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Introduction

Emotions and cognition are tightly bound entities 
that have clear functional and organic basis [1]. Both 
of them can be disturbed in hospitalized patient. 
Negative emotions, like fear and anxiety influence 
the patients undergoing anaesthesia regardless of 
age, and this impact has been extensively discussed 
in the literature [2–4]. On the other hand, cognition is 
affected by perioperative stress and anaesthesia influ‑
encing the quality of life which has also been well 
described by Steinmetz et al. [5]. Emotions and cogni‑

tion are also engaged in the process of time produc‑
tion [6]. We know from the previous studies that anxi‑
ety and depression affect the intestinal motor func‑
tion [7, 8]. These facts inspired us to construct the 
study assessing the relationship between emotional 
and cognitive aspect of time perception in relation to 
intravenous anaesthesia for endoscopic procedures. 
Especially that brain regions responsible for the inter‑
val timing (corticostriatal circuits and dopamine neu‑
rons) are closely related to cognitive phenomena and 
can be discussed as a part of human cognitive func‑
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tioning (working memory, motor functions, decision 
making, etc.) [9].

The aim of the study was to analyze the impact of 
receiving intravenous anaesthesia for endoscopic pro‑
cedures on producing one‑minute intervals of time, 
and to assess the connection between perceiving time 
before anaesthesia and the production of one‑minute 
interval after colonoscopy.

Our study poses the following main research ques‑
tions: 1) What influence do anaesthetics administered 
during colonoscopy exert on the generation of the 
one‑minute time interval?; 2) Does the manner patients 
perceive time prior to colonoscopy have any relation to 
generating one‑minute time interval following the pro‑
cedure?

Colonoscopy is a highly invasive, stress‑inducing 
diagnostic procedure. It is a procedure which in a con‑
trolled and reversible way results in sleep, retrograde 
amnesia, analgesia and the inhibition of sympathetic 
reflexes. The substances used for this kind of anaes‑
thesia impair psychophysical functions for a few hours 
after their administration [10]. We suggested the 
hypothesis that patients after anaesthesia could devel‑
op alterations in perception of time when compared to 
nonanaesthetized controls. 

The patient's attitude to diagnostic and treatment 
procedures, as well as their approach towards the time 
spent in hospital and the relations with medical person‑
nel, are of utmost importance in therapy. Negative emo‑
tional state, especially severe anxiety, may considerably 
hinder the treatment, to the extent that it can even render 
certain treatment or diagnostic procedures to be impos‑
sible to perform [7]. Since one’s attitude to time is closely 
related to one’s emotional state [11–16], and to approach 
to the treatment [17, 18] it may be assumed that the per‑
ceiving of time shall be closely linked to the manner in 
which the patient’s psyche deals with experiencing a seri‑
ous diagnostic procedure and the recovery following it. 
Hence, we assume that patients who evaluate time in 
a negative way will more considerably misestimate time 
after a diagnostic procedure under anaesthesia.

Material and methods

This study was performed with permission from the 
local bioethical committee (Bioethical Committee of 
Poznan Medical University, Permission No. 427/10, 
May 6, 2010). Patients gave written consent for partici‑
pation in the study.

The following psychological tests were used during 
the study.

The Time Production Method of time duration 
judgement was used [19]. The estimation of time inter‑
vals is interpreted psychologically through the func‑
tioning of the inner clock the human being is equipped 
with. Additionally, estimating the duration is perceived 
as a cognitive construct under the influence of atten‑
tion and memory [20]. From the neuropsychological 
perspective it should be stressed that there are a num‑
ber of mechanisms involved in the process of time esti‑
mation, as well as various regions of the human brain: 
the cerebellum (‘automatic system’), the prefrontal 
cortex, the lower part of the parietal lobes (‘cogni‑
tive system’) and the basal ganglia (mainly striatum), 
the thalamus and the anterior cingulate cortex. These 
structures are related to other cognitive functions, such 
as attention, memory, visual‑spatial coordination or 
language skills. The presented systems operate simul‑
taneously [9], their functioning may be disturbed by, 
among others, the effect of psychoactive substances 
(drugs or medicines) [21–23].

Time production of one‑minute was measured 
by means of a stopwatch three times in each of the 
sessions: initial, 1.5, 3, and 6 hours after anaesthe‑
sia. The participants of the study were asked to pro‑
duce one‑minute intervals three times. The examiner 
said ‘start’ to the participant and the tested patient 
was asked to say ‘stop’ once one minute of time had 
passed. The participant was not instructed whether or 
not to count in silence. 

The perceiving of time was assessed with the Time 
Metaphors Questionnaire (TMQ) [24]. This question‑
naire is composed of ten scales. The Constructive Time 
(CT) scale (alpha =.93, 20 items) contains items which 
describe time as directed towards the truth and the 
achievement of goals (for example, ‘Time is a way to 
put plans in operation’). The Friendly Time (FT) scale 
(alpha =.86, 12 items) characterizes time as a friend 
and a teacher (for example, ‘Ever‑ageing time teach‑
es all things’). The Awareness of Mortality (AM) scale 
(alpha =.84, 9 items) includes metaphors of time as 
finite (for example, ‘Time is an incurable disease’). The 
Hostile Time (HT) scale (alpha =.86, 10 items) describes 
time as a disappointment and an enemy (for example, 
‘Time is a disappointment’). The Confusion in Time (CO) 
scale (alpha =.82, 9 items) characterizes time in terms 
of a power which is out of control (for example, ‘Time 
flows beside me’). The rapid Passage of Time (rP) scale 
(alpha =.85, 10 items) includes metaphors representing 
time as a speedy vehicle (for example, ‘Time flies like 
an arrow’). The Significance of the Moment (SM) scale 
(alpha =.77, 7 items) includes metaphors indicating the 
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necessity of making the most of each moment of life 
(for example, ‘Each moment is worth one’s weight in 
gold’). The Chaotic Time (CH) scale (alpha =.80, sev‑
en items) consists of items describing time as turbu‑
lent (for example, ‘Time is like a stormy ocean’). The 
Subtle Time (ST) scale (alpha =.79, six items) character‑
izes time as peaceful (for example, ‘Time is like incense 
smoke’). The Empty Time (ET) scale (alpha =.67, five 
items) describes time as boredom (for example, ‘Time 
is like a drowsy afternoon’).

The participants have to indicate ‘how they imag‑
ine time’ [24] on a four‑point scale ranging from 
‘very appropriate’ to ‘very inappropriate’. results of 
the research indicated that people high in Extraver‑
sion, Openness, Agreeableness, Conscientiousness and 
low in Neuroticism (measured by NEO‑FFI by Costa, 
McCrae) generally evaluated time positively (high score 
on Constructive Time, Friendly Time, Significance of 
the Moment, Subtle Time). In turn participants with 
high score on Neuroticism scale perceive time usually 
as speed, wild and chaotic [12]. Friendly Time scale 
correlate positively with realization of aims. Negative 
time evaluation was linked with time pressure, fatalism 
and hedonism measured by Time Perspective Ques‑
tionnaire AION‑2000, Nosal & Bajcar [12]. relation 
between TMQ and PANAS (The Positive and Negative 
Affect Schedule, Watson, Clark and Tellegen) indicated 
that perceiving time as friendly and constructive were 
linked with positive emotions, and conceiving time as 
enemy were connected with negative emotions. There 
were no significance correlations between positive eval‑
uation of time and negative emotions [24]. Time Con‑
structive and Time Friendly scales correlated positively 
with a quality of life measured by CASP‑19 by Higgs 
and others [25] and with the purpose in life measured 
by Noo‑Dynamics by Popielski [26]. 

The Mini‑Mental State Examination (MMSE) [27] 
was used to recognize the problem of dementia, which 
was the major exclusion criterion. This method is 
a well‑known test used for the screening of cognition 
in depressed patients and for diagnosing cognitive dys‑
function, mainly towards dementia. The Polish MMSE 
version normalized by Stańczak [28] was used in this 
study (alpha =.88; 30 items). 

The Meaningfulness Subscale (MS) from the Sense 
of Coherence Scale (M‑SOC) [29] was used as a method 
for recognizing the problem of depression – the sec‑
ond major exclusion criterion [30, 31]. This subscale is 
composed of eight items. It measures the level of feel‑
ing towards important fields of life worth emotional 
involvement and energy expenditure. The answers to 

the statements are scored on a 7‑point scale. The Pol‑
ish M‑SOC version was used in this study (alpha =.71) 
[32]. 

All tests were performed in standardized conditions 
(air‑conditioned quiet room with constant artificial 
light, similar time of a day).

Between June and September 2010, 40 patients 
hospitalized in the clinics of the Poznan University of 
Medical Sciences, were enrolled in the study: 24 (16 
women and 8 men) who underwent a colonoscopy 
under intravenous anaesthesia constituted the Anaes‑
thesia Group and 25 patients (19 women and 6 men) 
who did not receive such treatments formed the Con‑
trol Group. To exclude those with pre‑existing cognitive 
disturbances and depression, a screen was performed 
using the Mini‑Mental State Examination (MMSE≥24 
pts) and Sense of Coherence Meaningfulness Subscale 
(M‑SOC = 34 pts) [30, 31, 33]. Patients in Anaesthe‑
sia Group and Control Group were asked to participate 
in the study and give their informed consent. Patients 
were clinically examined by a physician with regard to 
dehydration, ion imbalances (potassium and sodium), 
severe anaemia (Hb = 10 mg/dL), and thyroid dys‑
function; the presence of any of these pathologies 
was a criterion for exclusion. The Anaesthesia Group 
patients were premedicated with oral midazolam 0.1–
0.15 mg/kg and transferred to the operating room. If 
the patients were anxious before the procedure, addi‑
tional sedation was induced with midazolam 1–2 mg 
iv (Midazolam, WZF Polfa). Patients were anesthetized 
using intravenous propofol (Plofed 1%, WZF Polfa) 1–2 
mg/kg was used. Analgesic doses of fentanil (Fentanyl, 
WZF Polfa) 1–2 μg/kg iv were used. During the anaes‑
thesia, vital signs were monitored, and 1000 ml Ste‑
rofundin (Braun) was infused continuously to prevent 
dehydration. Vital signs were recorded and no adverse 
events were observed.

Statistical analysis

Statistical analysis was performed using PASW Statis‑
tics v.19 (2011) for Windows. The demographic data, 
results on TMQ, time production and the duration of 
anaesthesia were presented as mean with standard 
deviation (SD). The differences in demographic data 
between the participants of the groups, time produc‑
tion test, TMQ and the relationship between the dura‑
tion of anaesthesia and the production of one‑minute 
intervals were tested by t‑test and p = 0.05 was con‑
sidered statistically significant. The results on the time 
production test were analyzed in the parallel sessions 
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between the groups as well as between the consecu‑
tive sessions within the groups. Correlation between 
TMQ and Time Production results were analyzed by 
Pearson’s coefficient and p = 0.05 was considered sta‑
tistically significant. 

results

Demographic characteristics 
The demographic characteristics are presented in Table 1.

The groups did not differ in terms of the demo‑
graphic characteristics. General level of scholar educa‑
tion in studied participants has been various: ten (AG: 
7, CG: 3) received primary education, 25 (AG: 11, CG: 
14) received secondary education and 14 subjects (AG: 
11, CG: 3) received higher education.

The patients did not present pre‑existing cognitive 
disturbances when screened with MMSE. The results 
on M‑SOC did not differ between the groups and were 
above 40 points, which is adequate to a range for 
mean population (t‑test; p = 0.05) [31].

Time production of one‑minute interval in three 
trials

Table 2 presents mean results of generating 
one‑minute time intervals in the Anaesthesia Group 
and the Control Group, as well the differences between 
them measured by means of the t‑test. In order to anal‑
yse the degrees of misestimation of one‑minute time 
intervals, the results (that is, the numbers of seconds 
estimated by the subjects to represent one minute) 
were converted into a time interval misestimation ratio 
defined as the absolute difference between 60 seconds 
and the number of seconds reported by the subjects. 
All mean 1–minute intervals produced by the partici‑
pants of both groups were shorter than the real dura‑

tion. There were no significant differences between 
the time intervals generated by the groups of hospi‑
talized patients. There were also no significant differ‑
ences in the time misestimations between the Anaes‑
thesia Group and the Control Group. There were, how‑
ever, significant differences in the time misestimations 
between the group of patients who received midazo‑
lam immediately prior to colonoscopy (N = 11) and the 
group of patients who did not receive this substance 
(N = 13). Significant differences (p < .05) occurred in 
two trials prior to the procedure and in two trials 1.5 
hour following it. The patients who had been adminis‑
tered midazolam were less accurate in generating the 
one‑minute interval in comparison with the patients 
who had not received it. The generation of one‑minute 
intervals did not differ between the groups in the trials 
3 and 6 hours after the procedure. 

The influence of the anaesthesia duration on the 
production of one‑minute intervals
The duration of anaesthesia was 10–60 min. (mean 
36.74 min; SD 12.76). By t‑test, we analyzed the rela‑
tionship between the results on the production of the 
one‑minute intervals and the duration of anaesthe‑
sia. We observed no statistically significant relation‑
ships (p = 0.05). There were no significant connection 
between the degrees of misestimation on the length of 
anaesthesia.

TMQ scales relating to one‑minute time production
The correlation coefficient between the degree of mis‑
estimations in the generation of time intervals and the 
conception of time in metaphors was calculated. In 
the Anaesthesia Group there was one significant cor‑
relation (r=.47, p<.05) between the Empty Time scale 
results and the degree of misestimations in the gen‑

Table 1. Characteristics of the study group (age, height, BMI)

Anaesthesia Group
N = 24, 16 women, 8 men

Control Group
N = 25, 19 women, 6 men

Minimum age 20 19
Maximum age 77 75
Mean age (M) 42.46 42.96
Age-standard deviation (SD) 16.83 17.18
Minimum height 145 152
Maximum height 182 195
Mean height (M) 165.54 166.64
Height-standard deviation (SD) 10.25 10.37
Minimum BMI 17 17
Maximum BMI 38 35
Mean BMI (M) 23.17 23.13
BMI-standard deviation (SD) 5.49 5.48
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eration of time intervals in the first trial 1.5 hour fol‑
lowing colonoscopy – the more frequently the studied 
patients perceived time as ennui and emptiness, the 
larger the discrepancy between the generated interval 
and the target one‑minute were. Interestingly, there 
was no significant relation between the perception of 
time as emptiness and the generation of time intervals 
on the day preceding colonoscopy. 

Discussion

The primary purpose of this manuscript was to look into 
the effect on generating time intervals by the patients 
who were administered general anaesthetics during 
colonoscopy and to analyze the relationship between 
perceiving time and the production of one‑minute 
intervals. The postulated hypotheses were partly veri‑
fied. The first hypothesis concentrated on the impact of 
general anaesthetics on time interval estimation. The 
research showed that, contrary to what had been sup‑
posed, such substances do not exert any greater influ‑
ence on the perception of time on the psychophysical 

level and, what is more, the duration of anaesthesia is 
also irrelevant. The quick review of the basic results on 
time production is an optimistic piece of information. 
riphaus et al. [34] conducted a study on the influence 
of short sedation for endoscopic procedures with the 
application of propofol or midazolam/pethidine. They 
tested patients 2 hours after anaesthesia and found no 
differences when tested with the Number Connection 
Test and a driving simulator. Sanou et al. found that 
higher cognitive functions (memory, attention, lan‑
guage comprehension and planning) were impaired up 
to 3 hours after propofol anaesthesia, but recovered 6 
hours after it [35]. Interestingly, even elderly patients 
tested by Kubitz et al. recovered to the baseline results 
in simple reaction times, critical fusion frequency and 
short‑term memory 2 hours after propofol/remifentanyl 
anaesthesia, thus proving the usefulness of short‑acting 
anaesthetics in the practice [36]. 

The second hypothesis, referring to greater dys‑
functions in time conception among patients perceiv‑
ing time as a negative phenomenon prior to colonos‑
copy, was partly supported. The patients who often 

Table 2. Mean scores (M), standard deviations (SD) of the results of the Time Production Method (TP) and the degrees of 
time misestimation (TPZ), as well as differences between them (t-test) in the AG and the CG

AG (N=24) CG (N=25)

M SD M SD t
TP I 0 49.83 21.38 43.83 18.17 6
TP II 0 52.35 20.92 47.14 18.17 5.21
TP III0 52.25 20.44 47.14 16.81 5.11
TP I 1.5 44.28 21.35 40.51 18.07 .24
TP II 1.5 47.25 20.26 43.07 18.5 .42
TP III 1.5 49.55 21.51 44.98 19.56 .65
TP I 3 47.09 17.26 45.30 13.62 1.79
TP II 3 51.21 18.76 50.11 17.17 1.1
TP III 3 51.45 19.22 51.23 16.70 .22
TP I 6 47.38 15.40 48.98 16.26 -1.61
TP II 6 49.14 14.40 50.74 17.39 -1.60
TP III 6 50.59 14.93 51.42 18.38 -.82
TP Z I 0 19.94 12.24 19.92 13.75 .01
TP Z II 0 18.18 12.41 17.39 13.7 .21
TP Z III 0 19.12 10.98 16.14 13.55 .83
TP Z I 1.5 21.43 15.28 17.08 12.46 1.05
TP Z II 1.5 19.89 12.91 15.02 11.65 1.34
TP Z III 1.5 20.22 12.22 14.4 11.38 1.67
TP Z I 3 16.96 13.11 15.06 13.21 .51
TP Z II 3 16.31 12.44 13.97 13.91 .61
TP Z III 3 16.64 12.51 12.39 14.11 1.11
TP Z I 6 16.04 11.62 14.19 13.45 .51
TP Z II 6 14.72 10.22 14.43 13.22 .08
TP Z III 6 14.23 10.19 13.55 14.32 .18

TP I, TP II, TP III – time estimation: trial 1, trial 2, trial 3, respectively
TP Z I, TP Z II, TP Z III – time misestimation in trial 1,2 and 3, respectively
0, 1.5, 3, 6 – estimation of time: initial, 1.5, 3 and 6 hours following the procedure, respectively 
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associate time with boredom, emptiness and nearly 
pointless existence found it more difficult to generate 
accurate time intervals, as compared with the patients 
who seldom thought of time in such terms. We might 
draw a conclusion that, even if time is seen negatively, 
but one sees some sense in it and fills it with time‑con‑
suming activities, it is possible to regain balance faster 
after unpleasant experiences. It should be mentioned 
that high results in the Empty Time scale strong‑
ly correlate negatively with the feeling of a sense in 
life [12, 24]. There were also interesting differences 
between the patients experiencing strong anxiety 
before colonoscopy (i.e. those who were additionally 
sedated with midazolam) and the patients who were 
not administered this drug. The patients, who received 
midazolam, more frequently misestimated time prior 
to colonoscopy and in the first test after it. Thus, one 
can say that anxiety exerts a strong influence on the 
inner clock. Large degrees of misestimation occurred 
after colonoscopy, solely in the first trial, hence the 
influence may not have been exerted by the addition‑
al sedative, but by the negative emotional state. One 
can consider the possible residual influence of mida‑
zolam on the postoperative performance, although 
midazolam has a short half‑life and small doses used 
to achieve the similar level of sedation according to 
ramsay scale should not affect the Time Production 
test some hours later.

It is worth to note also that the tested participants 
of both groups shortened the one‑minute intervals. We 
know from the literature that emotions and cognition 
are tightly‑related items [1]. If we consider the relation‑
ship of emotions and perception of time, we know that 
positive emotion induces impatience and time under‑
estimation (shorter than real). Negative emotion trig‑
gers anxiety, gives the experience of time contraction 
and overestimates time (longer than real) [37, 38]. In 
the light of the presented data, the participants could 
have had more positive feelings during hospitaliza‑
tion, because they tolerate the short stay on the ward 
well. It is probable that the possible therapeutic effect 
attributed to the colonoscopy was important for emo‑
tional state of the patients. One may also say that the 
very diagnostic process alone (and not the diagnosis 
nor treatment) relieves suffering and uncertainty – 
communication as a process, but not the final message 
‑ as a result of communication. It is also worth remem‑
bering that the period of awaiting to be admitted to 
a clinical ward for diagnosis is usually long in Poland, 
hence the very admittance into a clinical ward is thera‑
peutically significant. The patient's state can improve 

just as a result of seeing the end of uncertainty and 
anticipation which relieves from suffering. 

As regards limitations in our study, first and fore‑
most the small population of subjects and an imbal‑
ance between the number of participants of each of 
the sexes. This situation resulted from the considerable 
reluctance on the patients' side and the definite major‑
ity of women among the patients hospitalized on the 
gastroenterology ward. 

Conclusions

The results show that there were no relations between 
duration of anaesthesia and the time production. The 
conception of time as boring and meaningless was 
linked with larger misestimations of time intervals fol‑
lowing colonoscopy. Anaesthesia is an important part 
of perioperative medicine and there is a growing inter‑
est in using anaesthetics in other fields been constant‑
ly spreading. The meaning of time perception may 
become one of its expressions.
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