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Abstract

Background: The aim of this study was to examine the phonological functioning (reading speed and accuracy) of
hospital patients under general anaesthesia administered during colonoscopy.

Methods: In this study the‘tatysz'non-word reading test was used to measure the impact of selected anaesthetics on
the phonological aspect of language processing (defined as decoding without referring to the meaning) in a group
of 22 anaesthetised patients compared to 23 non-anaesthetised patients from university clinics.

Results: Compared to the preoperative performance, a decrease in reading accuracy and reading speed was observed
only in the Anaesthesia Group — AG (in the subjects aged > 35 years) 1.5 h after the administration of anaesthetics. Po-
stoperatively, the AG were significantly slower and less accurate than the Control Group — CG — after 1.5 h. After 3 h,
the AG had regained their baseline values both in reading accuracy and reading speed. During the last assessment
session, the AG pronounced 82% of the words correctly, while the CG pronounced 74% correctly. Moreover, subjects
aged > 35 years performed worse than younger subjects in their reading accuracy and speed.

Conclusions: The patients who underwent colonoscopy under general anaesthesia manifested impaired phonolo-
gical functioning shortly after the procedure, both in the speed and accuracy of reading non-words. However, the

accuracy problems subsided relatively quickly.
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Modern anaesthetics administration, which affects cog-
nitive processing and nervous system activity, provides
an oportunity to control human consciousness in a revers-
ible manner. Most surgical procedures are performed under
general anaesthesia, which provides sleep, pain allevia-
tion, and reduction of reflexes elicited by surgical stimuli.
During one-day surgery procedures, patients are admitted
to a clinic in the morning, optionally diagnosed (e.g. dur-
ing an endoscopic examination), operated on, and, a few
hours later, after regaining consciousness, they are released
home for further treatment. Unfortunately, even safe and

popular anaesthetics (e.g. propofol) produce mild cogni-
tive disturbances, which can persist for a short time after
the operation has been completed. Anaesthetised patients
may experience dizziness, problems with fine movements,
eye-hand coordination, and drowsiness — disrupting the
so-called street fitness that is important in negotiating traf-
fic and patient safety [1]. According to Dressler et al. [2],
psychomotor functioning (assessed with the Short Perfor-
mance Test) decreases for a period of up to 90 min after
propofol has been administered. Similarly, a Polish paper
reports that psychomotor functioning (assessed with the
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ATB Cross-Shaped Apparatus) recovered as soon as 1.5 h
after propofol administration [3], which is consistent with
Riphaus et al. [4]. Reports examining the negative conse-
quences of anaesthesia have concentrated mainly on dis-
turbances in psychomotor skills. The few studies that have
examined disturbances in verbal functioning have indicated
impairment in: verbal memory and shallow processing re-
trieval (as induced at the time of encoding) for six hours
after surgery, and in deeper processing retrieval for 24 hours
after general anaesthesia with propofol and alfentanil [5].
Studies concerning postoperative delirium, and/or cognitive
dysfunction with the Revised Wechsler Adult Intelligence
Scale, the Symbol Digit Modalities Test, and the Rey Auditory
Verbal Learning Test present an assessment of significantly
more complex functions [6]. The incidence of postopera-
tive cognitive deficit (mostly after cardiac surgeries) in the
verbal area was tested with a semantic fluency tool — the
Verbal Fluency Test, the day before, and five days after, the
surgery [7].

Dysfunctions in the verbal area are also represented
by acquired dyslexia, which refers to a situation when
a previously skilled reader loses the ability to read [8, 9].
Studies have shown that in a transparent orthography,
word reading can be preserved and non-word reading
impaired [10]. The acquired phonological dyslexia and
dysgraphia may result from damage to the left perisyl-
vian cortex [11] due to encephalitis, head injury or stroke.
Further rehabilitation has been shown to improve reading
abilities in a 6 to 10 year follow-up [12]. Various types of
training have covered the conversion of graphemes to
phonemes [13], as well as phonemes to graphemes [14].
Also, a behavioural treatment designed to strengthen pho-
nological skills supporting reading and spelling helped to
overcome weaknesses [15].

If the existence and scope of reading problems after
anaesthesia could be properly recognised, the appropriate
supporting procedure could also beimplemented. However,
the influence of anaesthetics on phonological processing
has not been widely discussed in the medical literature.

The aim of our study was to examine phonological func-
tioningi.e.reading speed and accuracy displayed by hospital
patients under general anaesthesia administered during
colonoscopy. We used a test assessing pure phonological
processing, without referring to the meaning of the words.

This study presents the patients’state immediately after
general anaesthesia procedures.

METHODS

This study was performed with permission from the local
bioethical committee (Bioethical Committee of Poznan Uni-
versity of Medical Sciences, Permission No. 427/10, May 6,
2010).
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45 individuals treated in the gastroenterology wards
of Poznan University of Medical Sciences were assigned
into two groups: those who underwent colonoscopy under
intravenous anaesthesia were the Anaesthesia Group (AG)
(n=22),and 23 patients who had been hospitalised, but not
anaesthetised, formed the Control Group (CG)

Every patient was assessed with a screening procedure
(the Mini-Mental State Examination, MMSE; the Sense of
Coherence Meaningfulness Subscale, SOC-29) [16, 17].

Immediately prior to colonoscopy, the AG patients were
premedicated with oral midazolam 0.1-0.15 mg kg™, and
transferred to the operating room. If the patients suffered
from anxiety before the procedure, they were additionally
sedated with midazolam 1-2 mg i.v. in order to alleviate
anxiety and to achieve a similar second level of preopera-
tive sedation according to the Ramsey Score (a patient is
co-operative, oriented, and tranquil). The AG patients were
anaesthetised with propofol 1-2 mg kg™ i.v. Analgesic doses
of fentanyl 1-2 ug kg™ i.v. were administered. All the patients
were anaesthetised to a similar clinical level (loss of eyelash
reflex) with preserved spontaneous breathing. During the
anaesthesia, vital signs were monitored as a standard pro-
cedure and no adverse events were observed. 1,000 mL of
balanced crystalloid was infused continuously to prevent
dehydration. The patients were released to the ward with
stable vital signs when they had achieved 9-10 pts accord-
ing to the Aldrete Score. This system assigns a score of 0, 1,
or 2 to activity, respiration, circulation, consciousness, and
colour, giving the maximum score of 10. A score of 9 indi-
cates sufficient recovery for the patient to be transferred
back to the surgical ward.

During the study, we administered Bogdanowicz's
Latysz test [18], which measures skill in decoding pseudow-
ords. This test contains 71 non-words of varying difficulty,
ranging from one-syllable, e.g.'ni; to four-syllable words, e.g.
‘przyjemije;, which have no lexical referents, but follow the
rules of Polish phonology and morphology. Single words
were printed in black, on separate white cards. The basic
index is the number of words read correctly within a time
limit of 60 seconds, with a possible score of between 0 and
71 points, which is used as a measure of reading speed. The
number of words read correctly, without any distortions,
was a measure of reading accuracy. The additional accuracy
index (the number of non-words read correctly, without any
distortions, divided by the total number of non-words read
within 60 seconds) was also computed. In this calculation,
the maximum score s 1 (all words read correctly). Test scores
are highly stable. However, if the assessment is repeated
in a short period of time, the results are likely to be higher
thanin the first trial, even though the non-words will not be
memorised. Improvement can be observed in reading speed
rather than accuracy. The test assesses decoding without
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Table 1. The postoperative performance (z-scores) in phonological processing of anaesthetised patients (AG) and controls (CG), mean + SD

All words pronounced

Words pronounced correctly

H1.5 H3 H1.5 H3 H6
AG<35yr 0.02+1.23 036+1.16 062+1.13 0.03+1.21 0.34+1.21 0.61+1.17
AG = 35yr -0.28 +0.85 0.14+1.07 0.22+1.01 -0.29+0.89 0.06+1.08 0.18+1.04
CG<35yr 0.58 £0.68 0.78+0.54 0.84+0.48 047 £0.84 0.64+0.73 0.72£0.76
CG=35yr 0.62 +0.98 0.90 +0.91 0.98 +£1.00 0.60 +1.15 0.69+1.10 0.77+1.15

referring to the meaning. It measures ‘pure’ phonological
processing without the participation of other linguistic skills,
i.e. lexical, syntactical, or memory of familiar words. Educa-
tion and gender are factors influencing the score.

The AG read pseudowords during four sessions: one
preoperative, and three postoperative ones: 1.5, 3,and 6 h
after the anaesthesia subsided. The CG were tested at identi-
cal time spans.

STATISTICAL ANALYSIS

The groups’ demographic data was analysed with the
x° test. The results of the tatysz test were presented as
means + SD. The results of the ‘Latysz’test in particular ses-
sions were compared between the groups by means of the
t-test. The distribution of accuracy and reading speed were
analysed with the W Shapiro-Wilk test. All postoperative
data was converted into z-scores with means and standard
deviations obtained for each age group in the first preop-
erative session with the subsequent ANOVA. In all the tests,
P < 0.05 was considered to be statistically significant.

RESULTS

Mean patientage was 43.1+ 17.1 years (range: 19 to 77).
There were 22 individuals (16 females and six males) who
underwent colonoscopy under intravenous anaesthesia in
the Anaesthesia Group (AG), while 23 patients (18 females
and five males) hospitalised, but not anaesthetised, formed
the Control Group (CG). All subjects were native speakers of
Polish. The education level of the groups was comparable:
two participants (AG: 0, CG: 2) had received primary edu-
cation, four (AG: 3, CG: 1) —vocational education, 25 (AG:
10, CG: 15) were high school graduates, and 12 university
undergraduates or graduates with a degree (AG: 7, CG: 5).
They were matched by age (P=0.82), gender (x> NW=0.67),
and educational level (3> NW = 0.26). None of the partici-
pants presented either symptoms of cognitive impairment
or depression.

The preoperative results (first session), regarded as the
baseline, showed no significant differences in performances
between the AG and CG in the tatysz test:

— for the reading accuracy, as computed with the total of
all words pronounced correctly:

= AG: 46.09 £ 13.33; 65% of words pronounced cor-

rectly,

= (CG:51.04 £ 12.71; 72% of words pronounced cor-

rectly (P=0.21).
— for the reading speed, as computed with the total of
all words read:

=  AG:48.86 £ 12.84,

= CG:5465+10.71 (P=0.11).

Nobody read all the words correctly, while only four
participants read all the words within the time limit of
60 seconds. The distribution was normal (P = 0.45 for ac-
curacy, P = 0.47 for the reading), which suggests that the
task difficulty level was appropriate. However, the older
participants, aged = 35 years, (45.27 + 11.62) decoded the
words less accurately than the younger ones (53.21 + 13.93)
(P =0.04) and were slower: 48.42 + 10.84 vs 56.47 + 12.27,
respectively (P=0.02). Therefore, all postoperative data was
converted into z-scores using means and standard devia-
tions obtained for each age group in the first preoperative
session (see Table 1).

Negative values demonstrated a decrease in phonologi-
cal processing from the baseline (first session results). The
analysis of z-scores revealed that this decrease both in read-
ing accuracy and reading speed was observed after 1.5 h
onlyin the AGin the participants aged > 35 years. After 3 h,
they regained the baseline values both in reading accuracy
and reading speed.

A mixed analysis of variance (ANOVA) was computed
on the postoperative z-score with group (AG vs CG) as the
interindividual factor, and trials (1.5 h, 3 h, 6 h) as the in-
traindividual factor. The planned comparisons were made
to further examine the differences.

The results of the reading speed showed a significant
effect of both factors: group (P = 0.02), and trial (P < 0.01).
The AG were significantly slower than the CG after 1.5 h
(P < 0.01), after 3 h (P=0.03), and after 6 h (P = 0.05).

As illustrated in Figure 1, the reading speed in the AG
improved between 1.5h (-0.17 £0.99) and 3h (0.22 + 1.08),
P < 0.01, but not between 3 h and 6 h (0.37 + 1.05),
P = 0.07. Similarly, the reading speed in the CG improved
between 1.5 h (0.60+0.83)and3h (0.84+0.74),P< 0.01, but
itdid not between3 hand6h (0.91 £0.78), P=0.39. 17 par-
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Current effect: F (2.86) = 1.8915, P = .15707

v Vertical bars denote 0.95 confidence intervals

1.4
12
1.0
0.8
0.6
0.4
0.2
0.0
=02
-0.4
-0.6
-0.8

Average number of words
pronounced (z-score)

e Fof

CcG

H1.5 H3 H6

Trials

Figure 1. All words read within a minute — the reading speed in AG
(anaesthetised patients) vs CG (controls) by ANOVA at 1.5, 3 and 6
hours (H) after anaesthesia
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Figure 2. All words read correctly within a minute — the reading
accuracy in AG (anaesthetised patients) vs CG (controls) by ANOVA at
1.5, 3 and 6 hours (H) after anaesthesia

ticipants were able to read all the words (seven in the AGand
ten in the CG) within the time limit of 60 seconds.

The results of the reading accuracy showed a significant
effect of the trial (P < 0.01), and interaction between the
group and trial (P=0.01). The AG were less accurate than the
CG after 1.5 h (P = 0.02), but not after 3 h (P =0.11), and
after6 h (P=0.19).

Asillustrated in Figure 2, the reading accuracy in the AG
improved both between 1.5h(-0.17+1)and3h(0.17+1.11),
(P<0.01), and between 3 hand 6 h (0.34 £ 1.09), (P=0.01).
Conversely, the reading accuracy in the CG improved be-
tween 1.5 h (0.54 £ 0.99) and 3 h (0.66 + 0.92), (P = 0.01),
but not between 3 h and 6 h (0.75 + 0.96), (P = 0.21). This
suggests that the optimal accuracy was achieved by the
CG in the third consecutive trial (earlier than in the AG). In
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the last assessment session, the AG pronounced 82% of
the words correctly, while the CG group pronounced 74%
of the words correctly.

DISCUSSION

We found that decoding skills were impaired by gen-
eral anaesthesia administered during endoscopic proce-
dures. At 1.5 h after the procedure, the AG read the list of
non-words in a slower and less accurate manner than the CG.
Moreover, after 3 h and 6 h the AG performance was still
slower, though not less accurate, than the CG performance.
Propofol, fentanyl, and midazolam suppress the laryngeal
and pharyngeal responses, which are crucial to vocalisation
[19-21]. However, the pharmacokinetic properties of a hyp-
notic agent seem to exclude such a possibility — propofol
disappears from the effectory compartment after several
minutes and its metabolites are inactive. The same applies
to fentanyl. Midazolam used for premedication could have
had an impact on the laryngeal reflexes, as the half time of
its activity is 1.5-2 hours, and the residual activity may have
caused the occurrence of the described phenomena (mida-
zolam was administered approximately 0.5 hour before the
procedure, and it took 3-4 half-lives for it to be cleared from
the blood). During the tests, the quality of speech remained
unaffected, and the laryngeal and pharyngeal reflexes were
intact: the patients drank and ate without aspiration to the
respiratory tract. Many anaesthetic procedures involve air-
way tract manipulations, such as endotracheal intubation
or Laryngeal Mask Airway ™ placement, which impair the
function of the larynx for several hours after the anaesthe-
sia, even without a visible swelling [22]. However, they were
not applied to the patients tested in our study. But, as has
been reported by Caranza et al. [23], complete recovery and
awareness after general anaesthesia do not prevent silent
aspiration, which may contibute to the impaired speed and
accuracy of speech. Therefore, inferior performance in reading
non-words might be due both to phonological and motorim-
pairment of speech organs. In addition, the procedure causes
aninflammatory response. The mutual relationship between
the intensity of the inflammatory status and the postopera-
tive cognitive dysfunction has become more evident over the
last couple of years. Nevertheless, the balance between the
protective and toxic qualities of different anaesthetics (volatile
and intravenous ones) remains to be defined [24, 25]. Each
violation of human homeostasis promotes the inflammation,
so even low-aggressive procedures such as endoscopy may
cause a rise in cytokines, thus affecting cognition in the early
postoperative period. Further studies assessing the relation-
ship between the level of inflammatory markers occurring
after one-day surgery procedures and the test results could
give us a better insight into the nature of the problem.
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Our results show that although the quality of phono-
logical processing is recovered fairly early (after 3 h) after
propofol has worn off, its speed remains impaired even 6 h
after the procedure, which partly contradicts the results as-
sessing psychomotor functions. For example, Riphaus et al.
[4] examined the quality of recovery after anaesthesia with
the administration of fentanyl and propofol to 100 patients
undergoing endoscopic procedures. The participants recov-
ered their performance in the Number Connecting Test and
driving simulator two hours after the procedure. Chung et al.
[26] demonstrated that the recovery assessed with a driving
simulator, polysomnography, and subjective scales allowed
safe driving only after at least 24 hours following anaesthe-
sia with fentanyl, midazolam, and propofol. The choice of
a drug used during anaesthesia is crucial to fast recovery
afterwards, and this means that there is a need for further
studies comparing the effectiveness of cognitive recovery
after the administration of different anaesthetic schemes.

Our results also show that older patients (> 35 years)
reacted differently to the younger ones (< 35 years), as they
manifested a decrease in phonological processing from
the baseline both in reading accuracy and reading speed.
After 3 h they regained the baseline values both in their
reading accuracy and reading speed. This finding prompts
differentiation of the postoperative recovery assumptions
for different age groups.

As predicted, the experience factor influenced the im-
provement of the reading speed both in the AG and CG
throughout the subsequent trials at 1.5 h and 3h after the
anaesthesia subsided. Unexpectedly, the reading accuracy
also improved towards the final session. This may have been
caused by familiarity with the procedure, requiring the par-
ticipants to read atypical material. Despite the possible influ-
ence of experience, we still observed significant differences
between the treatment groups in their accuracy after 1.5 h,
and in their speed in all the sessions.

Characteristically, all unfamiliar non-words may be pro-
nounced correctly in Polish (with only one correct version
possible) on the basis of general phonetic rules. This was
illustrated by a relatively high accuracy rate (e.g. 65% and
72% of correct spelling for the AG and CG, respectively,
in the last assessment session) despite substantial time
constraints. Additionally, culture determines the articula-
tive efficiency associated with the spoken language. The
articulation time and short-term memory span differ sig-
nificantly when dealing with numbers in languages from
various language groups [27, 28].

Our data should be considered as an initial report and
introduction to a more complete and wider problem analy-
sis, as our sample was small, imbalanced in term of gender,

and there was a wide range of participant ages. Also, we did
not monitor the depth of anaesthesia or verify the learning
disability report. However, both our groups performed the
non-words reading task up to the standard preoperatively,
which suggest that their reading abilities were equal.

Snowling and Hulme [29] differentiate between speech
processing (phonology, involved in word recognition), and
language processing (critical to language comprehen-
sion) as the prerequisites for correct reading. Coltheart’s
[30] dual-route theory of reading suggests that there is
a lexical strategy (one that consults the mental lexicon)
and a non-lexical strategy (one that does not consult the
mental lexicon). The latter is used to decode an unfamiliar
letter sequence. Thus, part of the linguistic knowledge is
the ability to comprehend how single sounds are used in
a language and what the rules of their combination are
[31]. The reader sequentially converts graphemes into
phonemes and blends them. Event-related fMRI provides
evidence for dual-route models of visual word process-
ing [32].The test we administered, i.e. the tatysz, is a trial
designed to examine the non-lexical reading strategy. This
is used to assess dyslexia in primary and secondary school
students and as such it is included in the set of dyslexia
diagnostic tools normally administered in Polish state
counselling centres. However, it has also been employed
for adults’ reading assessment [33].

The research may be used as a prompt for further, more
detailed studies. We suggest extending the observation
time up to 12 hoursin order to detect patients'full recovery,
comparing different anaesthetic schemes with thorough
monitoring of the depth of basic sleep and the duration
of anaesthesia, which could provide a better insight into
the stability of anaesthesia.

The popularity of one-day surgery is increasing be-
cause of external out-patient procedures, less invasive
surgical treatments, and financial benefits for the national
healthcare system. Even temporary cognitive impairments
induced by anaesthesia must be identified for patients’
health and well-being.

CONCLUSION

The assessment of phonological impairment is an im-
portant examination of a patient’s clinical state, because it
caninfluence the acquired difficulties in reading and writing.
We observed that patients who underwent colonoscopy
under general anaesthesia manifested impaired phonologi-
cal functioning both in terms of the speed and accuracy of
reading non-words shortly after the procedure. However,
the accuracy problems soon subsided, whereas the speed
impairment persisted.

143



Anaesthesiol Intensive Ther 2014, vol. 46, no 3, 139-144

References:

1.
2.

144

Vargo J: Doc, can | drive home? Am J Gastroenterol 2009; 104: 1656-1657.
Dressler |, Fritzsche T, Cortina K, Pragst F, Spies C, Rundshagen I: Psy-
chomotor dysfunction after remifentanil/propofol anaesthesia. Eur
J Anaesthesiol 2007; 24: 347-354.

Ptotek W, Cybulski M, Kluzik A et al.: Psychomotor functions and interval
timing in patients receiving intravenous anesthesia for endoscopic
procedures: The pilot study. Sci World J 2012; 2012: 317897.

Riphaus A, Gstettenbauer T, Frenz MB, Wehrmann T: Quality of psy-
chomotor recovery after propofol sedation for routine endoscopy:
a randomized and controlled study. Endoscopy 2006; 38: 677-683.
N’Kaoua B, Véron AH, Lespinet VC, Claverie B, Sztark F: Time course
of cognitive recovery after propofol anaesthesia: a level of processing
approach. J Clin Exp Neuropsychol 2002; 24: 713-719.

Bryson GL, Wyand A, Wozny D, Rees L, Taljaard M, Nathan H: A prospective
cohort study evaluating associations among delirium, postoperative
cognitive dysfunction, and apolipoprotein E genotype following open
aortic repair. Can J Anesth 2011; 58: 246-255.

Fudickar A, Peters S, Stapelfeldt C et al.: Postoperative cognitive deficit after
cardiopulmonary bypass with preserved cerebral oxygenation: a prospec-
tive observational pilot study. BMC Anesthesiology 2011; 11: 7-12.
Beaton AA: Dyslexia, reading and the brain. A sourcebook of psycholo-
gical and biological research. Hove: Psychology Press, Taylor & Francis
Group, 2004.

Berninger VW: Understanding the‘Lexia’in dyslexia: a multidisciplinary
team approach to learning disabilities. Ann Dyslexia 2001; 51: 23-48.
Hricova “a M, Weekes BS: Acquired dyslexia in a transparent orthography:
An analysis of acquired disorders of reading in the Slovak language.
Behav Neurol 2012; 25: 205-213.

Rapcsak SZ, Beeson PM, Henry ML et al.: Phonological dyslexia and
dysgraphia: cognitive mechanisms and neural substrates. Cortex 2009;
45:575-591.

Wilson BA: Syndromes of acquired dyslexia and patterns of recovery:
a 6- to 10-year follow-up study of seven brain-injured people. J Clin
Exp Neuropsychol 1994;16: 354-371.

Kiran S, Thompson CK, Hashimoto N: Effect of training grapheme to
phoneme conversion in patients with severe oral reading and naming
deficits: a model based approach. Aphasiology 2001; 15: 855-876.
Kiran S: Training phoneme to grapheme conversion for patients with
written and oral production deficits: A model-based approach. Apha-
siology 2005; 19: 53-76.

Beeson PM, Rising K, Kim ES, Rapcsak SZ: A treatment sequence for
phonological alexia/agraphia. Speech Lang Hear Res 2010; 53: 450-468.
Carstens JA, Spangenberg JJ: Major depression: a breakdown in sense
of coherence? Psychol Rep 1997; 80: 1211-1220.

Folstein MF, Folstein SE, Fajiang G: MMSE Krétka Skala Oceny Stanu Umysto-
wego. Przewodnik Kliniczny. Pracownia Testéw Psychologicznych 2009.
Bogdanowicz M, Jaworowska A, Krasowicz-Kupis G et al.: Diagnoza dyslek-
sji u ucznidw klasy Ill szkoty podstawowej. Przewodnik diagnostyczny.
Pracownia Testéw Psychologicznych, Warszawa 2008.

Driver IK, Wiltshire S, Mills P, Lillywhite N, Howard-Griffin R: Midazolam co-
-induction and laryngeal mask insertion. Anaesthesia 1996; 51:782-784.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

Tagaito TY, Shiroh I, Takashi N: Upper airway reflexes during a combi-
nation of propofol and fentanyl anesthesia. Anesthesiology 1998; 88:
1459-1466.

Afshan G, Chohan U, Qamar-Ul-Hoda M, Kamal RS: Is there a role of
a small dose of propofol in the treatment of laryngeal spasm? Pediatr
Anesth 2002; 12: 625-628.

Tanaka A, Isono S, Ishikawa T, Nishino T: Laryngeal reflex before and after
placement of airway interventions: endotracheal tube and laryngeal
mask airway. Anesthesiology 2005; 102: 20-25.

Caranza R, Nandwani N, Tring JF, Thompson JP, Smith G: Upper airway
reflex sensitivity following general anaesthesia for day-case surgery.
Anaesthesia 2000; 55: 367-370.

Sanders RD, Maze M: Neuroinflammation and postoperative cognitive
dysfunction: can anaesthesia be therapeutic? Eur J Anaesthesiol 2010;
27:3-5.

Yu G, Dymond M, Yuan L et al.: Propofol’s effects on phagocytosis,
proliferation, nirate production, and cytokine secretion in pressure-
-stimulated microglial cells. Surgery 2011; 150: 887-896.

Chung F, Kayumov L, Sinclair DR, Edward R, Moller HJ, Shapiro CM: What is
the driving performance of ambulatory surgical patients after general
anesthesia. Anesthesiology 2005; 103: 951-956.

Baddeley AD, Thomson N, Buchanan M: Word length and the structure
of short term memory. J Verb Learn Verb Beh 1975; 14: 575-589.

Ellis NC, Hennelly R: A bilingual word-length effect: mplications for
intelligence testing and the relative ease of mental alculation in Welsh
and English. Brit J Psychol 1980; 71: 43-51.

Snowling MJ, Hulme C: Language skills, learning to read and reading
intervention. London Rev Edu 2006; 4: 63-76.

Coltheart M: Dual route and connectionist models of reading: an ove-
rview. London Rev Edu 2006; 4: 5-17.

Ratner NB, Gleason JB, Narasimhan B: Wprowadzenie do psycholingwi-
styki — wiedza uzytkownikéw jezyka. In: Gleason JB, Ratner NB, ed:
Psycholingwistyka. Gdanskie Wydawnictwo Psychologiczne, Gdarsk
2005: 15-64.

Fiebach CJ, Friederici AD, Miiller K, von Cramon DY: fMRI eviden-
ce for dual routes to the mental lexicon in visual word recognition.
J Cog Neurosci 2002; 14: 11-23.

Bogdanowicz KM, tockiewicz M, Bogdanowicz M, Pqchalska M: Charac-
teristics of cognitive deficits and writing skills of Polish adults with
developmental dyslexia. Int J Psychophysiol 2014; 93: 78-83.

Corresponding author:

Wrtodzimierz Ptotek MD, PhD

Department of Teaching Anaesthesiology and Intensive Therapy
Poznan University of Medical Sciences

ul. Marii Magdaleny 14, 61-861 Poznari, Poland

e-mail: plotekwlod@wp.pl

Received: 6.11.2013
Accepted: 31.03.2014



