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Abstract 

Background: Gentamicin is an effective antibiotic, active against several clinically important 

bacteria, and is used empirically in everyday hospital practice. It is an important antibiotic in 

the fight against antimicrobial resistance, as it is a minor threat to development of resistance. 

However, gentamicin has serious side-effects, mainly nephrotoxicity and ototoxicity, which 

requires that therapeutic drug monitoring, is performed. This thesis aims to identify 

challenges when dosing, administrating and monitoring gentamicin, and point at ways to 

overcome these challenges, in order to increase use of gentamicin in clinical settings.  

Method: Eight qualitative interviews with four nurses and four doctors were performed at 

medical departments in two hospitals in Western Norway, between November and December 

2014. Interviews were transcribed and analysed using thematic analysis to identify emerging 

themes. Preliminary quantitative data from an intervention study at the same hospital 

departments were used to complement the qualitative data. 

Results: The participants referred to several important aspects on the use of gentamicin that 

could be challenging for healthcare workers. Five themes emerged from the interviews: 

routines, learning, respect, practicality and ambiguity. The most important finding was 

routines. Lack of routines for gentamicin administration and monitoring was challenging 

because it led to several different administration times for patients treated with gentamicin 

and subsequently lack of correct timing between administrations and monitoring. One of the 

hospitals, hospital 1, had implemented such routines, making it less challenging to use 

gentamicin. The qualitative data generated a hypothesis that the hospital with the 

implemented routine used more gentamicin. Quantitative data showed no significant results 

between the two hospitals regarding use of gentamicin for patients diagnosed with sepsis. 

However, the data showed a trend suggesting that sepsis patients in hospital 1 more often 

receive gentamicin than hospital 2. Routines formalised in guidelines and manuals were seen 

as useful but poor implementation of it was a draw back. Other main findings were learning 

and ambiguity, where both lack of formal training and clearly defined roles between doctors 

and nurses made gentamicin use more complicated. Additionally, gentamicin use was affected 

by practicality. Patient weight was seldom measured, which might lead to incorrect dosages 

putting the patient at potential risk. Furthermore, dosages adjusted to package size were 

preferred by nurses, but not performed by all doctors, and dose adjustments were often based 

on estimates. 
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Conclusion: Several aspects of gentamicin use may represent challenges for healthcare 

workers if they are not addressed properly. To enhance practice and improve patient therapy, 

our results highlights the importance of having implemented routines and guidelines, formal 

training before using gentamicin and clearly defined roles between healthcare workers. 

Implementation of computerized provider order entry, antimicrobial stewardship programs 

and clinical pharmacists with a role in gentamicin use, may ease the implementation of these 

processes. If these aspects are handled, challenges may diminish, patient treatment may 

improve and healthcare workers may feel more secure when using gentamicin.  
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1 Introduction 

Antimicrobial resistance is increasing worldwide, and many patients around the world suffer 

due to infections that are no longer treatable (1). There is a correlation between antibiotic use 

and development of resistance (2) and in Norway, total antibiotic use has increased the last 

years, in particular the use of broad-spectrum antibiotics (3). The increased use of broad-

spectrum antibiotics, such as cephalosporins, rely upon them having a broad spectrum of 

activity as well as being less toxic (4) than other antibiotics such as aminoglycosides. 

However, the broad-spectrum potential of these drugs may lead to a rapid overgrowth of 

microorganisms that are multi-resistant to antibiotics (4). As a consequence it may be more 

difficult to treat common infections, it may increase morbidity, prolong sickness, increase risk 

of complications and give higher mortality rates (1). The fact that giving antibiotics to a 

patient not only affects that patient, but also the environment, may not yet be understood by 

all doctors prescribing antibiotics (4).  

Broad-spectrum antibiotics are used too much, since many hospitals use large amounts of 

them (1). When other antibiotics with lower resistance rates are available, they also seem too 

easy to use. Clinicians are reassured to use broad-spectrum antibiotics since most of them 

have low toxicity and it is not necessary to perform therapeutic drug monitoring (4). 

However, a great cause for concern is not the toxicity, but the development of resistance (5). 

The most used aminoglycoside in Norway, gentamicin (6), is therefore an important antibiotic 

in the fight against antimicrobial resistance, due to its activity against several clinically 

important bacteria (7) and minor impact on the development of resistance, compared to broad-

spectrum antibiotics (8). However, gentamicin’s serious nephrotoxic side-effect makes it 

necessary to perform correct therapeutic drug monitoring (9). It has been shown that there are 

possibilities of errors when prescribing, administrating and monitoring gentamicin (10-14). It 

is therefore necessary to explore if there are challenges for healthcare workers when using 

gentamicin and see if these challenges can be addressed, to decrease errors and increase 

gentamicin use. No studies, considering possible challenges for Norwegian healthcare 

workers related to gentamicin use, have to our knowledge previously been performed. 

The Norwegian Advisory Unit for Antibiotic Use in Hospitals was established in 2011 (15). 

Their main focus is on improving the antibiotic use in Norwegian hospitals, and performing 

research on related topics. The unit is interdisciplinary and has expertise in infectious 

diseases, infection control, evidence based medicine, patient safety, statistics and pharmacy. 
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The unit played a role when the new Norwegian guidelines for antibiotic use in hospitals were 

implemented in 2013. The unit promotes the use of guidelines as a means to achieve more 

prudent antimicrobial prescribing in Norwegian hospitals, thereby increasing the lifespan of 

existing antibiotics. Preliminary data from an ongoing research on interventions to promote 

prudent antibiotic prescribing in hospitals are partly used in this thesis, which is carried out in 

accordance with the advisory unit’s objectives. 

1.1 A short history of antibiotics  

Infections have at all times been a major cause of human deaths. With the discovery and use 

of antibiotics, several common infectious diseases causing deaths could be defeated (16). 

The term antibiotic previously referred to substances produced by microorganisms that could 

inhibit or kill bacteria (17). Now, the term is expanded and includes both compounds formed 

by, and isolated from bacteria and fungi arrived from both natural products and synthetic 

chemical methods (18). In this thesis the term antibiotic will therefore be used for both natural 

and synthetic antibiotic compounds. 

Antimicrobial treatment was revolutionised when Alexander Fleming discovered the 

antibiotic, penicillin, in 1928 (16, 19). However, the therapeutic revolution happened with the 

sulphonamides (20), when the first sulpha antibiotic, Prontosil, was synthesised by Klarer and 

Mietzsch in 1932 and introduced through efforts of Domagk (16). The first successful 

treatment with penicillin occurred in 1942, and in 1943 penicillin was successfully tested on 

wounded soldiers during World War II and thereafter mass produced in a number of countries 

(16). In the 1960s, several new effective antibiotics were discovered (21). However, since the 

1970s, only two new antibiotic classes have reached the market (22), and resistance among 

previously susceptible organisms are increasing (23).  

1.2 Antimicrobial resistance 

Antimicrobial resistance (AMR) is when microorganisms continue to grow in the presence of 

antimicrobial drugs in cytotoxic doses (24). Since the first antibiotic was introduced, AMR 

has been a concern. With increasing rates of resistance it will become more difficult to treat 

diseases that previously were defeated by effective antibiotics, due to fewer treatment options 

(23). It is estimated that around 25 000 people in Europe die every year due to AMR microbes 

(25).  
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1.2.1 How bacteria become resistant 

Bacteria can be intrinsically resistant to antimicrobial agents or they can acquire resistance 

genes (26). Intrinsic resistance is an innate ability to resist activity of specific antimicrobial 

agents (27), and is present in all bacterial species (28). Susceptible bacteria can acquire 

resistant genes either by random mutations during reproduction, or by transfer of resistant 

genes from a resistant organism (29). The concern of resistance is raised by the acquired 

resistance, since normally susceptible bacteria become resistant, and spread resistance genes 

to other species (26). Transfer of resistant genes may occur via mobile genetic elements such 

as bacterial viruses, transposons or plasmids or by incorporation of deoxyribonucleic acid 

(DNA) from dead microorganisms (30). 

1.2.2 AMR as a health problem 

A consequence of antibiotic use is selective pressure, where microorganisms susceptible to 

the antibiotic die, while resistant organisms survive and continue to grow (31). The host will 

then become a reservoir of resistant bacteria and the bacteria may cause an infection or spread 

to other hosts (32). There is a correlation between antibiotic use and development of 

resistance (2), and it is shown that up to 30% of antibiotic use is unnecessary (33, 34). 

Unnecessary use of antibiotics, such as treating self-limiting viral infections with antibiotics, 

or treating pneumonia patients with broad-spectrum antibiotics (22), contribute to selection of 

resistant bacteria and increase AMR, which is a major global health problem (35). 

Globalisation contributes to the spread of AMR (1, 35). Patients travelling or receiving 

treatment in countries with higher resistance rates than Norway, are at risk of being colonised 

or infected with resistant bacteria, and bringing it home with them (35). A further concern is 

that increased use of one or more antibiotics may lead to resistance to other antimicrobial 

agents, e.g. observed increased resistance to gentamicin that may be due to co-selection 

through increased use of ciprofloxacin and third generation cephalosporins (8). 

1.2.3 AMR in Norway 

Over decades, prudent use of antibiotics, defined as the use of antibiotics only when necessary 

in correct dosage and length, has in Norway probably contributed to low resistance rates 

compared to other European countries (3, 36). However, according to Haug et al. there has 

been a considerably increase in total antibiotic use the last years, and especially use of broad-

spectrum antibiotics in Norway, which cannot be explained by increased resistance rates 

alone. Compared to other countries, total antibiotic use is still low (3), but if the trend 
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continues, antibiotics we normally use today, such as penicillin, could be rendered useless due 

to resistance (2).  

1.2.4 Antimicrobial stewardship 

Where standard precautions prevent the spread of resistant bacteria between patients (35), 

prudent antibiotic use prevents further development of AMR (37, 38). Globally, antimicrobial 

stewardship programs have been developed and implemented for years (39) to improve 

antibiotic use and deter the emergence of further resistance (40). Furthermore, antimicrobial 

stewardship help conserve the use of existing antimicrobials (41), as development of new 

antibiotics is slow (39). Antimicrobial stewardship is defined as: “optimal selection, dose, and 

duration of an antimicrobial that results in the best clinical outcome for the treatment or 

prevention of infection, with minimal toxicity to the patient and minimal impact on 

subsequent resistance” (41). The superior goal of antimicrobial stewardship programs is 

optimising clinical outcome while minimising negative consequences of antimicrobial use, 

such as adverse drug events and development of resistance (42). Two major strategies have 

shown reduction in unnecessary use of antibiotics: prospective audit with intervention and 

feedback to prescribers, and limited antibiotic access, such as preauthorization requirements 

for specific drugs (39). Other important strategies are prescriber education, and the 

development and implementation of antibiotic guidelines (42). Multidisciplinary 

antimicrobial stewardship teams should preferably consist of an infectious disease specialist, 

clinical pharmacist with infectious disease training, clinical microbiologist and an information 

system specialist. It is also preferable to include an infection control consultant and a hospital 

epidemiologist. Collaboration between the team, hospital infection control and the pharmacy 

is essential for success (42). In Norway, no full scale antimicrobial stewardship programs 

have been implemented in hospitals to date, but there are several initiatives (43). The 

Norwegian Advisory Unit for Antibiotic Use in Hospitals has an important role in 

implementing antimicrobial stewardship programs and the new antibiotic guidelines in 

Norwegian hospitals (44), to limit the use of broad-spectrum antibiotics and increase the use 

of antibiotics that to a lesser extent promote resistance, such as aminoglycosides (8).  

1.3 Aminoglycosides 

Aminoglycosides is a class of antibiotics used to treat serious infections (45). They are active 

against several clinically important bacteria (7) and cause less resistance than broad-spectrum 

alternatives such as cephalosporins and fluoroquinolones (2, 8). 
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1.3.1 A short history of aminoglycosides 

The first aminoglycoside, streptomycin, was isolated in 1943 from the soil microorganism 

Streptomyces griseus (16). After the discovery of streptomycin, two aminoglycosides were 

discovered in 1949 and 1957, neomycin and kanamycin, respectively (46). Gentamicin, 

discovered in 1963 (47) and tobramycin, in 1967 (46), are the most commonly applied 

aminoglycosides today, and the only two aminoglycosides licensed in Norway (48). A third 

aminoglycoside, amikacin, introduced in 1972 (46) is not licensed in Norway, but sometimes 

used for specific diagnoses (6).  

1.3.2 Characteristics 

Aminoglycosides inhibit the protein synthesis in Gram-negative bacteria by disrupting 

translation and causing misreading of messenger ribonucleic acid (mRNA), which produces 

incorrect proteins and bacterial cell death (7, 46). Aminoglycosides are some of the most 

effective agents against aerobic microorganisms (49), as they enter microorganisms via an 

oxygen-dependent transport mechanism (50). They are mainly active against Gram-negative 

bacilli: Enterobacteriaceae, Pseudomonas spp. and Acinetobacter spp., but also some Gram-

positive bacteria such as Staphylococcus aureus (45), though often combined with penicillin 

(51). Aminoglycosides exhibit concentration-dependent bactericidal effect, i.e. they kill 

bacteria rapidly and effective with a high concentration peak (45), and rate of killing increases 

with increased drug concentration (7). Furthermore, they manifest a post-antibiotic effect, 

killing bacteria at concentrations below minimal inhibitory concentration (MIC) (52). The 

post-antibiotic effect can last from 1 to 7.5 hours for most bacteria, longer for Gram-negative 

than Gram-positive organisms (45).  

Aminoglycosides cannot be absorbed in the gastrointestinal (GI) tract (49). Parenteral 

administration of aminoglycosides, either by intravenous (IV) or intramuscular injection, is 

therefore required (53).  

1.3.3 Toxicity  

Aminoglycosides are valuable antibiotics (54), but the toxicity can limit their use (55). About 

99% of the aminoglycoside is eliminated by the kidneys and 10-20% of patients treated with 

it suffers from nephrotoxicity (45). There are several risk factors for toxicity, such as elevated 

serum concentrations, advanced age, long treatment duration, potentially nephrotoxic 

concomitant medications and other comorbid factors such as diabetes mellitus and leukemia 

(56). Renal function can be classified by using glomerular filtration rate (GFR) as showed in 
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table 1.1. There are several ways to measure the renal function and the most accurate ways are 

time-consuming and inconvenient. It is therefore recommended to measure the GFR using 

formulas based on plasma-creatinine (57), such as the Cockcroft-Gault formula (58). 

Irreversible ototoxicity is another adverse effect of aminoglycosides, but occurs less 

frequently than nephrotoxicity (49). Though several hypotheses exist, the mechanism related 

to ototoxicity is less understood than nephrotoxicity (59). Tinnitus, nausea and vomiting are 

some of the early symptoms that might be seen (45).  

Table 1.1: Staging renal function by the use of GFR (60) 

Stage Renal function GFR 

(ml/min/1,73 m
2
) 

Estimated GFR 

(ml/min/1,73 m
2
) 

1 Kidney damage and normal GFR > 90 > 60 

2 Kidney damage and 

mildly impaired GFR 

60-89 > 60 

3 Moderate impaired GFR 30-59 30-59 

4 Severe impaired GFR 15-29 15-29 

5 Renal failure < 15 0-15 

 

1.4 Gentamicin 

Gentamicin is the most frequently applied aminoglycoside both due to the activity on Gram-

negative bacteria and its low cost (53). For gentamicin, maximum concentration has to be 8-

10 times higher than the MIC-ratio to effectively kill bacteria (61). This ratio is easily reached 

with once daily (OD) dosing (62). Gentamicin is the aminoglycoside studied in this project. 

1.4.1 Synergistic treatment 

Gentamicin, in combination with cell-wall active antibiotics, such as beta-lactams, exhibit 

synergistic bactericidal activity (7). Synergistic activity can be exploited when intrinsic 

activity of gentamicin is inadequate (63). The combination will ensure adequate coverage of 

microbes in polymicrobial infections, prevent development of resistance and reduce toxicity 

of the individual drug, because doses can be reduced (64). The mechanism of synergy may 

not be similar for all target organisms (65), but studies on enterococci indicate that the 

synergism result in better permeability of bacteria, leading to improved intracellular uptake of 

the aminoglycoside (7, 65). This mechanism is also demonstrated with viridans streptococci 
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(65) that together with enterococci have naturally low-grade resistance to aminoglycosides 

(63).  

1.4.2 Empirical treatment  

Empirical treatment refers to recommended antimicrobial treatment, while pending the result 

of antimicrobial susceptibility testing (36, 54). Susceptibility results allow administration of 

the most efficient antibiotic to the patient (54).  

Gentamicin is used empirically in everyday hospital practice (54), and is frequently 

prescribed in combination with penicillin for treatment of sepsis, hospital-acquired 

pneumonia (lower respiratory tract infection), pyelonephritis (upper urinary tract infection), 

endocarditis, febrile neutropenia and complicated intra-abdominal infections (45, 66). 

Bacteria frequently causing these conditions are streptococci, pneumococci and meningococci 

susceptible to penicillin, and Gram-negative bacilli susceptible to gentamicin (2). Therefore 

the combination of these antimicrobials is used to obtain a wider antibacterial spectrum and a 

more rapid bactericidal effect (55). The duration of treatment varies due to patient clinical 

condition and primary focus of infection (66). When susceptibility results are available, 

treatment with gentamicin is often discontinued and replaced by other less toxic substances 

(45).  

A combination of penicillin and gentamicin should be used in hospital-acquired pneumonia 

due to more incidences of Gram-negative bacilli (2, 66). Community-acquired pneumonia 

should be treated with penicillin, only. If the patient is septic or otherwise severely ill, 

treatment should include gentamicin (2). Sepsis is a clinical syndrome resulting from an 

inflammatory response to an infection that may lead to organ dysfunctions (67). Sepsis is seen 

in patients with bacteraemia caused by for example bacteria from a local infection (68). 

Infective endocarditis is a septic condition originating from the heart valves or endocardium 

(69). Viridans streptococci have historically been the most common cause of infective 

endocarditis, but are now replaced by staphylococci (69, 70).  

Febrile neutropenia (neutropenic fever), a common complication of chemotherapy (71), is 

defined as neutrophils less than 1.0 x 10
9
/L and a temperature ≥38

ᵒ
C measured several times 

with a minimum of two hours intervals, or 38.5
ᵒ
C measured once (66, 72). A decreased 

number of neutrophils may result in immunodeficiency and thereby a higher risk of infection 

(73). Internationally, treatment of febrile neutropenia usually is broad-spectrum beta-lactam 
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antibiotics in monotherapy (71, 74). Recommended first line empirical treatment for febrile 

neutropenia in Norway is the combination of penicillin and gentamicin (74). Due to resistance 

patterns of the most common etiological organisms, this combination is recommended for 

both sepsis and febrile neutropenia (8, 74). 

1.4.3 Dosage 

Traditionally, aminoglycosides were administered three times daily, but studies have shown 

that given OD they are less toxic and equally effective (52) due to concentration-dependent 

bactericidal- and post-antibiotic effect (7). A high initial dose is favourable, since further 

uptake will be blocked due to saturation kinetic (52). Intravenous administration over 30 

minutes is recommended (75). 

Table 1.2 shows that the recommended dose of gentamicin depends on severity of infection 

and patient weight. Due to package size available in Norway, dosage could advantageously be 

adjusted to a package size of 40 mg (76). Aminoglycosides are poorly distributed in fatty 

tissue (77), but the distribution volume is greater for obese patients. Since obese patients have 

tissue components containing more water and aminoglycosides are easily distributed in these 

tissues (63), a higher dose than one calculated for a 100 kg person should not be administrated 

(77). The Norwegian antibiotic guidelines do not recommend using gentamicin in chronic 

renal failure or fulminant multi-organ failure. For patients with renal insufficiency the dosing 

interval can be increased beyond 24 hours to avoid accumulation of gentamicin (75).  

Table 1.2: OD dosing of gentamicin (78)  

Range of dosing: 3-7 mg/kg   

Indication Administration Dose  

(mg/kg) 

Synergism with beta-lactam antibiotic 

Moderate severe infection 

IV 

IV 

3 

5 

Severe infection / immunocompromised IV 6-7* 

 

*The dosage should be reduced to the normal dose or gentamicin should be discontinued when the clinical 

condition of the patient permits it  
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To simplify the dosing regimen, the Norwegian antibiotic guidelines recommend 

administrating the second dose and the following doses of gentamicin at a specified time of 

the day (75). If the first dose is administrated at a time divergent from the specified time of 

the day, the second dose should be calculated as a percentage of the first dose as showed in 

table 1.3. 

Table 1.3: Calculation of second dose of gentamicin (75) 

Elapsed time since first dose 

(h) 

Dose adjustment  

(% of first dose) 

0-8 33 

8-16 66 

> 16 100 

 

1.4.4 Therapeutic drug monitoring 

Aminoglycosides, including gentamicin, has a narrow therapeutic index, which means that 

there is a small difference between therapeutic dose and toxic dose. This differs from other 

antibiotics, which usually have a wide therapeutic index (79). Same medication dosage given 

to different persons, can present different serum concentrations (80). Individuals may react 

different to medicines in terms of both effect and toxicity, mainly due to different liver 

enzyme activity which is influenced by genetic and environmental factors (81). Therapeutic 

drug monitoring, such as serum concentration measures, are therefore used as support to 

optimise the dose for an individual patient, reducing the risk of toxicity and maximising 

efficacy (9, 82).  

Serum levels can be measured by collecting blood samples (79). When using aminoglycosides 

in treatment, monitoring should always be conducted, except when the patient has normal 

renal function and is treated for less than 3 days (76). The Norwegian antibiotic guidelines 

recommend measuring a trough concentration before the fourth dose of gentamicin is 

administered. For severe sepsis or septic shock the monitoring should be considered before 

the second dose. Trough concentration measured 6-8 hours before the next dose, or right 

before the next dose do not differ much. It is recommended to administrate gentamicin at a 

specific time, measure the trough concentration in the morning before the dose is 

administered, and change the dose if necessary (75). With normal renal function the serum 

concentration and creatinine can be monitored after the third dose, and then every third day 
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(2, 75). Daily monitoring should be performed in patients with unstable renal function, large 

fluid shifts and patients that are haemodynamically unstable (63). Table 1.4 shows the 

recommended value for the trough concentration. However, a concentration > 1.0 mg/L can 

be accepted if the infection is severe (75). Additionally, an 8-hour concentration can be used 

to ensure that the dose is sufficiently high (5), which the Norwegian antibiotic guidelines 

highlight as especially important for patients suffering from severe illness. The 8-hour 

concentration should be measured 8 hours after aminoglycoside infusion is started (75) and 

the result should be within values showed in table 1.4. 

Table 1.4: Recommended values for therapeutic drug monitoring in OD dosing of gentamicin 

(75) 

Therapeutic drug monitoring Recommended values 

(mg/L)  

Trough serum concentration  <0.5 

8-hour serum concentration 1.5-4 

 

Peak concentration has also been used measuring the concentration 1 hour after the 

aminoglycoside-infusion. This measurement is only used when the drug is administrated 

twice daily (75), which in Norway is uncommon nowadays. Monitoring of peak concentration 

is unnecessary in OD dosing of gentamicin, as sufficient values are normally reached (83). 

1.5 Gentamicin in clinical practice 

1.5.1 Resistance to gentamicin and controversies towards guidelines 

Development of gentamicin resistance has been relatively stable compared to resistance to 

other antibiotics (45). The development of resistance varies between countries, and is 

dependent on antibiotic use (47).  In Norway, AMR to aminoglycosides has increased the last 

decade despite a low and stable consumption (6, 8). Usually there is a correlation between 

development of resistance and large consumption, but this is not the case with 

aminoglycosides. Therefore, increasing AMR is believed to be due to co-selection, related to 

increased consumption of both quinolones (e.g. ciprofloxacin) and third generation 

cephalosporins (8).  

Increased use of broad-spectrum antibiotics instead of gentamicin is unfortunate, since it leads 

to more rapid development of resistance (8). However, widespread use of gentamicin is often 
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limited due to availability of less toxic antibiotics without need for monitoring (45). 

Combination regimens without gentamicin, such as ampicillin and ceftriaxone, are often 

preferred due to the toxicity associated with gentamicin use (45, 84). This is reflected in 

discussions regarding the recommendation in the Norwegian antibiotic guidelines and use of 

gentamicin for empiric treatment of sepsis and serious pneumonia (8, 85-88). The guidelines 

were criticised for contributing to unnecessary nephrotoxicity, and for not being evidence-

based (85). The counterargument was that the guidelines were based on national treatment 

traditions and resistance patterns (8), and the importance of therapeutic drug monitoring was 

emphasised to prevent adverse events such as nephrotoxicity (86). This discussion highlights 

that using aminoglycosides in clinical settings may be challenging and that it needs further 

attention. 

1.5.2 Medication regulations 

A national regulation for medication management requires that healthcare workers must 

ensure that the right medication is administered correctly to the right patient with the right 

dose and at the right time (89). The purpose of the regulation is to contribute to correct 

medication management. Hospitals should also have local supplementary guidelines and 

procedures on medication management (90). Hospitals in Western Norway have local 

guidelines available in an electronic quality manual.  

Furthermore, the Norwegian guidelines for antibiotic use in hospitals provide guidance and 

contain systematically developed recommendations for diagnosis, treatment and patient 

follow up (91, 92). Though not legally binding, it is normative for prescribers, which means 

that reasons for diversion from the guidelines should be noted in the patient’s medical record 

(91).  

1.5.3 Adverse drug events in hospitals 

The purpose of good medication management is to ensure good patient therapy and prevent 

adverse drug events. An adverse drug event is described as an injury due to medication use 

(93). Some adverse drug events are preventable (94), and Bates et al. estimated that one-third 

of medication related injuries in their research could have been prevented (93). Adverse drug 

events are especially recognised for high risk drugs, such as antibiotics with narrow 

therapeutic windows (94), including gentamicin. Most preventable errors happen during 

prescribing and monitoring of drugs (95). Furthermore, dose adjustments may lead to errors, 

through calculation errors (94). 
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1.5.4 Errors when prescribing and administering gentamicin  

Despite available guidelines, healthcare workers’ non-adherence to the dosing and monitoring 

recommendations for gentamicin is described in several studies, resulting in both elevated and 

too low doses (10-12). These errors present both patient-related and health-related problems. 

Underdosing may lead to a longer resolution time, treatment failure and risk of gentamicin 

resistance (10), and overdosing may cause a greater chance of nephrotoxicity (49). Dose 

omissions and delays were described as reasons for underdosing in two of the studies (10, 12). 

Some studies have also identified that monitoring and duration of therapy often were 

suboptimal when administrating aminoglycosides (12, 13). In one of these studies, an audit 

with 20 patients, it was additionally shown that less than half of the doses requiring 

adjustment were adjusted correctly (12). Furthermore, a study where questionnaires were sent 

to neonatal units in United Kingdom, it was identified variations among gentamicin dosage 

regimens and monitoring practice (14). These studies indicate that errors occur when 

prescribing, administrating and monitoring gentamicin. To prevent medication errors it is 

necessary to perform interventions where the possible errors and adverse drug events may 

occur, such as prescribing, administration and monitoring. Related to prescribing of 

gentamicin it is important to ensure dose adjustment for age and varying renal function, and to 

reduce the risk of human errors by good medication management practice and well-designed 

systems (94). 
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2 Purpose and aim 

The purpose of this study is to obtain knowledge of the use of gentamicin at medical 

departments in different hospital settings. Use is hereby understood as prescribing, 

administration and therapeutic drug monitoring.  

The aim is to identify possible challenges when dosing and administrating gentamicin and 

performing therapeutic drug monitoring. In long terms the aim is to: 

1) Improve patient therapy and prevent toxicity 

2) Promote the use of gentamicin due to its minor impact on resistance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 | P a g e           M a t e r i a l s  a n d  m e t h o d s

  

  

21 

 

3 Materials and methods 

The intent of this research project was to get an insight and understanding of how gentamicin 

is used in different hospital settings. This knowledge may contribute to identify possible 

challenges when using gentamicin that can be of importance in quality improvement efforts 

optimising the use of gentamicin. The use of qualitative methods gives knowledge about 

experiences, thoughts, expectations and attitudes (96). Thus, in order to obtain knowledge of 

how gentamicin is used on a daily base, it was necessary to carry out a naturalistic inquiry by 

talking to doctors and nurses who are involved in the process of using gentamicin.  

3.1 Choice of method  

An exploratory, descriptive qualitative design was chosen to provide information about 

gentamicin use. Interviews could have been performed either face to face or as a focus group. 

Group interaction is an important part of a focus group, taking advantage of the 

communication between participants (97). However, in this study, semi-structured face to face 

interviews were preferred over focus groups, allowing the participants to speak freely and 

reduce bias of social pressure between the participants’ positions and specialties. Preliminary 

quantitative data on gentamicin use, already collected from another ongoing study (Appendix 

I), were used to complement the qualitative findings. The study therefore has aspects from 

mixed methods (98).  

3.2 Data collection 

The data collection consisted of performing interviews with healthcare workers involved in 

gentamicin use. To collect this data, a practical interview guide had to be made, appropriate 

participants had to be recruited and interviews had to be performed. 

3.2.1 Development of interview guide 

The interview guide (Appendix II) was developed by a research group with qualifications in 

qualitative and quantitative research methods. The research group consisted of two infectious 

diseases specialists, a registered nurse, a pharmacist and the Master of Science (MSc) student. 

Open-ended questions were made so that participants could express their opinions freely and 

avoid yes/no answers. The guide consisted of 26 questions divided in three parts. The parts 

were: information about the participants’ position at the hospital, use of gentamicin, and 

gentamicin therapeutic drug monitoring. The interview guide was piloted by two test 
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interviews to get feedback on the student’s role as an interviewer and to validate the questions 

in the interview guide, making sure they were comprehensible.  

3.2.2 Participants 

A purposive sampling was used in this study, and eight participants at predetermined 

departments were recruited. Participants were recruited from the same departments as the 

ongoing study (Appendix I), from two university hospitals, referred to as hospital 1 and 2, in 

Western Norway. This implied department of gastroenterology, heart and lung, infectious 

diseases and general internal medicine. Both experienced and inexperienced participants were 

wanted to get diverse viewpoints, since experience could have a potential impact of the 

results. One doctor and one nurse were desired from each department.  

The nurses and doctors were invited to participate by electronic mail (e-mail) sent to the 

responsible directors of the departments. The directors either asked a desired employee or sent 

an open invitation by e-mail to all nurses and doctors in their department. The participants 

were informed about the study and a project protocol and a consent form were sent on e-mail 

(Appendix III). After acceptation, a meeting was arranged, by participants suggesting suitable 

dates and times.  

3.2.3 Interviews 

To make the participants feel more home and to avoid interruptions, interviews were 

performed in an office at the participants’ work place at a time chosen by them. Interviews 

were conducted between November and December 2014. Before the interviews, practical 

information was given to the participants and informed consent was obtained when the 

participants signed the consent form. Interviews were carried out and recorded by the MSc 

student. The interview guide was used, but to elaborate sequences that were unclear, 

clarifying questions were additionally asked.  Four doctors and four nurses participated of 

whom five were females and three were males. Age varied from 25 to 67 years (average 36 

years). Among the doctors, one was resident and three were consultants. Nurses work 

experience varied from 1 ½ to 6 ½ year. Interviews lasted from 10 to 39 minutes (average 22 

minutes). 
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3.3 Analysis 

3.3.1 Transcription of interviews 

Interview recordings were transcribed verbatim by the MSc student. Test interviews were not 

included in the analysis. Participants were divided into two groups, doctors (D) and nurses 

(N), and each participant was assigned a number from 1-4 (D1-D4 and N1-N4). After 

transcription, recordings were played while reading the transcript to make sure of correct 

transcription. If something was missing it was added to the transcript. 

3.3.2 Systematic text condensation of the transcripts 

Qualitative analysis was inspired by Malterud’s modified systematic text condensation (99), 

and was performed by the research group. The process started with individually reading 

through the eight interviews to get an overview based on how gentamicin was used and what 

the challenges were. Impressions after the perusal were used to outline themes that could 

represent participants’ expressions. The research group then met to compare and negotiate, 

and a list of preliminary themes that everyone agreed on was made.  

The student carried out a systematic review of all the interviews based on the chosen themes. 

Quotes reflecting the preliminary themes were identified and categorised. All quotes within a 

theme were then studied to identify subthemes, and afterwards categorised into these. An 

evaluation of themes and subthemes was carried out in the group to reorganise, rename and/or 

eliminate. For themes needing further analysis the process was performed one more time, and 

after this second analysis the group met again for a re-evaluation. In the end, one to three 

quotes were selected to best represent the preliminary subthemes. 

The selected quotes were translated from Norwegian to English emphasising the content of 

the quotes rather than the exact wording. For each subtheme it was made a condensed 

description that as far as possible summarised the content of the subgroup. A final evaluation 

in the group took place to state a final conclusion for themes, subthemes descriptions and 

quotes. A summary of the analysing process is illustrated in figure 3.1.  
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Figure 3.1: Procedural steps of analysis 

3.3.3 Statistical analysis of quantitative data 

Clinical departments within infectious diseases, gastroenterology and pulmonary medicine in 

hospitals in Western Norway were selected for an intervention study, study 1 (Appendix I). 

The aim of the intervention study was to improve antimicrobial prescribing in these 

departments. Preliminary (i.e. non-complete) data from this study (n=936) were made 

available to use in this thesis, to complement the qualitative data. Since empiric treatment of 

sepsis includes gentamicin, treatment given to patients diagnosed with sepsis in hospital 1 and 

2 were compared. Data were coded and transferred to IBM Statistical Package for the Social 

Final evaluation and conclusion of themes 
and subthemes, descriptions and quotes 

Find quotes best representing each 
subtheme and make condensed description 

Re-evaluate  
(reorganisate, rename, eliminate) 

Repeat the process for themes needing 
further analysis 

Evaluate themes and subthemes 
(reorganisate, rename, eliminate) 

Identify subthemes and sort into these 

Find quotes reflecting each theme 

Compare and negotiate themes emerging 
from the interviews 

Read all interviews  
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Sciences (SPSS) statistics 22.0. A logistic regression analysis was performed, calculating the 

odds ratio (OR) with 95% confidence intervals, with sepsis as the outcome variable and 

gentamicin as the exposure variable. A statistical test for interaction compared the OR for the 

two hospitals. A p-value ≤ 0.05 was considered significant. 

3.4 Literature search  

To relate our results to other findings, an explorative literature search was performed. 

PubMed, PsycINFO, Embase and Cochrane were the databases mainly used. Words mainly 

applied in the searching both alone and in combination were “aminoglycosides”, 

“gentamicin”, “drug resistance”, “drug monitoring”, “therapeutic drug monitoring”, “drug 

utilisation”, “toxicity”, “medical audit”, “clinical audit”, “guideline”, “implementation”, 

“challenges”, “barriers”, “medication errors” “adverse drug events”, “training”, “learning”, 

“education”, “experience”, “routines”, “teamwork”, “professional roles”. Literature has also 

been obtained from supervisors, and from reference lists in relevant journals. 

3.5 Ethics  

The Regional Committee for Medical and Health Research Ethics considered the study to 

only need approval by the Data protection officer (2013/1305) (Appendix IV), representing 

the Norwegian Data Protection Authority, where it was approved (2013/6960) (Appendix V). 

The quantitative research, considering access to sensitive patient data, was also approved by 

the Data protection officer (2013/9352) (Appendix VI). The interview invitation (Appendix 

II) contained information about the study, data management and also contained a voluntary 

consent. Participants signed a consent form (Appendix II) before the interviews were held. 

Recordings were kept anonymised and a key link was held separated from the recordings. 

Recordings and key link will be deleted 31.12.16 at the latest.  
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4 Results 

4.1 Qualitative results 

Participants describe a general practice where gentamicin often is initiated in the emergency 

department. First, patient’s condition is evaluated, and then doctors consider whether 

gentamicin is an appropriate treatment for the patient, based on preliminary diagnostics. 

Doctors working in the emergency department are normally either interns or residents, and 

they initiate treatments like gentamicin themselves. However, when their knowledge is 

insufficient, they may consult a more experienced doctor, like the consultant on call. For the 

minority of patients, doctors await further diagnostics, and antimicrobial treatment is initiated 

after arrival on the ward. If antimicrobial treatment is initiated during daytime, it is evaluated 

by consultants on evening rounds. In the mornings there are pre-rounds on the wards, where 

nurses and residents discuss the patients and exchange information. At this point, 

considerations on continuation, discontinuation and dose adjustments of gentamicin in 

relation to patient condition and laboratory test results are discussed. The consultant plays the 

role of a supervisor, and attends ward rounds occasionally. Laboratory personnel in general 

collect blood samples including therapeutic drug monitoring at specific times, but urgent 

sampling may be performed, if necessary. 

In the following, five identified themes from the qualitative interviews that describe important 

aspects when prescribing, administrating and monitoring gentamicin are presented: routines, 

learning, respect, practicality and ambiguity. Out of these, “routines” was the most prominent 

theme. Each theme is described in detail and illustrated with selected quotes (in italics) as 

examples of the participants’ expressions. Table 4.1 shows the main themes, subthemes, 

descriptions and quotes and how these are related. The informants’ code is written in square 

brackets, after the quote. 

4.1.1 Routines 

“Routines”, or better lack of routines, was an essential topic when participants described 

gentamicin use. At hospital 1, they had a routine for gentamicin administration and 

monitoring, whereas most departments at hospital 2 did not. Accordingly, gentamicin was 

administered in two different ways. One way was to continue to administer gentamicin at the 

same time as the first dose was given in the emergency department, leading to several 

different administration times for patients treated with gentamicin. Another way was to 
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administrate gentamicin at the same, specified time to all patients, adjusting the second dose 

according to the time interval between the first and second dose. For departments without a 

scheduled time, correct timing between drug administration and drug monitoring was difficult 

to achieve, which complicated gentamicin use. For instance, the results of therapeutic drug 

monitoring arrived too late to be taken into consideration the same day, and dose adjustment 

therefore had to be postponed to the following day. This was especially evident for patients 

arriving at awkward times, such as in the middle of the night. At night shifts, the low staffing 

made administration and monitoring especially challenging. This was also experienced during 

weekends. Difficulties resulting from not having a scheduled time for administration of 

gentamicin were explained by a doctor like this: 

“Awkward timing for administration of gentamicin makes it difficult to get blood samples for 

monitoring gentamicin correctly […] especially if they [patients] are admitted in the 

afternoon or night […] Administration of gentamicin at set times, simplifies the follow up with 

blood testing.” [D-1].  

Additionally, some interviewees said that different routines at different units made things 

more complicated, especially for interns and residents rotating between different units. 

Knowing when to administrate gentamicin was described as even more challenging at 

departments less experienced with using it. A nurse also explained that use of gentamicin was 

more challenging than using other antimicrobials, as you had to make sure that the patient was 

available for drug monitoring at specific times. This was especially evident for outpatients 

only attending the hospital to receive their gentamicin doses. On the contrary, the process was 

much more convenient and smooth for hospital 1 that had a routine where time for 

administration and monitoring was scheduled. At this hospital drug monitoring was 

performed at eight o’clock in the morning, and gentamicin was administered at noon for all 

patients.  This allowed doctors to adjust the dose according to the therapeutic drug monitoring 

results performed the same day, in due time for the administration of gentamicin. 

According to the healthcare workers, routines formalised in guidelines and manuals provided 

assurance when using gentamicin. Some doctors explained that they used guidelines when 

seeking advice both for selection of antibiotics and information on therapeutic drug 

monitoring of gentamicin. One doctor said: 

“As long as you use the guidelines I do not think it is very difficult.” [D-1].  
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However, some participants wished the guidelines were more specific and practical, for 

instance on scheduled timing for administration. Manuals were also seen as helpful. Several 

nurses referred to manuals at their department, simplifying their work tasks. One nurse said: 

“If you do not know how to mix [the medicine], there is a manual in the medicinal room 

where you can look it up.” [N-2].  

Interviewees from hospital 1 referred to very useful manuals on gentamicin use developed 

locally, such as a conversion chart to adjust the second dose of gentamicin. However, some 

participants were concerned about poor implementation and use of the guidelines and manuals 

among new employees. Additionally, some participants mentioned that they missed other 

tools, such as a formalised dosage table, recommending dose adjustment in relation to 

package size.  

4.1.2 Learning 

Several interviewees said that formal training on how to use gentamicin was lacking and that 

you had to learn by the help of your colleagues and by experience. Furthermore, changes in 

the routines were often picked up by chance.  

Firstly, participants reported that new or inexperienced employees learned how to use 

gentamicin from more experienced colleagues. Several of the participants referred to that they 

called or asked more experienced colleagues for advice on monitoring, dose adjustments, 

creatinine measurements etc. They described learning as an apprenticeship, learning from 

masters. One doctor saw it as the supervisor’s responsibility to teach the interns and residents 

how to use gentamicin. Usually, more experienced colleagues within their own profession 

acted as masters. However, other professions, like microbiologists and pharmacists, could 

also give advice. Learning from more experienced colleagues was described by a doctor like 

this:  

“On wards, residents normally attend pre-rounds with a consultant […] so it is like in the old 

days when you learn from a master and then do it your own. There is no formal training.” 

[D-1].  

The interviewees spoke of learning from own experience as essential, enabling both correct 

use of gentamicin and adequate follow up to avoid patient harm. They said that in general, it 

takes some time to learn how to perform your tasks as a healthcare worker. This was also the 
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case for the use of gentamicin. A nurse called it learning by doing and a doctor explained that 

in the hands of an expert, gentamicin is very effective. For some this led to a concern that 

employees with little or no experience could harm patients. One participant described it like 

this:  

“If I see that creatinine is elevated, I call the doctor on call and ask him whether or not the 

patient should receive gentamicin, but it takes time to learn these things. You cannot expect 

new nurses to do that, so antibiotics will be administered, gentamicin will be administered to 

that patient, unfortunately.” [N-1]. 

Furthermore, both lack of formal introduction to the use of gentamicin and poor routines for 

conveying changes in practice resulted in coincidental transfer of knowledge. The poor 

routines for conveying changes were described by a nurse in the following way: 

“When I came back, I suddenly overheard that we now administer gentamicin at noon, and I 

was used to administering it at 8 a.m. It was really just by accident, and I think many 

experience it like that.” [N-4].  

Participants referred to that before using gentamicin, it was important to ensure that 

employees had necessary knowledge and knew how to use it. Formal training was suggested 

as a way to ensure this. 

4.1.3 Respect 

Participants described gentamicin as a useful antibiotic, and experienced healthcare workers 

perceived it as an efficient agent due to its unique characteristics. Several of the following 

characteristics were mentioned: concentration dependent bactericidal effect, post antibiotic 

effect and representing a minor threat to development of antimicrobial resistance. Some 

participants referred to seeing patients’ condition improving rapidly after receiving 

gentamicin. A doctor described gentamicin’s effectiveness like this:  

“My impression is that it is a very good medication by acute illness, if the patient is very ill. It 

works well for bloodstream infections, and I think that the empiric treatment for sepsis cover 

quite a few microbes.” [D-3] 

Despite its beneficial effects, participants also respected gentamicin because of its potential 

serious side-effects as nephrotoxicity and ototoxicity. As a consequence it was not considered 

to be an appropriate antibiotic for all patients, but just for those who tolerated it. Furthermore, 
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participants referred to gentamicin as the first antimicrobial to be discontinued when the 

patient was stable, to avoid harming the patient. It was also said that if a patient already 

suffered from renal failure, gentamicin would not be prescribed at all. Some participants 

described episodes where they had experienced toxicity, as this doctor:  

“On the other hand, ototoxicity and nephrotoxicity is something you are afraid of.  Not long 

ago, we had some patients that developed impaired hearing […] that makes an impression on 

you. You use it when it is necessary, but maybe not too much.“ [D-2].  

Having experienced gentamicin toxicity, made some interviewees afraid of using it or at least 

more aware of the importance of performing drug- and creatinine level monitoring. However, 

some stated that it was safe to administer one dose regardless of the patient’s condition.  

4.1.4 Practicality  

Use of gentamicin was in several contexts affected by practicalities. Firstly, participants 

referred to that patients’ weight seldom was measured, but estimated by eye or obtained by 

asking the patient. Participants knew that ideally the weight should be measured, but said that 

this was not always done, especially in severely ill patients, illustrated by this quote:  

“They [patients] are supposed to be weighed, but it is not performed on admission […] If the 

patient is very ill, which happens, you either ask the patient about his weight or you estimate 

it.” [D-2].  

Furthermore, it was a concern that weight estimation based on a best guess might lead to 

incorrect dosages, putting patients at risk.  

Another aspect of practicality was adjusting the prescribed doses according to the package 

size of gentamicin. The nurses preferred this adjustment, as it simplified and reduced the time 

spent on medication preparation. One of the nurses explained it like this:  

 “If they [doctors] prescribe very specific doses, it will delay us. We must then extract into 

large syringes, smaller syringes and even smaller syringes to get it right. It takes a lot of time, 

so if the patient is to have several doses, it is more convenient for us if the dose is modified, if 

possible.” [N-3]. 

It was especially when patients were on gentamicin for a long time that nurses requested the 

doctors to adjust the dose according to the package size. It was generally the inexperienced 
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doctors whom the nurses approached for dose adjustments, as the experienced doctors were 

used to taking the package size into account when dosing. 

Another aspect of practicality was when doctors performed dose adjustments. The doctors 

described it as challenging to adjust the doses in accordance with results from therapeutic 

drug monitoring that were over or under the reference value. When lacking knowledge and 

experience the adjustment was estimated, based on a best guess. This was described by a 

doctor like this:  

“Depending on how high or low they [drug monitoring results] are, the dose is adjusted up 

by twenty percent, or it depends on the results. You cannot be sure whether it is correct, but 

you have to provide a reasonable estimate.” [N-3]. 

4.1.5 Ambiguity 

When nurses and doctors described the counterpart’s role and responsibility when using 

gentamicin, descriptions were ambiguous. Specifically, they expressed a lack of clearly 

defined roles between doctors and nurses, when ordering drug monitoring, which led to 

variation in practice. Participants in general described that the doctor had the responsibility 

for ordering the trough concentration, while it was not clear whose role it was to order the 8-

hour concentration. As a consequence some nurses clearly saw it as their responsibility to 

order the 8-hour concentration measurements, whereas others did not. Doctors also had 

different opinions of whether nurses had this responsibility or not. Some described it as more 

convenient if the nurses ordered the eight hour concentration measurement, while others said 

that nurses did not have a role in ordering at all. Lack of clear responsibility was expressed by 

a nurse like this:  

“Oh no, I have to order the eight-hour test, I thought the doctor did it, and he thought I did 

it.” [N-1].  

Another consequence of the unclear roles of doctors and nurses in drug monitoring was nurses 

acting as safety nets by controlling the doctors. The nurses felt responsible for reminding 

doctors both to order drug monitoring and to check the results, illustrated by the following 

quote:  
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“It is their [the doctors’] responsibility to dose gentamicin. Often they are also responsible to 

follow up serum concentration results, but I feel the nurses have to make them aware of them: 

Did you see the high eight-hour concentration result? Or: I see the dose needs to be 

reduced.” [N-1].  

Some doctors however were aware of the nurses’ roles as controllers in the process of 

ordering and check-up of the results, and one doctor referred to this as “cooperation”. 

However, the role as controllers was not perceived by all nurses, especially not the 

inexperienced ones. As a consequence, the monitoring of gentamicin might not be ordered at 

all. 
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Table 4.1: Descriptions of the identified themes 

Quotes Description Subtheme Theme 

“Awkward timing for administration of gentamicin makes it difficult to get 

blood samples for monitoring gentamicin correctly […] especially if they 

[patients] are admitted in the afternoon or night […] Administration of 

gentamicin at set times, simplifies the follow up with blood testing.” [D-1] 

 

Lack of scheduled time for administration and 

monitoring of gentamicin complicates its use and 

dose adjustment.  

Timing 

 

 

Routines 

“As long as you use the guidelines I do not think it is very difficult.” [D-1] 

 

Available guidelines and manuals provide 

assurance for healthcare workers when using 

gentamicin. 

 

Guidelines and manuals 

“If you do not know how to mix [the medicine], there is a manual in the 

medicinal room where you can look it up.” [N-2] 

“If I see that creatinine is elevated, I call the doctor on call and ask him 

whether or not the patient should receive gentamicin, but it takes time to 

learn these things. You cannot expect new nurses to do that, so antibiotics 

will be administered, gentamicin will be administered to that patient, 

unfortunately.” [N-1] 

 

Learning from own experience is essential, 

enabling both correct use of gentamicin and 

adequate follow up to avoid patient harm. 

Experience  

 

Learning 

“On wards, residents normally attend pre-rounds with a consultant […] so 

it is like in the old days when you learn from a master and then do it your 

own. There is no formal training.” [D-1] 

 

New or inexperienced employees learn how to use 

gentamicin from more experienced colleagues. 

Apprenticeship 

 

“When I came back, I suddenly overheard that we now administer 

gentamicin at noon, and I was used to administering it at 8 a.m. It was 

really just by accident, and I think many experience it like that.” [N-4] 

 

Lack of formal introduction to the use of 

gentamicin and poor routines for conveying change 

in practice, result in coincidental transfer of 

knowledge to healthcare workers. 

 

Coincidence 
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“My impression is that it is a very good medication by acute illness, if the 

patient is very ill. It works well for bloodstream infections, and I think that 

the empiric treatment for sepsis cover quite a few microbes.” [D-3] 

 

Experienced healthcare workers perceive 

gentamicin as an efficient agent due to its unique 

characteristics. 

Efficiency  

 

 

Respect 

“On the other hand, ototoxicity and nephrotoxicity is something you are 

afraid of.  Not long ago, we had some patients that developed impaired 

hearing […] That makes an impression on you. You use it when it is 

necessary, but maybe not too much. “ [D-2] 

 

Due to its nephrotoxic and ototoxic side-effects, 

gentamicin is used with care and discontinued as 

soon as possible.  

 

Toxicity 

“They [patients] are supposed to be weighed, but it is not performed on 

admission […] If the patient is very ill, which happens, you either ask the 

patient about his weight or you estimate it.” [D-2] 

 

Patient weight is seldom measured. Instead, 

patients are asked about their weight or it is 

estimated. 

Weight 

 

 

Practicality 

“If they [doctors] prescribe very specific doses, it will delay us. We must 

then extract into large syringes, smaller syringes and even smaller syringes 

to get it right. It takes a lot of time, so if the patient is to have several doses, 

it is more convenient for us if the dose is modified, if possible.” [N-3] 

 

Nurses prefer that doctors prescribe doses adjusted 

to package size of gentamicin, as it simplifies 

preparation of the medication. 

Package size 

 

“Depending on how high or low they [drug monitoring results] are, the 

dose is adjusted up by twenty percent, or it depends on the results. You 

cannot be sure whether it is correct, but you have to provide a reasonable 

estimate.” [N-3] 

 

Dose adjustment is challenging, which often results 

in a best guess. 

Dose adjustment 

“Oh no, I have to order the eight-hour test, I thought the doctor did it, and 

he thought I did it.” [N-1] 

Lack of clearly defined roles for ordering drug 

monitoring between doctors and nurses causes 

variation in practice. 

 

Responsibility 

 

Ambiguity 

“It is their [the doctors’] responsibility to dose gentamicin. Often they are 

also responsible to follow up serum concentration results, but I feel the 

nurses have to make them aware of them: Did you see the high eight-hour 

concentration result? Or: I see the dose needs to be reduced.” [N-1] 

Nurses feel responsible for reminding doctors to 

both order drug monitoring and check the results. 

Control 
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4.2 Quantitative results 

The preliminary, incomplete quantitative data from the two hospitals included 936 patients 

discharged between the 10
th

 of February and the 11
th

 of July 2014. Data included patients with 

all diagnoses and types of antibiotic treatment. 

At hospital 1 there was a total of 352 patients, of whom 47 patients were diagnosed with 

sepsis (table 4.2). At hospital 2 there was a total of 584 patients, of whom 74 patients were 

diagnosed with sepsis (table 4.3). 

Table 4.2: OR for gentamicin treatment in sepsis patients compared to non-sepsis patients, 

hospital 1 

 Not diagnosed with sepsis Diagnosed with sepsis Total 

No gentamicin treatment 257 9 266 

Gentamicin treatment 48 38 86 

Total 305 47 352 

 

Table 4.3: OR for gentamicin treatment in sepsis patients compared to non-sepsis patients, 

hospital 2 

 Not diagnosed with sepsis Diagnosed with sepsis Total 

No gentamicin treatment 448 22 470 

Gentamicin treatment 62 52 114 

Total 510 74 584 

 

At hospital 1, 38 of 47 sepsis patients received gentamicin, while at hospital 2, 52 of 74 sepsis 

patients received gentamicin. The OR for gentamicin treatment in sepsis patients compared to 

non-sepsis patients at hospital 1 was 22.6 (10.3, 49.8). The OR for gentamicin treatment in 

sepsis patients compared to non-sepsis patients at hospital 2 was 17.1 (9.7, 30.0). The 

difference was not significant.
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5 Discussion 

5.1 Statement of principal findings  

In this study, we have investigated how gentamicin is used at medical departments in two 

hospitals in Western Norway. Face to face interviews highlighted several aspects that were 

important when prescribing, administering and monitoring gentamicin, and “routines” 

emerged as the main theme. How and when gentamicin was administered and monitored 

differed between the hospitals. At hospital 1 where routines were implemented, these 

processes seemed less challenging than for the departments lacking routines. “Learning” and 

“ambiguity” were two other main themes related to gentamicin use at both hospitals, where 

both lack of formal training and clearly defined roles made gentamicin use more challenging.  

Emerging themes from the qualitative results pointed at several challenges when using 

gentamicin in the clinic, which in the following will be discussed. 

5.2 Lack of routines 

Correct timing between administration and drug monitoring of gentamicin is important not 

only to ensure a correct and efficient gentamicin dosage, but also to prevent unnecessary risk 

of toxicity. Additionally, it is important with correct timing to perform necessary dose 

adjustment. One of our main results showed that correct timing was a problem in several 

departments in hospital 2 due to lack of routines. Departments that did not have a scheduled 

time for administration and monitoring performed it at all hours of the day, which may lead to 

postponed dose adjustment and thus a too high or low dose. In a previous study, correct 

timing was only assumed to be a problem and a challenge (10), but it has to our knowledge 

never before been verified as a challenge in clinical practice. In our results participants stated 

this as an important aspect when using gentamicin. Correct timing was identified to be more 

common at night-time and weekends, due to less staffing, which is consistent with previous 

research (100, 101). However, the problem of correct timing related to staff issues is more 

difficult to address as it implies more costly solutions, such as bringing in more staff on 

weekends and nights. 

 

Lack of correct timing seemed to create a chaos and cause poor patient treatment. Different 

routines at different departments also seemed to create confusion when interns and residents 

rotated between departments, which again could lead to delayed or absent drug monitoring. 
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Therefore, implementing a written routine to provide correct timing for administration and 

drug monitoring of gentamicin seems to be a way to address this challenge in clinical practice.  

  

Only hospital 1 had written local guidelines/policies on gentamicin use, and that hospital also 

was the only one to have implemented routines for gentamicin use. Guidelines and procedures 

on medication management have to be easily accessible locally in the hospital. According to 

national regulations, hospital ward managers are responsible both for establishing such 

guidelines and making sure that they are implemented (90). Ploeg et al. highlights the 

leadership role as important for guideline implementation. The person in the leadership role is 

given the responsibility to lead the implementation, to encourage staff to use the guidelines 

and to facilitate activities related to guideline implementation (102). In other words, having a 

written routine seems to ease the implementation of the routine, even more so if it is 

considered hospital policy. Ploeg et al. have previously described embedding guidelines in 

policies and procedures as important for guideline implementation (102), but our findings 

suggest that embedding routines in policies might help implement them as well.  

5.3 Role awareness 

A second main finding, was that lack of clearly defined roles between doctors and nurses, 

seemed to be associated with poorer patient treatment. Due to unclear responsibilities, nurses 

sometimes would act as safety nets for doctors regarding gentamicin monitoring, double-

checking its completion. The experienced nurses most likely did it out of a feeling of 

responsibility towards their patients. In a worst case scenario, if the nurse did not control 

performance of drug monitoring, it might not be performed at all because no one perceived it 

to be their task. A previous qualitative study has identified lack of clearly defined roles when 

using gentamicin as a problem (100), but only at night-time and weekends when staff is low. 

 

The importance of knowing the professional role of others when collaborating on patient 

centred care has been highlighted by MacDonald et al. as important. Participants in their 

qualitative study explained that it was important to understand the knowledge and skills of 

other co-workers, in order to know who might contribute the most in a given situation. If roles 

where not known, a consequence could be hierarchal systems with poor communication, no 

ability to gain knowledge from others, work displeasure and compromised care (103). It is not 

enough to implement routines if healthcare workers are unsure of their own role and the roles 

of others. Maybe more interdisciplinary collaboration during the education could contribute to 
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a better understanding of different professional roles. Teamwork education has shown to 

facilitate a better understanding of colleagues’ knowledge and skills (104). Early 

interdisciplinary collaboration may also increase the self-confidence and make future 

healthcare workers feel more secure as to what roles the different healthcare workers play. 

Students rarely get to participate in interprofessional clinical teams during their education, 

due to limited availability of clinical interprofessional teams (103). However, healthcare 

students in Bergen, such as students in medicine, pharmacy and nursing, are fortunate as 

practical experience in interdisciplinary collaboration became a voluntary course in 2012 

(105). This is a step in the right direction for better collaboration and understanding of what 

role other health professions play. 

5.4 Practicalities as a challenge 

In practice, medicine is often more about estimates than certainties. Since gentamicin dosage 

is dependent on patient weight, it is important to obtain a correct weight. However, in our 

study, it was referred to that weight was seldom measured, which supports previous research 

identifying that patient weight is not routinely measured (11, 106-108). In our findings, 

patient weight was either estimated or the patients were asked about their weight, in part due 

to difficulties in measuring weight because of the patient’s condition. Hilmer et al. found 

among others that impaired mobility was a reason for weight not being measured (108), 

which our findings support. Estimation of weight or asking patients are practical alternatives 

to weighing patients, but should only be temporary while waiting for a correct weight (109). 

Negative consequences that may occur if patient weight is not correctly accessed are 

medication errors and adverse drug events (110). Correct medication dosage is important for 

other hospital medications as well, such as vancomycin and low-molecular-weight heparins 

(106). Not only is assessment of patient weight important to ensure correct dosage, it is also 

important in order to have correct assessment of patient nutrition (111) and to calculate renal 

function with the Cockcroft-Gault formula (112). When weight is not measured, it may have 

several negative consequences as listed above. 

 

It has previously been suggested more education on the importance of weight measuring 

(100), but as it seems in our result it is also necessary to ease the process of patient weighing. 

Lack of bed weights was mentioned by a participant, and can be a solution to decrease the 

problem of very ill patients not being weighed. Together with more education on the 
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importance of correct weight assessment, studies should be performed to see if bed weights 

can be used to increase both correct weight measuring and dosing of gentamicin. 

 

Another challenge related to practicalities was gentamicin dosage not always adjusted to 

package size. It was generally inexperienced doctors whom the nurses had to approach for 

dose adjustment, which could have been due to unawareness of the Norwegian antibiotic 

guidelines, which recommend this type of adjustment. The concern about poor guideline 

implementation was also expressed during the interviews. If this is the fact, our findings are 

consistent with a previous review of barriers to physician adherence to clinical practice 

guidelines, where among others lack of guideline awareness was identified in forty-six 

surveys (113). Another study showed that guidelines alone are not enough to ensure 

compliance (11), and a qualitative study identified that experience is necessary to use 

guidelines correctly (100). A question is whether or not the guidelines are unambiguous and 

easy to read for all healthcare workers.  

5.5 Increase the use of gentamicin 

Use of gentamicin is desired in the fight against AMR, as it is less capable of inducing 

resistance than broad-spectrum antibiotics like ciprofloxacin, third generation cephalosporins 

and meropenem (8). A major finding in our results was gentamicin being discontinued as 

soon as possible due to respect of its toxic side-effects. This has to our knowledge not been 

highlighted before. What we could not distinguish in our study was whether this respect and 

fear of toxicity led to gentamicin being used less than necessary. It was however mentioned 

that by experiencing the effects of its toxicity one could become afraid of using gentamicin 

again. If fear of toxicity actually leads to less use of gentamicin, this should somehow be 

addressed, in order to replace the use of broad-spectrum antibiotics with increased use of 

gentamicin where appropriate. As far as we know, no studies have explored this issue 

previously. Our findings show that experienced healthcare workers perceived gentamicin as 

an efficient agent due to its unique characteristics. The fact that gentamicin is effective should 

be made known to all healthcare workers using gentamicin, and it is therefore necessary to 

ensure that new and unexperienced healthcare workers have this knowledge. If unexperienced 

healthcare workers are not familiar with these beneficial effects, this may highlight a need for 

more training. A question is whether experienced healthcare workers use more gentamicin 

than unexperienced healthcare workers. 



40 | P a g e               D i s c u s s i o n

  

  

40 

 

Hospital managers on all levels are responsible for making sure that healthcare workers have 

sufficient expertise. Managers also have to provide necessary education to ensure good 

medication management (90). A third main finding in our study was the lack of formal 

training for the administration and monitoring of gentamicin that as far as we know has not 

been described previously. Since the healthcare workers were lacking formal training on 

gentamicin administration and monitoring, they learned it through apprenticeship and 

experience. This could pose a potential problem with new employees, since it takes time to 

learn from experience and it is coincidental whether sufficient knowledge is in place in due 

time. Furthermore, lack of formal training implicated that where routines were in place, it 

seemed coincidental whether the healthcare workers knew of them or not. Where there was 

lack of routines, and healthcare workers also lacked knowledge of gentamicin use and 

monitoring, chances of delayed and missed monitoring was greater. To have educated and 

experienced healthcare workers is therefore of importance in order for them to both use 

gentamicin when appropriate and perform correct drug administration and monitoring.  

 

When facing a patient, it is possible that short-term gains are emphasised more than long-term 

consequences when choosing anti-infective agents for treatment. A short-term gain of not 

choosing gentamicin when appropriate may be that there is less hazel using other 

antimicrobials compared to gentamicin. On the other hand, broad-spectrum antibiotics have 

larger long-term consequences in relation to development of resistance. Gentamicin was in 

our results perceived as being more complicated to use for units with fewer patients in need of 

gentamicin treatment. Only medical departments participated in this study, and most of the 

units have sepsis patients, and therefore use more gentamicin. If wards that normally 

administer a lot of gentamicin perceive administration and monitoring as challenging, what 

then with the other wards? Do they have even more problems when using gentamicin? Do 

they use less gentamicin due to an even greater fear of toxicity? Or are they less afraid of 

using it due to lack of knowledge of its potential side-effects?  

The aim of antimicrobial stewardship programs is to promote appropriate use of 

antimicrobials (1). Can such programs help healthcare workers choose gentamicin when 

appropriate despite fear of its toxicity? Can implemented routines help reduce the risk of toxic 

events and thus decrease the fear? These questions should be further investigated. A WHO 

report from 2012, explained that education of healthcare workers is an important part of AMR 
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containment (1). The report also highlighted that prescription audit or evaluation of drug use 

with feedback to prescribers could be valuable processes to reach this goal.  

5.6 How to meet challenges and improve patient therapy 

Our findings suggest several areas for improvement and actions that should be considered to 

enhance use of gentamicin. The results suggest that implementation of routines and 

guidelines, improve training, and have a clear understanding of responsibilities could make 

healthcare workers feel more secure when using gentamicin.  

5.6.1 Implementation of routines 

The most important finding in the study was routines, which seemed to be the answer to 

several of the other challenges emerging from the study. The ideal situation for ensuring 

correct timing seemed to be when a department’s routine was to have the same administration 

time for all patients for the second day and onward. Previous studies have showed that a 

scheduled time provides more accurate drug monitoring and prevention of unintentional dose 

omission by implementing dosing and monitoring schedules (10, 12, 114). It is also shown 

that checklists are effective in order to improve clinical outcomes for patients (115). 

Implementation of routines and perhaps a dosing and monitoring schedule or a checklist may 

therefore provide better timing, and as a result also better patient treatment.  

 

Without routines medication management may be somewhat chaotic, therefore routines on 

gentamicin use should be made and written down. Furthermore, it should be clear for all 

where to find them. Administration- and monitoring routines should preferably be included in 

local guidelines at all hospitals to ensure safer medication management of gentamicin. Every 

ward should have the same routine to decrease confusion when personnel rotate between 

wards. Guidelines are useful, and should be implemented, and managers have to take 

responsibility for ensuring that they are available to all who needs them. Distribution of 

specific tasks is important in order to make routines work. Lack of routines seems to promote 

uncertainties around responsibilities, which means that both routines and responsibility need 

to be in place to ensure patient safety. A main goal by implementing guidelines is to keep the 

respect for gentamicin, but at the same time decrease the fear for using it. Actions to increase 

safety when using gentamicin are formal training and education in gentamicin use. At the 

same time, healthcare workers need to become more aware of the long term consequences of 

broad-spectrum antibiotic use, in relation to the short term consequences of gentamicin use. 
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Problems related to measuring patient weight, adjusting dosage to package size and dose 

adjustment after elevated serum concentrations could be minimised with routines and formal 

training in place. If these aspects are properly addressed, it could be an important contribution 

to improve patient treatment and provide safety among healthcare workers. 

 

The qualitative data generated a hypothesis that hospital 1 with the implemented routine used 

more gentamicin. The quantitative analysis, where frequency of gentamicin treatment in 

sepsis patients was compared in our two hospitals, showed no significant result between the 

two. This may be due to either a sample size too small to show a difference, or there might be 

no difference between the two hospitals. Additionally, the actual intervention performed in 

the study where the quantitative data were taken from, may have affected the chosen 

treatment, encouraging the use of the Norwegian antibiotic guidelines and less use of broad-

spectrum antibiotics. However, the data showed a trend suggesting that patients diagnosed 

with sepsis in hospital 1 more often received gentamicin than hospital 2. This could have been 

due to that hospital 1 had implemented procedures and routines for gentamicin use, or it could 

have been just by chance. It might also be that hospital 1 had better implementation of the 

Norwegian antibiotic guidelines, or more prescriber education, but this is not known. Skodvin 

et al. have shown that patients with severe illness more often are prescribed broad-spectrum 

antibiotics (116). Since hospital 1 is a smaller hospital than hospital 2, and most likely 

received patients with less severe illness, this could be another explanation for why hospital 2 

used less gentamicin. Furthermore, it could have been that the hospitals had different 

resistance patterns. However, local resistance patterns at these hospitals have not been 

accessed, and this could therefore not be verified.  

5.6.2 Implementation of computerized provider order entry 

Computerized provider order entry (CPOE) will soon be implemented in hospitals in Western 

Norway. CPOE allows doctors to enter orders directly into the computer instead of writing 

them by hand (117). Bates et al. found a 55 % reduction in medication errors due to the CPOE 

system (118). Some CPOEs offer automated decision support such as lists with appropriate 

medication doses, alerts for interactions, advice on antibiotic selection etc. (117). Antibiotic 

decision support based on patient indication and the antibiotic guidelines may help support 

the clinicians’ choice of antibiotic. If gentamicin is being used less than it should, CPOE with 

decision support may promote doctors to choose gentamicin when appropriate. Suggestions 

regarding choice of antibiotic, dose, route and duration of therapy, have been shown by Evans 
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et al. to decrease adverse drug events (119). By connecting data on therapeutic drug 

monitoring and alerts when the monitoring results are over or under the reference value or if 

renal function is changed, it may be easier to remember to adjust the dose. A previous study 

has shown increased compliance to therapeutic drug monitoring of gentamicin, due to CPOE 

alerts (120). By introducing alerts for drug monitoring orders, it may be much easier to 

remember. These alerts may therefore decrease the need for nurses acting as controllers, as 

found in our research. Despite all beneficial aspects of CPOE systems it has the potential to 

introduce new medication errors, as when excessively trusting the system’s proposals (121). 

Examples of such errors are selection of inappropriate administration forms, missed drug 

allergies, inappropriate doses and selection of a default dose when not appropriate (122). 

CPOEs may contribute to better patient treatment and correct use of gentamicin, but other 

aspects of gentamicin use found in this study are also important to have in mind, in order to 

improve patient treatment.  

5.6.3 Clinical pharmacists 

Pharmacists may contribute in several ways to improve gentamicin use. It is shown that 

pharmacist managed aminoglycoside therapy significantly improves economic outcomes and 

healthcare outcomes for patients (123). Pharmacists may therefore take responsibility for drug 

monitoring, implementation of routines and ensuring that the same procedure is implemented 

in all departments. By participating in pre-rounds, pharmacists can reduce medication errors 

(124), contribute to select the safest agent for the patient, ensure that dosing is according to 

guidelines, check for drug-drug interactions, toxicity and ensure correct drug monitoring 

(125). A clinical pharmacist appointed with antibiotic management may be useful, and may 

have a key role in educating staff (126). Clinical pharmacists may educate doctors and nurses 

in relation to patient weight and increase the understanding of why correct weight assessment 

is important. Furthermore, pharmacists may have a role in developing antibiotic guidelines. 

Pharmacists are an essential part of an antimicrobial stewardship team. Thus, pharmacist with 

infectious diseases training may perform prospective audit of antimicrobial use with feedback 

to the prescriber to facilitate guideline implementation, increase gentamicin use and thereby 

reducing inappropriate use of antimicrobials (42).  
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5.7 Strengths and limitations 

5.7.1 Participants 

Sample size in qualitative studies is based on informational needs (127). In this study the 

number of participants was defined in advance, which could be a limitation. Thus, due to the 

timeframe and desire to include participants from several wards, two participants, one nurse 

and one doctor, were recruited from each department. However, recurrence of themes among 

the interviewees and similarities between the interviews could indicate a type of data 

saturation. Both experienced and unexperienced participants were preferred in the study, in 

order to get diverse viewpoints, since experience could have a potential impact of the results. 

For nurses this was accomplished, but we had no interns among the doctors, only residents 

and consultants, which could be a limitation and could have led to unexplored themes.  

How participants were recruited was asked for in the interviews. Participants reported that 

they were either volunteering by responding to an e-mail or asked directly by the director of 

their department. Therefore it may have been a bias towards candidates with a special interest 

in the use of gentamicin. 

5.7.2 Interviews  

In interview methods it is important for the researcher to have interview skills (128). This was 

the student’s first meeting with a qualitative method, which could have been a limitation. 

However, by performing two test interviews with the presence of a supervisor with qualitative 

interview skills, it was possible to both validate the quality of the interview questions and 

teach the student how to perform good qualitative interviews. The test interviews led to some 

questions in the interview guide being changed, and by recording the interviews the student 

could listen and reflect on her interviewing technique. This served as a test for the student to 

learn about interview flexibility and learn to ask articulate follow-up questions to confirm or 

debunk opinions to ensure understanding of the participants’ real announce. The student also 

learned the value of using silence as a tool during the interviews. In addition to this, the 

student read about qualitative methods in medical science. By performing several test 

interviews, the student could have obtained an even better interviewing technique, but due to 

lack of time this was not done.  

The researcher’s perspective and experience can affect all parts of the research process (129). 

The student had no clinical experience from medical departments, which could have had both 
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positive and negative impacts. It could be a limitation that the student did not know the 

clinical environment of the interview subjects and could therefore not understand their 

reflections as well as a person with more clinical experience. However, the strength was that 

the student had no preconceived ideas about the participants or their environment. Participants 

were informed about the student’s education in pharmacy, which could have affected the 

answers due to their attitude towards pharmacists. Pharmacists have a special competence in 

medications, which can affect participants into giving social acceptable answers towards the 

use of gentamicin. To avoid this, the student explained before the interview that the purpose 

of the study was not to see if the participants knew the correct way to use gentamicin, but to 

explore how it was actually used.  

The student performed all the interviews herself, making the structure in every interview 

equal. To make sure of a correctly received message and increase validity, 

confirmatory/debunked questions were asked in the interview, such as: “do I understand you 

correctly in the terms of…” or “so what you are saying is that…” 

5.7.3 Analysis 

A strength was that the MSc student performed the interviews, transcription and analysis 

herself, reducing the bias of misunderstanding the interpretation of the text. Malterud has 

explained that if one person performs all the steps, it is easier to find weaknesses and validity 

is strengthened (130). By having two persons transcribing the recordings and then compare 

the results, the reliability and validity could have been further strengthened. Furthermore, if 

participants had read through their interview they could have been even more validated, but 

due to lack of time this was not conducted.  

Analysis was inspired by Malterud’s modified systematic text condensation (99), which gives 

a thorough systematic analysis of themes before it is categorised into subthemes. By having 

several structural steps in the analysis the influence of the researchers’ preconceived ideas 

could be decreased. The fact that several professionals with different backgrounds analysed 

the data, strengthened the validity of analysis. More perspectives will be found if several 

people collaborate, than if only one person analysed the same material (99). Several 

evaluation processes were done, where themes were changed, replaced and/or deleted, which 

also strengthens the validity. The identified themes did not either coincide with the main 

themes in the interview guide, which has been highlighted as a good sign of creative analysis 

(99). Analysis was compared to the initial data material during the whole process to increase 
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the validity. The validity could have been further strengthened by having the participants 

reading the results and allow feedback. Then it could have been possible to discover if it was 

something they did not recognise in the result. This was not conducted, because the material 

was analysed due to main themes origin from all of the eight interviews.  

Quotes chosen to describe the subtheme were not translated from Norwegian to English 

verbatim, but according to content. Malterud has described that verbatim reproduction of the 

text not always is the best way to do it, what is important is that the meaning is preserved and 

presented in a way so that it is perceived (130). 

The quantitative data were only preliminary, incomplete. This might have led to asymmetric 

representation of the different departments in the two hospitals, which is a limitation. 

5.7.4 Validity 

Usually qualitative methods are useful when it comes to internal validity, by finding out what 

people actually mean by explaining emotions, experiences, attitudes and behaviours (128). 

However, external validity is often limited, since the selection is small and not randomised 

(131). In this study the objective was to obtain knowledge about the use of gentamicin. These 

results may not be the same for hospitals, but since Norwegian hospitals have the same 

antibiotic guidelines and are managed by the government, the hospitals have the same 

framework and therefore probably similar experiences. Although these results are not directly 

generalisable, the results indicate some key issues that may be considered at other hospitals as 

well. Also some of our findings, such as lack of routines, unclear responsibilities and formal 

training may be found in other hospital settings as well, not only when using gentamicin.  

5.8 Further research 

This study contributes with important aspects around the use of gentamicin, and challenges 

related to prescribing, administrating and monitoring. Some problems are identified, which 

can create a basis to try out new interventions in other studies, in order to provide optimal use 

of gentamicin. A quantitative study may be performed, comparing results of gentamicin use 

before and after implementing guidelines and routines. Audit and feedback may be used to 

see if a scheduled time of administration and monitoring leads to more routinely monitoring 

and correct dose adjustment. After the implementation of CPOE, new studies should be 

performed to evaluate compliance of drug monitoring. Qualitative research with healthcare 

workers may also be done to see if processes around gentamicin use are enhanced after the 
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implementation of CPOE. Research on gentamicin use should be performed at departments 

with less experience with gentamicin use, to compare and see if challenges are the same or 

not. Additionally, a qualitative study with healthcare workers should be performed after 

implementing routines for gentamicin use. Thus, it is possible to see if routines are followed 

and if the use has become easier after routine implementation. 
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6 Conclusion 

Gentamicin is an effective antibiotic needed to treat serious infections. This study highlights 

several aspects of gentamicin use that are challenging to healthcare workers in a hospital 

setting. The worst case is that these challenges lead to poorer patient treatment and 

unnecessary risk of adverse drug events. Our results suggest that implemented routines and 

guidelines, formal training before using gentamicin and clearly defined roles between 

healthcare workers may enhance practice of gentamicin use and improve patient therapy. 

CPOEs, implementation of antimicrobial stewardship programs and a clinical pharmacist with 

a role in gentamicin use, may ease the implementation of these processes. If these aspects are 

handled it may be easier to use gentamicin, challenges may diminish, patient treatment may 

improve and healthcare workers may feel more secure when using gentamicin. Ultimately, 

increased gentamicin use may contain the development of resistance, increase the lifespan of 

existing antibiotics, thereby increasing antibiotic treatment possibilities in future patients.  
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Appendix II: Interview guide 

Tusen takk for at du har sagt ja til å være med på dette. Som du sikkert vet er jeg 

masterstudent i farmasi, og skriver en oppgave om gentamicinbruk ved nasjonal 

kompetansetjeneste for antibiotikabruk i spesialisthelsetjenesten. Med denne studien ønsker vi 

å innhente kunnskap om bruken av gentamicin, slik at vi senere kan hjelpe klinikken med å 

bli tryggere på bruken av gentamicin.  

Har du hatt tid til å lese informasjonen?  

Da vet du at jeg tar opp denne samtalen på bånd og at den senere vil bli nedskrevet i sin 

helhet. Opptakene slettes i 2016. All informasjon jeg får vil bli behandlet konfidensielt, og du 

kan når som helst trekke deg fra dette prosjektet frem til publisering. 

Har du noe spørsmål til dette? 

Kanskje du kan skrive under på samtykkeskjemaet? 

Kan du presentere deg selv? 

Del 1: Informasjon om deltaker 

Hvor lenge har du jobbet som sykepleier/lege? 

 

Hvor lenge har du jobbet på denne avdelingen?  

 

Kan du fortelle litt om hvordan du ble rekruttert til dette prosjektet? 
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Del 2: Bruk av gentamicin 

 

Kan du si litt om hvordan bruken av gentamicin er på din avdeling? 

 

Hvilke diagnoser og pasienter brukes gentamicin på?  

 

Hvilken rolle har du i forhold til forskrivning/bruk av gentamicin? 

 

Hvilken rolle har sykepleierne/legene i forhold til håndtering og administrering/ forskrivning 

og bruk av gentamicin? 

 

Hvordan bestemmes doseringen av gentamicin? 

 

Hvordan innhentes vekten av pasientene? 

 

Kan du fortelle om hva som skal til for at gentamicin seponeres? 

 

Hva tenker du om å bruke gentamicin?  

 

Hva kan være vanskelig i forhold til bruken av gentamicin?  

 

Er det noen forskjell i bruken av gentamicin blant ulike leger?  

 

Kan du tenke deg årsaken til det?  
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Del 3: Gentamicin monitorering 

 

Kan du fortelle hvordan du går frem når du bruker serumkonsentrasjonsmålinger? 

 

Når gjennomføres serumkonsentrasjonsmålinger? 

 

Hvem tar initiativ til å bestille serumkonsentrasjonsmålinger? 

 

Hvilken rolle har du i forhold til serumkonsentrasjonsmålinger? 

 

Hvilken rolle har sykepleierne/legene i forhold til serumkonsentrasjonsmålinger? 

 

Når kommer resultatene? 

 

Hvordan innhentes prøveresultatene? 

 

Hvem tar initiativ til å hente ut prøveresultatene? 

 

Hvordan er oppfølgingen av resultatene?  

 

Hva kan være vanskelig i forhold til serumkonsentrasjonsmålinger av gentamicin? 

 

Er det noe opplæring av bruk av gentamicin og serumkonsentrasjonsmålinger der du jobber? 

 

Er det noe du vil legge til i forhold til dette, som vi ikke har snakket om? 
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Appendix III: Request to participate in the research project and consent 

form 

Forespørsel om deltakelse i forskningsprosjektet 

Bruk av gentamicin ved Medisinske avdelinger 

Bakgrunn og hensikt med studien 

Vi vil med dette få invitere deg til å delta i en studie om hvordan gentamicin brukes ved ulike 

avdelinger på sykehus. Gentamicin kan ofte oppleves utfordrende å bruke, men det er et viktig 

legemiddel bl.a. til bruk i sepsisbehandling av pasienter. Hensikten med denne studien er å 

innhente kunnskap om bruken av gentamicin slik at vi kan hjelpe klinikken til å bli tryggere 

på å bruke gentamicin. Studien utgår fra Nasjonal kompetansetjeneste for antibiotikabruk i 

spesialisthelsetjenesten, Forsknings- og utviklingsavdelingen, Helse Bergen. 

Hva går studien ut på? 

I studien vil du og 7 andre norske sykehusleger og sykepleiere intervjues om bruken av 

gentamicin på avdelingene deres. Intervjuene vil bli tatt opp på bånd og etterpå nedskrevet i 

sin helhet. Dataene vil bli analysert ved hjelp av kvalitativ metode. Intervjuene vil bli 

gjennomført høsten 2014 på arbeidsplassen din og vil ta 20-30 minutter. 

Hvordan vil studien berøre meg? 

Deltakelse i studien vil ikke medføre noen ulempe for deg, men ved at du deltar vil vi få bedre 

innsikt i bruken av gentamicin, og dermed kunne hjelpe klinikken til tryggere bruk av 

gentamicin. Studien er fremlagt for regional etisk komite, og tilrådd av personvernombudet i 

Helse Bergen (2013/690).  

Hva skjer med dataene mine etter intervjuet? 

Opptakene gjort med deg vil bli nedskrevet før de blir slettet (senest 31.12.2016). Opptakene 

vil bli oppbevart avidentifisert frem til sletting, dvs. at vi oppbevarer en koblingsnøkkel som 

knytter sammen intervju og personopplysninger. Det er kun autorisert personell knyttet til 

prosjektet som har adgang til koblingsnøkkelen og som dermed kan finne tilbake til deg. De 

nedskrevne intervjuene vil bli behandlet konfidensielt, uten å knyttes til navn, fødselsnummer 



76 | P a g e                 A p p e n d i x

  

  

 

76 

 

eller andre personopplysninger. Det vil ikke være mulig å identifisere deg når resultatene fra 

studien publiseres.  

Frivillig deltakelse 

Det er frivillig å delta i studien. Om du sier ja til å delta, kan du når som helst og uten å oppgi 

noen grunn trekke ditt samtykke frem til opptakene slettes. Dersom du ønsker å delta, 

undertegner du samtykkeerklæringen på neste side. Dersom du har spørsmål til studien, kan 

du kontakte Lene Sæther eller Ingrid Smith, Nasjonal kompetansetjeneste for antibiotikabruk i 

spesialisthelsetjenesten, FoU, Helse Bergen på telefon 55 97 73 30 eller via epost 

ingrid.smith@helse-bergen.no 

   

Samtykkeerklæring til deltakelse i studien 

 

Jeg er villig til å delta i studien  

 

 

------------------------------------------------------------------------------------------------------- 

Prosjektdeltakers navn i blokkbokstaver 

 

 

------------------------------------------------------------------------------------------------------- 

(Signert av prosjektdeltaker, dato) 

 

 

Jeg bekrefter å ha gitt informasjon om studien 

 

 

------------------------------------------------------------------------------------------------------- 

(Signert, rolle i studien, dato) 

 

 

mailto:ingrid.smith@helse-bergen.no
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Appendix IV: Approval from Regional Committee for Medical and Health 

Research Ethics 2013/1305 
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Appendix V: Approval from Data Protection Official 2013/6960 
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Fra: Svindland, Øystein På vegne av Postboks, HBE, Personvernombudet 

Sendt: 27. oktober 2014 12:32 

Til: Smith, Ingrid 

Kopi: Skodvin, Brita 

Emne: SV: is: PVO tilråding 2013/6960 

 

Hei, 

 

Endringen tilrådes. Jeg legger kopi av denne e-posten på saken i ePhorte. 

 

Vennlig hilsen 

 

Øystein Svindland 

Personvernombud 

55975558 / 91355983 

Haukeland universitetssjukehus 

www.helse-bergen.no<http://www.helse-bergen.no/> 

[cid:image002.jpg@01CFF1E2.0DFF45D0] 

 

Fra: Smith, Ingrid 

Sendt: 20. oktober 2014 10:57 

Til: Postboks, HBE, Personvernombudet 

Kopi: Skodvin, Brita 

Emne: is: PVO tilråding 2013/6960 

 

Hei, 

 

 

Viser til søknaden til stipendiat Brita Skodvin og PVO tilråding 2013/6960. 

 

 

 

cid:image002.jpg@01CFF1E2.0DFF45D0
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Vi ber med dette om flg. utvidelser: 

 

1.       Mulighet til også å kunne intervjue annet helsepersonell og  

ikke bare leger, om tematikken «faktorer som påvirker  

antibiotikaforskrivning i sykehus» 

 

2.       Endre dato for lagringstid for båndopptak til 31.12.2016. 

 

3.       Endre dato for lagringstid av samtykkeskjema og koblingsliste  

til 31.12.2017. 

 

 

Håper på positivt svar på vår forespørsel! 

 

Vennleg helsing 

 

Ingrid Smith 

Overlege, 1. aman 

FoU avd, Haukeland universitetssjukehus 

55975374 / 928 02 540 

www.helse-bergen.no<http://www.helse-bergen.no/> 

[cid:image002.jpg@01CFF1E2.0DFF45D0] 
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Appendix VI: Approval from Data Protection Official 2013/9352 

 



  

 

 

 

 


