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1. ABBREVIATIONS  

ABGs :  Arterial blood gas 

ADE :  Adverse drug events 

BP :  Blood pressure  

CPS :  Cognitive pharmaceutical services 

CPCF :  Contractual frameworks for community pharmacy 

DVT :  Deep venous thrombosis  

DRPs :  Drug related problems 

ECHO :  Humanistic outcomes       

GPs :  General practitioners  

G1 :  group 1 

G2 :  group 2 

G3 :  group3   

h :  hour 

HbA1C:  Glycosylated haemoglobin  

HDL :  High Density Lipoprotein 

HR :  Heart rate  

IDSA :  Infectious Diseases Society of America 

ICU :  Intensive Care Unit 

IV :  Intravenous 

LDL :  Low Density Lipoprotein  

MAP :  Mean Arterial Pressure   

min :  Minute  

mg :  Milligram 

ml :  Milliliter 
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mmHg :  Millimeter mercury  

NMDA:  N-methyl-D-aspartic acid  

NPO :  Non Per Oral 

NHS :  National Health Service 

NSAIDs:  Non-Steroidal Anti-Inflammatory Drugs 

NS : Not Significant  

N-V : Nausea - Vomiting  

PACU :  Post-Anesthesia Care Unit 

Sc : Subcutaneous 

SD : Standard Deviation   

TIVA : Total Intravenous Anesthesia 

UK :  United Kingdom 

UTIs : Urinary Tract Infections  

Vs :  Versus 

WHO : World Health Organization 
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2. INTRODUCTION (LITERETURE REVIEW) 

Intraoperative hemodynamic stability of a patient during surgery, and the requirements for 

subsequent analgesic consumption due to the severity of the postoperative pain, are all 

major challenges for the surgical team. Remifentanil is a highly selective opioid analgesic, 

acting on μ opiate receptors. It is used in combination with propofol as total intravenous 

anesthesia (TIVA) as it produces a more hypotensive effect as compared with other opioids 

(1). It has an ultra short duration of action as compared with other mu receptor agonists. 

This short duration of action is exemplified by the finding that no residual effects are 

observed as quickly as 5-10 minutes after stopping its administration. However this rapid 

reversal can be considered as a disadvantage of remifentanil in that the post-operative 

residual effect is minimal (2). 

In contrast to the pharmacological effects of remifentanil, the blood pressure and pulse rate 

are frequently elevated when ketamine is administered. The elevation of blood pressure 

begins soon after its administration and reaches a maximum within a few minutes and 

usually returns to pre-anesthetic values within 15 minutes after injection (3).  

Ketamine hydrochloride is an intravenous anesthetic. Its anesthetic and analgesic effects are 

mediated primarily by a non-competitive antagonism at N-methyl-D-aspartic acid (NMDA) 

receptors (4). Low-dose ketamine has a direct analgesic effect and also induces a 

postoperative morphine-sparing effect in some forms of surgery (5). Using a Low-dose 

infusion of ketamine (1 μg/ kg/min) has previously been used intra-operatively in different 

types of surgery (6,7)  and used peri-operatively in major abdominal surgery (8, 9), and also 

to decrease post-operative intravenous morphine consumption (10, 11, 12). Many surveys 

have shown a high prevalence of significant pain after many types of surgery (13) and 

regulation of such postoperative pain is one of the most common therapeutic problems in 

hospitals (2). 

To counter such pain, systemic opioids have been used but a major problem is that they can 

be associated with significant N-V side effects
 
(14,15), nausea and vomiting (N-V) are the 

most common therapeutic problems in hospitals
 
(2, 14)  and many surveys have shown high 
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prevalence of significant pain and N-V after all types of major surgery (13, 16).  Reducing 

the opiods dose can lead to a lower incidence of N-V (8). 

Clinical pharmacists offer pharmaceutical care to improve patients' health, in addition to 

dispensing medications (17); Pharmaceutical care activities include three main components: 

1. To try and ensure a patient is receiving optimal drug therapy for their condition whilst at 

the same time minimise drug related problems (18). 

2. Patient education and counselling (illness, medication, healthy lifestyle, treatment goals, 

need for compliance with medication regimens and facilitating communication with 

physicians) (18). 

3. Monitoring patient symptoms and outcomes (19, 20). 

Why pharmacists are well suited for these tasks: 

 a. They have the educational background and knowledge and skills needed to identify 

and resolve drug-related problems, 

 b. While patients may have multiple physicians, if they are in the community receiving 

care they often patronize a single pharmacy,  

c. Pharmacists are often the last health professional who patients see before taking a 

newly prescribed medication and 

d. Pharmacists are rated highly by the public for their honesty and ethical standards 

(21). 

Patients undergoing spinal fusion, scoliosis and lumbar microdiscectomy surgery 

experience very severe pain in the postoperative period, which may increase the incidence 

of postoperative morbidity and complications (2, 22, 23). 

In this part of the thesis, I intended to examine the hypothesis that postoperative pain and 

morphine consumption would be reduced by using the infusion of a very small-dose of 

ketamine (1 μg/kg/min) both intra- and postoperatively. This drug was added to an intra-
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operative remifentanil-based anesthesia regimen for spinal fusion, scoliosis, and lumbar 

microdiscectomy surgery. Furthermore, I evaluated the effect of ketamine on 

heamodynamic stability, N-V side effects, and its transient psychotic effects.  

 In the world literature, up to my best knowledge; clinical pharmacist has positive 

interventional role in the hospital, and in the community pharmacy in controlling chronic 

diseases as; blood pressure, blood cholesterol level, blood sugar level, and asthma (24, 25). 

Furthermore the Infectious Diseases Society of America (IDSA) guidance considered 

clinical pharmacist as a central member of the team together with the infectious diseases 

physician (25). In addition to that, clinical pharmacist had positive impact on decreasing the 

expenditure (26, 27). 

On the other hand little information exists about the clinical pharmacist intervention in the 

surgery room, PC Gordon et al. (2004) has advised that the SA Society of anesthesiologists 

should be involved with the pharmacist for different improvements (28). 

 Due to all the previous mentioned positive impacts of the clinical pharmacist in the 

different areas, I conducted a novel idea, by carrying out the clinical pharmacist 

intervention to the different anesthetics strategies during spinal fusion, scoliosis, and 

microdiscectomy surgery. 
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2.1. Ketamine  

2.1.1. Mechanism of action  

Ketamine is an established intravenous anesthetic agent, which was approved for clinical 

use in 1970 (28). It has anesthetic and analgesic effects which are mediated primarily by a 

non-competitive antagonism at N-methyl-D-aspartic acid (NMDA) receptors
 
(3). 

 

2.1.2. General uses of ketamine      

Ketamine has been used to provide anesthesia or sedation to uncooperative children, as well 

as for battlefield emergencies (29, 30). 

Furthermore, ‗ketamine serves as a sedative and an analgesic agent for burn injuries‘ (31). 

Tosun et al 2008 found that a 'propofol-ketamine combination provides effective sedation 

and analgesia during dressing changes in pediatric burn patients' (32). 

There was increasing interest in the use of ketamine for asthma management.  

Denmark TK et al 2006 suggested that for children experiencing severe asthma 

exacerbations, intravenous ketamine may be an effective temporizing measure to avoid 

exposing these children to the risks associated with mechanical ventilation (33). 

It is used as an analgesic in cases of cancer (34), geriatric hip fracture (35), trauma (35) and 

neuropathic pain relief (36). Ketamine was used for neonate inguinal hernia (37). 

It was not preferably applied for endoscope due to the increase in salivation it causes, 

leading to ventilatory obstruction that can evolve into laryngospasm; this result was 

confirmed by Cohen and Krauss 2006 (38). This risk can however be decreased by the 

administration of anticholinergic agents that reduce intraoral secretions (39). 

Tomatir E and Esmaoglu A 2004 advised the use of a low dose of ketamine for pediatric 

magnetic resonance imaging before induction on propofol anesthesia (35). 

Applying ketamine as a mouth wash was used by Canbay O. et al (2008). He agreed that 

'ketamine gargle significantly reduced the incidence and severity of postoperative sore 

throat' (40). Nayar R. and Sahajanand H. 2008   (41), and Leykin Y et al. 2006 (42) proved 
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the safety of using ketamine during labor, in caesarean section in combination with 

thiopentone; while they agreed that it is not safe for use as a solo drug. 

 

2.1.3. Ketamine effect on hemodynamic stability 

The blood pressure and the pulse rate are frequently elevated following the administration 

of ketamine alone. The elevation of blood pressure begins shortly after its administration, 

reaching a maximum within a few minutes and usually returns to pre-anesthetic values 

within 15 minutes after cessation of its administration (3, 42). Accordingly Hatano S et al 

(1976) in his study confirmed excellent results for using ketamine for open heart surgery 

(43). Furthermore, Haas DA et al (38) in their study confirmed that ketamine can help in 

avoiding cardiovascular depression. On the other hand, ketamine should be avoided in 

patients with coronary artery disease, uncontrolled hypertension, congestive heart failure, 

and arterial aneurysms (37). 

 

2.1.4. Uses of low dose ketamine post-operatively as an analgesic  

Positive results were achieved after using low doses ketamine post-operatively as an 

analgesic (41). Filippia et al (44) found that pain (preoperative, postoperative and chronic) 

can be managed with ketamine in a wide variety of surgical procedures.  When ketamine 

was administered intravenously during anesthesia in adults, it decreases postoperative pain 

intensity and morphine consumption, and delays the time to first request of rescue analgesic 

therapy for up to 48 hours   (36, 44).  Ketamine was used after large variety of surgeries , 

Suppa E et.al 2012 have used low-dose S-Ketamine infusion as "preventive" pain treatment 

for cesarean section with spinal anesthesia    (45 ), where Beena Parikh 2011 have used it 

for same purpose after renal surgery (46). Ketamine provided effective analgesia effect in 

patients undergoing major digestive surgery (46), and for women undergoing abdominal 

hysterectomy (48).   
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2.1.5. The influence of low dose ketamine on the total morphine consumption, and 

then on nausea and vomiting side effects  

Low-dose ketamine (1 μg/kg/min) was previously tested intra-operatively peri-operatively 

in major abdominal surgery (5) to decrease post-operative intravenous morphine 

consumption (8, 9, 14, 49-52).  Systemic opioids can be associated with significant N-V 

side effects,
 
and lowering the morphine dose leads to a lower incidence of N-V (8). 

 

2.1.6. Management methods used for post-operative pain in spinal fusion, scoliosis, 

and microdiscectomy surgery  

Patients undergoing spinal fusion, scoliosis, and microdiscectomy surgery experience 

severe pain in the postoperative period, which may increase the incidence of postoperative 

morbidity and complications (53-56). Different methods have been used to reduce the 

postoperative pain. Urban MK et. al (2002) have applied intrathecal morphine to reduce the 

post-operative pain in spinal fusion surgery (53).  Bourke DL et al. 1992 have used 

Epidural opioids during laminectomy surgery for postoperative pain (57), Thienthong S et 

al. 2004 have used single dose lornoxicam after spinal surgery (58),   and Michael A E et al 

(2006) have confirmed that good postoperative pain control is essential and requires a 

multimodal approach (59). Table 1 summarizes the effect and side effect of ketamine.  
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Table 1 Effects and side effects of ketamine (29- 59) 

Ketamine 

 

Effects Side Effects by Body System 

 
 

 Anesthetic or sedative to 

uncooperative children, 

battlefield emergencies. 

 Burn injuries, asthma 

management, analgesic in 

cases of cancer, geriatric hip 

fracture, trauma, 

neuropathic pain relief. 

 Neonate inguinal hernia, 

pediatric magnetic 

resonance imaging, gargles 

for postoperative sore throat, 

during labor, in caesarean 

section in combination with 

thiopentone. 

 Elevate blood pressure and 

pulse rate. 

 Low dose ketamine post-

operatively as an analgesic. 

 The influence of low dose 

ketamine on the total 

morphine consumption, and 

then on nausea and vomiting 

side effect.  

 

 Cardiovascular: elevated blood pressure 

and pulse rate, arrhythmia has also been 

reported. 

 Respiratory: severe depression of 

respiration or apnea may occur 

following rapid intravenous 

administration of ketamine. 

 Ocular: diplopia, nystagmus, and a 

slight elevation in intraocular pressure. 

 Gastrointestinal: anorexia, nausea, and 

vomiting. 

 Musculoskeletal: enhanced skeletal 

muscle tone, sometimes resembling 

seizures. 

 Local: pain and exanthema at the 

injection site. 

 Dermatologic: transient erythema and/or 

morbilliform rash. 

 Psychiatric: anxiety, dysphoria, 

disorientation, insomnia, flashbacks, 

hallucinations, and psychotic episodes, 

withdrawal syndrome. 
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2.2. Clinical pharmacy and pharmaceutical care  

2.2.1. Definition and development of pharmaceutical care 

Within the last decades, the role of the pharmacist and of pharmacy practice have moved 

from that of drug manufacturing and technical dispensing to a more cognitive role with 

patient orientation (17). Repeated pharmaceutical care was first defined by Mikeal et al   in 

1975   (60) as ―the care that a given patient requires and receives which assures safe and 

rational drug usage‖.  

The concept of pharmaceutical care focuses on the process of ‗using a drug‘, bearing in 

mind that the dispensing of a drug is neither the beginning nor the end of this process (18, 

61).  

According to the definition of Hepler and Strand (62, 63), pharmaceutical care is ―the 

responsible provision of medicine therapy for the purpose of definite outcomes that 

improve a patient‘s quality of life  Pharmaceutical care is based on a relationship between 

the patient and the pharmacist who accepts responsibility for the patient. The concept 

implies the active participation of the patient in making decisions regarding his/her 

pharmacotherapy and the interdisciplinary cooperation of healthcare providers, and gives 

priority to the direct benefit of the patient. 

Assessments of drug-related problems (DRPs), development of a care plan and its 

evaluation, as well as a continuous follow-up are important steps of the pharmaceutical care 

process (18, 64).   

Patient expectations and desired quality of life are important factors to ensure the best 

possible medication outcome, and to possibly prevent recurrence of disease. Pharmaceutical 

care is an indispensable element of patient centered healthcare and requires a change of 

traditional professional attitudes, a re-engineering of the pharmacy environment, the use of 

new technologies, and the acquisition of knowledge as well as skills in the areas of patient 
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assessment, clinical information, communication, adult teaching, and psychosocial aspects 

of care (18)   

The term ‗pharmaceutical care‘ has established itself as a philosophy of practice, with the 

patient and the community as the primary beneficiaries of the pharmacist‘s actions. The 

concept is particularly relevant to special groups such as the elderly  mothers and children, 

and chronically ill patients. The model of pharmaceutical care is perhaps most advanced in 

the United Kingdom (UK) as evidenced by the new National Health Service (NHS) 

contractual frameworks for community pharmacy CPCF) (65).  Clinical pharmacy is a 

commonly used term in pharmacy practice and in pharmacy literature. 

It is a health specialty which describes the activities and services of the clinical pharmacist 

to develop and promote the rational and appropriate use of medicinal products and devices 

(66).  

 The term includes all services performed by pharmacists practicing in hospitals, 

community pharmacies, nursing homes, home based care services, clinics, and any other 

setting where medicines are prescribed and used. The term ‗clinical‘ does not necessarily 

imply an activity implemented in a hospital setting. A community pharmacist as well as a 

hospital practitioner may perform clinical activities. Clinical pharmacists activities aim at 

maximizing the clinical effect of medicines (i.e. using the most effective treatment for each 

type of patient), minimizing the risk of treatment-induced adverse events (i.e. monitoring 

the therapy course and the patient‘s compliance with therapy), and minimizing the 

expenditures for pharmacological treatments (66) driven by the national healthcare systems 

and the patients (i.e. trying to provide the best treatment for the greatest number of 

patients). Medication reviews on individual patient level form a central part of this process. 

A literature review found that clinical pharmacy interventions in inpatient medical care 

contribute to improved patient outcomes (19).  

A number of studies have demonstrated the clinical and economic benefits of clinical 

pharmacy interventions in hospital and primary care settings (20) 
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The World Health Organization (WHO) and others consider community pharmacists to be 

ideally positioned to play important roles in facilitating improved patient adherence by, 

among others, providing patients with cognitive pharmaceutical services (CPS) that include 

the provision of appropriate health-related information and counseling to promote self-care 

and the correct use of medicines (67). 

There is ample evidence that pharmaceutical care and CPS have been successfully applied 

by pharmacists across a range of disease entities and in different pharmacy practice settings 

(68). Comprehensive or cognitive pharmacy services involve activities both to secure good 

health and to avoid ill-health in the population. When ill-health is treated, it is necessary to 

assure quality in the process of using medicines in order to achieve maximum therapeutic 

benefit and avoid untoward side-effects. This presupposes the acceptance by pharmacists of 

shared responsibility with other professionals and with patients for the outcome of therapy 

(17). 

 

2.2.2. Effectiveness of pharmaceutical care 

An evidence report issued in 2004 by the Danish College of Pharmacy Practice

Pharmakon) (69) about the follow-up on outcomes of drug therapy (Pharmaceutical Care) 

covered 44 studies between 1990 and October 2003 (24). This report showed strong 

evidence that pharmaceutical care can positively influence clinical parameters (blood 

pressure [BP], blood sugar, and cholesterol) and that there is a positive influence on health-

related quality of life of asthma patients and patients with elevated cholesterol levels, 

hypertension, and diabetes. However, three out of five studies in elderly patients showed no 

difference between intervention and control groups. There is a tendency that programs for 

the elderly do not affect drug use  and the authors found evidence for the cost effectiveness 

of pharmaceutical care programs, patient satisfaction, and increased adherence (but not 

among the elderly), but evidence of improved knowledge was inconsistent. They concluded 

that pharmaceutical care programs can contribute to solving DRPs of clinical significance 

and adverse drug events (ADE), that the acceptance rate among general practitioners (GPs) 
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and patients is high, and that pharmaceutical care promotes more rational drug use among 

patients with elevated cholesterol levels and asthma patients   

A critical review, published by Blenkinsopp et al. in 2005 (70), about enhanced community 

pharmacy-based diabetes care included 17 studies between 1990 and . They found 

only a few trials of community pharmacy-based interventions to improve diabetes care. 

However, the authors concluded that there is limited evidence of effectiveness of 

community pharmacy-based interventions in diabetes care  

A systematic review by Roughead et al. (71)  2005 looking at the effectiveness of 

pharmaceutical care services in the community or outpatient setting on patient outcomes 

included 22 randomized, controlled trials from 1990 to 2003 (71)  and provided an 

evidence base for the improvement of medication use. Within this review, studies showed 

improved surrogate endpoints such as changes in blood pressure, glycosylated hemoglobin 

(HbA1C), lipids, and peak expiratory flow rates (24). 

Zermansky et al. (25) concluded that pharmacists‘ recommendations by clinical 

pharmacists were usually accepted and that there was a reduction in the number of falls but 

no changes or improvements of costs, hospitalizations, and mortality. 

Bond et al. (2007) (72) reported that pharmacist-led services were more expensive than 

standard care and that no change in the proportion of patients receiving appropriate 

medication was observed  

The reviews identified in the literature search concerning the pharmacist role found that 

pharmacist has significant positive effects on HbA1c levels (73), systolic BP (74), and total 

cholesterol (75) as well as on low-density lipoprotein (LDL) cholesterol and triglyceride 

levels. In addition, there is evidence that clinical pharmacy interventions can reduce the 

occurrence of DRPs (76). 

However, no improvements on high-density lipoprotein (HDL) cholesterol levels (75), 

diastolic BP, and adherence (14, 8, 53  were found. Moreover, no effects were found on 

mortality and all-case hospital admission (77), and there was unclear evidence about effects 
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on quality of life (75, 77) Overall, there the effectiveness of pharmaceutical care remains 

unclear. However  several studies and reviews could show benefit and evidence for 

different activities considering economic, clinical, and humanistic outcomes (ECHO). 

Furthermore  patients and pharmacists as well as physicians in many cases were satisfied 

with pharmaceutical care services. Further research with larger intervention studies with 

improved quality of design is needed  

Tonna et al. (2008) reviewed the literature on clinical pharmacist participation as a key 

member of multi disciplinary antimicrobial team, including 16 studies (USA [9 studies], 

UK [4 studies], Canada, France, and Switzerland, each 1 study). Pharmacist roles included 

guideline development, formulary management, changing administration route from 

intravenous to oral, assessing program outcomes through monitoring of drug usage, 

participating in ward rounds, and streamlining of the primary empirical antimicrobial 

therapy (78). Interestingly, the 2007 Infectious Diseases Society of America (IDSA) 

guidance considered clinical pharmacist as a central member of the team together with the 

infectious diseases physician (26). 

 

2.2.3.  Three main components of pharmaceutical care 

2.2.3.1. Ensure patient is receiving optimal drug therapy (minimise drug related 

problems) 

2.2.3.1.1. Drug-related problems (definition & role of clinical pharmacist) 

A drug-related problem is defined by Strand et al, and Segal et al in 1990, and 1999  

respectively (79, 80) as "an undesirable patient experience that involves drug therapy and 

that actually or potentially interferes with the desired patient outcome ,and as  ―a 

circumstance of drug therapy that may interfere with a desired therapeutic objective‖ Table 

2 shows the definition and terms associated with problems of pharmacotherapy (80). Table 

3 shows classification of medication error severity (81). Table 4 shows the circumstance of 

drug therapy that may interfere with a desired therapeutic objective (82). 
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Table 2 Definition and terms associated with problems of pharmacotherapy (DRPs) 

(80)  

Adverse drug event Any injury related to the use of a drug, even if the causality of 

this relation is not proven 

Adverse drug 

reaction 

Any response to a drug which is noxious and unintended and 

which occurs at doses normally used in humans for prophylaxis, 

diagnosis or therapy of disease, or for the modification of 

physiological functions 

Medication error Any error in the medication process (prescribing , dispensing, 

administering of drugs), whether there are adverse consequences 

or not  

 

Table 3 Potential severity assessment code  (81)    

Rating Description Categories used in 

analysis 

1 Incident is likely to have little or no effect on the patient Minor error 

2 Incident is likely to lead to an increase in level of care, 

for example, review , investigations, or referral to 

another clinician 

Minor error 

3 Incident is likely to lead to permanent reduction in 

bodily functioning leading to for example , increasing 

length of stay , surgical intervention  

Serious error  

4 Incident is likely to lead to permanent loss of function Serious error 

5 Incident is likely to lead to death Serious error 
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Table 4 Circumstance of drug therapy that may interfere with a desired therapeutic 

objective (82) 

Types of drug-related problems (circumstance of drug therapy that may 

interfere with a desired therapeutic objective) 

Uncertainty about/ lack of knowledge of the aim/ 

Function of drug 

Underuse of medication 

Overuse of medication 

Other dosage problem 

Drug duplication 

Drug–drug interaction 

Therapy failure 

Side effect 

Difficulty swallowing tablet/capsule 

Difficulty opening container 

Other practical problem, such as incorrect use of 

Administrating device 

Language deficiency/ understanding disability 

Prescribing error, such as incorrect or omitted data on the prescribed drug 

Other drug related problem, such as use of a drug for the wrong indication, 

contraindications 

 

The identification, prevention and solution of drug related problems, is the core process of 

pharmaceutical care, aiming to improve patient outcomes (83, 84). 

 

DOI:10.14753/SE.2013.1821



 21 

2.2.3.1.2. Consequences of non-optimal drug therapy  

Drug-related problems in general (75) have shown to cause hospital admissions.  

In meta-analysis (75) adverse drug reactions have shown to account for approximately five 

percent of all hospital admissions. In a subgroup analysis, conducted by Beijer et al (84) the 

odds for elderly people to be hospitalized because of adverse drug reactions was four times 

higher than for younger ones. Adverse drug-reactions and events have further shown to 

increase the length of hospital stay the cost of hospital stay as well as mortality (85). 

 

2.2.3.1.3. Methods aiming to optimize drug therapy  

2.2.3.1.3.1. Medication histories  

Medication histories in the hospital records are often incomplete (86). An accurate 

medication history, including an updated medication list is a prerequisite for the physician 

to make appropriate diagnostic and prescribing decisions during the hospital stay. Given the 

consequences of medication errors and its potential for prevention, there is a need to 

identify effective interventions that can reduce medication errors at admission. The 

medication history interview is a vital tool in identifying medication errors (87) and giving 

insight into the patient‘s medication taking experience, patient understanding of their 

medications and patient motivation for compliance. It has been shown that trained clinical 

pharmacists obtain more complete medication histories, compared to other health care 

professionals (88). Clinical pharmacists conducting medication histories at admission and 

drug information sessions with the patient at discharge have shown to reduce the numbers 

of readmissions to hospital (88 . 
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2.2.3.1.3.2. Medication review  

A structured, critical examination of a patient‘s medicines with the objective of reaching an 

agreement with the patient about treatment, optimizing the impact of medicines, 

minimizing the number of medication-related problems and reducing waste (87). 

Many people are prescribed multiple, long term medications and it is therefore a major 

challenge to ensure that these patients get the maximum benefit from all their medicines. 

In a US study by Bootman et al (89) it was estimated that for every dollar spent on 

medicines, $1.33 in health care resources were consumed in the treatment of drug-related 

problems and that consultant pharmacist significantly reduced cost related to the treatment 

of drug-related problems. In a Swedish study (90) medication reviews have shown to 

decrease the prescribing of inappropriate drugs, e.g. psychotics, benzodiazepine hypnotics 

and antidepressants.  

Clinical medication reviews have shown to decrease the number of used drugs (26), 

decrease the number of drug-related problems (91), decrease costs (26), decrease the length 

of stay at the hospital (92), decrease the number of adverse drug events (93) increase the 

quality of life (94) and decrease the number of readmissions to hospital (94), with no 

impact on mortality (95). 

 

2.2.3.2. Patient education and counselling (illness, medication, healthy lifestyle, 

treatment goals, need for compliance with medication regimens, facilitating 

communication with physicians)  

2.2.3.2.1. General Patient education and counselling  

Subish P. et al (2006) have summarised drug counselling points for chronic diseases (96), 

like:  hypertension, diabetes, coronary heart disease, dyslipidemia, asthma, epilepsy, 

rheumatoid arthritis. He reviewed the positive intervention outcome for different articles 

from 1977-2002. 
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In (2011) Sarah J. et al (97) have talked about the impact of pharmacist patient counselling 

in relation to drug therapy problems, like: patient taking unnecessary drug therapy, or needs 

additional therapy, needs more effective drug, synergistic therapy, increase or decrease the 

dose to reach the goal, adverse drug reaction, and patient compliance. 

On the other hand latest paper was written about face-to-face counselling sessions with a 

community pharmacist at the beginning of statin therapy by Taitel M. et al. (2012) (98), 

demonstrated the risk of no adherence and discontinuation of drug;  helped patients 

establish a routine of daily self-medication and potentially improved their long-term 

clinical outcomes.  

 

2.2.3.2.2. Patient perioperative education and counselling  

The perioperative period extends from the preoperative day through the operation and into 

the postoperative recovery. Proper perioperative management helps to prevent or minimize 

complications, to reduce postoperative pain, and to accelerate recovery. The components of 

perioperative medication management are as follows: 

Nafisa K et al (2008) (99) talked about the components of perioperative medication 

management, they summarized the management in the following points:  

 Accurate documentation of preoperative medication 

 Established decisions on stopping medications prior to surgery 

 Monitoring of appropriate chemistry study results to determine dosages and the 

occurrence of adverse effects 

 Appropriate management of pain 

 Administration of adjunctive medications 

 Use of appropriate formulations and alternative products when needed 

 Review of discharge medications to ensure discontinuation of surgery-specific 

drugs (eg, anticoagulants, analgesics) to avoid polypharmacy. 
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2.2.3.2.2.1. Preoperative counseling  

Preoperative care involves many components, and may be done the day before surgery in 

the hospital, or during the weeks before surgery on an outpatient basis (100). 

Physical preparation 

Physical preparation may consist of a complete medical history and physical exam, 

including the patient's surgical and anesthesia background. Laboratory tests may 

include complete blood count, electrolytes, prothrombin time, activated partial 

thromboplastin time, and urinalysis. The patient will most likely have an electrocardiogram 

if he or she has a history of cardiac disease, or is over 50 years of age. A chest x ray is done 

if the patient has a history of respiratory disease. Part of the preparation includes 

assessment for risk factors that might impair healing, such as nutritional deficiencies, 

steroid use, radiation or chemotherapy, drug or alcohol abuse, or metabolic diseases such as 

diabetes. The patient should also provide a list of all medications, vitamins, and herbal or 

food supplements that he or she uses. Tables 5-8 outline the perioperative management of 

NSAIDs and drug management of patients with coronary artery disease, hypertension, 

diabetes and hypothyroidism respectively (99). 
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Table 5 Perioperative Management of NSAIDs (99) 

 

 

 

 

 

 

 

 

 

 

Drug 

Day 

Before 

Surgery 

Day of 

Surgery 

During 

Surgery 

After 

Procedure 

Substitute 

Drug if 

Needed 

NSAIDs 

with long 

half-life 

Discontinue 

1 week 

before 

surgery 

    IM 

preparation 

until patient 

is on oral 

liquids 

  

NSAIDs 

with short 

half-life 

Discontinue 

2-3 days 

before 

surgery 

    IM 

preparation 

until patient 

is on oral 

liquids 
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Table 6 Outline of Perioperative Drug Management of Patients with Coronary Artery 

(99) 

Drug Day Before 

Surgery 

Day of 

Surgery 

During 

Surgery 

After 

Procedure 

Drug 

Nitroglycerin Usual dose Usual dose IV infusion 

if frank 

ischemia 

Continue IV 

dose if needed 

or until 

medication can 

be taken PO 

Nitroglycerin 

Beta-

blockers 

Usual dose Usual dose 

plus beta-

blocker 

protocol 

Usual dose 

plus beta-

blocker 

protocol 

Usual dose 

plus beta-

blocker 

protocol 

Beta-

blockers 

Calcium 

channel 

blockers 

Usual dose Usual dose 

morning of 

surgery 

Usual dose 

morning of 

surgery 

Continue IV 

dose until 

medication can 

be taken PO 

Calcium 

channel 

blockers 

Aspirin Discontinue 

1 week 

before 

surgery 

 

  

 

  

Restart 

postoperatively 

at discretion of 

surgeon 

Aspirin 

Ticlopidine Discontinue 

1 week 

before 

surgery 

 

  

 

  

Restart 

postoperatively 

at discretion of 

surgeon 

Ticlopidine 
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Table 7 Perioperative Drug Management for Patients with Hypertension (99) 

Drug Day Before 

Surgery 

Day of 

Surgery 

During 

Surgery 

After 

Procedure 

Beta-blockers 

+ 

Calcium 

channel 

blockers + 

ACE inhibitors 

Usual dose Usual dose on 

morning of 

surgery with 

sip of water 

IV bolus or 

infusion 

(usually not 

required) 

Continue IV 

dose until 

medication can 

be taken PO 

Diuretics Stop day 

before 

  IV beta-

blockers/IV 

calcium 

channel 

blockers 

Restart when 

patient on oral 

liquids 

Potassium 

supplements 

Stop day 

before; 

consider 

checking 

potassium 

level 

    Restart when 

patient on oral 

liquids 

Central-acting 

sympatholytics 

Usual dose Usual dose on 

morning of 

surgery with 

sip of water 

Transdermal 

clonidine/IV 

methyldopa 

Restart when 

patient on orals 

liquids 

Peripheral 

sympatholytics 

+ 

Alpha-blockers 

+ 

Vasodilators 

Usual dose Usual dose on 

morning of 

surgery with 

sip of water 

Any IV 

formulation 

(usually not 

required) 

Restart when 

patient on oral 

liquids 
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Table 8 Perioperative Medication Management for Patients with Diabetes and 

Hypothyroidism (99) 

Drug Day Before 

Surgery 

Day of 

Surgery 

During 

Surgery 

After 

Procedure 

Oral 

hypoglycemic 

Usual dose Omit dose Insulin (SC or 

IV) 

Insulin until 

patient is no 

longer NPO 

Insulin Usual dose Omit dose Insulin (SC or 

IV) 

Usual dose 

Thyroxin Usual dose Usual dose on 

morning of 

surgery with 

sip of water 

  Restart the 

dose when 

patient is no 

longer NPO 

 

Supplements are often overlooked, as it may cause adverse effects when used with general 

anesthetics (e.g., St. John's wort, valerian root). Some supplements can prolong bleeding 

time (e.g., garlic, gingko biloba). 

Latex allergy has become a public health concern. Latex is found in most sterile surgical 

gloves, and is a common component in other medical supplies including general anesthesia 

masks, tubing, and multi-dose medication vials. Children with disabilities are particularly 

susceptible. This includes children with spina bifida, congenital urological abnormalities, 

cerebral palsy, and dandy-walker syndrome as a result of early, frequent surgical exposure. 

There is currently no cure available for latex allergy. The best treatment is prevention, but 

immediate symptomatic treatment is required if the allergic response occurs. Every patient 

should be assessed for a potential latex reaction. Patients with latex sensitivity should have 
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their chart flagged with a caution label. Latex-free gloves and supplies must be used for 

anyone with a documented latex allergy. 

Bowel clearance may be ordered if the patient is having surgery of the lower 

gastrointestinal tract (99). 

Psychological preparation 

Patients are often fearful or anxious about having surgery. It is often helpful for them to 

express their concerns to health care workers. The family needs to be included in 

psychological preoperative care. In some cases, the procedure may be postponed until the 

patient feels more secure. 

Children may be especially fearful. They should be allowed to have a parent with them as 

much as possible, as long as the parent is not demonstrably fearful and contributing to the 

child's apprehension. Children should be encouraged to bring a favorite toy or blanket to 

the hospital on the day of surgery. 

Patients and families who are prepared psychologically tend to cope better with the patient's 

postoperative course. Preparation leads to superior outcomes since the goals of recovery are 

known ahead of time, and the patient is able to manage postoperative pain more effectively 

(99). 

Informed consent 

The patient's or guardian's written consent for the surgery is a vital portion of preoperative 

care. By law, the physician who will perform the procedure must explain the risks and 

benefits of the surgery, along with other treatment options. It is important that the patient 

understands everything he or she has been told. Sometimes, patients are asked to explain 

what they were told so that the health care‘s professional can determine how much is 

understood. 
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Patients who are mentally impaired, heavily sedated, or critically ill are not considered 

legally able to give consent. In this situation, the next of kin (spouse, adult child, adult 

sibling, or person with medical power of attorney) may act as a surrogate and sign the 

consent form. Children under age 18 must have a parent or guardian sign (99). 

Preoperative teaching 

Preoperative teaching includes instruction about the preoperative period, the surgery itself, 

and the postoperative period. 

Instruction about the preoperative period deals primarily with the arrival time, where the 

patient should go on the day of surgery, and how to prepare for surgery. For example, 

patients should be told how long they should be NPO (nothing by mouth), which 

medications to take prior to surgery, and the medications that should be brought with them 

(such as inhalers for patients with asthma). 

Instruction about the surgery itself includes informing the patient about what will be done 

during the surgery, and how long the procedure is expected to take. The patient should be 

told where the incision will be. Children having surgery should be allowed to "practice" on 

a doll or stuffed animal. It may be helpful to demonstrate procedures on the doll prior to 

performing them on the child. It is also important for family members (or other concerned 

parties) to know where to wait during surgery, when they can expect progress information, 

and how long it will be before they can see the patient. 

Knowledge about what to expect during the postoperative period is one of the best ways to 

improve the patient's outcome. Instruction about expected activities can also increase 

compliance and help prevent complications. This includes the opportunity for the patient to 

practice coughing and deep breathing exercises, use an incentive spirometer, and practice 

splinting the incision. Additionally, the patient should be informed about early ambulation 

(getting out of bed). The patient should also be taught that the respiratory interventions 

decrease the occurrence of pneumonia, and that early leg exercises and ambulation decrease 

the risk of blood clots. 
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Patients hospitalized postoperatively should be informed about the tubes and equipment 

that they will have. These may include multiple intravenous lines, drainage tubes, 

dressings, and monitoring devices. In addition, they may have sequential compression 

stockings on their legs to prevent blood clots until they start ambulating. 

Patients may receive educational materials such as handouts and video tapes, so that they 

will have a clear understanding of what to expect postoperatively (99). 

Pain management is the primary concern for many patients having surgery. Preoperative 

instruction should include information about the pain management method that they will 

utilize postoperatively. Patients should be encouraged to ask for or take pain medication 

before the pain becomes unbearable, and should be taught how to rate their discomfort on a 

pain scale. This instruction allows the patients, and others who may be assessing them, to 

evaluate the pain consistently. If they will be using a patient-controlled analgesia pump, 

instruction should take place during the preoperative period. Use of alternative methods of 

pain control (distraction, imagery, positioning, mindfulness meditation, music therapy) may 

also be presented. 

Finally, the patient should understand long-term goals such as when he or she will be able 

to eat solid food, go home, drive a car, and return to work. 

The anticipated outcome of preoperative care is a patient who is informed about the 

surgical course, and copes with it successfully. The goal is to decrease complications and 

promote recovery (99). 

2.2.3.2.2.2. Postoperative care 

Postoperative care involves assessment, diagnosis, planning, intervention, and outcome 

evaluation. The extent of postoperative care required depends on the individual's pre-

surgical health status, type of surgery, and whether the surgery was performed in a day-

surgery setting or in the hospital. Patients who have procedures done in a day-surgery 

center usually require only a few hours of care by health care professionals before they are 
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discharged to go home. If postanesthesia or postoperative complications occur within these 

hours, the patient must be admitted to the hospital. Patients who are admitted to the hospital 

may require days or weeks of postoperative care by hospital staff before they are 

discharged (101). 

 

Postanesthesia care unit (PACU) 

The patient is transferred to the PACU after the surgical procedure, anesthesia reversal, and 

extubation (if it was necessary). The amount of time the patient spends in the PACU 

depends on the length of surgery, type of surgery, status of regional anesthesia (e.g., spinal 

anesthesia), and the patient's level of consciousness. Rather than being sent to the PACU, 

some patients may be transferred directly to the critical care unit. For example, patients 

who have had coronary artery bypass grafting are sent directly to the critical care unit. 

In the PACU, the anesthesiologist or the nurse anesthetist reports on the patient's condition, 

type of surgery performed, type of anesthesia given, estimated blood loss, and total input of 

fluids and output of urine during surgery. The PACU nurse should also be made aware of 

any complications during surgery, including variations in hemodynamic (blood circulation) 

stability. 

The patient is discharged from the PACU when he or she meets established criteria for 

discharge, as determined by a scale. One example is the Aldrete scale, which scores the 

patient's mobility, respiratory status, circulation, consciousness, and pulse oximetry. 

Depending on the type of surgery and the patient's condition, the patient may be admitted to 

either a general surgical floor or the intensive care unit. Since the patient may still be 

sedated from anesthesia, safety is a primary goal. The patient's call light should be in the 

hand and side rails up. Patients in a day surgery setting are either discharged from the 

PACU to the unit, or are directly discharged home after they have urinated, gotten out of 

bed, and tolerated a small amount of oral intake (101). 
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First 24 hours 

After the hospitalized patient transfers from the PACU, if the patient reports "hearing" or 

feeling pain during surgery (under anesthesia) the observation should not be discounted. 

The anesthesiologist or nurse anesthetist should discuss the possibility of an episode of 

awareness under anesthesia with the patient. Vital signs, respiratory status, pain status, the 

incision, and any drainage tubes should be monitored every one to two hours for at least the 

first eight hours. Body temperature must be monitored, since patients are often hypothermic 

after surgery, and may need a warming blanket or warmed IV fluids. Respiratory status 

should be assessed frequently, including assessment of lung sounds (auscultation) and chest 

excursion, and presence of an adequate cough. Fluid intake and urine output should be 

monitored every one to two hours. If the patient does not have a urinary catheter, the 

bladder should be assessed for distension, and the patient monitored for inability to urinate. 

The physician should be notified if the patient has not urinated six to eight hours after 

surgery. If the patient had a vascular or neurological procedure performed, circulatory 

status or neurological status should be assessed as ordered by the surgeon, usually every 

one to two hours. The patient may require medication for nausea or vomiting, as well as 

pain. 

Patients with a patient-controlled analgesia pump may need to be reminded how to use it. If 

the patient is too sedated immediately after the surgery, the nurse may push the button to 

deliver pain medication. The patient should be asked to rate his or her pain level on a pain 

scale in order to determine his or her acceptable level of pain. Controlling pain is crucial so 

that the patient may perform coughing, deep breathing exercises, and may be able to turn in 

bed, sit up, and, eventually, walk. 

Effective preoperative teaching has a positive impact on the first 24 hours after surgery. If 

patients understand that they must perform respiratory exercises to prevent pneumonia; and 

that movement is imperative for preventing blood clots, encouraging circulation to the 

extremities, and keeping the lungs clear; they will be much more likely to perform these 

tasks. Understanding the need for movement and respiratory exercises also underscores the 
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importance of keeping pain under control. Respiratory exercises (coughing, deep breathing, 

and incentive spirometry) should be done every two hours. The patient should be turned 

every two hours, and should at least be sitting on the edge of the bed by eight hours after 

surgery, unless contraindicated (e.g., after hip replacement ). Patients who are not able to sit 

up in bed due to their surgery will have sequential compression devices on their legs until 

they are able to move about. These are stockings that inflate with air in order to simulate 

the effect of walking on the calf muscles, and return blood to the heart. The patient should 

be encouraged to splint any chest and abdominal incisions with a pillow to decrease the 

pain caused by coughing and moving. Patients should be kept NPO (nothing by mouth) if 

ordered by the surgeon, at least until their cough and gag reflexes have returned. Patients 

often have a dry mouth following surgery, which can be relieved with oral sponges dipped 

in ice water or lemon ginger mouth swabs. 

Patients who are discharged home are given prescriptions for their pain medications, and 

are responsible for their own pain control and respiratory exercises. Their families should 

be included in preoperative teaching so that they can assist the patient at home. The patient 

can call the physician, or manage home care service if any complications or uncontrolled 

pain arise (101). 

 

After 24 hours 

After the initial 24 hours, vital signs can be monitored every four to eight hours if the 

patient is stable. The incision and dressing should be monitored for the amount of drainage 

and signs of infection. The surgeon may order a dressing change during the first 

postoperative day; this should be done using sterile technique. For home-care patients this 

technique must be emphasized. 

The hospitalized patient should be sitting up in a chair at the bedside and ambulating with 

assistance by this time. Respiratory exercises are still being performed every two hours, and 

incentive spirometry values should improve. Bowel sounds are monitored, and the patient's 
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diet gradually increased as tolerated, depending on the type of surgery and the physician's 

orders. 

The patient should be monitored for any evidence of potential complications, such as leg 

edema, redness, and pain (deep vein thrombosis), shortness of breath (pulmonary 

embolism), dehiscence (separation) of the incision, or ileus (intestinal obstruction). The 

surgeon should be notified immediately if any of these occur. If dehiscence occurs, sterile 

saline-soaked dressing packs should be placed on the wound (101). 

 

2.2.3.3. Monitoring patient outcomes  

Postoperative care begins in the recovery room and continues throughout the recovery 

period. Critical concerns are airway clearance, pain control, mental status, and wound 

healing. Other important concerns are preventing urinary retention, constipation, deep 

venous thrombosis, and BP variability (high or low). For patients with diabetes, plasma 

glucose levels are monitored closely by finger-stick testing every 1 to 4 h until patients are 

awake and eating, because better glycemic control improves outcome (102). 

 

2.2.3.3.1. Airway  

Most patients are extubated before leaving the operating room and soon become able to 

clear secretions from their airway. Patients should not leave the recovery room until they 

can clear and protect their airway (unless they are going to an ICU). After intubation, 

patients with normal lungs and trachea may have a mild cough for 24 h after extubation; for 

smokers and patients with a history of bronchitis, postextubation coughing lasts longer. 

Most patients who have been intubated, especially smokers and patients with a lung 

disorder, benefit from an incentive inspirometer. 

Postoperative dyspnea may be caused by pain secondary to chest or abdominal incisions 

(nonhypoxic dyspnea) or by hypoxemia. Hypoxemia secondary to pulmonary dysfunction 
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is usually accompanied by dyspnea, tachypnea, or both; however, over sedation may cause 

hypoxemia but blunt dyspnea, tachypnea, or both. Thus, sedated patients should be 

monitored with pulse oximetry or capnometry. Hypoxic dyspnea may result from 

atelectasis or, especially in patients with a history of heart failure or chronic kidney disease, 

fluid overload. Whether dyspnea is hypoxic or no hypoxic must be determined by pulse 

oximetry and sometimes ABG; chest x-ray can help differentiate fluid overload from 

atelectasis. Hypoxic dyspnea is treated with oxygen. Nonhypoxic dyspnea may be treated 

with anxiolytics or analgesics (102).  

 

2.2.3.3.2. Pain  

Pain control may be necessary as soon as patients are conscious. Opioids are typically the 

first-line choice and can be given orally or parenterally.  

If patients do not have a renal disorder or a history of GI bleeding, giving NSAIDs at 

regular intervals may reduce breakthrough pain, allowing the opioid dosage to be reduced 

(101, 102). 

 

2.2.3.3.3. Mental status  

All patients are briefly confused when they come out of anesthesia. The elderly, especially 

those with dementia, are at risk of postoperative delirium, which can delay discharge and 

increase risk of death. Risk of delirium is high when anticholinergics are used. These drugs 

sometimes are used before or during surgery to decrease upper airway secretions, but they 

should be avoided whenever possible. Opioids, given postoperatively, also may cause 

delirium, as can high doses of H2 blockers. The mental status of elderly patients should be 

assessed frequently during the postoperative period. If delirium occurs, oxygenation should 

be assessed, and all nonessential drugs should be stopped. Patients should be mobilized as 

they are able, and any electrolyte or fluid imbalances should be corrected (102). 
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2.2.3.3.4. Wound care  

The surgeon must individualize care of each wound, but the sterile dressing placed in the 

operating room is generally left intact for 24 h unless signs of infection (e.g., increasing 

pain, erythema, drainage) develop. After 24 h, the site should be checked twice/day, if 

possible, for signs of infection. If they occur, wound exploration and drainage of abscesses, 

systemic antibiotics, or both may be required. Topical antibiotics are usually not helpful. A 

drain tube, if present, must be monitored for quantity and quality of the fluid collected. 

Sutures, skin staples, and other closures are usually left in place 7 days or longer depending 

on the site and the patient. Face and neck wounds may be superficially healed in 3 days; 

wounds on the lower extremities may take weeks to heal to a similar degree (102). 

 

2.2.3.3.5. Deep venous thrombosis (DVT) prophylaxis 

Risk of DVT after surgery is small, but, because consequences can be severe and risk is still 

higher than in the general population, prophylaxis is often warranted. Surgery itself 

increases coagulability. Prophylaxis for DVT usually begins in the operating room was 

heparin may be started shortly after surgery, when risk of bleeding has decreased. Patients 

should begin moving their limbs as soon as it is safe for them to do so (102). 

 

2.2.3.3.6. Fever  

A common cause of fever is a high metabolic rate that occurs with the stress of an 

operation. Other causes include pneumonia, UTIs, and wound infections. Incentive 

spirometry and periodic coughing can help decrease risk of pneumonia (102). 

 

2.2.3.3.7. Urinary retention and constipation  

Urinary retention and constipation are common after surgery. Causes include use of 

anticholinergics or opioids, immobility, and decreased oral intake. Patients must be 

monitored for urinary retention. Straight catheterization is typically necessary for patients 

who have a distended bladder and are uncomfortable or who have not urinated for 6 to 8 h 

after surgery; Credé's maneuver sometimes helps and may make catheterization 
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unnecessary. Chronic retention is best treated by avoiding causative drugs and by having 

patients sit up as often as possible.  Bethanechol 5 to 10 mg can be tried in patients unlikely 

to have any bladder obstruction and who have not had a laparotomy; doses can be repeated 

every hour up to a maximum of 50 mg/day. Sometimes an indwelling bladder catheter is 

needed, especially if patients have a history of retention or a large initial output after 

straight catheterization. Constipation is treated by avoiding causative drugs and, if patients 

have not had GI surgery, by giving stimulant laxatives (e.g., bisacodyl, sienna, cascara) 

(102). 

 

2.2.3.3.8. Loss of muscle mass (sarcopenia)  

Loss of muscle mass (sarcopenia) and strength occur in all patients in whom bed rest is 

prolonged. With complete bed rest, young adults lose about 1% of muscle mass/day, but the 

elderly lose up to 5%/day because growth hormone levels decrease with aging. Avoiding 

sarcopenia is essential to recovery. Thus, patients should sit up in bed, transfer to a chair, 

stand, and exercise as much as and as soon as is safe for their surgical and medical 

condition. Nutritional deficiencies also may contribute to sarcopenia. Thus, nutritional 

intake of patients on complete bed rest should be optimized. Tube feeding or, rarely, 

parenteral feeding, may be necessary (102). 

 

2.2.3.3.9. Other issues  

Certain types of surgery require additional precautions. For example, hip surgery requires 

that patients be moved and positioned so that the hip does not dislocate. Any physician 

moving such patients for any reason, including auscultation the lungs, must know the 

positioning protocol to avoid doing harm; often, a nurse is the best instructor (102). 
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3. OBJECTIVES 

My aim was to implement the idea of using an additional drug to some types of surgeries to 

achieve better results, and to help in solving the challenges that face the anesthesiologists in 

the daily practice by conducting a prospective randomized control trial scheduled for spinal 

fusion, scoliosis, and microdiscectomy surgery in two different manners: 

a. To compare a control group who takes normal saline intra-operatively with 

remifentanil and propofol to the test group who takes ketamine intra-operatively 

in spinal fusion and scoliosis surgery.  

b. To compare a control group who takes normal saline intra-operatively with 

remifentanil and propofol to two test groups who takes ketamine post-

operatively in addition to   intra-operative stage in microdiscectomy surgery.  

 To determine if the use of ketamine would give better, intra-operative hemodynamic 

stability by measuring the heart rate and mean arterial pressure of the patients,  

 To determine if the use of ketamine would give better post operative pain control by 

measuring the visual analogue scale score, and the total morphine consumption. 

 To monitor the influence of lowering morphine consumption on the nausea and 

vomiting side effect. 

 To monitor if ketamine low dose induces any regular side effects; which usually 

occur in the normal dose as hallucination. 

 To involve the pharmacist special pharmacodynamic and pharmacological 

knowledge in the surgery room with the anesthesiologists in order to share in 

solving the daily challenges which face the anesthesiologists in complicated types 

of surgeries.  

 To add new experience area to the clinical pharmacist, and to involve them in 

applying new role and duties in the different stages of the surgeries. 
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4. METHODS 

4.1 Study design and methods  

In order to investigate the out results of the different anesthetics methods, I applied the 

hypothesis of randomized control trial for control and test group using normal saline , or 

using  low dose ketamine hydrochloride in 3 different types of surgeries, in two different 

manners:  by comparing a control group with one test group who used ketamine intra-

operatively in spinal fusion and scoliosis surgeries, and by comparing a control group with 

two tests groups whom used ketamine intra-operatively and post operatively in 

microdiscectomy surgery under pharmaceutical care program. 

 

4.1.1 Spinal fusion surgery  

The Human Investigation Section of the Institutional Review Board of the Arab Center 

Hospital, Amman, Jordan, read, considered and subsequently approved the ethics of this 

investigation and so gave their formal permission for the spinal fusion surgery study to be 

carried out.  

A prospective, randomized, study during the period Jan 2007 - Jan 2009, was carried out by 

the same surgical and anesthetic teams in one hospital. 

 

4.1.1.1 Patient selection  

All patients were informed about the details of the procedures and a written consent was 

obtained for each patient. Patients who were studied were scheduled for posterior lumbar 

and thoracic spinal fusion surgery. In total 30 adult patients were allocated randomly into 

two equal groups. Control Group (G1), 3 males and 12 females, and test Group (G2), 7 

males and 8 females. The age range and weight of the patients in G1 was 49- 58 years old 

and 68 ± 12 kg respectively, in G2 patients were 53-59 years old, and 66 ± 13 kg (Table 9).  
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Table 9 The gender, age, body weight, baseline heart rate and mean arterial pressure 

in the patients (n=30) used in this study 

Group Group 1 (n = 15) Group 2(n=15) 

Male/female 3- 12 7 - 8 

Age (years) 49 - 58 53 - 59       NS 

Body Weight (kg) 68 ± 12 66 ± 13       NS 

Key: NS: Not Significant 

 

4.1.1.2. Chart review for medication selection  

All drugs and the used drug doses were accurately counted and documented in the patients‘ 

medical charts at the time of administration.  

Anesthesia  

All patients were given midazolam 0.25 mg/kg orally 30 minutes before surgery as a 

premedication. On arrival at the operation theatre, the following drugs were given 

intraoperatively, propofol 2 mg/kg IV bolus was given for induction in both groups 

followed by propofol infusion at a dose of 6mg/kg/h, atracurium 0.6 mg/kg was given to 

facilitate orotracheal intubation just at the induction, sevoflurane (1-1.5% v/v) was given in 

a carrier gas of a 1:1 nitrous oxide: oxygen mixture and anesthesia was pre-induced with 

remifentanil 1μg/kg in both groups followed by remifentanil infusion at a dose of 0.2 

μg/kg/minutes, and placebo infusion of  normal saline 0.9% in G1, or followed by a 

combination of remifentanil infusion in a dose of 0.2 μg/kg/minutes and racemic ketamine 

(Tekam Al-Hikma, Jordan) infusion at a dose of 1μg/kg/minutes in G2 administered in 2 

different cannulas (Table 10). 
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The lungs were ventilated to maintain a normocapnia with end-tidal carbon dioxide 

pressure around 35 mmHg using 50% oxygen in air. Continuous arterial pressure 

monitoring and frequent blood gas assessments provided appropriate data for all patients. 

Patients received crystalloid with ringer‘s lactate being intravenously infused at the rate of 

10 ml/kg/h. Blood loss was continuously collected and measured using ‗gauze and bottle 

suction technique‘ where the lost blood was continuously collected and described 

elsewhere (1). Briefly, the blood was very carefully collected, measured. Its volume was 

recorded and an equivalent volume of packed red blood cells was replaced. A transfusion 

for replacement started when the blood loss exceeded 500 ml. In addition, a Foley‘s 

catheter connected to a urine bag was inserted in all patients.   

Table 10 The medications given for G1 and G2 patients during spinal fusion surgery 

Stages of medication 

admission 

Groups of 

medications 

Medication 

given 

G1 G2 

I-pre-operative Sedative Midazolam G1, 

G2 

Yes Yes 

II-Intra-operatively Anesthetics:- IV Propofol 

Ketamine 

Yes 

No 

Yes 

Yes 

 Anesthetics:- inhaler Sevoflurane Yes yes 

 Analgesics Remifentanil  Yes yes 

 Muscle relaxants Atracurium  Yes Yes 

 Antidote Neostigmine 

Atropine 

Yes 

Yes 

Yes 

Yes 

III- Postoperatively Analgesics Morphine Yes Yes 

Key:  Yes: used  No : not used 
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At the end of the operation all drugs were stopped, both groups received antidotes which 

were - neostigmine (2.5 mg/IV), atropine (1 mg/IV) and they were administered together in 

a single bolus dose from one syringe followed by 100% oxygen (Table 10). 

 

4.1.1.3. Post-operative analgesic administration  

  The severity of postoperative pain was assessed during the first 24 hours after the 

surgery by means of the visual faces rating scale and pain was controlled by IV morphine. 

The morphine infusion pump was set to deliver morphine solution (1 mg/ ml) at rate 3-5 

mg / hr in the PACU. 

 

4.1.1.4. Quantitative measurements made during the operation 

To ensure the data was collected independently from the clinical pharmacist who organized 

the study or any health professional members who were aware of the protocol, all the data 

were collected by pharmacy students, who had received very specific tuition but who were 

blind and not aware of the contents of the solutions which were at all times under the 

supervision of highly trained research technicians and nurses. 

Heart rate (beats/min), mean arterial pressure (MAP) (mmHg) was recorded at 5-minute 

intervals during surgery where the dose of the infused drugs was adjusted to keep the mean 

blood pressure around 60 mmHg. The duration of anesthesia and the total time of the 

surgery (min), the volume of blood loss (ml) and urine output (ml) and the immediate 

recovery time were recorded. The early pain perception was measured by the time (min) 

that passed between extubation and the first request for a dose of analgesic. The total 

consumption of morphine (mg) over the first 24 hours postoperatively was measured.  

Finally anesthetic-related complications, including nausea, vomiting, pruritus, dysphoria, 

vision loss, shivering and respiratory depression, were recorded and managed accordingly. 
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4.1.2. Scoliosis surgery 

 The Human Investigation section of the Institutional Review Board of the Arab Center 

Hospital, Amman, Jordan, read, considered and subsequently approved the ethics of this 

investigation and so gave their formal permission for the scoliosis surgery study to be 

carried out. A prospective randomized study in a period from Jan 2007 - Jan 2009 was 

carried out by the same surgical and anesthetic teams in one hospital. 

 

4.1.2.1.  Patient selection  

All patients were informed about the details of the procedures and their written consent was 

observed for each patient. All the patients included in this study were undergoing scoliosis 

surgery for the first time with a curvature of the spine greater than 40°.  I studied 40 adult 

patients allocated randomly into two equal groups, control Group (G1), and test Group (G2) 

(Table 11). 

 

Table 11 The gender, age, body weight, baseline heart rate and mean arterial pressure 

in the patients (n=40) used in this study 

Group Group 1 (n = 20) Group 2 (n = 20) 

Male- female 8 - 12 7 – 13 

Age (years) 19 - 23 20- 24         NS 

Body Weight (kg) 54 ± 13 55 ± 15       NS 

Baseline Heart Rate value 

(beats per minute) 

80  ± 2  83 ± 4         NS 

Baseline MAP value 

(mmHg) 

90  ± 3 93 ± 2         NS 

Key: NS: Not Significant 

DOI:10.14753/SE.2013.1821



 45 

4.1.2.2. Chart review for medication selection  

All drugs and drug doses were counted and documented in medical charts so as to ensure 

accurate observations were recorded. 

4.1.2.2.1. Anesthesia  

All patients were given oral midazolam 0.25 mg/kg 30 minutes before surgery as a 

premedication. On arrival at the operation theatre, the following drugs were given 

intraoperatively,  propofol 2 mg/kg IV bolus was given for induction in both groups 

followed by propofol infusion in a dose of 6 mg/kg/h, atracurium 0.6 mg/kg was given to 

facilitate orotracheal intubation just at the induction, sevoflurane (1-1.5% V/V)was given in 

a carrier gas of a 1:1 nitrous oxide: oxygen mixture and a bolus dose of 11μg/kg of 

remifentanil was given at the induction for both groups followed by remifentanil infusion in 

a dose of 0.2 μg/kg/minutes in G1, or followed by a combination of remifentanil infusion in 

a dose of 0.2 μg/kg/minutes and ketamine infusion in a dose of 1μg/kg/minutes in G2 

administered in 2 different cannulas (Table 12). 

The lungs were ventilated to maintain a normocapnia with end-tidal carbon dioxide 

pressure around 35 mmHg using 50% oxygen in air. Continuous arterial pressure 

monitoring and frequent blood gas assessments provided appropriate data for all patients. 

Patients received crystalloid + Ringer‘s lactate was IV infused fluid at rate of 10 ml/kg/h. 

Blood loss was continuously collected and measured using a gauze and bottle suction 

technique which has been described elsewhere (1). Briefly, the blood was very carefully 

collected, measured, its volume recorded and an equivalent volume of packed red blood 

cells was replaced. A transfusion for replacement started when the blood loss exceeded 500 

ml. In addition a Foley‘s catheter, connected to a urine bag was inserted in all patients. 
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Table 12 The medications given for G1 and G2 patients during scoliosis surgery 

Stages of medication 

admission 

Groups of 

medications 

Medication given G1 G2 

I- pre-operative Sedative Midazolam G1, G2 Yes Yes 

II- Intra-operatively Anesthetics:- IV Propofol 

Ketamine 

Yes 

No 

Yes 

Yes 

 Anesthetics:- inhaler Sevoflurane Yes Yes 

 Analgesics Remifentanil  Yes Yes 

 Muscle relaxants Atracurium  Yes Yes 

 Antidote Neostigmine 

Atropine 

Yes 

Yes 

Yes 

Yes 

III- Postoperatively Analgesics Morphine Yes Yes 

Key:    Yes: used 

                       No : not used 

 

4.1.2.3. Wake up test 

 The Wake up test was measured using the procedure described earlier (29). 

Essentially, the duration of the onset and regression time of sensory motor blockade are 

assessed in this wake-up test by asking the patients to move their fingers and their toes.  It 

is a precautionary test done to assess any possible damage to the spinal cord caused by the 

surgical technique and placement of the correction devices. 

 In order to carry out the wake up test all the drugs were stopped,  antidotes were 

given  including; neostigmine (2.5 mg/IV) and atropine (1mg/IV) which were administered 

together in a single bolus dose from one syringe (10). 
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 When the wake up test was completed, when the patients responded to the first 

verbal commands; they were then re-anesthetized with the same induction drugs in doses 

identical to those used originally. 

  During the operation for the purposes of maintenance the patients in Groups 1 and 2 

received their respective drugs.  At the end of the operation both groups received doses of 

neostigmine, atropine as described above along with 100% oxygen. Approximately 15 min 

before the end of surgery, a 1–2 µg/kg dose of fentanyl IV was given intraoperatively for 

patients (103), after their recovery but before being transferred to the recovery room, in 

order to ensure that no spinal injury had occurred. 

 

4.1.2.4. Post-operative analgesic administration  

  The severity of postoperative pain was assessed during the first day after surgery by 

means of visual faces rating scale and pain was controlled by IV morphine. The morphine 

infusion pump was set to deliver morphine solution (1 mg/ ml) at rate 3-5 mg / hr in the 

(PACU). 

 

4.1.2.5. Quantitative Measurements made during the operation 

To ensure the data was collected independently from me, all the data were collected by very 

carefully prepared pharmacy students who were blind and not aware of the contents of the 

solutions and who acted in this role under the supervision of highly trained research 

technicians and nurses. 

Heart rate (beats/min), mean arterial pressure (MAP) (mmHg) was recorded at 5 minute 

intervals during surgery where the dose of the infused drugs was adjusted to keep the mean 

blood pressure around 60 mmHg. The duration of anesthesia and the total time of the 

surgery (min), the volume of blood loss (ml) and urine output (ml), the time to achieve the 

wake up test and the immediate recovery time were recorded. The early pain perception 
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was measured by the time (min) that passed between extubation and the first request for an 

analgesia dose. Total consumption of morphine (mg) over the first 24 hours postoperatively 

was measured.  Finally potential anesthetic-related complications, including nausea, 

vomiting, pruritus, dysphoria, vision loss, shivering and respiratory depression, were found, 

recorded and managed accordingly. 

 

4.1.3. Microdiscectomy surgery 

All patients were treated by the same surgical anesthetic and nursing teams and all 

were scheduled for lumbar microdiscectomy  surgery using the same operative procedures. 

The Human Investigation Section of the Institutional Review Board of the Hospital 

read considered and subsequently approved the ethics of this investigation and so gave their 

formal permission for this study to be carried out. All patients were informed about the 

details of the procedures and written consent was obtained from each patient. 

 

4.1.3.1. Patient selection  

Forty-five  patients scheduled for lumber microdiscectomy surgery were 

prospectively randomized under double-blind conditions to one of three groups of 15 

patients: Control Group  (G1) received normal saline; Group 2 (G2) received intra-

operative ketamine (1μg/kg/min) and Group 3 (G3) received intra-operatively and post-

operatively ketamine (1μg/kg/min) for the first 24 h after surgery.  

Inclusion criteria were that the patient was adult who had a level of education which 

enabled them to understand the use of the patient controlled analgesia technique. Those 

patients who had used bed rest and had physical therapy sessions by licensed physical 

therapist to relieve their lower back pain at least 48 h prior to surgery were included in the 

trial.   
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Exclusion criteria were that patients with severe back pain who were receiving chronic 

narcotic analgesics treatment were excluded, as were patients with major systemic diseases.  

Details of patient gender, age, and body weight for the 3 groups are shown in Table 13. 

 

Table 13   Gender, age, body weight in the 3 groups of patients studied 

Variable Group 1 (n=15) Group 2(n=15) Group 3(n=15) 

Gender* 8-7 7-8 6-9 

Age(years) 51 ± 2.5 55 ± 2.5 55 ± 2.6                 

Body weight (kg) 7 1± 2.6                 69 ± 2.6 70 ± 2.3                 

Notes:* Gender is displayed as a ratio of male to female. Values are presented as the mean 

± standard deviation or number. There were no significant differences between three 

groups. 

 

4.1.3.2. Chart review for medication selection  

All drugs and used drug doses were counted and documented in medical charts so as to 

ensure accurate observations were recorded. 

 

4.1.3.2.1. Anesthesia  

All patients were given midazolam 0.25 mg/kg orally, 30 minutes before surgery as a 

premedication. On arrival at the operating theatre, the following drugs were given: Propofol 

2 mg/kg as an IV bolus for induction in all the three groups followed by atracurium 0.6 

mg/kg to facilitate orotracheal intubation. Sevoflurane (1-1.5% V/V) in a carrier gas 

mixture of 1:1 nitrous oxide : oxygen was used for all patients.  
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Anesthesia was pre-induced using remifentanil 1μg/kg for the three groups followed by a 

remifentanil infusion at a dose of 0.2 μg/kg/min. A placebo infusion of  0.9% normal saline 

in G1 was given at the same volume and flow rate as for the ketamine infusion, which was 

given for G2 and G3 combined with the  remifentanil infusion (0.2 μg/kg/min) [Tekam Al-

Hikma, Jordan] at an infusion  rate of 1 μg/kg/min administered using two different 

cannulas. All drugs were stopped at the end of the operation except for G3 where the 

ketamine was continued to be administered at 1 μg/kg/min for 24h (Table 14). 

 

Table 14 The medications given for G1, G2, and G3 patients during microdiscectomy 

surgery 

Stages of 

medication 

admission 

Groups of 

medications 

Medication given G1 G2 G3 

I-pre-operative Sedative Midazolam G1, 

G2 

Yes Yes Yes 

 

II-Intra-

operatively 

Anesthetics:- IV Propofol 

Ketamine 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

 Anesthetics:- inhaler Sevoflurane Yes Yes Yes 

 Analgesics Remifentanil  Yes Yes Yes 

 Muscle relaxants Atracurium  Yes Yes Yes 

 Antidote Neostigmine 

Atropine 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

III- Postoperativly Analgesics Morphine 

Ketamine 

Yes 

No 

Yes 

No 

Yes 

Yes 

Key:    Yes: used 

             No : not used 
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4.1.3.3. Post operative analgesic administration  

The severity of postoperative pain was assessed during the first 24 hours after surgery by 

means of the visual analog scale score (VAS), identifying 0 as no pain and 100 the worst 

imaginable pain. When the (VAS) score was ≥ 40, IV morphine was given until the (VAS) 

score was ≤ 40 for all three groups. The morphine infusion pump was set to deliver the 

morphine solution (1 mg/ ml) at a rate of 3mg per demand in the PACU for all three 

groups. Group 3 received an additional infusion of ketamine 1μg/kg/min for 24 hours, 

whereas the other two groups (G1, G2) simply received the placebo – 0.9% normal saline.  

 

4.1.3.4. Quantitative measurements made during the operation 

Collecting the data was carried out independently from the clinical pharmacist who 

organized the study or from physicians who were cognizant of the protocol. The 

anesthesiologist technicians assist the anesthesia team in the patient monitoring, where they 

collected all the data blindly. 

The duration of surgery (min), the time taken from intubation to extubation was record for 

each patient and expressed as the duration of the operation. 

Early pain perception was measured by the time (min) that passed between extubation and 

the first request for a dose of analgesic. The total consumption of morphine (mg) and 

numeric rating scale were monitored at 6, 12 and 24 h postoperatively.  

Anesthetic-related complications such as dysphoria or hallucination were recorded when 

present.  Nausea and vomiting were recorded by using by using a three response scoring 

system: none, mild nausea, severe nausea and vomiting. The complications were managed 

according to each individual case.  
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4.2. Summary to the inclusion and exclusion criteria for patients 

undergoing the three types of surgeries 

Summary of the inclusion and exclusion criteria for spinal fusion, scoliosis, and 

microdiscectomy surgeries can be seen in table 15 

 
 

Table 15 Summary of the inclusion and exclusion criteria for spinal fusion, scoliosis, 

and microdiscectomy surgeries 

 Spinal fusion Scoliosis Microdiscectomy 

Number of 

patients 

30 40 45 

Gender: M- F G1  (3-12) 

G2  (7- 8 ) 

G1 (8- 12) 

G2 (7- 13) 

G1 ( 8-7) 

G2(7-8) 

G3(6-9) 

Age 49-59 19-24 49-58 

 

Area of surgery Lumber and thoracic More than 40 

degree curvature 

Lumber 

Level of 

education 

Acceptable Acceptable Acceptable 

Narcotic addiction No No No 

 

 

 

4.3. Data analysis 

On completion of the ‗field work‘, coded data were examined by using the Statistical 

Package for Social Sciences (SPSS/PC+) program, version 19. All
 
data entries were double 

checked to ensure accurate data entries.  
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In spinal fusion and scoliosis surgeries data were expressed as mean ± 2SD and were 

analyzed using Chi square test for categorical comparisons for the existing or none exciting 

of pain, while Student‘s t test was applied for the rest of variance for two groups‘ methods.  

P value <0.05 was considered significant. 

In microdiscectomy the sample size estimation was based on a power calcultion showing 

that 15 patients per group were necessary to achieve 80% power for detecting a 20% 

difference in the different variables between group 1 with groups 2 and 3 with  α = 0.05. 

Data are presented as the mean ± standard deviation or as numbers. Differences among 

group means were compared using one-way analysis of variance and post hoc comparisons 

at various points in time using Bonferroni‘s type I error rate correction for multiple tests of 

significance. Gender and complication rates were analyzed by pearson‘s Chi- square test. P 

< 0.05 was considered to ba statistically siginificant.   

Null hypothesis: Ketamine has no effect on hemodynamic stability, and total morphine 

consumption.  

 

4.4. Introducing the pharmaceutical care program  

4.4.1. Pharmaceutical care program  

Together on the basis of my pharmacology knowledge and the experience of the 

anesthesiologist, I applied the idea of using the multi character of keamine in different 

surgeries to achieve better outcome.    

In my study a clinical pharmacist performed many activities for the patients pre-

operatively, during, and after different surgeries. 
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1)  I had a pivotal educational role in different stages of the surgery and before the 

operation to allay patients‘ fears and apprehensions and to minimize the 

consequences of this very painful surgical experience.( During the wake up test in 

scoliosis surgery (29), the duration of onset and reversal of the motor blocks in 

order to avoid possible damage to the spinal cord).  

2) Checking the patients‘ health condition and wellbeing pre-operatively. 

3)  All medication consumption was monitored for two weeks prior to the surgery 

specifically for those drugs which are known to have an effect on blood clotting. 

4) I also checked the storage instructions and expiry date for all drugs before they were 

used. 

5) I provided the patients with simple information about the disease and drug therapy 

pre-, intra- and postoperatively during their hospital stay. 

6)  I set up a scheme which ensured that plans were in place for all medications used, 

to avoid errors and for the documentation. 

7) I scheduled a plan for collecting the data independently. 

8) To ensure that patients received adequate morphine dose as a postoperative 

analgesic whenever it was required following their operation, on the evening before 

surgery, they were instructed how to use the visual faces rating scale for scoliosis , 

spinal fusion, and  microdiscectomy surgery. 

 

During this instruction, patients were asked to point to various facial expressions ranging 

from a smiling face (no pain) to an extremely unhappy one that expresses the worst 

possible pain (104) Figure 1. 
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Figure 1 - Expresses the degree of pain according to face expression 

 

To use this scale, your doctor should explain that each face shows how a person in pain 

is feeling.  

 Face 0 is very happy because he or she doesn't hurt at all.  

 Face 1 hurts just a little bit.  

 Face 2 hurts a little more.  

 Face 3 hurts even more.  

 Face 4 hurts a whole lot.  

 Face 5 hurts as much as you can imagine, although you don't have to be crying to 

feel this bad. 

I considered the degree of pain as; no pain (face 0) and pain (face 1, 2, 3, 4, 5). 

9) The severity of postoperative pain was assessed during the first 24 hours of the 

surgery. In spinal fusion and microdiscectomy surgery patients were chosen to have 

a level of education which enabled them to understand the use of the patient 

controlled analgesia technique. 

10) To involve the pharmacists special pharmacodynamic knowledge in the surgery 

room to the anesthesiologists, and to give advices concerning combining drugs 

together to have better achievements. 

11)  Finally I recorded all the details of the potential drug allergic responses and major 

side effects if exist. 
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5. RESULTS 

5.1. The out results of investigating the influence of adding ketamine in 3 

types of surgery intra- and post- operatively by applying pharmaceutical 

care program 

5.1.1. Spinal fusion surgery  

5.1.1.1. Patient characteristics 

 The two groups studied were comparable as regards sex, age, weight, duration of 

surgery and anesthesia. 

The analysis showed that there were no significant differences between the number of 

males and females in their respective groups and also for comparisons made between G1 

and G2 in respect of their ages, and body weight. In the absence of any significant 

differences being found they were subsequently considered as one group despite their 

apparent gender and age differences.  

After the pre-operative tests, patients were found to be free of any major systemic disease 

such as coronary heart disease or hypertension and they were fit to be operated upon 

according to the criteria used by the anesthesiologists involved in this study.   

 

5.1.1.2. Intra operative and Post-surgical analysis 

The HR was 67 ± 4 beats per minute for G1 and 70 ± 1 beats per min for G2, while MAP 

was 60 ± 2 mmHg for G1 and 66 ± 5 mmHg for G2, These results are significantly lower 

(p< 0.05) in G1 than in G2 (Table 14). However there were no significant differences 

between the two groups regarding blood loss which was 1800 ± 50.6 ml for G1, and1833 ± 

80.1 ml for G2. Also there were no differences in the urine flow which was 350± 3 ml for 

G1 and 337± 6 ml for G2. The mean operation time was 242.1 ± 3.3 min for G1 and 238.4 
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± 3.6 min for G2, and duration of anesthesia was 273.6 ± 5.3 min for G1 and 266.7 ± 3.5 

min for G2    (Table 16). Neither of which were significantly different. 

 

Table 16 Clinical measurements made during spinal fusion surgery for G1 and G2 

 G1 G2 

Heart Rate (beats per min) 67 ± 4 70 ± 1* 

MAP (mmHg) 60 ± 2 66 ± 5* 

Total blood loss (ml) 1800 ± 50.6 1833 ± 80.1   NS 

Total urine output (ml) 350 ± 3 337 ± 6          NS 

Duration of surgery (min) 242.1 ± 3.3 238.4 ± 3.6   NS 

Duration of anesthesia (min) 273.6 ± 5.3 266.7 ± 3.5   NS 

Key:*Signifies p< 0.05, NS: Not significant, data are expressed as the mean ± 2SD 

 

The immediate recovery time was 3.3 ± 2.6 min for G1 and 7.1 ± 2.8 min for G2, 

and the time which went past to the first patient‘s analgesia request in PACU was 19.5 ± 

3.2 min for G1, and 22.9 ± 3.5 min for G2; these results were significantly greater (p < 

0.05) in G2 as compared with G1 (Table 17). 
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 Table 17 Differences in pain score between G1 and G2   

Number of Patients with: G1 G2 No. Statistics 

No Pain 2 10 G1+ G2 12  

 p <0.05 With Pain 13 5 G1+ G2  18 

Total Number 15 15 Total 30 

 

 In G1, two patients had no pain, while 13 patients complained of different degrees of pain. 

In contrast, 10 patients from G2 had no pain, while just 5 of them complained of different 

degrees of pain (Table 16). For G1, the dose needed for patients to ask for morphine was 

60±10 mg, as compared with G2 patients who had a mean dose of 45±5 mg. This result was 

significantly different (p< 0.05) during the first 24 hours after surgery as compared with G1 

(Table 18). 

 

Table 18 Post-surgical analysis for G1 and G2  

 Group 1 (n = 15) Group 2 (n = 15) 

Immediate recovery time (min) 3.3 ± 2.6 7.1 ± 2.8 * 

Time to first patient analgesia 

dose request in PACU (min) 

19.5 ± 3.2 22.9 ± 3.5* 

Needed dose of morphine (mg) 60±10 45±5* 

Key:  * Signifies p< 0.05, data are mean ± SD.  
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5.1.1.3. Potential for drug allergic responses and adverse effects 

No patients in either group reported dysphoria or hallucination, shivering and 

respiratory or visual loss but no differences were noted in the incidence of purities and 

postoperative nausea and vomiting in the two groups. 

 

5.1.2. Scoliosis surgery 

5.1.2.1. Patient characteristic  

The two groups studied were comparable as regards age, weight, and sex.  

Preliminary analysis showed that there were no significant differences between males and 

females in their respective groups for any of the parameters measured and so, they were 

subsequently considered as one group despite their gender and age differences, perhaps 

indicating the success of the initial randomization process (Table 11).   

 

5.1.2.2. Intra operative and Post-surgical analysis 

The HR and MAP was significantly lower (p< 0.05) in G1 than in G2 (Table 19). However, 

there were no significant differences between the two groups regarding blood loss, urine 

flow, wake up test, mean operative time and duration of anesthesia (Table 19). 
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Table 19 Clinical measurements (Mean± 2SD) made during scoliosis surgery for G1 

and G2 groups of patients 

 G1 G2 

Heart Rate (beats per minute) 67 ± 4 70 ± 2* 

MAP (mmHg) 60 ± 3 70 ± 5* 

Time needed for wake up test (min) 13 ± 1.3        14 ± 1.2  NS 

Total blood loss (ml) 1800 ± 51     1833 ± 80  NS 

Total urine output (ml) 350 ± 3      338 ± 6      NS 

Duration of surgery (min) 240 ± 3    239 ± 4   NS 

Duration of anesthesia (min) 272 ± 5     267 ± 4   NS 

 

Key: *Signifies P< 0.05, NS: Not Significant 

 

Concerning the immediate recovery time and the time which passed until the first patient 

analgesia request in the PACU, the recorded values were significantly different. A value of 

p < 0.05 was found when G2 were compared to G1 (Table 20). 

There was significant difference between the two groups as G 2 patients also 

consumed 25% less morphine than G1 patients, which on analysis was found to have a 

value of p< 0.05 (Table 20). 
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Table 20 Post surgical analysis for patients (n=40) for their immediate recovery time, 

time to first request for analgesia and total morphine consumption in G1 and G2. All 

values are mean ± 2SD 

 Group I 

(n = 20) 

Group II 

(n = 20) 

Immediate recovery time (min) 3.3 ± 2.6 7.1 ± 2.9 * 

Time to first patient analgesia dose request in 

PACU (min) 

19.5 ± 3.2 22.9 ± 3.6* 

Total 24 hr morphine consumption (mg) 60 ± 10 45 ± 5* 

Key: * Signifies P< 0.05  

 

5.1.2.3. Potential for drug allergic responses and adverse effects 

No patients in either group reported dysphoria, shivering and respiratory or visual 

loss and no differences were noted in the incidence of pruritus, postoperative nausea and 

vomiting in the two groups. 

 

5.1.3. Microdiscectomy surgery 

Statistical data from the Arab Center Hospital, Amman, Jordan showed that the average 

number of lumbar laminectomy operations per year was 60. Consequently this study 

reflects the findings from 25% of this surgery carried out by the surgical and anesthetic 

team in each year of the study. Not all the patients could be included in the study due to 

their exclusion by the exclusion criteria which were used. 
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5.1.3.1. Patient characteristics  

The three groups of patients studied were found to be comparable as regards sex, age, 

weight, and the duration of the surgery (Table 13). Comparisons of the data found that there 

were no significant differences (P>0.05) between any of the parameters measured across 

the groups. There were no significant differences between the number of males and females 

in their respective groups and also for comparisons made between G1, G2 and G3 for their 

ages, and body weight. In the absence of any significant differences being found between 

the groups they were subsequently considered as comparable groups despite their apparent 

gender and age differences (Table 13).  

After the pre-operative tests, patients were found to be free of any major systemic disease 

such as coronary heart disease and/or hypertension and they were considered fit to be 

operated upon according to the usual criteria used by the anesthesiologists involved in this 

study. The drug history of each patient taken by the pharmacists did not show any major 

differences between individuals in the three groups and so were all considered suitable for 

the trial. 

 

5.1.3.2. Analysis of the duration of the surgical procedure  

 The duration of the surgery was not significantly different between the patients in 

the three groups (P > 0.05) (Table 21).  

 

5.1.3.3. Time for the first request for analgesia in the PACU 

 The time to the first patient‘s analgesia request in PACU was 17 ± 1.7 min for G1, 

23.60 ± 1.8 min for G2 and 23.9 ± 1.83 min for G3. The results of the statistical 

comparisons show that there was a significant difference between the results of G1 and G2 

(P > 0.05), and between the results of G1 and G3 (P > 0.05), whilst there was no significant 

difference between G2 and G3 (Table 21). 
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Table 21 Duration of surgery (min), and the time (min) for the first request for 

analgesia in the PACU 

  

Group1 (n=15) 

 

Group 2 (n=15) 

 

Group 3 (n=15) 

Duration of surgery 

(min) 

61 ± 2.80   60 ± 2.90   61± 1.1                  

NS 

Time for first patient 

analgesia request in 

PACU (min) 

17± 1.7 23.60±1.80
*
 23.9±1.83

*
               

 

Notes: NS: Not significant, data are expressed as the mean ± SD 
*
P< 0.05 versus group 1 

 

5.1.3.4. Dosage of morphine requested at 6, 12 and 24 hours after surgery 

All the comparisons made established that the three groups were significant 

different from each other for morphine dose 6, 12, and 24 hr after the surgery,   the 

cumulative morphine dose was significantly the lowest for G3 (P <0.05), while the doses 

required for those patients not treated with a continuous infusion of ketamine were 

significantly greater than when it was present. These results are shown in Table 22. 
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Table 22 Cumulative requested doses of morphine for the 6, 12 and 24 hours post-

operative period  

 Group1 (n=15) Group2 (n=15) Group 3 (n=15) 

6h dose (mg) 9 ±2.30 6.8±2.65
*
 3±2.26

*
,
†
 

12h dose (mg) 21±2.65 16.2±2.73
*
 9.2±2.11

*
,
†
 

24h dose (mg) 60±2.60 45.3±3.26
*
 26.9±2.71

*
,
†
 

Notes:Data are presented as the mean ± standard deviation 

*
P<0.05 versus group 1; 

†
P < 0.05 versus group 2 

 

5.1.3.5. Results from the (VAS) of patients’ perception of pain 

The visual analog scale score (VAS) results for the perception of pain were measured at 6, 

12, and 24 hr after surgery and are shown in Table 23. All the comparisons made 

established that the three groups were significant different from each other; where G3 was 

significantly the lowest and G1 was the highest (P <0.05). 

 

Table 23 VAS score assessments after 6, 12, and 24 hours 

Group Group1 (n=15) Group 2 (n=15) Group 3 (n=15) 

VAS 6 44.00±5.071 36.0±5.0
*
 27.3±4.5

*
,
†
 

VAS 12 58.00±6.761 50.7±4.5
*
 40.0±3.8

*
,
†
 

VAS 24 56.00±5.071 44.7±5.2
*
 35.3±5.2

*
,
†
 

Notes: Data are presented as the mean ± standard deviation 

*
P<0.05 versus group 1; †P< 0.05 versus group 2 
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5.1.3.6. Drug side effects 

No transient psychotic events e.g. hallucinations were reported for any of the groups 

including the ketamine group at any of the time points measured. Nausea and vomiting 

were the main drug induced side effects observed over the first 24 hr. post-operative period 

(Table 24). All the comparisons made established that the three groups were significant 

different from each other; where G3 patients had the lowest side effect versus G2 and G1, 

where G1  had the highest score (P <0.05).  

 

Table 24 Nausea and vomiting over the first 24 hr. post-operative period 

 

Nausea and 

vomiting 

Status 

Group 1  

(n = 15) 

 

Group 2  

(n = 15) 

 

Group 3  

(n = 15) 

Statistic 

No  7 10 14 P< 0.05 

Yes 8 5  1 P< 0.05 

Values are presented as numbers 
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6. DISCUSSION 

6.1. The influence of adding ketamine in spinal fusion, scoliosis, and 

microdiscectomy surgery intra operatively, and post operatively by 

applying pharmaceutical care program  

6.1.1.  Spinal fusion surgery and scoliosis surgery 

Hemodynamically, the HR and MAP were significantly lower in G1 than in G 2. Several 

studies are in agreement with this study results which have previously shown that 

remifentanil causes arterial hypotension and bradycardia with IV anesthetic agents or 

general anesthetics (1, 49, 50).
  

In G 2, I chose to use a low constant dose of ketamine because this lower dose would lead 

to less tachycardia and hypertension and a shorter duration of action, potentially resulting in 

a lowered incidence of ketamine side effects such as, postoperative hallucinations and 

emergence delirium. The finding that the HR and MAP did not decrease below the normal 

values is possibly due to the previous reports where catecholamine release by ketamine, has 

been reported to cause both tachycardia and hypertension
 
(51,52) an action that would 

attenuate the action of remifentanil. 
 

I found no significant difference between the two groups regarding blood loss and urine 

flow and the finding that  both groups had adequate urine output is possibly due to the very 

careful fluids and replacement therapy carried out during the surgical procedure. 

As regards to recovery from anesthesia, I found that patients in G1 recovered quicker than 

those given the ketamine-remifentanil-propofol technique in G2. These results are perhaps 

due to the short terminal plasma half-life, 3-5 minutes of remifentanil (14) the presence of 

an ester side chain allows remifentanil to be rapidly broken down by non-specific esterases 

to nearly inactive metabolites, so recovery from an intraoperative infusion can be rapid (8). 

In contrast, in G2, the long elimination half-life of ketamine (2.3 ± 0.5 hours) delays the 

patients' recovery
 
(15). 
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The time to first patient controlled analgesia dose request in PACU (Early pain perception), 

was significantly less in GI. This could be due to the hyperalgesia of surgical injury and the 

development of opioid-induced tolerance related to remifentanil infusions. Both involve 

activation of N-methyl-D-asparate (NMDA) receptors in CNS, and subsequent biochemical 

processes resulting in centeral sensitization, increase spinal dynorphin activity and the 

activation of intracellular protein kinase (4). Sharing of NMDA receptor activation by both 

processes suggests that ketamine, an NMDA receptor antagonist, in ketamine-remifentanil 

group may substantially enhance opiate-induced antinociception
 
(53). 

Frederic Adame and colleagues 
 
 (54) evaluated the effect of ketamine in a dose of 

1.5μg/kg/min for post-operative pain relief and the total morphine consumption after total 

knee artheroplasty. Their results confirm that ketamine is a useful analgesic adjuvant in 

perioperative multimodal analgesia with a positive impact on early knee mobilization, and 

that their patients required significantly less morphine than control group.  

Continuous intraoperative ketamine-remifentanil combined infusions G2, when compared 

to continuous remifentanil infusion alone G1, the postoperative pain scores and total 

morphine consumption were significantly less in G2. Ketamine may produce ant 

nociception through interaction with spinal mu receptor, NMDA receptor antagonism, and 

activation of the descending pain inhibitory monoaminergic pathways (55), which is 

expressed by alpha2-adrenoceptors at the spinal level
 
(56). Analgesia produced in humans 

by systemic ketamine up to 0.3 mg/kg is not reversed (105), which suggests that the 

analgesic effect of ketamine is mediated by a non-opioid mechanism, possibly involving 

phencyclohexyl piperidine receptor-mediated blockade of the NMDA-receptor-operated ion 

channel. 

Even though a smaller ketamine dose was used in this study, it produced a significant 

decrease in postoperative pain scores and morphine consumption. The affinity of ketamine 

for NMDA receptors has been shown to be more than an order of magnitude higher than 

that for mu receptor
 
(57) and several-fold higher than that for monoamine transporter sites 

or other non-NMDA receptors (i.e., acetylcholinesterase and the epsilon receptor (58), 
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which suggests that the smaller the dose, the more selective is the ketamine interaction with 

NMDA receptors. Ossipov and his colleagues showed that analgesia produced by the 

systemic coadministration of an opiate and an α2-adrenoceptor agonist, for example 

clonidine or meditonidine are synergistic
 
(59). 

In agreement with my results, Stubhaug et al. showed that a low-dose IV infusion of 

ketamine during and after surgery reduces mechanical punctuate hyperalgesia surrounding 

the surgical incision. These indicate that blockade of NMDA receptors prevents the central 

sensitization caused by nociceptive input during and after surgery
 
(106) other studies have 

demonstrated that ketamine in combination with morphine provides superior postsurgical 

pain relief at lower dosage and with fewer side effects than morphine alone (107).  

These results demonstrate that the combination of low dose ketamine and remifentanil 

infusions as TIVA during spinal fusion and scoliosis surgery may provide better 

hemodynamic stability, so satisfying a major surgical requirement.  

Adding low dose ketamine hydrochloride infusion can be applied as a routine therapy to 

improve the hemodynamic stability during spinal fusion and scoliosis surgery and reduce 

the postoperative morphine consumption.   

 

6.1.2.  Microdiscectomy surgery  

I have examined the use of low dose ketamine in both intra- and post - operative lumbar 

microdiscectomy  surgery because it is well known that patients undergoing this type of 

surgery experience severe pain in the postoperative period (108).
  

Fountas et al (1999) have examined different methods for postoperative pain after lumbar 

microdiscectomy  surgery (23) but have not used a low dose of ketamine, such as 1 μg 

/kg/min as used in this study, as a possible method for such control. 

The dual effect of ketamine of being a good analgesic at sub-anaesthetic doses and a 

mechanism of action mediated primarily by a non-competitive antagonism at N-methyl-D-
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aspartic acid (NMDA) receptors (109) makes this drug a somewhat unusual analgesic. 

However this unusual analgesic action is well documented as is its ability at low-doses to 

induce a morphine-sparing effect, which can be a very useful effect to utilize 

postoperatively (5), and for this reason I have chosen low-dose ketamine in this study. 

Furthermore, the low dose of ketamine would lead to less tachycardia, hypertension and a 

shorter duration of action, which potentially would result in a lower incidence of ketamine 

side effects such as postoperative hallucinations and emergence delirium (106). 

Low-dose ketamine (1 μg/kg/min) was previously tested intra-operatively in back surgeries 

including scoliosis and spinal fusion surgery as a randomized placebo-controlled two 

groups study.  (109, 110) In this study I randomly tested controlled group G1, with G2 

patients who used ketamine intra-operatively, and G3 who used ketamine intra and post-

operatively in laminectomy surgery. 

In this study the time needed to the first request of analgesia in PACU was significantly 

less (P <0.05) in the groups who received ketamine, either intraoperatively or both intra and 

post-operatively (G2, G3), rather than those who didn't received ketamine (G1). These 

results were similar to those reported by Hadi et al (2010) who tested ketamine 

intraoperatively during spinal fusion surgery (110). However the present study showed that 

adding ketamine either intraoperatively or both intra and post operatively did not show a 

significant difference for the time to the first request of analgesia. Both groups (G2, G3) 

receiving the same dose of ketamine until the end of operation and due to the half-life of 

the drug it would still have pharmacologically active concentrations in the blood stream for 

some time afterwards hence giving them some analgesic and morphine -sparing effects. 

It is interesting to note that continuous intra-operative ketamine-remifentanil combined 

infusions (G2) and (G3), when compared with continuous remifentanil infusion alone (G1), 

resulted in less postoperative pain scores and total morphine consumption in G2 and G3. 

These results were similar to Hadi et al (2010)(110). On the other hand, intra and post-

operative ketamine-morphine infusions (G3), when compared with continuous morphine 

infusion alone (G2), resulted in lower postoperative pain scores and total morphine 
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consumption in G3. Similar results were previously reported by Zakine et al. (2008) (8) 

who carried out an investigation by using the same method of drug administration in 

another type of surgery.  

I used the visual analog scale score (VAS) for the assessment of pain as Kundra et al. 

(1997) evaluated this method, and recommended using it (111). Consequently this 

technique of recording pain scores for this type of surgery proved to be useful and 

discriminatory. Two other studies have demonstrated that ketamine in combination with 

morphine provides superior postsurgical pain relief at a lower morphine dose, with a lower 

(VAS) score, and fewer side effects than morphine alone (107,112). These results were 

similar to mine as our results showed that lowering morphine consumption is associated 

with reducing its side effects such as nausea and vomiting, and the use of the low dose 

(1μg/kg/min) of ketamine was not associated with any transient psychotic effects. These 

results were also confirmed in a previously reported study
 
(113,114). 

This is not the first study in which ketamine has been used at a low concentration post-

surgery as Frederic Adame and his colleagues (115) evaluated the effect of low-dose 

ketamine on post-operative pain relief and the total morphine consumption after total knee 

artheroplasty, but ketamine was never tested in microdiscectomy surgery. Their results 

confirmed that low-dose ketamine was a useful analgesic adjuvant in perioperative 

multimodal analgesia with a positive impact on early knee mobilization.  Their patients 

required significantly less morphine than the control group. These results were similar to 

mine.
 
In a further meta-analysis study by Bell et al (16), it was observed that in the first 24 

hours after surgery, ketamine reduced postoperative nausea and vomiting which could have 

been due to a morphine-sparing effect. The problem with this study is that it could not be 

translated into any specific administration regimen with ketamine and so the present study 

establishes a safe and effective concentration to use. The present study, by establishing a 

statistically significant difference between the 3 groups (G1, G2, and G3) for morphine 

induced nausea and vomiting side effects clearly showed the effectiveness of ketamine to 

counter such effects. 
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In this study I have examined different parameters concerning adding low dose ketamine 

intra and post operatively, other studies have tested further positive impacts of ketamine, on 

narcotic tolerance patients (53), the achievements of hemodynamic stability(110) and its 

prevention of post-operative hyperalgesia effect  (116), all these parameters give ketamine 

a superior impact over other analgesics.  

 

6.2. Clinical pharmacists involvement with the study 

All previous studies have shown high positive impact of clinical pharmacists on the patients 

in the different fields (24).  

In this study I have applied uniquely a full pharmaceutical care program in different 

surgeries, where up to my best knowledge; this is a new field for the clinical pharmacist. 

I was trained to follow all the renowned procedure of the surgery together with the 

physicians
 
(98-100). I have applied the major duties of the clinical pharmacist, starting pre-

operatively by: physical preparation
 
(99). 

After the pre-operative tests, patients were found to be free of any major systemic disease 

such as coronary heart disease or hypertension and they were fit to be operated upon 

according to the criteria used by the anesthesiologists involved in this study.   

Patients are often fearful or anxious about having surgery. I have applied the psychological 

preparation (96, 101, 104) to allay patients‘ fears and apprehensions and to attempt to 

minimize the consequences of this very stressful surgical experience.  

Postoperative pain care was fulfilled in the evening, before the operation, patients were 

instructed how to use the - 100 visual analog scale score (VAS) for microdiscectomy (86). 

I set up a scheme to fulfill the rest of the clinical pharmacists' duties, (86, 98) which 

ensured that plans were in place for all medications used, to avoid errors and for the 

documentation.  
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As other previous studies did post-operatively (100); in this study patients were moved to 

the PACU to continue receiving high care, and they were observed intensively for the first 

24 hours.  I took a training course about the detail of anesthesia care before starting the 

investigational research.   

In this study I have applied a pharmaceutical care intervention in the three groups equally, 

as it was previously advised by PC Gordon et al. (2004) who advised that the SA Society of 

anesthesiologists should be involved with the pharmacist for different improvements (28).
 
 

Further comparison study should be done in the future between control group and 

interventional group of pharmacy care to score the satisfaction deferent between groups.  
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7.  NEW SCIENTIFIC RESULTS AND CONCLUSIONS  

New scientific results of the research work were the followings: 

 Low dose ketamine hydrochloride can be given safely in spinal fusion, scoliosis, 

and microdiectomy surgery. 

 Low dose ketamine hydrochloride adds advantages to remifentanil intraoperatively, 

by improving the intraoperative hemodynamic stability (heart rate, mean arterial 

pressure). 

 The intaoperative addition of low dose ketamine hydrochloride exceeds its 

extraoperative advantages, by affecting the total morphine consumption. 

 The addition of low dose ketamine hydrochloride has no influence on total urine 

output, total blood loss ,  nor on total time of surgery.  

 Low dose ketamine hydrochloride can be added in two stages of the surgery, intra-

operatively, and post-operatively in microdisectomy surgery. This can enhance 

further reduction of the total morphine consumption than when given in one stage.  

 The addition of a low dose ketamine hydrochloride both intra- and post-operatively 

could be an adjunct therapy to maintain postoperative analgesic control whilst 

reducing postoperative morphine consumption so reducing the nausea and vomiting 

side effects.  

 The addition of low dose ketamine hydrochloride did not show the usual transient 

psychotic side effect of ketamine in the normal dose.  

 I could enhance the use of ketamine hydrochloride in two ways: 

- By focusing on its analgesics mechanism of action in addition to its anesthetic 

major use.  
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- By adding low dose to overcome its annoying psychotic side effect in the normal 

dose.  

 Collaborative clinical pharmacy practice on the basis of pharmacology and 

pharmacodynamic data had an effective role in improving the general outcome of 

the different surgeries, clinical pharmacist can have many positive roles pre-

surgery, during the surgery and in the management of postoperative pain.  

 I advise the clinical pharmacist to take a new role in the surgery room. 
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8. SUMMARY  

Intraoperative hemodynamic stability of a patient during surgery, and the requirements for 

subsequent analgesic consumption due to the severity of the postoperative pain, are all major 

challenges for the surgical team. Ketamine hydrochloride is an intravenous anesthetic. Its 

anesthetic and analgesic effects are mediated primarily by a non-competitive antagonism at N-

methyl-D-aspartic acid (NMDA) receptors. Low-dose ketamine has a direct analgesic effect, it 

induces a postoperative morphine-sparing effect and it was proven to decrease post-operative 

intravenous morphine consumption. In some forms of surgery using a Low-dose infusion of 

ketamine (1 μg/kg/min) has previously been used intra-operatively and peri-operatively. In this 

part of the thesis, I intended to implement a new idea to the anesthesiologists to examine the 

hypothesis that postoperative pain and morphine consumption would be reduced by using the 

infusion of a very small-dose of ketamine (1 μg/kg/min) both intra- and postoperatively for new 

types of surgeries were not tested before. This drug was added to an intra-operative remifentanil-

based anesthesia regimen for spinal fusion, scoliosis, and lumbar microdiscectomy surgery. 

Furthermore, I evaluated the effect of ketamine on hemodynamic stability, N-V side effects, and 

its transient psychotic effects. In the world literature, up to my best knowledge; clinical 

pharmacists have positive interventional role in the hospital, and in the community pharmacy in 

controlling chronic diseases, infectious diseases, and on decreasing the expenditure. Hence little 

information exists about the clinical pharmacist intervention in the surgery room, I conducted a 

novel idea, by carrying out the clinical pharmacist intervention to the different anesthetics 

strategies during spinal fusion, scoliosis, and micro discectomy surgery. In this study I have 

confirmed that adding low dose of ketamine hydrochloride both intra- and post-operatively could 

be an adjunct therapy to maintain postoperative analgesic control whilst reducing postoperative 

morphine consumption so reducing the nausea and vomiting side effects in traditional spinal 

fusion surgery , scoliosis , and lumbar micro discectomy surgery without experiencing ketamine‘s 

side effects such as transient psychotic effect.  Collaborative clinical pharmacy practice on the 

basis of pharmacology had an effective role in improving the general outcome of the different 

surgeries, clinical pharmacist can have many positive roles pre-surgery, during the surgery and in 

the management of postoperative pain.  I advise the clinical pharmacist to take a new role in the 

surgery room. 
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9. ÖSSZEFOGLALÁS 

A beteg hemodinamikai stabilitásának biztosítása a műtét során, valamint a műtétet követő 

hatékony fájdalomcsillapítás a sebészeti csapat egyik legnagyobb kihívása.   

A ketamin jelentős analgetikus hatással bíró általános anesztetikum, amely hatását az N-metil-

D-aszparaginsav (NMDA) receptorok nemkompetitív antagonizmusa révén fejti ki. Alacsony 

dózisú ketamin közvetlen fájdalomcsillapító hatású, csökkenti a beteg posztoperatív morfin-

igényét, így hatékonyan csökkenthető a műtét utáni intravénás morfin adagolás.  Korábban már 

néhány műtéti beavatkozás során alkalmaztak alacsony dózisú (1 µg/kg/min) ketamin infúziót 

intra- és posztoperatívan. Ennek alapján célul tűztem ki, hogy eddig nem vizsgált sebészeti 

beavatkozások során tanulmányozzam, hogy kis dózisú (1 µg/kg/perc) ketamin infúzió 

perioperatív alkalmazása csökkenti-e a műtét utáni fájdalmat, valamint a beteg morfin igényét. 

A vizsgálatokban a ketamin adagolása a narkózis intraoperatív kiegészítőjeként történt 

gerincfúziós műtét, gerincferdülés műtét és ágyéki mikrodiszcektómia során. Értékeltem a 

ketamin hatását a hemodinamikai stabilitás, a hányinger-hányás és az átmeneti pszichotikus 

mellékhatások szempontjából is. A szakirodalomban a klinikai gyógyszerész pozitív kórházi és 

közforgalmú gyógyszertári szerepvállalásáról elsősorban a krónikus betegségek, valamint a 

fertőző betegségek terápiájának menedzselése során olvashatunk. Kevés információ áll 

rendelkezésre a klinikai gyógyszerész műtőben végzett gyógyszerészi gondozási 

tevékenységéről, ezért célul tűztem ki a klinikai gyógyszerészi beavatkozás lehetőségeinek 

kidolgozását az anesztézia-analgézia stratégiájának kialakításában, gerincfúziós műtét, 

gerincferdülés műtét és ágyéki mikrodiszcektómia során. Vizsgálataim megerősítették, hogy a 

hagyományos gerincfúziós műtét, a gerincferdülés és ágyéki mikrodiszcektómia során, 

adjuváns terápia részeként alkalmazott kis dózisú ketamin, hatékony a posztoperatív 

fájdalomcsillapító hatás fenntartásában, amely a felhasznált morfin mennyiségének 

csökkentését, ezáltal a mellékhatásként előforduló hányinger és hányás csökkenését 

eredményezte, anélkül, hogy ketamin mellékhatásait, mint például az átmeneti pszichotikus 

hatást, tapasztaltuk volna. A klinikai gyógyszerész, együttműködésben más egészségügyi 

szakemberekkel, fontos szerepet játszhat a különböző sebészeti eljárások eredményességének 

javításában, mind a műtéti előkészítés, mind a műtét, mind pedig a posztoperatív 

fájdalomcsillapítás alatt. A fentiek alapján, javasolom a klinikai gyógyszerész új 

szerepvállalását a műtéti beavatkozások során. 
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