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Abstract

Objective Anesthetic agents are often combined to

enhance their therapeutic effects while minimizing adverse

events. The aim of this study was to evaluate the effects of

two different sedation regimens of ketamine and propofol

combination via infusion on perioperative variables in

patients who underwent plastic and reconstructive surgery.

Methods This randomized double-blind clinical trial was

done on 80 patients who were randomized to two groups;

group 1 (n = 40) received a 2:1 mixture of 9 mg/ml pro-

pofol and 4.5 mg/ml ketamine, and group 2 (n = 40)

received a 4:1 mixture of 9 mg/ml propofol and 2.25 mg/

ml ketamine. After premedication and before local anes-

thetic injection, the infusion of mixtures was adjusted to

attain the Ramsay sedation scores of 5 in both groups. We

recorded induction time, sedation efficacy, cardiovascular

and respiratory events, recovery time, and incidence of

adverse events during and after the procedure.

Results The mean of volume infusion of mixtures in the

beginning of the procedure was higher in group 2 (3.2 ± 1.

2 ml) than in group 1 (2.4 ± 0.8 ml) (p\ 0.001). The induc-

tion time for sedation was 2.8 ± 0.8 min and 2.6 ± 0.4 min in

group 1 and group 2, respectively (p = 0. 92). The number of

oversedated patients was greater in group 2 compared to group

1 but not statistically significant (p = 0. 80). The sedation

efficacy was similar between the two groups. The hemody-

namic changes during the procedure were greater in group 2

compared to group 1 (p = 0. 001). The recovery time was not

significantly different between the two groups (p = 0.43). The

mean pain score in the recovery room was lower in group 1 than

group 2 (1.2 ± 0.8 vs 2.8 ± 1.8, p = 0. 01). Moreover, 4

(10 %) patients in group 1 and 10 (25 %) patients in group 2

needed opioid administration (p = 0. 02). Other postoperative

adverse events were similar between the two groups.

Conclusion We recommend the use of a 2:1 combination

of propofol–ketamine, because it reduced the rescue pro-

pofol requirement and consequently produced lower car-

diovascular and respiratory depression effects and also less

postoperative pain.

Level of Evidence I This journal requires that authors

assign a level of evidence to each article. For a full

description of these Evidence-Based Medicine ratings,

please refer to the Table of Contents or the online

Instructions to Authors www.springer.com/00266.
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Introduction

Many plastic and reconstructive surgeries such as basal cell

carcinoma, squamous cell carcinoma, and melanoma can
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be performed with monitored anesthesia care, especially in

elderly patients because many of these patients have low

cardiovascular reserves and general anesthesia in these

subjects might be difficult. This strategy needs efficacious

and safe sedation with analgesia. The goal of appropriate

sedation includes a sufficient level of sedation and amnesia,

minimizing pain, anxiety, and adverse drug-related com-

plications, and maintaining stable hemodynamics and

ventilation during the procedure. The reasonable agents for

sedation are better to reach these goals. Also, these agents

would be safe, especially in elderly patients and have a

short recovery time and are inexpensive. Unfortunately, we

don’t know a single agent that has all of these character-

istics, so anesthesiologists for achieving efficacious seda-

tion administer combinations of different agents to obtain

many of these desired goals. The major problems in the

administration of propofol for sedation are dose-dependant

hypotension and respiratory depression [1]. Also, ketamine

use can produce psychotomimetic effects and increase the

incidence of postoperative nausea and vomiting [2]. Pre-

vious studies showed that a small dose of ketamine pos-

sesses analgesic properties [3, 4]. This property of low-

dose ketamine can complement the sedation provided by

propofol [5]. It is clear that the use of a mixture of these

two agents may preserve sedation efficacy and decrease

their adverse events, because many potential adverse

effects are dose dependent [6]. However, if we administer a

combination of these agents, the dose of each agent can be

reduced [7]. Also, when we use a propofol and ketamine

combination the hemodynamics remain stable because the

cardiovascular effects of the two agents oppose each other.

This study was aimed to evaluate the effects of two dif-

ferent sedation regimens that include a combination of

ketamine and propofol via infusion on hemodynamic

variables, sedation efficacy, analgesia, time of recovery,

and adverse events during and after plastic and recon-

structive surgery.

Methods

Our randomized, double-blind clinical trial was done from

January to September 2013 on 80 consenting ASA physical

status I–III patients who underwent plastic and recon-

structive surgery, including basal cell carcinoma (BCC),

squamous cell carcinoma (SCC), and melanoma on the

scalp or head and neck. Two surgeons performed all pro-

cedures with patients under sedation. Our study was

approved by the ethical committee in our hospital. Exclu-

sion criteria included patients with clinically significant

cardiovascular, respiratory, and neurological disease, a

history of psychological problems, substance abuse or

chronic pain. Number of subjects in each group provided a

90 % power for detecting a 40 % difference in opioid

administration postoperative with an alpha level of 0.05.

Patients were randomized to two groups according to a

computer-generated randomization schedule. Group 1

received a propofol–ketamine combination from syringes

prepared as a 2:1 mixture of 9 mg/ml propofol and 4.5 mg/

ml ketamine (combination of 50 ml propofol 1 % with

5 ml of ketamine). The infusion rate in this group was

1.5 mg/kg/hr of propofol and 0.8 mg/kg/hr of ketamine

during surgery. Group 2 received mixtures prepared as a

4:1 ratio of 9 mg/ml propofol and 2.25 mg/ml ketamine

(combination of 50 ml propofol 1 % with 2.5 ml of keta-

mine). The infusion rate in group 2 was 1.5 mg/kg/hr of

propofol and 0.4 mg/kg/hr of ketamine during surgery.

Propofol–ketamine mixture syringes were prepared by an

anesthesia nurse who was not directly involved in this

study. Midazolam (15 lg/kg) and fentanyl (1 lg/kg) IV

were given to all our patients as premedication. Non-

invasive blood pressures, heart rate, oxygen saturation via

pulse oximetry were recorded at the beginning of the

operation and then every 5 min until the end of the oper-

ation. Pain evaluation was determined by the visual analog

scale (zero = no pain—10 = worst pain which was

experienced) in two groups during and after the procedure.

Ventilation was assessed by end-expiratory carbon dioxide

and recording of respiratory rate. End-expiratory carbon

dioxide was monitored via a plastic catheter through a

nasal cannula. The sedation level of the patients was

assessed by Ramsay sedation scores [7]. After adminis-

tration of premedication and before injection of local

anesthesia, the infusion of the propofol–ketamine combi-

nation was adjusted to attain the Ramsay sedation scores of

5 in both groups and then 10–15 ml lidocaine 2 % plus

epinephrine 1/200,000 was injected in both groups. If the

sedation score during the procedure was less than 5, an

additional dose of the mixture was infused to obtain this

score in both groups. We recorded the induction time of

sedation that was defined as the interval from the beginning

of infusion of propofol–ketamine mixture until the time

that the Ramsay sedation score of 5 was achieved. Sedation

efficacy was defined as the patients not having an

unpleasant recall of the operation and no sedation-related

adverse events during the procedure. Other secondary

outcomes included a total infusion of the propofol–keta-

mine combination dose, operation time, recovery time,

desaturation (SpO2 \ 90 %), respiratory depression, and

nausea and vomiting during the procedure. After comple-

tion of the procedure, based on the Aldrete recovery score

patients the patients were transferred to the recovery room

and vital signs and level of sedation were assessed every

15 min. Statistical analysis of our data was performed with

SPSS 16.0. Parametric variables were analyzed with the

t test and compared between the two groups. Blood
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pressure and heart rate were analyzed using repeated

measurement analysis. Categorical variables were com-

pared between the two groups by v2 or Fisher’s exact tests.

All data were presented as means with standard deviations

(SD). The results were considered significant at a

p value \ 0.05.

Results

Demographic characteristics were similar between the two

groups (Table 1). Also, types of procedures were not sig-

nificantly different between the two groups (Table 2). The

duration of surgical intervention was similar between two

groups (88.2 ± 18.8 min in group 1 and 84.6 ± 22.2 min in

group 2, respectively p = 0. 43). The mean volume of the

infused propofol–ketamine combination in the beginning of

the procedure until the level of sedation reached a Ramsay

sedation score of 5 was higher in group 2 (3.2 ± 1. 2 ml)

than in group 1 (2.4 ± 0.8 ml) (p = 0. 001). The induction

times for sedation were 2.8 ± 0.8 min and 2.6 ± 0.4 min in

group 1 and group 2, respectively (p = 0. 92). Eight (20 %)

patients in group 1 and 14 (35 %) patients in group 2 needed

an additional infusion of the propofol–ketamine mixture

intraoperatively to maintain a Ramsay sedation score of 5

(p = 0. 01). The dose of propofol–ketamine mixture used in

group 1 was 18.2 ± 6.4 ml compared to 24.4 ± 8.2 ml in

the other group (p = 0. 03). The mean of the Ramsay

sedation score during the operation was 4.6 ± 1.4 in group 1

and 4.8 ± 1.2 in group 2 (p = 0. 09). The number of

oversedated patients (Ramsay sedation score [5) was

greater in group 2 compared to group 1, 6 (15 %) patients

versus 4 (10 %) patients, but was not statistically significant

(p = 0. 80). The dose of lidocaine 2 % plus epinephrine that

was injected for local anesthesia was 12.2 ± 4.2 ml in group

1 and 12.8 ± 6.4 ml in group 2 (p = 0. 82). The sedation

efficacy was similar between the two groups. The surgeon’s

satisfaction during the operation did not differ between the

groups (95 % in group 1 versus 87 % in group 2, respec-

tively p = 0. 09). The hemodynamic changes during the

procedure were greater in group 2 compared to the other

group (p \ 0.001). (Table 3, 4, 5) (Fig. 1, 2, 3). Moreover,

the intraoperative heart rate changes were statistically sig-

nificantly greater in group 2 compared to group 1 (Table 6)

(Fig. 4). No patient in either group became hypotensive

(decrease of 30 % of systolic blood pressure from baseline

measurement) that required treatment. Desaturation (SpO2

\90 %) was observed in 2 (5 %) patients in group1 and in 5

(12.5 %) patients in group 2 during the procedure

(p = 0.64). All of these cases required simple reposition of

the airway with the head tilt or chin lift and supplemental

oxygen, and none needed mask ventilation or endotracheal

intubation. None of the patients in either group showed

apnea. The mean respiratory rates measured by capnography

were higher in group 1 compared to group 2 during the

procedure (14.8 ± 2.4 vs 12.4 ± 4.2, p = 0.03). No

patients in either group developed agitation or hallucina-

tions. Also, none of the patients experienced rash, brady-

cardia, and shivering through and after the procedure. The

duration of phase 2 recovery was not significantly different

between the two groups (group 1, 34.4 ± 10.2 min, group 2,

38.2 ± 14.4 min, p = 0.43). The mean VAS score in the

recovery room was lower in group 1 than group 2 (1.2 ± 0.8

versus 2.8 ± 1.8, p = 0.01). However, 4 (10 %) patients in

group 1 and 10 (25 %) patients in group 2 needed opioid

administration postoperatively (p = 0.02). None of the

patients in both groups experienced the psychotomimetic

response postoperatively. None of the patients in group 1

and 2 (5 %) patients in group 2 experienced nausea and

vomiting after the operation (p = 0.37).

Table 1 Patient characteristics of groups

Variables Group 1 Group 2 p value

Age (y) 68 ± 18 66 ± 20 0.71

Sex (male/female) 2.49 3 0.80

ASA class 1 and 2 36 (90 %) 37 (92.5 %) 0.92

ASA class 3 4 (10 %) 3 (7.5 %) 0.92

Diabetes 6 (15 %) 8 (20 %) 0.71

Hypertension 8 (20 %) 12 (30 %) 0.10

Ischemic heart disease 6 (15 %) 5 (12.5 %) 0.43

Renal failure 1 (2.5 %) 4 (10 %) 0.09

Congestive heart failure 1 (2.5 %) 3 (7.5 %) 0.24

Opiate addiction 6 (15 %) 8 (20 %) 0.71

Table 2 Types of procedures in groups

Types of procedures Group 1 Group 2 p value

Basal cell carcinoma (BCC) 22 (55 %) 26 (65 %) 0.73

Squamous cell carcinoma (SCC) 10 (25 %) 12 (30 %) 0.43

Melanoma 6 (15 %) 4 (10 %) 0.64

Table 3 The comparison of systolic blood pressure between two

groups during procedure. (D0: baseline, D5: after 5 min, D10: after

10 min, D15: after 15 min, D20: after 20 min, D30: after 30 min)

Variables Group 1 Group2 p value

Systolic blood pressure D0 141.4 ± 24.9 141.1 ± 19.4 \0.001

Systolic blood pressure D5 124.2 ± 19 121.5 ± 14.3 \0.001

Systolic blood pressure D10 127.7 ± 18.8 121.8 ± 19.9 \0.001

Systolic blood pressure D15 125.5 ± 23 116 ± 12.4 \0.001

Systolic blood pressure D20 124.4 ± 16.4 116.8 ± 14 \0.001

Systolic blood pressure D30 123.2 ± 13.9 118.6 ± 13.9 \0.001
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Discussion

The present study showed that a 2:1 mixture of propofol–

ketamine appears to be effective and safe with lower

respiratory and cardiovascular depression effects and also

less postoperative pain compared to a 4:1 mixture in

patients undergoing plastic and reconstructive surgery. It is

preferable that anesthetic agents are often combined to lead

to favorable endpoints and less dose-dependent adverse

events. In our study addition of ketamine to propofol not

only provided analgesia, but also, counteracts the cardio-

vascular and respiratory depression of propofol. The

combination in group 2 (4:1; 9 mg/ml propofol and

2.25 mg/ml ketamine) required more additional infusion of

Table 4 The comparison of diastolic blood pressure between two

groups during procedure. (D0: baseline, D5: after 5 min, D10: after

10 min, D15: after 15 min, D20: after 20 min, D30: after 30 min)

Variables Group 1 Group 2 p value

Diastolic blood pressure D0 83 ± 13.6 84.3 ± 10.5 \0.001

Diastolic blood pressure D5 79.1 ± 12.3 75.6 ± 14.2 \0.001

Diastolic blood pressure D10 79.2 ± 12.5 72.6 ± 10.4 \0.001

Diastolic blood pressure D15 76.5 ± 15.2 67.6 ± 8.9 \0.001

Diastolic blood pressure D20 76 ± 12.2 68.8 ± 10.2 \0.001

Diastolic blood pressure D30 75.8 ± 10.9 71.6 ± 11.6 \0.001

Table 5 The comparison of mean arterial blood pressure between

two groups during procedure. (D0: baseline, D5: after 5 min, D10:

after 10 min, D15: after 15 min, D20: after 20 min, D30: after 30 min)

Variables Group 1 Group 2 p value

Mean arterial blood

pressure D0

104.3 ± 19.1 101.2 ± 15.6 \0.001

Mean arterial blood

pressure D5

94.6 ± 14.6 90.5 ± 13.2 \0.001

Mean arterial blood

pressure D10

98.1 ± 14.8 89 ± 11.6 \0.001

Mean arterial blood

pressure D15

93 ± 19.8 84.1 ± 8.9 \0.001

Mean arterial blood

pressure D20

92.1 ± 13.4 86.2 ± 12.8 \0.001

Mean arterial blood

pressure D30

89.1 ± 12.2 87.6 ± 10.8 \0.001

Fig. 1 The comparison of systolic blood pressure between two

groups during procedure. (D0: baseline, D5: after 5 min, D10: after

10 min, D15: after 15 min, D20: after 20 min, D30: after 30 min)

Fig. 2 The comparison of diastolic blood pressure between two

groups during procedure. (D0: baseline, D5: after 5 min, D10: after

10 min, D15: after 15 min, D20: after 20 min, D30: after 30 min)

Fig. 3 The comparison of mean arterial blood pressure between two

groups during procedure. (D0: baseline, D5: after 5 min, D10: after

10 min, D15: after 15 min, D20: after 20 min, D30: after 30 min)

Table 6 The comparison of heart rate between two groups during

procedure. (D0: baseline, D5: after 5 min, D10: after 10 min, D15: after

15 min, D20: after 20 min, D30: after 30 min)

Variables Group 1 Group 2 p value

Heart rate D0 81.3 ± 12.9 74.8 ± 9 0.03

Heart rate D5 76.4 ± 12.2 72.3 ± 11.5 0.02

Heart rate D10 78.8 ± 13 73 ± 11.6 0.03

Heart rate D15 82.7 ± 13.1 74.1 ± 12.1 0.01

Heart rate D20 82.6 ± 14.6 73 ± 12.8 0.01

Heart rate D30 82.6 ± 12.8 73.2 ± 11.4 0.02
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the mixture in the beginning and during the procedure and

also more unwanted deep sedation compared to the other

group. These observations are supported by previous

studies that found the combination of propofol and keta-

mine results in deeper sedation than propofol alone, and

leads to a decreased amount of propofol administration [8,

9]. As a result, fewer patients in the propofol–ketamine

mixture need repeated doses of agents to maintain nickel

sedation during their procedure. Erden who compared two

different doses of ketamine for sedation during interven-

tional radiology procedures showed that the higher dose of

ketamine in combination with propofol resulted in lower

administration of drugs and lower incidence of desaturation

[6]. In our study, desaturation episodes were greater in

group 2 with lower ketamine doses but not statistically

significant. It is known that to achieve desirable sedation

with adequate analgesia, use of ketamine against opioids

and combining with propofol could provide fewer adverse

airway events [10, 11]. Previous studies showed that

respiratory adverse events of propofol are dependent on the

rate of its administration [12, 13]. It was shown that ket-

amine preserved respiratory function [14] and combination

of it with propofol counterbalances the respiratory

depression associated with propofol alone [15]. This pro-

tective effect of ketamine enables us to obtain the desired

sedation depth with minimum doses of propofol when the

combination is used for sedation during procedures [16]. In

our study, supplemental oxygen and airway repositioning

such as head extension and chin lift were enough to correct

respiratory depression and there was no need for mask

ventilation or endotracheal intubation. One study reported

that use of a propofol–ketamine combination provided

desaturation and 2.6 % of patients required airway

manipulation and 0.9 % needed bag ventilation [17].

Moreover, one study showed that the use of ketamine by

reducing total doses of propofol can significantly improve

ventilation and decrease end-expiratory CO2 [4]. The

hemodynamic changes of group 2 in our study were greater

compared to group 1. This finding can relate to adminis-

tration of higher doses of propofol for group 2. Therefore,

use of the mixture of group 1 is suitable for sedation

especially in elderly subjects because of the low cardio-

vascular reserves. However, some previous studies identi-

fied that hemodynamic variables did not differ with

different doses of ketamine [5, 6]. One of the major

problems of ketamine is emergence delirium, but it was

shown that this response was low when ketamine was

combined with propofol [18]. Also, it is reported that the

incidence of psychotomimetic responses to propofol–ket-

amine mixtures was low and often occurred in the mixture

of large doses of ketamine [5]. This adverse event was not

statistically different between the two groups in our study.

The median recovery time for both groups in our study was

similar. Previous studies showed that the median recovery

time of sedation with propofol–ketamine combinations was

small [6, 19] also, other studies observed recovery times of

propofol–ketamine were shorter than fentanyl–midazolam

combination [20], propofol alone [21], and ketamine alone

[22]. The use of ketamine can lead to nausea and vomiting

with incidences of 5 and 15 % [23]. However, when it is

combined with propofol, this problem is compensated by

the antiemetic activity of propofol [24]. There are no sta-

tistically significant differences between the two groups. In

our study, the intraoperative and postoperative pain eval-

uated with VAS scores decreased more in group 1 com-

pared to the other group. This result may be related to the

preemptive analgesic effect of low-dose ketamine that was

identified in previous studies [25–28]. Moreover, there was

no difference in the amount of postoperative opioid

administration in our groups. We think that with an

increased sample size, this variable may be statistically

significant. The main limitation of our protocol was the

small sample size. In conclusion, use of a 2:1 mixture of

9 mg/ml propofol and 4.5 mg/ml ketamine for sedation

during plastic and reconstructive surgery showed little need

to use propofol and minimum respiratory depression and

hemodynamic changes during procedures compared to the

4:1 (9 mg/ml propofol and 2.25 mg/ml ketamine) mixture.

Both combinations appeared to have short recovery times

and few postoperative complications. Therefore, infusion

of propofol–ketamine combinations on the order of that

used in group 1 appears to be safe and effective for seda-

tion during surgery with less oversedation and also lower

cardiovascular and respiratory depression effects.
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