized trial, Chan et al.11 found that BIS-guided
anaesthesia with a target of 40 to 60 reduced the incidence of POCD from 14.7% to 10.2% three months
postoperatively, compared with routine anaesthesia management. By contrast, Farag et al.12 reported
less POCD in patients with a greater depth of isoflurane anaesthesia, and An et al.13 found that patients
with lower BIS values during most of their procedure had a lower incidence of early POCD. In a
prospective observational study, Soehle et al.14 concluded that the burst suppression ratio may identify
patients at risk for POCD following cardiac surgery, although it is unknown whether the association
between burst suppression and POCD represents a causal relationship.
The two patients described in this report received the same anaesthesia regimen and had similar
perioperative neurocognitive test results. Nevertheless, S1 exhibited substantial worsening of
neurocognitive tests one year after surgery, with short-term memory, working memory, and frontal
functions (conceptualization, mental flexibility, motor programming, sensitivity to interference, inhibitory
control, environmental autonomy) being most affected. Although the cognitive decline of S1 was not
predicted by any of the post-operative tests, which indeed showed no differences between the twins, BIS
values during anaesthesia differed between the two patients. Specifically, the mean BIS value was lower
in S1 than in S2, and burst suppression occurred only in S1. These results should indicate that the brain
of S1 was more sensitive to anaesthesia than that of S2, suggesting that S1 had greater brain fragility
and less brain reserve.
In conclusion, with this case report we would suggest that BIS values and EEG waveform characteristics
during intraoperative BIS monitoring may be useful for predicting brain susceptibility to general
anaesthesia and neurocognitive decline in the long term, even with inalterated neuropsychological test
scores at T1.
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The major limit of this case report is the absence of further neuropsychological follow-up evaluations
that could also be done closer to surgery (like also 3-6 months later and not just 12 months later).
However, 18 months after surgery (the moment we write), whereas S2 was still living at his home, S1 was
recovered in a long-stay hospital for elderly suggesting that, despite this limit, neurocognitive decline is
confirmed and still present, if not worsened, in time.
Future studies could investigate the correlation between BIS values and EEG waveform characteristics
and the brain fragility of the patients and the onset of POCD, and if peri-operative strategies can reduce
the incidence of POCD, specially in the elderly.
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DST: Digit Span Test
FAB: Frontal Assessment Battery
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