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Objective: The aim of this study is to compare the sedative properties and haemodynamic and respiratory effects of dexmedetomidine 
and a ketamine-propofol combination (ketofol), which are expected to have minimal effects on spontaneous breathing.

Methods: Sixty patients were enrolled in this prospective randomised study. Patients were divided into 2 groups according to the 
administration of dexmedetomidine (Group D) and ketofol (Group K). Target sedation level was determined as a Ramsay Sedation 
Score of 3. In Group D, 0.5 mcg kg-1 dexmedetomidine was administered via intravenous route in 10 minutes versus 0.125 mL kg-1 
of a solution containing 200 mg propofol and 100 mg ketamine in Group K. Haemodynamic and respiratory effects, postoperative 
awakening time, analgesic properties and satisfaction levels of the patients and surgeon were assessed.

Results: There was a statistically significant decrease in mean arterial pressures following drug administration compared to initial measure-
ments in both groups. However, there was a statistically significant decrease in heart rate only in Group D. There was no significant difference 
between the two groups regarding respiratory rate and protection of spontaneous respiration. Although the time for Aldrete score to be 9 was 
16.1 minutes for Group K, it was 24.9 minutes for Group D, and this difference was statistically significant (p<0.01). There was no significant 
difference between the two groups regarding adverse effects, pain scores and satisfaction levels of the patients and surgeon.

Conclusion: Compared to dexmedetomidine, at similar sedation levels, sedation provided by ketofol enables satisfactory analgesia. 
Moreover, ketofol has a more rapid onset of action and a shorter recovery period from anaesthesia without causing significant haemo-
dynamic or respiratory adverse effects.
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Introduction

Cataract surgery and vitreoretinal surgery are the most common ophthalmic surgical procedures, and they are gen-
erally performed under local anaesthesia (LA) with or without sedation (1, 2). Propofol, benzodiazepines, opioids 
and combinations of them are frequently used for sedation. Cataract surgery is more often applied to elderly 

patients. At advanced ages, the choice of anaesthetic agent becomes more important because systemic diseases appear and 
the responses given to the drugs change. It has been reported that sensitivity to propofol increases by 30%–50% and the 
elimination half-life of midazolam extends more than twofold in elderly patients (3, 4). Moreover, it has been stated that 
the hallucinogenic effect of ketamine is not apparent in the elderly patients; therefore, it can be used safely as an analgesic 
and sedative agent (5).

Because benzodiazepines and propofol do not have any analgesic effect, opioids are often administered as a rescue analgesic 
in painful procedures. Additional opioid administration can lead to excessive sedation and some side effects. It has been 
reported that ketamine can be an alternative to opioids because it provides good analgesia even at low doses, and it has op-
posite respiratory and cardiovascular effects compared to opioids (6).

Dexmedetomidine is a selective α-2 agonist with sedative and analgesic properties and its most important advantage is that 
it does not cause respiratory depression (7). Propofol is frequently used in sedation because of a rapid onset of action and a 
short recovery profile (8). It has haemodynamic and respiratory depressor effects depending on the dose. It has been reported 
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that propofol can be used in combination with ketamine at 
a sub-hypnotic dose for providing an analgesic effect and the 
incidence of side effects can be decreased because of a reduc-
ible dose of propofol (9).

The aim of our study was to compare dexmedetomidine and 
ketamine-propofol combination (ketofol), which are among 
the analgesic drugs expected to have minimal effects on spon-
taneous breathing, for sedation in cataract surgery. The pri-
mary outcomes were considered to be haemodynamic, and 
respiratory effects and secondary outcomes were determined 
to be awakening features and side effects, respectively.

Methods

After receiving approval from the ethics committee of the 
Harran University Faculty of Medicine Ethics Advisory and 
Monitoring Board (Date: 06.05.2013, No: 2013/128), the 
study included 60 patients for whom phacoemulsification 
cataract surgery and intraocular lens implantation under ret-
robulbar block at elective conditions were planned and whose 
written informed consent was obtained. The inclusion crite-
ria were determined to be American Society of Anaesthesiol-
ogists (ASA) physical status of I–III and an age over 45 years. 
Patients with histories of an additional surgery plan, commu-
nication problem (such as hearing and speech impairment), 
uncontrolled systemic disease, allergy to local anaesthetic or 
study drugs, chronic analgesic or sedative usage and alcohol 
or substance abuse were excluded from the study. The study 
was conducted in the Education and Research Hospital of 
the Medicine Faculty at Ordu University between June and 
December 2013.

The patients were divided into two groups with block ran-
domization formed via a computer before the intervention: 
Group D (patients who would be administered with dexme-
detomidine) and Group K (patient who would be admin-
istered with ketofol). The patients taken into the operation 
room underwent standard monitorization, including elec-
trocardiography, non-invasive blood pressure and peripheral 
oxygen saturation (SpO2) (Mindray, BeneViev T8, Shenzhen, 
P.R. China). For Group D, 2 mL of dexmedetomidine was 
diluted with 48 mL of saline and a solution including 4 mcg/
mL of dexmedetomidine was prepared. Then, 0.5 mcg kg−1 
loading dose was administered intravenously to the patients 
in 10 min. For Group K, 20 mL of propofol (Propofol-Li-
puro 1%, 10 mg mL−1, 20 mL vial; B Braun, Melsungen, 
Germany), 2 mL of ketamine (Ketalar 50 mg mL−1, 10 mL; 
Eczacıbaşı, Turkey) and 28 mL of saline were combined and 
a solution containing 4 mg of propofol and 2 mg mL-1 of 
ketamine was prepared. Subsequently, 0.125 mL kg−1 loading 
dose of the solution, including propofol and ketamine in the 
proportion of 2:1, was intravenously administered to patients 
in 10 min. Study medications were given with a volumetric 
infusion pump (Perfusor Space, B Braun, Melsungen, Ger-
many). All patients were monitored using the Ramsay seda-
tion score (RSS) (10) every 5 min, and the target score was 

considered to be 3 (Table 1). After loading doses, infusion 
was started at the rate of 0.2–0.7 mcg kg−1 hr−1 in Group 
D and at the rate of 0.05–0.125 mL kg−1 hr−1 in Group K. 
Patients were given 4 L min−1 of O2 with a facial mask. After 
administering the loading doses of the medications, the retro-
bulbar block was applied with 3 mL of lidocaine (Jetokain 20 
mg mL−1, 2 mL, Adeka, Turkey). Surgical intervention and 
block procedure were performed by the same surgeon (sec-
ond author) in all patients.

Intraocular pressures (IOP) of the patients were measured as 
baseline values and values after administration of drugs via 
a hand-held tonometer (i-Care TA01i, Tiolat Oy, Helsinki, 
Finland) from the non-operated side. During the operation, 
the patients were monitored for their heart rate (HR), mean 
arterial pressure (MAP), SpO2 and respiratory rate (RR). 
Monitoring times were determined as follows: T1: baseline 
value; T2: after loading dose; T3: after block procedure; T4: 
beginning of intervention; T5, T6 and T7: 5th, 10th and 15th 
min during procedure; T8: end of intervention and T9 and 
T10: postoperative 5th and 15th min. The heart rate lower 
than 50 beats per minute was recorded as bradycardia and 0.5 
mg of atropine was administered intravenously. The decrease 
of 30% from the baseline value in the MAP was considered 
to be hypotension and 5 mg of ephedrine was administered 
intravenously. Bradypnea was defined as the condition with 
an RR below 10 per min, and desaturation was defined as the 
value of SpO2 lower than 90%. Airway opening manoeuvres 
were implemented when necessary. Drug infusions were end-
ed when the surgery was completed, and patients were trans-
ferred to the recovery room. The patients, who were followed 
up with the Modified Aldrete Scoring system (MAS) in the 
recovery room, were sent to the service with the score of 9 
and over. Other follow-up parameters were as follows:

- The time of RSS: 3
- Pain during the procedure and block (retrobulbar block) 

[evaluated with 10-point visual analogue scale (VAS); 0 
point: no pain, 10 points: severe pain] 

- The time of MAS: 9
- Postoperative pain (evaluated with VAS at the 1st, 2nd and 

4th h)
- Patient satisfaction [evaluated according to the response 

given to the question “How do you evaluate your ex-
perience of anaesthesia that you had taken during your 

Table 1. Ramsay sedation score
Score State

1 Awake, agitated and restless patient

2 Cooperative, oriented and calm patient

3 Patient responding to only commands

4 Patient sleeping and responding rapidly to glabellar tap

5 Patient sleeping and responding slowly to stimuli 

6 Patient not responding to painful stimulus
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operation?” in the 7-point Likert-like verbal rating scale 
(11). 1: strongly dissatisfied, 2: dissatisfied, 3: partly dis-
satisfied, 4: undecided, 5: partly satisfied, 6: satisfied, 7: 
strongly satisfied]

- Surgeon satisfaction (evaluated similar to patient satisfaction)

According to our evaluation based on a previous study (12), 
when the main result was considered to be the time of reach-
ing the targeted sedation level, it was calculated that the dif-
ference of 10% with respect to haemodynamic parameters 
between the groups, each of which included at least 26 pa-
tients, could be detected as 90% power and 5% significance 
values (α: 0.05, β: 0.90). Considering possible overlooks, it 
was planned to include 30 patients in each group (Minitab 
Inc. State College PA, USA).

Statistical analysis
The data obtained in the study were analysed using the Sta-
tistical Package for the Social Sciences (SPSS) 20.0 software 
(IBM SPSS Statistics, Chicago, IL, USA). The Shapiro–Wilk 
test was used in comparisons to detect the distribution of 
variable groups. Descriptive statistics were demonstrated as 
mean±standard deviation for continuous variables and as the 
number of patients and percentage (%) for nominal variables. 
While comparing the differences between two different drug 
administrations, Student’s t-test was employed for data show-
ing normal distribution and Mann–Whitney U test was used 
for data not showing normal distribution. Moreover, the data 
related to MAP and respiration were evaluated with repeat-

ed measures one way analysis of variance (ANOVA) and the 
Bonferroni correction as a post hoc test. Chi-square analysis 
was used for the evaluation of data obtained as a result of 
cross tabulation. In all analyses, the value of p<0.05 was ac-
cepted to be statistically significant.

Results

Of 78 patients evaluated for our study, eight patients with 
uncontrolled systemic disease, five patients having undergone 
additional surgical procedures, three patients using chronic an-
algesics and two patients with whom no communication could 
be established were excluded from the study. The data obtained 
from 60 cases who satisfied the inclusion criteria were evalu-
ated. No significant difference was found between the groups 
with respect to the age, gender, ASA score and duration of sur-
gery (Table 2). The time passing from the beginning of the 
administration of study drugs to reaching the targeted sedation 
score (RSS: 3) was 16.10±2.67 min in the dexmedetomidine 
group and 8.93±1.72 min in the ketofol group; the difference 
between them was statistically significant (p<0.001). Although 
there was a statistically significant difference between the 
groups with respect to RSS in T2 (after drug administrations) 
and T3 (after nerve blockade) monitoring times (p<0.001 and 
p<0.017, respectively), no significant difference was found in 
other measurement times (Figure 1).

No statistically significant difference was detected between 
the control IOP values of the groups (19.10±7.01 mmHg 

 Figure 1. Perioperative haemodynamic and respiratory changes and the depth of sedation
* and †significant according to the baseline value, ‡Significant between the groups, t-test and ANOVA
T1: basal value; T2: after loading dose; T3: after block procedure; T4: beginning of the intervention; T5, T6 and T7: 5th, 10th and 15th min during the 
surgery; T8: end of the intervention and T9 and T10: postoperative 5th and 15th min
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in Group D AND 15.07±4.02 mmHg in Group K). After 
the administrations of the drugs, the values of IOP were sig-
nificantly decreased to 14.73±5.27 mmHg in Group D and 
11.43±2.34 mmHg in Group K. The rates of these decreases 
in IOP values were not statistically significant.

In the dexmedetomidine group, a statistically significant de-
crease was found between the baseline values and following 
measurements for the values of HR and MAP. In the ketofol 
group, while MAP values significantly decreased compared to 
the baseline values, no significant change was observed in HR 
values (Figure 1). With respect to RR, no significant change 
was found in both groups compared to the baseline values. 

In one patient in the ketofol group, it was required to open 
the airway through the chin lift manoeuvre because of deep 
sedation (RSS:5). Manual ventilation was not needed, and 
the protection of spontaneous airway was provided in a short 
time. On the other hand, cough developed in one patient. 
Other side effects such as apnoea, desaturation, hypotension, 
nausea-vomiting, bradycardia, agitation and hallucination 
were not observed in any case. These side effects did not also 
develop in the dexmedetomidine group.

In the dexmedetomidine group, the time when MAS was 
9 was longer than that in the ketofol group (24.9±4.5 min 

vs. 16.1±2.1 min) and the difference between them was sta-
tistically significant (p<0.001). With respect to VAS values 
during the block procedure and at the postoperative 1st, 2nd 
and 4th h, no statistically significant difference was observed 
between the groups. VAS value at any measurement time 
did not require the administration of additional analgesics 
(VAS <4). Moreover, with respect to patient and surgeon sat-
isfaction levels, any statistically significant difference was not 
found between the groups (Table 3).

Discussion

During ophthalmic surgical procedures that would be per-
formed under local/regional anaesthesia, it is desired that the 
patient should be sedated but also conscious for providing 
cooperation and the IOP level should be low (13). Therefore, 
many sedative agents are administered alone or in combina-
tion. The most commonly used sedative agents are propofol, 
midazolam and opioids (14, 15). It has also been reported 
that dexmedetomidine, which is a selective α2 adrenoreceptor 
agonist, is successfully used in the treatment of cataract (1, 12, 
16-18). The most important advantage of dexmedetomidine 
seems to be its ability to exert analgesic and anxiolytic effects 
without causing respiratory depression (1). The analgesic ef-
ficiency of ketamine at sub-anaesthetic doses is known and 
it can be used with other sedative agents (15, 19). Therefore, 
the use of ketamine with propofol is popular. With this com-
bination, a less amount of propofol is used and the side effects 
of propofol are avoided. In addition, the psychomimetic side 
effects of ketamine are reduced and a clinically important re-
spiratory depression is not encountered (9, 20). This combi-
nation can be used by mixing in a single injector (9, 21), and 
it can have the content of propofol and ketamine at different 
proportions such as 1:1 (20), 2:1 (22) and 3:1 (15). The sim-
plicity, efficiency and reliability of this type of administration 
in sedation and analgesia have been demonstrated in various 
procedural sedation applications (9, 22, 23).

For haemodynamic and respiratory effects, which were the 
primary outcomes of our study, similar results were reached 
in both groups. In the measurements of MAP, a significant de-
crease was detected after the drug administrations compared 
to the baseline values. With respect to the HR, a decrease was 
observed only in Group D compared to the baseline values. 
On the other hand, no statistically significant change was 
found in Group K.

Ghali et al. (12) compared sedation via dexmedetomidine 
and propofol in patients having undergone vitreoretinal sur-
gery under local anaesthesia and they found a statistically sig-
nificant decrease in the HR and MAP values of both groups 
compared to the baseline values.

Similar results with both dexmedetomidine and propofol 
have been reported in the literature (16, 17, 24). It has been 
shown that propofol is a strong inhibitor of sympathetic ac-
tivity (25). Dexmedetomidine is also known to reduce the 

Table 3. Clinical data
 Group D Group K Significance 
 (n: 30) (n: 30)  (p)

The time of RSS 3 (min) 16.1±2.6 8.9±1.7* <0.001

VAS during block  1.9±0.7 1.5±0.7 0.66

The time of Aldrete: 9 (min) 24.9±4.5 16.1±2.1* <0.001

VAS

Postoperative 1st h 1.9±0.5 1.7±0.5 0.560

Postoperative 2nd h 1.8±0.6 1.7±0.4 0.490

Postoperative 4th h 2.1±0.6 2.0±0.6 0.565

Patient satisfaction 6.3±0.5 6.1±0.7 0.084

Surgeon satisfaction 6.4±0.6 6.2±0.8 0.067
Data are presented as mean±standard deviation. RSS: Ramsay sedation score; 
VAS: visual analogue scale *Statistically significant compared to Group D, Mann–
Whitney U test

Table 2. Demographic data and duration of surgery
 Group D Group K Significance* 
 (n: 30) (n: 30) (p)

Age (years)  68.6±8.4 66.4±6.3 0.434

Gender (F/M)  14/16 17/13 0.688

ASA I/II/III  4/20/6 3/18/8 0.356

Duration of surgery 38.1±11.3 36.4±10.2 0.562 
(min)
Data are presented as mean±standard deviation and number of patients. 
F: female; M: male; ASA: American Society of Anaesthesiologists *chi-
square and t tests
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sympathetic activity and catecholamine levels in the circula-
tion; therefore, it is expected to cause a decrease in MAP like 
propofol (26). It is thought that its effect on HR is a result of 
its sympatholytic and vagomimetic actions (27).

With respect to RR, no statistically significant change was 
observed in both groups compared to the baseline values. In 
one patient in the ketofol group, airway opening manoeuvre 
was needed. Except this case, adequate respiratory function 
was maintained spontaneously in all patients. In the study of 
Ghali et al. (12), in which they compared dexmedetomidine 
and propofol as sedative agents, they reported that the most 
impressive finding of their study was the significantly high level 
of RR and SpO2 values in the dexmedetomidine group. We 
think that the absence of respiratory depression in the ketofol 
group resulted from a lesser amount of propofol use in our 
study compared with that in the abovementioned study (0.5 
mg kg−1 vs. 0.7 mg kg−1). The intravenous bolus dose of dexme-
detomidine that was used in our study was lower (0.5 mcg kg−1 

vs. 1 mcg kg−1). Because the patients for whom cataract surgery 
was planned were mostly at an advanced age and had comorbid 
diseases and our targeted sedation score was RSS:3, this dosage 
was preferred. In addition, in the literature, a similar dose re-
gime has been used for cataract surgery (16).

The aim of anaesthesia administration for ophthalmic surgery 
is to quell patients’ anxiety and to prevent the occurrence of 
pain during peri/retro-bulbar block procedures. Moreover, 
it is recommended to avoid deep sedation because this can 
increase the risks for apnoea and undesirable patient move-
ments (28). Therefore, in our study, the targeted sedation 
score was determined as RSS:3 (patient responding only to 
commands), as in similar studies in the literature (12, 16, 
23). The time for reaching this score was significantly shorter 
in the ketofol group. In the literature, it has been reported 
that sedation with propofol has a rapid onset of action com-
pared with that with dexmedetomidine (12). Frey et al. (15) 
compared propofol and the propofol-ketamine combination 
for sedation in ophthalmic surgery and they found the onset 
of action to be shorter in the propofol-ketamine group.

In day-case surgeries, the duration of patient’s recovery from 
the effects of anaesthetic agents is important. Modified Al-
drete Scoring system (MAS) is frequently used for deciding on 
the transfer of patient from the recovery room to the service 
(29). Each of blood pressure, peripheral oxygen saturation, 
consciousness, motor activity and respiratory parameters are 
evaluated with MAS over two points. With the result of this 
evaluation, patients having 9 or 10 points are recommended 
to be transferred from the recovery room to the service.

In our study, the time for reaching MAS:9 was 16 min in the 
ketofol group and 25 min in the dexmedetomidine group 
and the difference was statistically significant. Arain et al. (30) 
found the time for reaching MAS:9 as 34 min in the dexme-
detomidine group and 28 min in the propofol group in the 
intraoperative sedation performed with similar doses to ours.

In the study of Ghali et al. (12), in which they compared 
dexmedetomidine and propofol sedation in cataract surgery, 
MAS reached 10 points within 40 min in the dexmedetomi-
dine group and within 37 min in the propofol group. The 
difference between their study and our study may have been 
due to the targeted MAS score.

It has been reported that dexmedetomidine cannot be appro-
priate for the procedural sedation administrations in which it 
is used as the single agent because recovery time can extend 
(31).

The recovery time of the propofol-ketamine combination 
seems to be dependent on the concentration of ketamine in 
the compound. In 100 procedural sedation administrations, 
the mean recovery time was 26 min in the group including 
propofol-ketamine at the proportion of 1:1 and 15 min in 
the group including the combination at the proportion of 4:1 
(32). Frey et al. (15) found no difference between sedation 
implementations performed with propofol and the propo-
fol-ketamine combination at the proportion of 3:1 in cata-
ract surgery with respect to the hospitalization time in the 
recovery room.

In our study, no statistically significant difference was ob-
served between the groups with respect to VAS values. The 
analgesic effect of dexmedetomidine is well-known and it 
seems superior to propofol with respect to providing anal-
gesia in the studies in which both have been compared (12, 
30, 33, 34). Ketamine also has an analgesic effect, which is 
thought to be from the spinal cord and opioid receptors in 
the brain (35, 36). Analgesia provided with propofol and 
ketamine combination for procedural sedation has been re-
ported to be a reasonable choice compared to fentanyl and 
alfentanyl because it occurs with decreased airway complica-
tions (37-40).

The administration of sedative agents with local anaesthesia 
in ophthalmic surgery can offer desired surgical conditions 
such as patient’s remaining motionless and surgery site with-
out congestion. It is stated that the chosen sedative drugs 
with the effect of decreasing intraocular pressure can help the 
success rate to increase and complication rates to decrease by 
preventing the ocular content to protrude from surgical or 
traumatic wound (41, 42). It is known that both dexmede-
tomidine and the ketamine-propofol combination decreases 
IOP (1, 15, 18, 43).

Furthermore, no significant difference was found between 
the groups with respect to patient and surgeon satisfaction 
scores. Psychomimetic side effects such as agitation and hav-
ing a nightmare in the postoperative period were not ob-
served in any patient.

Frey et al. (15) have reported the presence of increased IOP, 
delayed cognitive recovery or sedation with higher quality 
without psychomimetic side effects with the propofol and 
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ketamine combination administered for sedation in cataract 
surgery.

The main limitation of our study is that we did not perform 
bispectral index (BIS) measurement, which is an objective 
technique used for evaluating the depth of sedation. Howev-
er, the presence of the relationship between RSS and BIS has 
been specified in the literature (44, 45). Another limitation is 
the lack of monitoring discharge time, which is an important 
parameter for the assessment of anaesthesia techniques used 
in day-case surgeries.

Conclusion

In this study, it was found that sedation with ketofol provided 
adequate analgesia compared to dexmedetomidine at similar 
sedation levels, and it had a more rapid onset of action and 
shorter recovery time without leading to any haemodynamic 
and respiratory side effects. Ketofol can be a valuable alter-
native for the sedation of patients having undergone cataract 
surgery with phacoemulsification technique under retrobul-
bar block anaesthesia.
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