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ABSTRACT

A relationship has previously been described between individual mean isoflurane concentrations and the
release of a marker of neuronal injury, adenylate kinase (AK), into the cerebrospinal fluid (CSF) after
anaesthesia and orthognathic surgery. Likewise, reduced mental performance has been detected.

Twenty-nine patients scheduled for orthognathic surgery were assigned to isoflurane- or propofol
based anaesthesia, which was adjusted to a defined level with the aid of processed EEG and quantitative
surface EMG. In the case of a mean arterial pressure (MAP) <50 mmHg a phenylephrine infusion was
started to keep the MAP above the minimal level, otherwise no regard was paid to the blood pressure,
which pever exceeded normal values. A lumbar puncture for CSF sampling was performed
approximately 20 h postoperatively. The CSF sample was analysed for AK activity. Neuropsychological
tests were performed the day prior to surgery and again in the period 4-8 weeks postoperatively. Five
patients were re-examined by psychometry 12-30 months later.

A release of AK into CSF was confirmed, equal in both groups. Correlation with the anaesthetic dose
given was poor. Five patients from each group failed significantly in the postoperative neuropsycho-
logical tests. They differed in several demographic respects from the others. When five of the failed
patients were re-examined 12-30 months later, three patients still performed poorly in the tests.

Biochemical and neuropsychological disturbances were recorded in several patients objected to
orthognathic surgery. The underlying mechanisms are unclear, including the role of the anaesthetic drugs

or surgery itself,
INTRODUCTION

Circulatory and metabolic stress to the brain may compromise the neuronal integrity, resulting in a

release of intracellular compounds to the extracellular space and the cerebrospinal fluid (CSF) (39).
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Although not being neurone-specific adenylate kinase (AK) in CSF was found to be a suitable marker of
brain cell injury, given that it was sampled and measured under standardised conditions. AK activity is
not detected to an appreciable extent, <0.040 U/L, in the CSF under normal conditions (18), while an
increased activity of this enzyme in CSF has been observed in several different pathophysiological
situations (18,38,50,54), among them isoflurane-induced hypotension for orthognathic surgery (14),
indicating a disturbed cellular integrity (39,18). Furthermore, a significant correlation has been observed
between CSF-AK activity and difference in psychometric score in patients subjected to open-heart
surgery (53,54). In general, a patient with increased CSF-AK activity exhibits some mental deterioration,
¢. g. after a stroke as well as in some instances after open-heart surgery (18,53,54). Clinically, mental
deterioration seems not to occur after isoflurane-induced hypotension. However, some patients kept
hypotensive for orthognathic surgery deteriorated significantly, as revealed by a psychometric test two
weeks postoperatively compared with a preoperative test, while none deteriorated in a normotensive
control group (16). Concurrently, the postoperative CSF-AK activity was found to be pathologic in the
majority of the patients, 24 out of 37. Nine of the patients with pathologic results were from the
normotensive group. There was no correlation between the blood pressure level and the CSF-AK activity.
Rather, in a post-hoc analysis, a statistical relationship seemed to exist between the individual mean
isoflurane concentrations and the CSF-AK activities regardless of the blood pressure level (16).

The aim of the present study was twofold. Firstly, to detect any statistical relationship between end-
tidal isoflurane concentration and CSF-AK activity. Secondly, to examine post-anaesthetic mental per-
formance with an extended battery of pre- and postoperative psychometric tests. The second examination
was conducted 4-8 weeks postoperatively, a time at which no residual effects from anaesthesia should
occur (4,9,30).

Propofol was used in a control group, since this drug has quite the opposite effect on cerebral
circulation, compared with isoflurane (15,17), and since its mode of action, on a subcellular and
molecular level, may differ from isoflurane (37). Nevertheless, no preconceived opinion was anticipated,

and the study was accordingly descriptive.
PATIENTS AND METHODS

Patients

The study was conducted after approval from the Regional Ethics Committee and in accordance with the
Helsinki Declaration. Thirty-two patients, 5 in ASA class 1I and the rest in ASA I, were included in the
study after informed consent. All patients were mentally healthy, without medication acting on the central
nervous system, and they had not been anaesthetised during the previous 6 months. They were accepted
for major orthognathic surgery. Normal results from routine laboratory tests were obligatory for

inclusion.
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Anaesthesia - drugs and fluids

A closed envelope technique was used to randomise the patients to one of two hypnotic groups. In Group
1 anaesthesia included isoflurane, 70% N,O, fentanyl and alfentanii after thiopental induction. In Group
P, propofol was used for both induction and maintenance of hypnosis, while for analgesia the regimen
was the same as in Group I, including 70% N,0. The dosing of either isoflurane or propofol was directed
from the individual EEG and EMG responses, and accordingly nor preconceived vaporiser settings nor
infusion rates were used (c.f. down). Succinylcholine, 1 mg/kg was given 1.v for intubation. No muscle
relaxant was used thereafter. Glycopyrrolate, 5 pg/kg was given i.v if the heart rate was less than 50
beats/min.

Peroperatively, a Ringer-acetate solution was infused at a rate of 3-5 ml/kg/h. Postoperatively, a
buffered glucose solution, 25 mg/ml, was given. The total 24 h volume delivered was 30-35 ml/kg + 2/3
of the blood loss if exceeding300 mL.

Anraesthesia - monitoring

Maintenance of anaesthesia was directed by the individual responses, as measured by processed
quantitative zero crossing frequency EEG (EEG-ZCF) and quantitative upper facial muscle EMG
(FEMG) (Datex ABM®, Datex, Finland) (13,33). The following levels of EEG-ZCF and FEMG were
chosen as target levels: EEG-ZCF, 5-6 Hz and FEMG, 7-9 units (13,33 and Dr. Markku Paloheimo,
Helsinki, Finland, personal communication). The FEMG data presented as "ABM-units” from 0-100
represented 0-15 pV. The same target level was aimed at in all patients.

A bag-in-bottle ventilator, MCM (Dameca A/S, Denmark), and a Mentell circuit (Anmedic AB,
Sweden) were used for standard normoventilation (25). The end-tidal CO, concentration was measured
and kept at 4.5-5.5 kPa. F,0, was at minimum 0.33 to keep the periphéral saturation above 95%. The
concentrations of O, CO», N,O and isoflurane, as well as the peripheral Ox-saturation, were monitored
using a Datex Ultima® (Datex, Finland).

The end-tidal isoflurane concentration was stored digitally every 10® second in a comma-delimited
ASCII format. An individual mean isoflurane concentration was calculated, using a Microsoft™ Excel 5.0
program (Microsoft Corporation, USA). The total dose of propofol, delivered and recorded by the
Terumo® syringe pump (Terumo Corp, Japan), or in the last 3 patients a BD-Pilot® syringe pump
(Becton Dickinson Infusion System, France), was registered, as were the dosages of the opioids given.

The blood pressure was measured using a non-invasive device before and immediately after induction
of anaesthesia (Datex Cardiocap®, Datex, Finland). Thereafter, a radial artery cannula was inserted and
the Cardiocap® monitor recorded the blood pressure. If the MAP decreased to less than 50 mmHg an
infusion of phenylephrine was started to keep the MAP above the minimal level. In the case of an
increase in blood pressure associated with an increase in bleeding, >25 mL/min, a nitro-glycerine infusion
was started, or, in the case of concomitant tachycardia the B-blocker metoprolol was given i.v. A three

lead ECG was recorded using the Cardiocap®monitor.
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Postoperative care

The patients were given nasal oxygen, 2 L/min, and fluids, as described above, and ICU staff supervised
them until the first postoperative morning. The technical monitoring included ECG, non-invasive blood
pressure, respiratory rate and peripheral O,-saturation.

Test variables - CSF-AK

A lumbar puncture was undertaken the first postoperative morning, 15-20 h after surgery to receive a 3
mL CSF-sample for subsequent AK activity determination. The handling of the specimen and the
determination of AK activity followed procedures previously described (16,18,54). In short, samples
were immediately chilled with ice and centrifuged twice, and thereafter stored at —~70°C for up to 3
months before analysis. A double-centrifuged CSF sample of 0.5 mL was added to an assay medium
buffered with triethanolamine/hydrochloric-acid buffer, pH 7.6, 0.05 mol/L with respect to triethanol-
amine. The total volume was 3 mL. AK was assayed by means of auxiliary enzymes terminating in the
stoichiometric oxidation of the pyridine nucleotide, with conditions adjusted so that the AK to be
measured was rate limiting in the overall reaction. The assay proceeded for at least 20 min in order to
give accurate readings. Duplicate controls containing all compounds except the sample were run
concomitantly, thereby correcting for the small background activity due to slow physicochemical decay of
ATP and possible adenosine diphosphate contamination of the ATP batch. Enzyme activity was
expressed in units per litre (U/L) of CSF.

Test variables - Psychometry

As in a previous study, tests were applied measuring the functions of the hippocampus in dominant and
non-dominant hemispheres (16). The hippocampal structures are closely related to the storage of
memory, verbal and non-verbal, and are known to be sensitive to ischemia (1,3). In the verbal learning
test of Luria, the patient is instructed to verbally learn 10 non-related, one- or two syllable words. The
patient is asked to repeat these words from his memory immediately after he practised them but also after
one and twenty-four hours, respectively. The test is thus designed to measure immediate, short and long
term memory. It was also used to provide a learning curve, reveal leaming strategies, or their absence,
and tendencies to perseveration or confabulation (7,28). The Taylor-Rey-Osterreith test battery of
complex figures was chosen to measure visuo-spatial memory functions (27,32,36,44,45). The test
consists of a complex figure, which the patient is asked to copy. He is then instructed to remember the
figure and after approximately one hour asked to reproduce it from his memory. The Digit-span test from
the WAIS-R battery was used in order to determine the immediate memory function and attention level
(51). The patient is instructed to immediately repeat a sequence of digits, where the digit span increases
up to a point where the patient fails. Hence, the functions tested were: immediate, short and long-term
memory for verbal and visuo-spatial modalities and learning structure. The tests were performed once the
day before surgery and once in the period 4-8 weeks postoperatively. A skilled neuropsychologist

performed and evaluated these tests without knowledge of the patients’ group assignation. Scoring of the

46



Taylor figure was done according to the format by Spreen and Strauss (42). When scoring the drawings
of the Complex Figure tests we followed the standard used by the Montreal Neurological Institute (Dr.
Marilyn Jones-Gotman, personal communication) and scored strictly. These tests were also evaluated by
a hired expert, who was unaware of the kind of patients involved or the interventions undertaken - the
only information given was that the material consisted of adults of both sexes.

It was considered necessary to re-examine some patients due to considerably poorer results
postoperatively compared with the preoperative investigation (cf. Results). Then, the tests of Claeson-
Dahl, a verbal learning test ad modum Luria, and Cronholm-Molander, a test of visual memory function,
were performed (8,31) in order to eliminate learning bias, which would be an obvious risk, if reusing the
original test battery.

The criteria for reinvestigation were: Seven words or less postoperatively in the memory part of the
Luria test or a post- to preoperative deficit of more than 2 words in this test (2 SD) (consensus of the
Swedish National Board of Health); further, 26 points or less in the copy part of the Complex-Figure test
postoperatively, or 17 points or less in the memory part of the same test (32), or a post- to preoperative
deficit of 3.5 or 5.5 points or more (1 SD), respectively, in either part of the Complex Figure test (own
safety limits). Thus, a preoperative result just below the cut-off limit did not automatically qualify for re-
examination. The learning part of the Luria test was not used for screening due to lack of documented
cut-off limits.

Statistical analyses

All demographic, pharmacological and surgical variables in the groups were compared by the unpaired,
two-sided t-test, Fisher’s exact two-sided test or the Chi-square test, as considered appropriate. The
coefficients of variation of individual mean isoflurane concentrations and mean infusion doses of propofol
were calculated and compared.

A Pearson’s product moment coefficient of correlation was calculated between the individual mean
isoflurane concentrations and the CSF-AK activities, and the corresponding coefficient was calculated for
the individual mean doses of propofol and the CSF-AK values. A coefficient of correlation, r >0.50 was
considered significant, giving P <0.05 when n=15. The isoflurane and propofol data were also correlated
to the outcome from psychometry by Kendall’s rank correlation test.

The average CSF-AK results in the two hypnotic groups were compared by the unpaired, two-sided t-
test. Fisher’s exact two-sided test was used to evaluate the distribution of pathologic and non-pathologic
results in the two groups.

The outcomes in the psychometric tests were compared by a paired, two-sided t-test, comparing pre-
and postoperative test results. An unpaired two-sided t-test was used to compare the pre- and post-
operative results within the groups. Fisher’s exact two-sided test was used to evaluate the distribution of

pathologic and non-pathologic results. The 5% significance level was chosen in all items.
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Some subgroup analyses were considered necessary to undertake (cf. Results). In the case of sub-
groups consisting of less than ten patients the comparisons were made by the two-sided Mann-Whitney
U-test, otherwise the unpaired, two-sided t-test was used. To evaluate differences in distributions Fisher’s
exact two-sided test or the Chi-square test was used (four-field and six-field tables, respectively).

Spreadware”™ Statistics Menu, Stats 3 (Spreadware, USA) was combined with Microsoft™ Excel,

version 5.0 (Microsoft Corporation, USA) for the statistical handling.

RESULTS

Three patients were excluded from the CSF-AK part of the study, one due to soft tissue swelling
requiring semi-acute reintubation and two due to unwillingness to complete the study. Of the remaining
29 patients, 14 were in Group I and 15 in Group P. There were no differences between the groups
regarding demographic or surgical vanables, neither were there any differences in the administration of
opioids. The group mean isoflurane concentration was 1.04% (SD 0.15) and the group mean propofol
dose was 0.19 mg/kg/min (SD 0.03). The coefficients of variation of those mean values did not differ.
Normoventilation and normal saturation were achieved in all instances, as well as the target level of
anaesthesia. In eleven patients a decrease in MAP <50 mmHg made it necessary to infuse phenylephrine.
None of the patients were given nitro-glycerine or metoprolol. The average blood loss for all patients was
267 mL (95% CI=164-371).

CSF-AK activity

A non-significant correlation coefficient, r, of 0.27 (P=0.36) was found between end-tidal isoflurane
concentrations and CSF-AK values [Figure 1], and the corresponding r-value for propofol/CSF-AK was
0.34 (P=0.21). The mean CSF-AK activity did not differ significantly between groups I and P, nor did
the percentage of pathological CSF-AK results (>0.040 U/L}), which was 79% in Group I and 60% in
Group P [Table 1].

Figure 1
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Table 1. The distribution of non-pathological and pathological CSF-AK results
in the hypnotic groups and their mean CSF-AK values

Group I Group P
(n=14) (n=15)
CSF-AK <0.040 (U/L) 3 6
ns.
CSF-AK >0.040 (U/L) 11 9
Mean CSF-AK (U/L) 0.065 [0.039] 0.051 [0.029] ns.

Note: CSF-AK = the activity of adenylate kinase in cerebrospinal fluid, mean [and SD].
Normat CSF-AK value is <0.040 U/L.

Post-hoc subgroup analyses - CSF-AK activity v

Thirteen of the patients were constantly hypotensive in the current study (MAP 50-65 mmHg). They did
not differ statistically significantly in CSF-AK values or in neuropsychological performance from nine
constantly normotensive (MAP >65 mmHg) patients, or from eight patients who were fluctuating in
blood pressure (not in Table). However, the median CSF-AK activity was 40% higher (0.067 U/L) in 5
patients in Group I, whom were given phenylephrine, than it was in the other 9 patients in Group I (0.048
U/L), or in the remaining 24 patients in the entire study (0.048 U/L). Two patients, expressing the overall
highest CSF-AK values in the study, constituted the difference (P=0.05).

Psychometry

Two of the three patients excluded from the CSF-AK analysis were excluded from this part of the study,
one due to the mentioned surgical complication and one due to unwillingness to complete the study. The
former of the two patients performed poorly in several of the postoperative tests, compared with his
preoperative test results, and would have been included in the follow-up study if he had complied. The

preoperative test results revealed that the patients did not represent the normal population [Table 2].

Eighteen of 30 patients investigated performed below the cut-off level of a normal population in any of
the tests. Some patients performed below cut-off limits in more than one of the tests. The results were
evenly distributed between the hypnotic groups. The individual postoperative test results are presented in
Table 2. Overall, the results from the Luria memory test decreased between the pre- and postoperative
testing-sessions (P=0.01). The results from the Taylor-Rey-Osterreith Complex Figure test (copying)
differed significantly between pre- and postoperative testing (P=0.04). However, in this case the test
results were improved postoperatively, which is expected due to the fact that the patients were familiar
with the test procedure (9,30). There were no significant differences concerning the other test variables

over time, neither in the whole material, nor between the two groups. Individual results of interest: Ten

patients, five from each hypnotic group, fulfilled the criteria for re-examination. They were all invited to
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Table 2. Outcome of pre- and postoperative neuropsychological performances,

using tests measuring different aspects of memory function, learning and attention.

No. Luria Luria CF CF WAIS

learn. mem. copy mem.

pre post pre post pre post pre post pre post

<6 pts >8 227 pts >18 pts 25 pts

words

1 3 5 10 9 29.0 30.0 26.5 26.5 6 7
2 7 >10 9 8 29.0 32.0 24.5 20.0 6 8
3 10 4 10 8 23.0 28.0 21.0 245 7 7
4 5 10 10 28.0 26.0 220 225 7 7
5 6 7 10 9 320 30.0 13.0 16.5 5 7
6 6 >10 8 7 26.0 27.0 14.5 15.0 6 7
7 5 6 8 9 27.0 26.0 24.0 17.0 7 7
8 6 5 10 9 20.5 28.0 18.5 19.0 8 8
9 9 10 10 29.5 27.0 185 24.0 6 6
10 10 >10 10 4 26.0 27.5 10.0 17.0 6 5
11 5 5 8 7 26.5 33.0 24.0 30.5 6 6
12 3 3 9 10 28.0 31.0 23.0 23.0 8 6
13 5 8 S 9 30.0 320 20.0 17.0 7 8
14 3 3 10 9 31.0 33.0 24.5 23.0 4 4
15 5 5 8 9 31.0 310 19.5 20.0 6 6
16 4 3 10 9 28.0 29.0 20.0 17.0 7 7
17 8 >10 9 5 215 285 9.5 15.0 6 6
18 10 8 9 7 215 29.0 5.5 6.5 4 5
19 6 5 10 8 30.0 320 31.0 29.0 6 5
20 5 4 10 8 28.0 28.0 15.5 21.0 8 8
21 5 5 10 10 25.0 24.0 21.0 23.5 5 6
22 4 5 10 9 29.0 25.0 18.0 12.5 7 7
23 6 6 8 8 300 28.0 135 6.0 8 5
24 6 6 10 8 21.0 22.0 15.5 16.0 5 6
25 5 3 10 9 25.0 30.0 20.5 18.0 7 6
26 5 3 8 9 31.0 31.0 21.5 20.5 5 6
27 4 6 9 8 320 31.0 20.5 25.0 6 5
28 5 5 10 10 26.0 28.0 27.0 16.0 5 5
29 2 3 8 9 33.0 31.0 22.0 19.5 5 5
30 3 3 9 10 30.0 29.0 15.0 175 7 7

Note: The limit of acceptance of each test is indicated in the heading. CF test = Taylor-Rey-Osterreith

Complex Figure test.

Patients 1-15 = Group 1, 16-30 = Group P. Bold figures = indication for post-study re-examination
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a re-examination and were offered economic compensation for participation. Two patients from Group I
and three from Group P accepted the invitation. One of the patients experienced surgery in-between the
first postoperative tests and the reinvestigation. The results are summarised in Table 3, including self-
reported information from a structured interview performed by the psychologist. Three patients showed

test results indicating irreversible changes in memory function.

Table 3. Results of reinvestigation 12-30 months postoperatively in five patients, who failed in one or more of
the first 4-8 weeks postoperative tests

Group Sex Age 10 words 10 words Immediate Memory after Self reported
learning memory memory 45 min symptoms

years <6 repetitions >8 words >722 points 219 points

I f 71 >10 6 30 30 *

I f 49 5 8 28 30 None

P m 44 >10 4 18 23 None

P m 45 4 10 24 20 None

P m 25 10 9 22 22 None;f

Note: The limit of acceptance of each test is indicated in the heading. Failed results are in bold figures.

* = Major difficulties to find words in discussions, needs to circumscribe; Some words, technical terms and expressions previously recognised are
not familiar or easily recognised any longer.

1 = Experienced several minor orthognathic surgical procedures between the present study and the re-investigation, one of them in general
anaesthesia .

Post hoc subgroup analysis - Psychometry

The ten patients, who deteriorated in the postoperative psychometric tests (Subgroup D), were analysed
statistically to look for any possible common properties, compared with the other 20 patients who did not
pass any cut-off level (Subgroup N). Subgroup D differed significantly in several respects from subgroup
N. They were heavier in weight, they were anaesthetised for a longer time, and they were given /less of
both fentanyl and alfentanil per kg per hour. They were also given /ess isoflurane or propofol, but, these
differences were not statistically significant, P=0.11 and 0.06, respectively [Table 4]. Their blood loss
was larger, in total and in rate of bleeding, though, in the latter aspect the difference was not significant
(P=0.14). The distributions of gender, phenylephrine administration and surgical procedures were all
uneven between subgroups, but none to statistical significance [Table 4]. Subgroup D did not differ in
CSF-AK activity from Subgroup N [Table 5].
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Table 4. Demograpic, pharmacologic and surgical characteristics in patients who deteriorated in neuro-

psychological tests postoperatively (Subgroup D) and patients who did not deteriorate (Subgroup N)

Subgroup D Subgroup N Intergroup
(n=10) (n=20) comparison

Assignation:
isoflurane 5 10
propofol 5 10 n.s.
Gender: Males 7 9

Females 3 11 ns.
Age (years) 37.5[16.8] 34.7(14.0] ns.
Height (cm) 176.5 [12.0] 1712 {7.5] ns.
Weight (kg) 80.9[10.1] 68.9 [12.6} P <0.05
Dur. of anaesth. (min) 234.3 [89.8] 177.0 {55.5] P <0.05
Median dose iso
ET%) 0.96 (0.07) (v=5) 1.07(0.14) (n=10) n.s. (P=0.11)
pro (mg/kg/min) 0.18 (0.01) (n=5) 0.21 (0.02) (n=10) n.s. (P=0.06)
fentanyl (ug/kg/h) 2.3[0.7 3.4(0.7) P<0.05
alfentanil (ng/kg/h) 7.7{4.1] 13.7(6.8] P <0.05
Phenylephrine: No 5 14 n.s

Yes 5 6

Dur. of surgery (min) 207.7 [90.9] 155.5 [54.0] n.s
Blood loss, total (mL) 431.0 [402.6} 195.0 [157.6} P <0.05

rate (mL/min) 1.9[1.6] 1.3{0.91 1s.
Localisation of surgery:
Macxilla 5 16
Mandible 2 2 ns.
Both jaws 3 2

Note to Table 3: Data are means [and SD] or median values (and inter quartile range) were applicable. The number of

patients is given for group assignation, gender and localisation of surgery.

Table S. The distribution of non-pathological and pathological CSF-AK
results in patients who deteriorated in neuropsychological tests post-
operatively (Subgroup D) and patients who did not deteriorate (Sub-
group N) and their mean CSF-AK values

Group D Group N
(n=10) (»=19)
CSF-AK < 0.040 (UL) 3 6
ns.
CSF-AK > 0.040 (U/L) 7 13
Mean CSF-AK (U/L) 0.057 {0.033] 0058 [0.036]  ns.
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Note to Table 5: 19 patients in Group N, one patient who fulfilied psychometry refused lumbar puncture.
CSF-AK = the activity of adenylate kinase in cerebrospinal fluid, mean [and SD]. Normal CSF-AK values should be <0.040 U/L.

DISCUSSION

Psychometry
The main finding in the present study was that one-third of the patients deteriorated significantly in the post-
operative neuropsychological tests, performed 4-8 weeks postoperatively, compared with their preoperative
results. The mental sequel seemed to be irreversible for three of five patients re-tested 12-30 months later.

Healthy subjects who undergo verbal and figurative memory tests are not expected to perform differently
between these two modalities (24). This strengthens the notion that the patients were not normally distributed
regarding the psychometric variables measured in the present study. Non-impaired subjects were reported to
achieve equivalent scores on the copy part of the Rey-Osterreith and the Taylor Complex Figure Tests in a
test-retest experiment (10). However, the scores on the Taylor figure were significantly better on both
immediate and delayed recall. It is difficult to interpret this result, since the order of the tests was not counter-
balanced - the Rey-Osterreith figure was always administered first. In another study, in which the procedures
were counter-balanced, a mixed group of neuropsychologically impaired adults performed equally between the
two figures in both the copy and the memory part (22). When the performance of the Rey-Osterreith and the
Taylor Complex Figures were compared in healthy subjects, using a counter-balanced protocol, it was found
that the two different figures were compatible on copy, but not on recall (48). Thus, the results indicated that
the Taylor figure was easier to remember. It was suggested though, that the subjects probably would anticipate
the new figure when introduced during re-test, thus adopting a different type of encoding strategy than used in
the original test phase. The subject probably shifted from an incidental to an intentional learning strategy.
Although, the findings in the above mentioned studies are not altogether conclusive, we however suggest that
the deterioration in some patients in the Rey-Osterreith figure test in the present study reflected a true
deterioration of one aspect of memory function. The translation of the present results into the everyday
situation might be illustrated by quoting the hired psychologist who evaluated the Complex Figure tests.
”People working with uncomplicated routine work might not recognise any disturbances, or just slight ones,
but people studying at university will have problems to such an extent that they will perceive it” (Psychologist
Inger Hagberg, Gothenburg). When Gruvstad et al, in the early 60’s, discovered mental disturbances,
persisting a year after hypotensive anaesthesia with trichlorethylene, pethidine and trimethaphan, his
conclusion was “that the impairment has no practical effect on the subject’s working capacity, adjustment to
society or subjective well-being” (20). The attitude has changed since then, neither the speciality of
anacsthesia, the authorities, nor the patients may accept sequel such as those we have found. It will be of
pivotal importance to analyse the mechanisms behind the adverse effects. What is the impact of arterial
hypotension, the anaesthetic drugs or the orthognathic surgery? Is it possible to identify risk factors?

For hypothesis generation Subgroups D and N were compared statistically in a number of properties [Table

4]. The risk of creating a type-1 error by multiple statistical testing should be considered, however, in this
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context, aiming at hypothesis generation, the effect of a type-Il error would be of greater importance. A
Bonferoni correction of P-values was undertaken for formal reasons. Then, one difference still was statistically
different, the difference in fentanyl administration.

The patients

The patients in Subgroup D were significantly heavier in weight. This was most probably due to an over-
representation of males, which did not reach statistical significance [Table 4]. The “mean” deteriorated patient
was a 38 year old male, weighing 81 kg, operated on for almost 3% hours, with 430 mL blood loss, and whom
was given phenylephrine due to hypotension. The “mean” patient who did not deteriorate was a 35 year old
female, weighing 69 kg, operated on for 2% hours, with 195 mL blood loss, and whom was not given
phenylephrine.

Some of the tendencies discussed above might be of major importance as risk factors, only possible to reveal
in a larger study. The longer duration of surgery and larger loss of blood might be indicators of a more
pronounced surgical trauma (c.f. down). The way in which surgical trauma can be harmful is at present not
known. If male sex or heavy weight would be related to surgical problems or increased cerebral vulnerability
is uncertain.
CSF-AK results
No significant statistical relationship was found between the end-tidal isoflurane concentrations and the CSF-
AK values in the present study. However, the design of the study made this interpretation invalid, since the
range of mean end-tidal isoflurane concentrations was narrow, compared with a previous study (16).
Especially, the number of patients exposed to high concentrations was reduced when EEG/EMG response
rather than the hemodynamic response directed anaesthesia. Recently, a dose-dependent increase of glutamate
was measured in plasma during both isoflurane and propofol anaesthesia (43). Such an increase, which was
highest during isoflurane anaesthesia, would increase the risk of oedema formation, an initial sign of toxicity,
and potentially elevate CSF-taurine (43). This report may support our previous finding.
Arterial hypotension
In a previous study, arterial hypotension seemed to be without significance, regarding CSF-AK activity (16).
Concerning psychometry, four patients out of 17 in the cited study deteriorated significantly in a limited test-
battery. All four belonged to the hypotensive group, while none of the normotensive controls deteriorated.
However, that distribution did not significantly differ from the null hypothesis. We know from case reports,
that induced hypotension may be potentially dangerous, although it is proposed to be safe with modern
techniques, both in general aspects and in terms of mental function (47,49). Experimentally, a case of global
hypoxia was revealed by positron emission tomography during isoflurane-induced hypotension in a rhesus
monkey (17). However, the process of hypoxia started already in a normotensive state in that animal, making
it difficult to link hypoxia to hypotension. This animal, in which the isoflurane concentration was rapidly
increased in contrast to other experiments, was later excluded from the study (15).

The role of arterial hypotension seemed to be minimal in the present study, despite the fact that in Subgroup

D there was a slight overrepresentation of patients given phenylephrine. Neither was a direct effect of
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phenylephrine likely, since phenylephrine is supposed not to pass the intact blood-brain-barrier to a
considerable degree (12).

The anaesthetic drugs

There was, not unexpectedly, a discrepancy between the results from psychometry and the CSF-AK analyses.
An explanation has been suggested (16). Briefly, we measured separate parts of a complex phenomenon with
different methods. Still, in open-heart surgery, resulting in multi-focal brain infarctions, a statistical correlation
was found between results of CSF-AK and psychometry. In the present study deterioration was associated with
significantly lower doses of opioids and, not quite significant, lower doses of the hypnotic agents. It might be
inferred from this post-hoc finding that the higher doses of the anaesthetic agents in Subgroup N had a
protective effect. Besides conflicting information from the cerebral-protection-field, whether anaesthetic drugs
have protective properties or not in ischemic situations (11,21,29,40,46), it is not obvious that this kind of
discussion may be applicable to the present issue, in which the mechanism of injury is unclear.

On the contrary, it might be interpreted that the patients who deteriorated were more sensitive to the drugs,
since they needed less of the drugs to reach the defined anaesthetic depth. This sensitivity may be combined
with neuronal vulnerability. Differences do exist in the sensitivity to anaesthetic drugs in different populations
of the same species in experimental studies (35,41). It is doubtful, but not without realism, whether this is true
for humans, and whether vulnerability is related to increased sensitivity to anaesthetic drugs. The involvement
of e.g. the GABA, receptor, which affects chloride channels, makes the question of different anaesthetic
sensitivity interesting (41), as do the theories of the action of anaesthetic agents on neuronal membranes,
implicating destabilisation from the solvent effect of volatile anaesthetics (6). Two populations of patients
might be identified in this study and a previous one [Figure 1] (16). Leaving speculations, the role of the
anaesthetic drugs was obscure. Undoubtedly, no effects of the drugs should be present 4-8 weeks
postoperatively (4,9,30).

Equal anaesthetic depth in the hypnotic groups

The hypnotic groups were most probably comparable concerning the depth of anaesthesia. The EEG-ZCF and
FEMG responses were equal in the groups, as well as the doses of opioids. Especially FEMG has been shown
to be as reliable as mid-latency auditory evoked potentials to predict patient movement during anaesthesia
(52). Consequently, the patients who deteriorated, receiving less drugs, were not lighter in anaesthetic depth,
but more sensitive. Otherwise, light anaesthesia could have been an explanation for the increased duration of
surgery and increased blood loss.

The orthognathic surgery

Vibrations, transmitted from the oscillating saw to the brain, have been suggested as an alternative explanation
for the neuronal enzyme leakage detected (16). This suggestion was purely a theoretical one without support in
the literature. Now, surgery will be taken into closer consideration.

If vibrations are of interest as a mechanism of injury, then maxillary surgery should possibly be worse, since
the maxilla is closer and more fixed to the skull base and the brain than the mandible. The temporo-mandibuiar

joint, with its disk, ought to damp the vibrations during mandibular procedures. However, maxillary surgery



was underrepresented in Subgroup D {Table 4]. On the other hand, in the low number of mandibular
procedures sawing took up a greater part of surgery, since this bone is thicker than the maxilla. No strong
conclusion can be drawn from this analysis.

There were other reasons for directing our interest to surgery. The patients in subgroup D were
anaesthetised and operated on for a longer time than in Subgroup N, Intuitively, it is tempting to suggest that
time might have impact on the results, whatever the mechanism of injury. For obvious reasons the duration of
surgery was significantly longer in the combined procedures compared with surgery on one jaw only. The
difference in duration of surgery between Subgroups D and N was in part explained by relatively more
combined procedures in Subgroup D and fewer maxillary procedures [Table 4]. The difference in duration
between Subgroups D and N was significant, if excluding the few mandibular procedures (not in Table).

Blood loss was larger in Subgroup D [Table 4]. As expected, single jaw procedures were associated with
significantly less blood loss than combined procedures (not in Table). Since maxillary procedures were
relatively few in Subgroup D, the difference in blood loss might be explained by this. However, the blood loss
of the five patients with maxillary surgery in Subgroup D was larger than that of the 16 maxillary procedures
in Subgroup N, supporting a true difference in blood loss. The median rate of bleeding was larger, as well as
the duration of surgery in Subgroup D patients exposed to maxillary surgery. None of these differences were
statistically significant, but the same proportions were found in the combined procedures, and taken together
there was a statistically significantly larger blood loss in Subgroup D.

Differences in peroperative blood pressure could not explain the marked difference in blood loss between
Subgroups D and N. There was an even distribution of hypotensive and normotensive patients in Subgroups D
and N (not in Table).

The larger blood loss in Subgroup D ought to be an indicator of difficult surgery, secondary to the longer
duration of surgery, at least in the case of maxiilary and combined surgery. In all, in Subgroup D a more
pronounced surgical trauma might be at hand. Although the blood loss in Subgroup D was more pronounced, it
should not be a critical factor in itself, since it was fairly modest, 104-536 mL (95% CI), and no red blood
cells were transfused. The blood loss was comparable with the findings in a previous study, and seemed to be
low in comparison with some other studies (2,5,19,23).

Concluding remarks

The results from psychometry were remarkable. Some patients seemed to have developed irreversible
functional impairment. We have no evident explanation for this. Several points of interest have arisen,
especially surgical and individual factors, including the possible occurrence of a selective cerebral
vulnerability in some patients. The role of the anaesthetic drugs was obscure, while arierial hypotension
seemed not to be causal.

There is an obvious need for studies to confirm or reject the present findings, to evaluate the balance
between benefits and risks of orthognathic surgery, and to investigate the outcome in other types of surgery

with a comparable level of anaesthesia.
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