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ABSTRACT 

THE COMPATIBILITY OF MULTIPLE INTRAVENOUS (IV) DRUGS ADMINISTERED 

SIMULTANEOUSLY 

 

Multiple IV drug administration in one route often cannot be avoided in critical care as the 

need for various drugs is higher than the amount of venous access. Thus, incompatibility is 

likely to be prone to error in critical care, particularly in children. Even though the reported 

prevalence was less than 25%, which was lower than for other common errors, 

incompatibility was often less recognised and more liable to be harmful with fatal effects. 

However, the information available on compatibility in the literature often cannot be 

applied in the critical care setting due to: dissimilarities in the characteristics of the 

formulation; information only referring to testing between two drugs; and most studies 

having been performed using the static approach. In Indonesia, incompatibility is very 

much under-studied. Thus, this research aims firstly to identify the potential problem of 

incompatibility. It then conducts a controlled in vitro study, mimicking the situation in 

clinical practice to validate the potential incompatibility and to assess strategies for 

minimising incompatibility in the common cases of patients in the Paediatric Intensive Care 

Unit (PICU), Sardjito Hospital in Yogyakarta, Indonesia.  

This research began with identification of the potential problem regarding IV drug 

compatibility. An observational study was performed using resources including medical 

records and pharmacy records (1 June 2012–30 September 2013), simple questionnaires for 

nurses/medical doctors and bedside observation to identify the potential problem which, if 

often encountered, would require urgent study. This step suggested the need to confirm the 

compatibility of common infusions (analgesics, sedatives and inotropes) when these were 

reconstituted in a syringe. In addition, these infusions were set in “a typical patient model”: 

three infusions were set into one peripheral line connected with threeway stopcocks and a 

Y-connector, and injected with various bolus and intermittent IV injections. Physical 

compatibility was evaluated using visual inspection as well as optical microscopy, while 

chemical changes were detected using a pH meter and high-pressure liquid chromatography 

(HPLC) to measure the concentration. Attempts to prevent incompatibility using a filter and 

flushing were also evaluated using this model.  
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This research had the following findings. Patients in PICU Sardjito mostly received 

four IV drugs at one single time of administration (STA), with these mainly comprising 

three infusions (e.g. analgesics, sedatives and/or inotropes) with one injection. The higher 

number of drugs per STA correlated with the outcome (odds ratio [OR] 4.2; confidence 

interval [CI] 0.95), while the number of different drugs per day did not. Chemical 

incompatibility was most likely to occur after a reconstituted infusion, while physical 

incompatibility was prone to occur due to Y-site interaction of infusion–injection. The 

compatibility study of reconstituted infusions showed that they were safe until 24 hours; 

however, after that time, an alert should be given for fentanyl. The study using “a typical 

patient model” of five groups showed that they were chemically compatible, with these 

groups being; morphine + ketamine + midazolam; fentanyl + norepinephrine + dobutamine; 

morphine + fentanyl + dobutamine; midazolam + norepinephrine + dobutamine; and 

morphine + fentanyl + midazolam. However, administration of various bolus or intermittent 

IV injections into the model caused 57.3% incompatibility. In relation to incompatibility, 

100% of the precipitation caused by the combination of incompatible drugs can be removed 

with a filter although with a reduced flow rate, as shown after precipitation formed in 

phenytoin. A common medication flush (1.5 mL pre- and 2 mL post-medication) 

effectively cleared most of the precipitation formed in phenytoin.  
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CHAPTER 1:  

INTRODUCING THE STUDY 

 

On 11 September 2007, a report by the United States (US) Food and Drug Administration (FDA) 

highlighted that five babies had died as a result of chemical interaction between ceftriaxone and 

calcium-containing products. Precipitation associated with simultaneous infusions was found in the 

babies’ lungs and kidneys (FDA, 2007, 2009). 

 

1.1 Literature review 

The current study is supported by an in-depth literature review which presents the body of 

knowledge on intravenous (IV) drug compatibility in paediatric critical care. The literature 

review is used to ascertain the importance of this study and to identify the knowledge gap 

from past studies which is addressed by comprehensively answering this study’s research 

question and meeting the objectives.  

Overall, this literature review is organised into four sections that comprise “critical 

care: complex states and evidence for quality improvement”; “intravenous (IV) medication 

for critical care: benefits and risks”; “drug incompatibility: when practice requires more 

attention”; and “prevention of drug incompatibility”. Each section begins with an overview 

or theoretical understanding: it then continues with recent studies in those fields, presenting 

the current discussions which are established in the literature; and, lastly, identifying the 

gaps and proposing recommendations for future research.  

The first section presents a short overview of the complexity of critical care 

services, particularly in paediatric care, including the diseases and treatments. This section 

then discusses the important evidence for quality improvement, and briefly explains the 

limitations of the critical care research that has been established to produce evidence.  

The second section summarises the common medications given to critically ill 

patients and continues by explaining why they are delivered intravenously. The section then 

describes the complications and risks from multiple drugs administered intravenously, 
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which is common practice in critical care. Furthermore, it concisely reports the current 

research on intravenous (IV) administration in critical care and, in particular, on the 

differences between using a peripheral venous catheter (PVC) and a central venous catheter 

(CVC).  

The third section begins with a summary of the definitions of drug incompatibility 

and reports on the worldwide prevalence of drug incompatibility to show its significance. 

This section then delineates the risks of drug incompatibility and precipitation. Lastly, this 

section attempts to map the current studies of drug incompatibility by looking at some of 

the approaches used in these research studies. In particular, the third section explains the 

positioning of an in vitro dynamic study on incompatibility. Such a study is valuable in 

addressing the discrepancies and gaps in recent studies.  

The fourth section of this literature review outlines how drug incompatibility can be 

prevented through strategies including management intervention, multi-lumen catheter use, 

and use of flushing or of a filter. In relation to flushing, there is limited evidence, and 

evidence of the pros and cons of filter use has also been reported as a recognised gap in 

studies in this area.  

1.1.1 Critical care: complex states and evidence for quality improvement 

1.1.1.1 Critical care services in paediatrics 

The intensive care unit (ICU) is a centre of critical care services for patients who require 

life support while receiving comprehensive care, access to sophisticated technology and 

continuous monitoring (Hackner, 2010; Valentin et al., 2006). The paediatric intensive care 

unit (PICU) is an ICU for children (0–18 years) with potentially recoverable diseases who 

can benefit from more detailed observation, treatment and technological support than are 

available in standard wards (PICPS, 2011).  
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The critical care patient characteristically has multiple destructive pathogens; thus, 

there is the need for many drugs. In addition, the ICU patient has reduced physiological 

reserves and complicated problems in multiple organs; thus, inter-related systems can be 

affected (Moreno, Rhodes, & Donchin, 2009). However, the amount and number of 

medications can be problematic due to the correlation with adverse drug reactions (ADRs) 

including incompatibility. Rashed et al. (2012)  identified the uniqueness of critically ill 

patients: the first dimension is that these patients have a complex problem which affects 

inter-related systems. The second dimension is time dependence, with most interventions 

having to be delivered quickly and in a timely manner. The third dimension is related to 

challenges, as urgent issues related to ethical standards, culture and religion need to be 

addressed. The fourth dimension is consequences, with critically ill patients vulnerable to 

disabling post-critical care illness.  

However, critically ill children are in a more vulnerable condition than critically ill 

adults, in particular, due to the physiological consequences arising from organs that are still 

being developed. Consequences occur due to the different pharmacokinetic and 

pharmacodynamic effects arising from these differences, such as the gastric emptying rate; 

gastrointestinal metabolising enzymes; composition of blood circulation and total blood 

volume; immature metabolism organs and enzymes; and the not yet fully developed 

elimination organs (Fernandez et al., 2011; Kearns & Reed, 1989; Strolin Benedetti, 

Whomsley, & Baltes, 2005). Therefore, medications that are proven to be safe and effective 

for adults may be ineffective, or even dangerous, when administered to children (Hoppu, 

2008).  

In addition, children have a higher risk of adverse drug reactions (ADRs) due to the 

lack of evidence for the administration of these medications to children. For the most part, 
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different medications are used in paediatrics to those that are predominantly used for adults. 

“Off-label” drug use (i.e. use that is outside the manufacturer’s medicine licence conditions 

and liabilities) has continued to be high in paediatrics since the 1970s, remaining stable into 

the 2000s at approximately 70–80% in the USA, Europe and Australia (Schreiner, 2003). 

Unsurprisingly, other scholars have found that in most countries half of the medications 

used in paediatric care are unlicensed for children, with this as high as 90% for neonates 

(Conroy et al., 2000; Czaja, Reiter, Schultz, & Valuck, 2015; Doherty et al., 2010; Hsu & 

Brazelton, 2009; Turner, Nunn, Fielding, & Choonara, 1999). However, due to the limited 

evidence, off-label drug use increases the risk of adverse drug reactions (ADRs) (Carvalho 

et al., 2012).  

1.1.1.2 Quality improvement through research in critical care 

Considering the specific condition of critical care patients, quality of care becomes a crucial 

point. Even though every patient needs the best service, the characteristics of the ICU are 

different from other wards. Consequently, there is significant need for quality improvement 

in critical care. The literature review highlighted several approaches that have been 

discussed in relation to improving quality. Manias et al. (2012) identified that protocol 

guidelines are of paramount significance in the intensive care unit (ICU). However, some 

scholars have disagreed with this finding, confirming that protocols are under-utilised 

(Barr, Hecht, Flavin, Khorana, & Gould, 2004), and that a protocol is considered to be 

more “cookbook medicine” than evidence-based (Zaloga & Bortenschlager, 2004). 

Meanwhile, in response to Zaloga’s objection, the protocol guidelines adopted should be 

updated and evidence-based. In the meantime, evidence-based practice frequently seems to 

be unrealistic: the reason is that the randomised controlled trials (RCTs) that form the basis 



5 
 

of evidence-based practice are rarely founded, and frequently difficult to apply, in a critical 

care setting (Marini, Vincent, & Annane, 2015).  

Moreover, controversy continues on what constitutes the ideal research undertaken 

in the critical care area in relation to two issues: ethical problems and methodology. 

Research with rigour and scrutinised methodology, at times, is unethical (Emanuel, 

Wendler, & Grady, 2000). For example, consent, which is entailed in the ideal RCT, often 

causes distress for the patient. In contrast, research which strictly conforms within ethical 

boundaries may find it hard to provide good evidence (Hawryluck, 2004). Silverman and 

Lemaire (2006) proposed that the following challenges or concerns are involved in 

achieving evidence-based practice in paediatric critical care due to the ethical dilemmas 

that arise. Firstly, autonomy is of concern as the critical care patient is either unconscious 

or lacks the capacity to decide about trial participation so they cannot give their consent. 

However, with critical care child patients, parental approval can be given but the seeking of 

consent may induce distress in the parents. Secondly, non-maleficence–beneficence is an 

ethical challenge, as research must have maximum benefit and minimum risk; whereas the 

critical care population is vulnerable, with patients suffering from deadly diseases and 

susceptible to adverse events. Thirdly, the concept of justice presents a challenge, as ethical 

research requires fairness in subject selection with equipoise difficult to achieve in the 

critical care setting. 

In other studies, Kleiber et al. (2015) and Hawryluck and Crippen (2002) 

demonstrated that research in the paediatric critical care setting faces challenges in 

fulfilling ideal research design for the following reasons. Firstly, populations in PICU are 

small and heterogeneous which causes recruitment difficulties. Secondly, the patient is too 

young to give consent, while the parent tends to become distressed if consent is requested. 
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Thirdly, the patient is in a weak condition which is often painful, and is under unique 

circumstances, in a stress-inducing environment, in which time constraints can lead to 

outcome failure. Even though evidence-based practice in critical care should be able to be 

retrieved from rigorous research, fundamental issues affecting the generalisability of the 

results need to be considered (Hawryluck & Crippen, 2002). 

Accordingly, these points support the need to conduct an innovative study which 

can provide better evidence without bothering the patient (Kleiber et al., 2015). A 

simulation of a typical patient can be developed to assess the pharmaceutical aspects. In 

terms of the level of evidence, simulation in an in vitro study is placed in the third grade 

which may be beneficial for clinical judgement (Hockenberry, Wilson, & Barrera, 2006). 

The precedent for such research was performed by Evans (Evans, 2013) who established 

simulation for the phlebitis effect using in vitro simulation. In addition, in vitro simulation 

is frequently used to demonstrate everything related to the delivery of doses of IV drugs 

(Bartels, Moss, & Peterfreund, 2009; Aurélie Foinard, Bertrand Décaudin, Christine 

Barthélémy, Bertrand Debaene, & Pascal Odou, 2013; Perez et al., 2015).  

1.1.2 Intravenous (IV) medication for critical care: benefits and risks  

Guideline 797 in the US Pharmacopeia (USP) states that ‘parenteral medication’ should be 

free from microbial contamination; excessive bacterial endotoxins; variability in the 

intended strength of correct ingredients; unintended chemical and physical contaminants; 

and ingredients of inappropriate quality (USP, 2005).  

When referring to this guideline, all administered medication should meet these 

standards. Related to the risk of injectable drugs, two classifications are identified for 

intravenous (IV) medication: large volume parenteral is a sterile solution of more than 

100 mL, intended for injection and used in the diagnosis, care, mitigation or treatment of 
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disease or modification of physiological functions in human beings, but excluding blood or 

blood fractions. Meanwhile, small volume parenteral is a sterile solution lower than 

100 mL, intended for injection, and used in the diagnosis, cure, mitigation or treatment of 

disease or modification of physiological functions (Bergman, 1977). 

1.1.2.1 Pharmacotherapy of intravenous (IV) medications in critical care 

To resolve their complex condition, the critically ill patient usually receives multiple 

medications. These medications are generally delivered intravenously, along with a range 

of different therapies, such as blood, nutrition and fluids ((Gikic, Di Paolo, Pannatier, & 

Cotting, 2000). Medications in critical care should be employed for curing the primary 

disease, supporting mechanical organs (mostly cardiorespiratory) and maintaining the 

patient’s condition for continuing treatment, as well as for counteracting adverse reactions 

to other drugs (McDonnell, Hum, Frndova, & Parshuram, 2009). To achieve these 

outcomes, the critically ill patient usually needs a large number of IV drugs, including 

antibiotics to eliminate infection and as prophylaxis for surgery (Benini, Farina, Capretta, 

Messeri, & Cogo, 2010), whilst analgesics are used to provide a more comfortable 

condition for the patient and to eliminate inflammation. When pain reduces, the immune 

function recovers and wound healing occurs (A Cassano-Piche, Fan, Sabovitch, Masino, & 

Easty, 2012). The other drug classes comprise sedatives which are used to reduce pain and 

to achieve deep sleep or amnesia (Grohskopf et al., 2005); inotropes which are employed 

for circulatory support (Cooper, 2008); and gastrointestinal drugs which are given to reduce 

abdominal disturbance (A Cassano-Piche et al., 2012). Fluid is delivered for the 

management of resuscitation and electrolyte balance and for flushing (A Cassano-Piche et 

al., 2012).  
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Moreno et al.(2009) identified that the need for IV drug administration for the 

critically ill patient arises due to various reasons related to the patient’s condition, 

including: (1) limited capacity in the gastrointestinal system due to unconsciousness, 

limited (or lack of) swallowing ability, gastroparesis, surgery in the gastrointestinal system 

or gastrointestinal infection; (2) immediate necessity for medication response, in particular, 

for septic, cardiogenic, hypovolemic or hypo-hyperglycaemic shock; (3) maintenance of 

response, such as the analgesic and sedative reaction of achieving deep sleep; and (4) the 

requirement for haemodynamic stability. Moreover, medications are typically given 

intravenously due to the following limitations. Firstly, the stability of some medications is 

higher in the buffer dilution form, so those medications, such as inotropic drugs, need to be 

given as injections (Hoellein & Holzgrabe, 2012). Secondly, the low bioavailability of 

medications, such as sedative agents, through oral administration requires them to be 

delivered parenterally (Shargel, Wu-Pong, & Yu, 2004). Thirdly, medications, such as 

inotropes and sedatives, have a short half-life so these must be infused continuously 

(Power, Forbes, & van Heerden, 1998). Fourthly, most medications for critical care are 

very potent, so they need to be titrated or tapered to achieve an accurate dose (Katz & 

Kelly, 1993; Lehtonen, Antila, & Pentikäinen, 2004).  

1.1.2.2 Hazards of intravenous (IV) administration 

A critical care safety study has shown that 78% of serious errors in ICU are sourced from 

medication, with two-thirds occurring with IV administration (Shane, 2009). For multiple 

IV medications in ICU, in particular, hazards have been identified has developing at every 

single step of their administration (Andrea Cassano-Piche, Eng, & Fan, 2012). Moreover, 

delivering IV medications intravenously has a higher risk than using other administration 

routes for at least two reasons. Firstly, IV medications for critical care patients are 
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commonly classified as “high alert”: they are potent, have complete bioavailability and are 

delivered faster than by other routes. Such a medication is potentially more devastating to 

patients if something is not correct. Furthermore, as the IV medication bypasses all the 

mechanisms that form protective barriers, this drug becomes even more hazardous (Evans, 

2013). In other words, the higher the number of IV medications, the higher the risk for the 

patient. Patient Safety & Health Quality Healthcare (2006–2008) has reported that high-

alert drugs (Categories D–H) cause 1% of deaths and more than 23% of errors and must be 

monitored (Belknap, 2001). Many reports have shown the potential risks of multiple IV 

infusions. In 2008, the US FDA received reports of 211 incidents; while the Institute for 

Safe Medication Practices (ISMP) reported 424 cases during the 10 years from 2000–2010 

(A Cassano-Piche et al., 2012). Secondly, IV drugs need long and complex processes of 

preparation and administration which potentially introduce more technical errors. Bertsche 

et al. (2008) reported 833/1376 handling errors in intensive care units (ICUs). Taxis and 

Barber (2004) found errors in almost half of the preparation and administration of IV 

medication in 10 wards of a hospital in the United Kingdom (UK). Bertsche et al. (2008) 

also found 14% of errors in multiple step preparation. In Iran, Fahimi et al. (2008) 

identified preparation-related and administration-related errors were 380/4040 (9.4%). In 

another concern, that of IV drug administration’s potential to cause hypervolemia, the 

consumption of IV fluids of a critical care patient reached 25.8 litres/100 bed-days 

(Shankar, Partha, Dubey, Mishra, & Deshpande, 2005). Hypervolemia can jeopardise 

critical care, particularly when a patient is introduced to a restricted volume of fluid intake. 

Hypervolemia can cause cardiorespiratory damage (Hilton, Pellegrino, & Scheinkestel, 

2008), lung damage (Silva et al., 2010) and intracranial pressure (Muench et al., 2007).  
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Intravenous (IV) drugs are likely to comprise the following risks: firstly, medication 

errors. The long process of IV drug preparation and administration results in errors. The 

most common medication errors in critical care are administration errors, preparation errors 

and incompatibility, respectively, where the most frequent cases are the wrong rate used for 

bolus injections (Fahimi et al., 2008; Taxis & Barber, 2004). The second risk is embolus: 

an embolus is any intravascular mass formed from particles, air, fat or a thrombus which 

induces a blockage in a blood vessel. The third risk is microbial contamination. The 

injection site is the place where microbial entry occurs; thus multi-site injection techniques 

frequently lead to the development of systemic infection (Zurcher, Tramar, & Walder, 

2002). The fourth risk is particulate matter. The risk of particulate contamination for ICU 

patients receiving multiple IV infusions is certainly high (Doessegger et al., 2012). It is 

vital that patients do not receive contamination from parenteral medications. The 

contamination rates of IV admixtures in the literature range from 0–14.5% (Thomas, 

Sanborn, & Couldry, 2005; van den Hoogen et al., 2006), with the latter of these authors 

reporting that patients in ICUs receive particulate contamination comprising more than 10 

million particles larger than 2 µm in size during their hospital stay. Jack et al. (2010) 

identified that more complex medications (in terms of reconstitution or administration) 

induce more contamination. There are many sources of contamination either from the 

product as an intrinsic factor or from extrinsic factors, such as foreign materials. For IV 

systems, the medication, ampoules, the syringe, mixing solution and injection sites are the 

most common causes of contamination (Puntis, Wilkins, Ball, Rushton, & Booth, 1992). 

The fifth risk, incompatibility, is due to the number of venous access sites being less than 

the number of medications; therefore, administration is often required by means of a 

mixture, through an IV admixture in the same bag or co-administration in the same line. 
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Furthermore, many medications are given simultaneously because they have a short half-

life, so it is impossible to administer them through the bolus injection route (Nemec, 

Kopelent-Frank, & Greif, 2008). Co-administration of medications carries a risk of drug 

interaction or incompatibility (Wedekind & Fidler, 2001), and incompatibilities remain 

responsible for 6% of errors in intensive care units (ICUs) (Bertsche et al., 2008). 

The other problem is that some preservatives and excipients used to improve the 

stability and shelf life of IV medications often cause adverse effects in paediatric patients. 

For example, benzyl alcohol, a common preservative, induces the neonatal gasping 

syndrome, and propylene glycol induces neurological disorder in neonates (Gershanik, 

Boecler, Ensley, McCloskey, & George, 1982). These preservatives are common for 

heparin and pancuronium bromide (Wedekind & Fidler, 2001). Consequently, despite many 

risks and complications being identified around parenteral therapy in the ICU and 

especially in the PICU, enormous gaps exist in the research in this area.  

1.1.2.3 Peripheral versus central venous access 

In the field of incompatibility, the critical care patient receiving numerous IV drugs often 

fails to maintain IV route access; therefore, it is important for discussion to occur in relation 

to the peripheral venous catheter (PVC) and central venous catheter (CVC) (Dychter, Gold, 

Carson, & Haller, 2012).  

Compared to the CVC, the PVC is more likely to be preferable as it is cheaper and 

easier to use (Dychter et al., 2012). However, when vein depletion occurs, the CVC is 

favoured (Dychter et al., 2012). The critical care patient usually needs central venous 

access due to their need for: longer treatment of more than 96 hours (O'Grady et al., 2011); 

larger route requirement such as for total parenteral nutrition (TPN) (Cheung, Baerlocher, 

Asch, & Myers, 2009); multiple IV medications (Duane et al., 2009); and also vesicant 
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medication (Infusion Nurses Society [INS] guideline). Current INS guidance for IV 

medication administration suggests that medications with a pH <4 or >9 should be 

delivered through a central venous catheter (CVC). However, one narrative review reported 

that the pH range is not an indication to change from a PVC to a CVC because most studies 

undertaken are lacking in robustness and not one well-designed study has shown that 

phlebitis is associated with the pH level itself (Gorski, Hagle, & Bierman, 2015). 

In theory, a central catheter has a greater infection risk than a peripheral catheter as 

it involves creating an opening in larger veins (Cheung et al., 2009), even though current 

studies seem to be in conflict about whether a PVC or a CVC has a lower risk of infection. 

The US Centers for Disease Control and Prevention (CDC) support the earlier statement 

with a report indicating that a CVC induces mechanical and thrombotic complications 

followed by higher morbidity and mortality (O'Grady et al., 2011). In contrast, recent 

evidence does not agree with this assumption. Giuffrida et al. (1986) identified, from 

2,209 catheter insertions, that using a CVC has a lower infection rate than using a 

peripheral venous catheter (PVC). Furthermore, Ricard et al. (2013) supported the view that 

less major complications were found due to either mechanical processes or infection in 

patients using a CVC in a RCT in 1,485 catheter insertions in three French ICUs. However, 

these research studies were prone to bias due to the lack of a random population; thus, 

limited data were available to justify that a PVC is less risky in relation to infection than a 

central venous catheter (CVC). In response to this discrepancy, Duane et al. (2009) 

summarised that reduction in infection and morbidity in regard to a CVC was related to 

protocol implementation. This meant that a CVC was of value when it was used with 

appropriate consideration and correct technique (Duane et al., 2009).  
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1.1.3 Drug incompatibility: when practice requires more attention 

1.1.3.1 Definition of incompatibility 

The US National Coordinating Committee on Large Volume Parenterals defines 

incompatibility as a phenomenon which occurs when one drug is mixed with others to 

produce, by physicochemical means, a new product unsuitable for administration to the 

patient due to some modifications (Bergman, 1977). Extensions of the meaning of 

incompatibility include drug–excipient (Ahmad & Akhter, 2010; Sonali, Sandip, & Amrita, 

2010); drug–medical device (Ahmad & Akhter, 2010); drug–blood (Birch, Hogan, & 

Mahoney, 2001); and drug–parenteral nutrition (Lawrence A Trissel et al., 1999). However, 

the common concept of incompatibility occurs in an in vitro setting in regard to the mixing 

of multiple medications through a single infusion line, single container or single syringe, 

while venous access is limited (Myhr, 1985). Moreover, only few scholars have defined 

incompatibility as the interaction of a drug with blood circulation or drug–drug in the 

human body (Prince, Lucas, & Fox, 1998).  

Furthermore, the definition of incompatibility is often confused with that of 

instability. However, there is agreement that instability is more about an unstoppable 

degradation process attributable to storage conditions (Newton, 2009). Driscoll (2005) 

extended the definition of instability to state that it was a process of deterioration or 

degradation that changes pharmaceutical and pharmacological reactions, while 

incompatibility is more about interactions arising out of co-administration. In fact, 

incompatibility ultimately results in effects that are similar to those of instability.  
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1.1.3.2 Significance of drug incompatibility in critical care 

Intravenous (IV) drug incompatibility is of prominent concern in the care of the critically ill 

patient. Incompatibility also needs to be taken into account among intensivists, nurses and 

pharmacists in critical care due to the requirement for multiple IV medications to be 

delivered in simultaneous infusions, while venous access is limited (Bertsche et al., 2008; 

Halpern, Colucci, Alicea, & Greenstein, 1989). Moreover, drug incompatibility was shown 

to be significant in a study by Bertsche et al. (2008) which identified that health 

practitioners commonly have a knowledge deficit on incompatibility.  

The incidence of incompatibility ranges widely in different wards. In a general 

ward, the rate of incompatibility is lower than in an intensive care unit (ICU), with 

Westbrook, Rob, Woods, and Parry (2011) identifying the rate as being no higher than 3%. 

Another scholar, Vijayakumar, Sharon, Teena, Nobil, and Nazeer (2014), found the 

incompatibility rate among patients was 11%. On the other hand, ICU has a higher rate of 

from 18–25% (Bertsche et al., 2008; Kanji et al., 2013). Up to 25% of cases were of clinical 

significance and, of these, 25% were life-threatening. In contrast, one scholar found a lower 

rate, with only 1% of patients affected by incompatibility (Fahimi et al., 2008). This finding 

was associated with ideal conditions in which the clinical pharmacist played a significant 

role (Fahimi et al., 2008).  

In critically ill children, the prevalence of incompatibility also tends to be lower 

than in adults (Kalikstad, Skjerdal, & Hansen, 2010). However, this result may be affected 

by the lack of specific compatibility information. Kalikstad et al. (2010) found that 59.3% 

of drug combinations administered to children had no known information in terms of their 

compatibility. 
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1.1.3.3 Risk of drug incompatibility 

Looking at the effects of incompatibility, the general classification divides into two 

manifestations: physical and chemical changes, with pharmacological changes commonly 

categorised into drug interaction (Mar, 1981). Physical incompatibility is related to 

colourless gas formation and precipitation which induces turbidity (Lawrence A Trissel, 

Allwood, Haas, Hale, & Pharmacists, 2011). Drug precipitation brings consequences of 

local inflammation, thrombosis in the catheter, and vascular or systemic reaction (Kanji et 

al., 2013), while chemical incompatibility is mostly non-visible and irreversible (Newton, 

2009). The latter is indicated by degradation of the product and a concentration decrease of 

more than 10% (DeMonaco, 1990). Degradation of drugs usually causes lower 

concentration, triggering drug intoxication or inactivation (Newton, 2009).  

When incompatibility occurs, this may increase technical problems, nursing 

workload, demand on facilities and also costs (Myhr, 1985). It can be responsible for line 

occlusion, infection, therapeutic changes, increasing complications, morbidity and also 

mortality (M. C. Allwood, 2000; Nemec et al., 2008). Furthermore, thrombosis in the 

catheter may cause inaccurate blood pressure measurement; it may be painful due to 

repeated re-injections; it may lead to breakage of local vascular structures and even to distal 

ischaemia (Tully, Moore, Rigg, McGrath, & Alexander, 2014). However, it is important to 

differentiate whether the line occlusion is related to mechanical problems such as a closed 

stopcock, kinked IV line, air lock or a physical obstruction, or whether the cause is 

precipitation or incompatibility (Butterfield, 2010). Interestingly, recent publications have 

reported a correlation between incompatibility and reduced mass and flow rate, even when 

precipitation was not found (Foinard, Decaudin, Barthelemy, Debaene, & Odou, 2012). In 

addition, precipitation, as a consequence of incompatibility, can flow to the microvascular 
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system, disturbing microcirculation by inducing an embolism (Shannon, Billbao, Marotta, 

& Terbrugge, 2006); thrombi (Fischi & Narins, 2005); or a granuloma in this system 

(Puntis et al., 1992). This causes the risk of incompatibility to spread, as seen in cases 

launched by the FDA in which organ failure or death were the result. Some scholars have 

found that organ failure was not caused by the impacts of particulate matter on the tissues, 

but by impacts on perfusion in the patient within the microvascular system, thus 

compromising vital organs (Lehr, Brunner, Rangoonwala, & James Kirkpatrick, 2002).  

In children, the negative impact of incompatibility can be severe (De Giorgi, 

Guignard, Fonzo-Christe, & Bonnabry, 2010). It has caused specific conditions in 

paediatric patients. Firstly, medications frequently need to be diluted for paediatric patients 

so they are in different concentrations to those that have been studied in adults. Slow flow 

rates prolong the “dwell time” of the medications in the tubing, so incompatibility is more 

possible. Secondly, the diameter of veins is smaller in children; hence, when precipitation 

occurs, vein occlusion is more likely to happen. Microvascular damage has been identified 

more in paediatric patients: their lower density capillary beds and fewer alveoli make these 

patients more susceptible to adverse events (Doessegger et al., 2012). In addition, smaller 

diameter infusion devices are used on children; accordingly, the precipitation more readily 

leads to line occlusion (Kalikstad et al., 2010). Thirdly, as the amount of vasculature is less, 

it is necessary for medications to be delivered concomitantly (Birch et al., 2001; De Giorgi 

et al., 2010). Consequently, the loss of IV access must be avoided. Lastly, due to children’s 

incomplete organ development, the risk of incompatibility in paediatrics is more 

challenging than in adult practice. Children have a shorter delay in gastric emptying, a 

larger proportion of total body water, lower protein plasma and more efficient clearance of 

most agents than is the case in adults (Shargel et al., 2004). Furthermore, in critically ill 
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children, these functions would be altered due to organ dysfunction, acute phase response 

and drug intervention (Boucher, Wood, & Swanson, 2006). As previously mentioned, 

children have lower density capillary beds and a lower number of alveoli (Sadoun & Reed, 

2003). Thus, a smaller amount of precipitation from incompatibility is likely to have more 

serious consequences in children than in adults. In another problem, microparticles, such as 

chromium, decrease the glomerular filtration rate (GFR) in paediatric patients (Sacks, 

2004). Finally, difficulties in obtaining venous access, differences in the pharmacokinetic 

profile and restriction of fluid volume, and, in neonatology, high ambient temperature, 

result in more clinical risk consequences in children (Wedekind & Fidler, 2001).  

1.1.3.4 Current studies of precipitation risk 

The hazards of particles in IV solutions first became known in the 1960s (Garvan & 

Gunner, 1964). To date, there is no evidence linked to the benefits of particulate matter; 

conversely, it causes negative impacts resulting from: local reaction; blood vessel occlusion 

(thrombus and embolism); microvascular disturbance (hypoperfusion); inflammatory 

response (granuloma); change of functional body systems (immunologic or neoplastic 

response); tissue damage; and even internal organ failure (Driscoll, 2005; Pesko, 1996). 

Some scholars have said that the particles in particulate matter are clinically significant, 

while others indicate that they may not be. Doessegger et al. (2012) stated that, while the 

harm from particulate infusion is certain, the extent of the hazard is still unclear. Some 

scholars have considered that incompatibility is not caused solely by particles but that other 

factors play a role (Prince et al., 1998). Furthermore, Prince et al. (1998) suggested that the 

precipitation of drug incompatibility cannot be clinically significant, due to the buffering 

capacity of plasma. Accordingly, it has been assumed that particles could be tolerated in the 

body through phagocytosis or the reticuloendothelial system (RES) (Pesko, 1996). 
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However, in the view of the researcher, the clinical significance of the particle risk may be 

correlated with long-term administration; meanwhile, no study has presented the sub-acute 

or chronic significance. As a significant example, pulmonary thromboembolism will occur 

in 30–50% of instances in which particles occlude (Torbicki et al., 2008).  

The risks of particulate matter have been investigated in in vitro studies, in studies 

on animals and in FDA reports on deaths. In terms of in vitro studies, Steger and 

Muhlebach (2000) has shown that particles induce lipid peroxidation and instability, and 

also decrease pH. Particles may be incompatible with a patient’s arterial system, and could 

overtax the immune system and reduce drug efficacy (Kirkpatrick, Bittinger, Klein, 

Hauptmann, & Klosterhalfen, 1996). Jack et al. (2010) predicted that microparticles from 

the membrane filter would have an effect on modulating the immune system, based on 

blood samples. The study has shown that particles can depress the production of 

macrophages and endothelial cell cytokines in vitro (Jack et al., 2010).  

Experiments on animals such as rats, mice, rabbits and pigs have proved the 

influence of particulate contamination on physiological, metabolic or morphological 

changes. Particles have the potential to cause emboli (Shannon et al., 2006); thrombi 

(Fischi & Narins, 2005); granuloma (Walpot et al., 1989); or microvascular disturbance 

(Kirkpatrick et al., 1996). Clinical studies of contamination risk are mostly reported in 

animal studies and studies on drug abuse. Furthermore, Lehr et al. (2002) emphasised that 

particle contamination not only threatens local irritation/problems in muscles, but is also a 

potential danger for inducing multiple organ dysfunction syndrome.  

Studies in humans have been limited due to ethical restrictions. Consequently, these 

studies have only conducted assays based on post-mortem analyses in which particulate 

matter was found in tissues (Bradley, Wassel, Lee, & Nambiar, 2009; Puntis et al., 1992). 
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Examination of histology after autopsy is valuable in proving the presence of particles and 

its consequences in tissues. Most studies in humans have identified that particles are 

associated with respiratory distress, pulmonary arteritis and fatal effects (Bradley et al., 

2009; Puntis et al., 1992). In 1994, it was reported by the FDA that, in one institution, at 

least two deaths and two cases of respiratory distress syndrome resulted from particulate 

hazards during peripheral infusions that contained three infusions in one parenteral 

nutrition administration. As there was strong evidence of the hazard of contamination, the 

FDA launched a safety alert following these two deaths and two cases of respiratory 

distress syndrome (FDA, 1994). Moreover, the hazard of particulate matter is a factor in 

bowel infarction and necrosis, mesenteric arterial thrombus and granules in hepatic cells (P. 

A. Ball, Bethune, Fox, Ledger, & Barnett, 2001). In another study, the clinical risk of 

particles was found in neonates who had died from fatal bowel necrosis (Cant, Lenney, & 

Kirkham, 1988). Bradley et al. (2009) reviewed eight fatal cases which were closely 

associated with calcium salt precipitation.  

It is thus clear from the evidence that particles are a major problem (Backhouse et 

al., 1987). This has been supported by evidence of the detection of particles in infusions in 

animal studies (Pesko, 1996), with particle investigation during post-mortem examinations 

serving as confirmation (FDA, 1994, 2009). Animal studies have demonstrated severe 

microemboli in pulmonary circulation after precipitation of co-administered medications. In 

humans, at least seven patients in one study experienced respiratory disturbance due to 

pulmonary embolism after the administration of simultaneous infusions (Bradley et al., 

2009). Clinically significant effects related to incompatibilities were identified in another 

study, with these effects including ischaemia; hypoxia; impairment in the discharge of 
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metabolites; reduction in microcirculation; and major organ impairment inducing organ 

failure and mortality (Kirkpatrick et al., 1996).  

Needless to say, it is unnecessary to determine what produces the particles in IV 

drug administration: the danger that these particles present is apparent (Driscoll, 2005). 

Furthermore, this scholar stated that the recent evidence of the particle hazard was 

sufficient. Although some clinicians still claim they do not see these complications, as 

explained by Ball (2003) who looked at the therapeutic use of particles, a patient affected 

by particles looks just like any other sick intensive care patient, so the effects are simply 

not recognised. Awareness is increasing but a great deal more research is required to ensure 

safe, sterile, effective parenteral therapy in our intensive care unit (ICU). 

1.1.3.5 Incompatibility studies 

Discrepancies continue to arise when the findings of recent studies are directly 

implemented in practice. Firstly, the study of IV drug compatibility began in the 1950s but 

the static approach continues to be predominantly used (Hanifah, Ball, Kennedy, & 

Lambert, 2014). Secondly, studies use different methods, different solutions and products 

with different excipients and differing characteristics, including pH levels or concentration 

(Gikic et al., 2000; Kalikstad et al., 2010; Robinson & Lee, 2007). Differences in methods 

and the characteristics of the setting often cause conflicting results and the findings cannot 

be used under conditions appropriate for hospital practice. Markowsky et al. (1991) showed 

that the formulation influenced the formation of precipitation. A study on phenytoin 

(Dilantin®) showed that it did not form crystals until two hours; meanwhile, the other 

brands formed precipitation with this finding linked to the admixture of Dilantin® having a 

higher pH level than the other brands. A study by Alvarez-Nunez and Yalkowsky (1999)  

demonstrated that the amount of the formulation’s buffer capacity extended the lag time for 
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precipitation. When the lag time is longer than the transit time in the tubing, the formation 

of precipitation can be prevented. Thirdly, most incompatibility studies only referred to 

testing between two medications (Nemec et al., 2008; Lawrence A Trissel et al., 2011). The 

compatibility of three or more medications that are commonly delivered simultaneously in 

ICU is under-studied (Nemec et al., 2008).  

In addition, drug compatibility in critically ill paediatric patients is also under-

reported (Wedekind & Fidler, 2001). Lack of information on compatibility was 

demonstrated by Kalikstad et al. (2010) and Kanji et al (Kanji, Lam, et al., 2010) with only 

4% and 50% fully documented, respectively. Furthermore, even if medication A had been 

tested with medication B in ICU situations, they may be co-administered with medications 

C and D or more. One point is that an incompatibility test over 24 hours may not be 

appropriate for an ICU patient. Medications delivered by co-administration via a Y-line are 

commonly in contact with each other for about 15 minutes in the tubing, although in 

paediatrics, the contact period may be much longer (Dasta, Hale, Stauffer, & Tschampel, 

1988). In contrast, some studies evaluated a contact period of only minutes while, in 

practice, an IV admixture may well be stored for more than a day. Another point was 

indicated by De Giorgi et al. (2010) who looked at differences between products of 

different brands across international boundaries that may lead to differences in 

compatibility: accordingly, that study recommended using local resources which are 

relevant in each country.  

Having noted findings of the previous studies, it is recommended that tests for 

incompatibility be assessed in the absence of compatibility data, that these tests consider 

drugs with different brand names, and that incompatibility be tested among more than two 

drugs. Moreover, Manrique-Rodriguez et al. (2012) recommended providing updated 
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information on drug incompatibility particularly for nurses. Whenever the incompatibility 

data are unknown, the patient response should be monitored. Furthermore, the improvement 

of medication safety by preventing incompatibility still needs a larger study.  

In vitro study versus in vivo study  

In vitro study has been recommended more than in vivo study by most scholars (L.A. 

Trissel & Hale, 1991). In in vitro studies, the medications in the mixture react in the 

container or in the line before they enter the human body (Myhr, 1985). This is aligned to 

the incompatibility definition which states that incompatibility is a phenomenon which 

occurs when one drug is mixed with others to produce, by physicochemical means, a 

product unsuitable for administration to the patient (Bergman, 1977). Bergman also stated 

that it is only in vitro incompatibilities pertaining to the large volume pump (LVP) system 

that are considered, while potential in vivo incidents are termed as drug–drug interactions. 

This assumes that there is no correlation between physiological change and in vitro reaction 

outside the body. 

In contrast, Jaimovich and Rose (1990) opposed the in vitro approach for studies on 

incompatibility as it would prevent direct clinical applicability. In vitro study does not 

reflect the changes in the body that may affect blood vessels and the flow in these vessels. 

He also found that precipitation was influenced by turbulence following blood flow and 

vascular structure. In vivo study has superiority in terms of considerations of complexity 

including the physiological approach Jaimovich and Rose (1990). The in vivo approach 

attempts to consider intravascular pressure, respiratory cycles, and neurovascular and 

thermoregulatory factors that may influence vasculature in terms of size and flow 

(Jaimovich & Rose, 1990). Reyes et al. (1999) even added that the incompatibility risk 

needs to be considered coming from an in vivo situation. In addition, Prince et al. (1998) 
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proved that plasma protein has the capacity to buffer medication dilution so that pH-

induced precipitation does not occur. Vasculature and blood flow may affect the infusion 

stream and may therefore influence particle formation by flow turbulence.  

Unfortunately, the assumptions made in the in vivo approach have apparently not 

been confirmed with other relevant studies. In addition, most scholars have supposed that 

the in vivo study is overlooked for incompatibility assay which commonly happens in an in 

vitro setting. As seen in the literature review, judgements about incompatibility were indeed 

quite frequently determined using the in vitro method. However, the risk of incompatibility 

could be assessed using advanced methodology that includes the in vivo situation.  

Static approach versus dynamic approach 

Currently, the most commonly cited studies on incompatibility are in vitro studies using the 

static approach (L. Allen, Levinson, & Phisutsinthop, 1977). The in vitro approach uses a 

glass container or syringe to blend all of the components. Allen reported that 

incompatibility will be expected at the Y-site when the resultant mixture is in a 1:1 ratio. 

This finding becomes important for the incompatibility assay. Most studies following 

Allen’s procedure have used the same ratio of 1:1 and an observation window of four 

hours. This was also reinforced by Trissel et al as the basis for a fixed (i.e. a static) method 

for incompatibility testing (Lawrence A Trissel et al., 1999). 

The in vitro study is extremely valuable for judgements about incompatibility, 

generally through the use of a fixed (i.e. static) procedure. Practitioners can interpret the 

data more easily but are limited by the same conditions that are present in these studies. 

However, as noted, the in vitro study tends to use a static approach rather than a dynamic 

approach, so it does not illustrate real-life conditions. At the present moment, it is rare for 

such studies to be conducted in a real-life setting, and particularly in a setting with critical 
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care patients. Most databases use different conditions with a projected routine in critical 

care. In addition, the European Pharmacopeia recommends assaying incompatibility in 

triplicate rather than the duplicate approach used by Trissel. 

Meanwhile, the dynamic approach has been utilised in only a limited number of 

studies. A modified method was conducted by Husson, Crauste-Manciet, Hadj-Salah, 

Seguier, and Brossard (2003a)) in which a continuous infusion was administered via an 

infusion line with samples extracted at the end of the tube to assess incompatibility. This 

study utilised a dynamic approach. Husson et al. (2003a)  assembled an infusion line as 

would be the case in a practical setting. The evaluation was observed along the line and in 

the collection bag at the distal end of the line at zero (0), 30, 60 and 75 minutes. This 

approach is more accurately termed “dynamic” than is the case for Trissel’s approach, as it 

used an infusion line flowing at a specific rate.  

Servais and Tulkens (2001) developed a method similar to that used by Husson et 

al. (2003a)  by mimicking as closely as possible the projected routine used in a Belgian 

hospital. They used an infusion line to measure incompatibility between ceftazidime and 

other drugs that were commonly delivered in the same line. Their study is closer to 

modelling the true clinical situation. Not only did they model the clinical area set-up with a 

running infusion line, but they also used drugs with the same brand name, diluents, 

concentration, flow rate and characteristics as used in the routine procedure in their 

hospital.  

Studies in dynamic assay have achieved dissimilar results to those conducted using 

the static approach. One study following the dynamic approach showed that acyclovir 

precipitation occurred only at a higher flow rate (400 mL/hour versus 250 mL/hour) using 

dynamic infusion (Husson et al., 2003a). However, Foinard et al. (2012) confirmed that, in 
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relation to the flow rate’s influence on incompatibility, dynamic approaches that consider 

the flow rate are also under-studied. Moreover, it was proven that dynamic assay identified 

the incompatibility of amiodarone associated with polyvinyl chloride (PVC) which cannot 

be observed using the static method (Humbert-Delaloye, Berger-Gryllaki, Voirol, Gattlen, 

& Pannatier, 2013).  

These findings suggest that a compatibility study using a dynamic model should be 

expanded for the following reasons. Firstly, a continuous IV infusion would be situated in a 

dynamic site with a specific rate rather than using a static approach. Common 

physicochemical theory states that flow rate determines the dose or the number of drugs 

that contact other components (Shargel et al., 2004). For medications with an 

incompatibility reaction arising from dose-dependence, the flow rate may influence the 

reaction. A recent study by Foinard et al. (2013) acknowledged that physical 

incompatibility is influenced by drug concentration, flow rate and the infusion device. 

Secondly, a different device, particularly in relation to the tubing, influences the ratio of the 

volume of drugs when they meet one another. However, the static approach uses a 1:1 ratio, 

while, with a dynamic approach, it is possible to have different ratios.  

1.1.4 Prevention of drug incompatibility 

Some ways to manage drug incompatibility have been established, but there is still limited 

clinically relevant evidence (Bertsche et al., 2008; Fonzo-Christe, 2011). The separation of 

IV drugs can prevent incompatibility but this is cumbersome. Moreover, this is rarely 

realistic considering the condition of critical care patients who need multiple IV drugs and 

have limited vasculature. Therefore, management to resolve the concurrent administration 

of incompatible drugs is important. In addition, other approaches to prevent or reduce 
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incompatibility through the intervention of management include the implementation of 

compatibility databases, multi-lumen catheter use, flushing and filter use.  

1.1.4.1 Management intervention 

At the management level, improvement of the preparation stage and development of a 

protocol or guidance are suggested. At the preparation stage, attempts to reduce 

incompatibility include: standardisation of the concentration (Nemec et al., 2008); 

application of a protocol/standard operating procedure (SOP) (Bertsche et al., 2008; 

Hopner, Schulte, Thiessen, Knuf, & Huth, 2007); and adoption of a compatibility chart, 

with Manrique-Rodriguez et al. (2012) concluding that these approaches significantly 

reduce incompatibility. The other approach is the adoption of compatibility tools including 

a pH colour code system, cross-tables, software and databases which are usually easy for 

practitioners to use (Bouchoud, Fonzo-Christe, KlingmÃ¼ller, & Bonnabry, 2012; 

Kahmann et al., 2003).  

To overcome the complexity of incompatibility, the two important resources are 

databases and the primary literature. Databases are commonly used to store and search for 

compatibility data (Robinson & Lee, 2007). Manrique-Rodriguez et al. (2012) 

recommended the use of specific databases: Trissel’s “Handbook on Injectable Drugs” and 

Lexicomp®. De Giorgi (2010) identified databases by evaluating 40 pairs of drugs resulting 

in the recommendation of Trissel’s handbook as a gold standard reference rather than other 

databases such as Stabilis, Nepfax and pH 2007 cross-tables. The primary literature is more 

complicated as the number of drugs, in fact, is very high. Therefore, a systematic review 

should be undertaken to examine a variety of primary literature/research; thus, it would be 

possible to construct a foundation for reference, with the evaluation of primary literature 

repeated in future years (Kanji, Lam, et al., 2010; Wedekind & Fidler, 2001).  



27 
 

In attempting to simplify the nursing and pharmacy work during IV drug 

preparation and administration, the following tools are available for incompatibility 

mitigation: electronic software, a pH colour code system and charts. These tools are usually 

easy to use but are not really informative: often, they cannot be directly applied in other 

hospitals with different products and situations. However, the successful tools for reducing 

the incidence of incompatibility are a chart and a pH colour code system. Manrique-

Rodriguez et al. (2012) and Hopner et al. (2007) developed a chart for IV drug 

administration to guide against incompatibility. Based on the concordance value, they 

concluded that the chart was highly reliable: it also made it easier for practitioners in PICU, 

providing a quick reference on incompatibility information for IV drugs administered 

through the same line. Some pairs of medications necessitate clarification on whether or not 

they can be infused simultaneously. Meanwhile, Kahmann et al. (2003) suggested using a 

pH colour code system: this tool has been proven to reduce the number of incompatibility 

incidents during the five-year period since it was first implemented. 

These tools are useful for preventing the administration of incompatible 

medications. However, frequently in critical care, we cannot avoid simultaneous delivery of 

a known incompatible combination. When the situation arises in which it is impossible to 

avoid delivery of the incompatible combination, it is necessary that other approaches be 

considered.  

1.1.4.2 Limited evidence of multi-lumen catheter use for incompatibility prevention 

Multi-lumen catheter use for the prevention of drug incompatibility has been under-studied, 

with studies only beginning in the 1990s. Collins and Lutz (Collins & Lutz, 1991) 

concluded that a triple-lumen catheter could separate the fluid stream: conversely, a double-

lumen catheter failed to prevent incompatibility. This study has been followed by the work 
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of other scholars (Aurélie Foinard et al., 2013; Perez et al., 2015; Reyes et al., 1999). While 

most scholars have conducted in vitro studies, Reyes et al. (1999) concluded that a triple-

lumen catheter could avoid precipitation, achieving clinically significant findings in an in 

vivo study. However, to date, this finding has apparently not been proven.  

In an in vitro study, precipitation was clearly identified when using a 4.5 cm 

TwinCath® multiple-lumen peripheral catheter that infused ondansetron alternately with 

other drugs, namely, aminophylline, sodium bicarbonate and ampicillin (Prince et al., 

1998). Interestingly, the precipitation did not emerge when the TwinCath® catheter was 

connected to a 35 cm simulation vein containing human plasma, with the buffering capacity 

of protein plasma likely to have prevented the incompatibility of the tested drugs (Prince et 

al., 1998). Foinard et al. (2013) found that multi-lumen (three-lumen and nine-lumen) 

catheters had the advantage of preventing incompatibility of midazolam and furosemide. 

However, the three-lumen catheter prevented incompatibility with a low concentration of 

furosemide, while the nine-lumen catheter prevented incompatibility of all concentrations 

tested. In that study, the concentration of drugs and the saline flushing rate between the two 

drugs became determinants of incompatibility. Furthermore, Perez et al. (2015) assayed an 

eight-lumen CVC connected to an extension line (length [L]=25 cm, volume [V]=0.5 mL). 

The study investigated whether an eight-lumen CVC (ports 1–3 for alkaline drugs and ports 

5–7 for acidic drugs) could reduce the 49% incompatibility compared to the standard set. 

Of these factors, the time needed for the precipitation to reduce was most influenced by the 

length of the extension line. 

Currently, there is limited study on multi-lumen catheter use in terms of its potential 

to solve incompatibility. Sophisticated technology in infusion devices which would allow 

the sharing of drug administration flowing with the flushing flow would seem to be of 
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value. Furthermore, shorter extension tubing has an impact on the production of 

precipitation through having insufficient dwell time. It is challenging for manufacturers to 

produce a multi-lumen port for an infusion set with the purpose of reducing 

incompatibility.  

1.1.4.3 Flushing management: regimen, volume, technique and time 

The practice and study of flushing started some decades ago, with the latter initiated by 

Cyganski et al. (1987). Research on flushing has mostly investigated the benefit of flushing 

for the maintenance of patency and the kinds of solution for flushing (Whitta & Kelly, 

2006). A survey in early 1976 found that hospitals in the USA mostly used heparin (76%) 

in comparison to saline (8%) for flushing (Deeb & Di Mattia, 1976). In contrast, a 2012 

survey in the UK found that normal saline (NS) was used much more (96%) than heparin 

(Leslie et al., 2013). Some research has claimed that flushing has managed particulate 

matters in general and that it has been proven to reduce patency, thrombosis and phlebitis 

problems (Goodee et al., 1991; Whitta & Kelly, 2006). Most recent studies have discussed 

which solutions are to be used for flushing (the comparison between 9% sodium chloride 

(normal saline [NS] alone or with added heparin).  

However, contradictory findings continue for four important aspects of flushing, that is, the 

flushing regimen, flushing volume, flushing technique and flushing time (Goossens, 2015).  

As mentioned, debate continues regarding which liquid is best for flushing. Some 

scholars have reported that saline is as effective as heparin particularly for maintaining 

patency (Gorji, Rezaei, Jafari, & Cherati, 2015; Han, Park, Kim, & Kang, 2012). A larger 

meta-analyses study of 15 studies (3,490 arterial lines) also claimed that NS flushing had 

been proven to reduce clotting, prolong patency, decrease phlebitis and lower costs 

(Goodee et al., 1991; Mitchell, Anderson, Williams, & Umscheid, 2009).  
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In contrast, a large study that included 5,000 patients showed that heparin prolonged 

patency more than normal saline (NS) (Nurses, 1993). In addition, in 2012, the North 

Western Learning and Development Group of the Association of North-Western Intensive 

Care Units (ANWICU NOWLEDGE) performed a prospective observational study at eight 

member hospitals on 445 arterial lines and corroborated that heparin extended the line 

maintenance by up to 102 hours instead of the 72 hours for saline (Tully et al., 2014). In 

response to this dispute, the first opinion presented seems to have stronger evidence with a 

more rigorous study conducted by randomisation and a double-blind approach (Gorji et al., 

2015; Han et al., 2012). Meanwhile, the second opinion followed a lower quality study that 

used an observational-prospective approach and unsound methodology (Tully et al., 2014). 

There is strong evidence that normal saline (NS) is sufficient to maintain patency. In 

addition to effectiveness, if considering the use of heparin for flushing, adverse reactions, 

such as thrombocytopenia which occurs in almost 30% of patients, should also be taken 

into consideration (McNulty, Katz, & Kim, 2005; Selleng, Warkentin, & Greinacher, 

2007). 

The adequacy of flushing for the removal of clotting, particularly in intermittent 

injections and infusions, is also unclear. There are conflicting guidelines. One guideline 

indicates that the optimal volume for flushing is twice the catheter volume (INS, 2011b), 

whereas another guideline states that 5–10 mL in volume is sufficient rather than twice the 

catheter volume  (Standards for Infusion Nursing, 2010). In addition, a minimal 2 mL of 

volume was enough for flushing an 0.5 mL lumen and an 0.2 mL extension set (Anonim, 

2013). Likewise, the various volumes needed depend on the port type and flow rate 

(Dalton, Pheil, Lacy, & Dalton, 2014). An inadequate amount of flushing volume would 

leave the sludge and debris to lodge in the vascular access (Dalton et al., 2014).  
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There is also no agreement on the flushing technique. Traditionally, a 10 mL 

syringe was located to remove sludge in the catheter. Flushing is mostly defined as the 

rapid delivery of a bolus of solution through an intravenous line or catheter for the purpose 

of maintaining patency or ensuring complete delivery of all fluids in the lumen (Farlex, 

2015). However, a small volume and a slow rate for flushing are more likely to be safer 

with less risk of catheter damage (Macklin, 2010). Quick flushing may push the previous 

drug given to enter the body faster which could be disastrous (Wotton, Gassner, & Ingham, 

2004). Vigier et al. (2005) finding was that an unstable flow seems to be more effective for 

reducing debris rather than a stable flow, but this needs more justification.  

In regard to drug incompatibility, the administration of flushing remains 

problematic. The routine hospital practice seems to be based more on habits or experience 

rather than evidence (Cabrero, Orts, López-Coig, Velasco, & Richart, 2005). One 

recommendation stated that flushing should be given slowly along with a slow main 

infusion before the second drug is administered (Whitman, 1995). This contradicted a 

previous guideline that generally administered flushing in this order: stopping main 

infusion, flushing, administering second drug and flushing again, before reopening the 

main infusion (Hipwell, Mashford, & Robertson, 1984). Accordingly, it is customary to 

give pre- and post-medication flushing. Another survey found that practitioners often carry 

out flushing as a daily routine, not only for the administration of incompatible drugs, but 

also for pre- and post-IV drug delivery (Wotton et al., 2004). However, these practices have 

not been proven and further research is needed.  

1.1.4.4 Pros and cons of filter use 

Discussions of filter use began in the 1970s but have grown considerably in the past few 

years; however, research dealing with filter use for the prevention of incompatibility is 
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under-reported (see Table 1.1). In relation to the most known risk of incompatibility being 

the hazards from particulates, in-line filters were recognised in the 1970s (Maki, Anderson, 

& Shulman, 1974). In-line filters began to be used as tools to reduce microbial 

contamination in the beginning of the 1970s (Holmes, Kundsin, Ausman, & Walter, 1980). 

Ball et al. (2001) confirmed that the advantage of filter use is that it prevents particulate 

contamination, in-line microbial contamination and air in the infusion solution reaching the 

patient. To provide evidence on the benefits of filter use, many years of research are 

required. However, it is known that filter use has advantages, for example, reducing larger 

globules of fat in lipid emulsion (Driscoll, 2005); reducing complications (Jack et al., 

2012); shortening the duration of hospital stay (Jack et al., 2012); increasing nursing 

efficiency (Chee & Tan, 2002); and decreasing the total cost (Stromberg & Wahlgren, 

1989).  
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Table 1.1 Recent studies investigating filter usage 

Year Investigators Method/Participants Main Finding 

1991 Bennion & Martin 

(1991) 

RCT 

111 neonates 

Filter cannot significantly reduce 

complications and mortality but 

does reduce cost. 

2004 Lingen, Baerts et al. 

(2004) 

RCT 

88 infants 

Filter reduces major 

complications and substantial cost 

saving.  

2006 van den Hoogen et 

al. (2006) 

RCT 

442 neonates 

Filter cannot significantly reduce 

complications and mortality but 

does reduce cost.  

2006 Foster, Richards, 

and Showell (2006) 

Systematic review 

4 RCT 

704 neonates 

No marked effect was found in 

any outcomes of mortality, 

septicaemia, phlebitis, thrombus, 

etc. 

2010 Niël-Weise, Stijnen, 

and van den Broek 

(2010) 

Systematic review 

11 trials 

Filter cannot significantly reduce 

phlebitis  

2012 Jack et al. (2012) RCT 

807 subjects in ICU 

Filter can reduce the overall 

complication rate  

2015 Sasse et al. (2015) RCT 

305 children 

Filter decreases systemic 

inflammatory response syndrome, 

renal disorder and haematologic 

disorder 

2014 Jonckers, Berger, 

Kuijten, Meijer, and 

Andriessen (2014) 

In vitro Filter reduces particulate matter  

 

In the continuing discussion, Backhouse et al. (1987) advocated using a final in-line 

filtration of infusions when obvious evidence of hazardous particles was present. A major 

policy statement from the British Pharmaceutical Nutrition Group recommended using a 

filter (P. A. Ball et al., 2001). Conversely, the US CDC does not suggest routine filter use. 

The CDC only recommends filtering for: adding solutions, longer use, parenteral nutrition, 

immune-compromised patients, neonates and children (O'Grady et al., 2011). 

One objection to the use of an in-line filter that commonly arises from studies is that 

it fails to show a statistically significant improvement (Johns, 1996; Newall, Ranson, & 
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Robertson, 1998). Foster, Richards et al. (2006) and Niels-Weise et al. (2010) did not 

believe the advantages of filtration use owing to the limitations of study design.  

As a response to the debate on the benefit of filter use arising from limitations in the 

evidence of organ failure, Ball (2003) elaborated on this controversy with the argument that 

damage to cells can happen without the loss of function. In Japan, (Oie & Kamiya, 2005) 

strongly recommended the use of an in-line filter that corresponded to the ingredients of the 

material that was the source of contamination (glass in their case). In other reports from 

Asian countries including Indonesia, filtration and in-line filters are hardly ever used. The 

possible reason is that less attention is paid to contamination matters. To date, no research 

on this has been undertaken. 

Table 1.2 Summary of reasons for supporting or objecting to filter use 

Complications of 

IV medications 

Reasons to support filter 

use 

Reasons to object to filter use 

Systemic 

Complications 

Significant severe 

complications were 

prevented with filter use 

compared to when a filter 

was not used (807 patients) 

(Jack et al., 2012) 

Different incidences of complications 

were found between a hospital using a 

filter and a hospital not using a filter 

using unstructured observation 

(Johns, 1996) 

Ball identified that all 

studies which found the 

benefit of filter use were 

clearly available (Ball, 

2003) 

Meta-analyses (300 participants) 

revealed no significant value of filter 

use benefit in neonates (Foster et al., 

2006) 

Phlebitis Significant reduction of 

phlebitis was found through 

filter use in a Singapore 

hospital (594 patients) 

(Chee & Tan, 2002) 

Meta-analyses (11 trials/1633 

catheters) suggested that the benefit of 

filter use was uncertain (Niël-Weise et 

al., 2010) 

 

Infection in the site entry is a major 

factor in the skin site and not from 

cannulae. Intravenous septicaemia 

from cannulae is low (0.34%) 

(Falchuk, Peterson, & McNeil, 1985) 

(O'Grady et al., 2011). 

 



35 
 

Other studies have reported the limitations of in-line filter use which include: 

shedding of particles from the filter itself (Doessegger et al., 2012); retention of the drugs 

(Gasch, Leopold, & Knoth, 2011); and adsorption of the pharmaceutical additives and tube 

material (Bin, McCrosky, Kulshreshtha, & Hem, 2000).  

Research on the use of an in-line filter, specifically for children, has been conducted 

by van den Hoogen et al. (2006), resulting in insufficient evidence for recommending the 

use of an in-line filter compared to daily changing of the IV administration set. In contrast, 

the following study supported the use of a filter for children. (Kunac, Broadbent, & Ball, 

1999) found that an in-line filter provided superior safety from contamination and was also 

cost-effective. Lingen et al. (2004) also found a marked reduction in major complications 

and cost savings. A more recent study on critically ill paediatric patients has proved the 

benefit of filters for reducing particulate contamination and for suppressing endothelial cell 

cytokine and macrophage secretion (Jack et al., 2010), and also for reducing severe 

complications and length of stay (LOS) (Jack et al., 2012). 

To date, studies on filter use have generated comparisons of patients for whom a 

filter was used and those for whom a filter was not used. These were performed under ideal 

conditions, were controlled and were compliant to protocols, all of which are very valuable 

in acknowledging the clinical benefits of filter use. However, these studies overlook any 

precipitation that has arisen following incompatibility. How valuable the filter is 

particularly when incompatibility arises has not been established.  

1.2 Research problems 

From this body of literature, at least three problems have been identified to show why this 

study on drug incompatibility in critically ill patients is important. Firstly, concomitant 

drug administration is inevitable. Secondly, when incompatibility occurs, particularly in 
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children, the negative impact would worsen the condition of the patient, even to the point of 

fatal effects. Thirdly, the review of the previous literature has revealed a lack of data on 

compatibility studies which have mimicked routine hospital practice and management for 

the prevention of incompatibility.  

Critically ill patients usually suffer from numerous and severe disease states that 

require multiple medications (Gikic et al., 2000). A critical care patient typically receives 

more than 10 medications, with this increasing up to 15 medications in children, of which 

70% are intravenous (IV) (Gikic et al., 2000). Complex disease states, an abundance of 

medication and limited venous access bring consequences for the concomitant delivery of 

IV medications which result in incompatibility (Myhr, 1985). Furthermore, with the higher 

amounts of IV drugs, this increases the potency of incompatibility.  

Drug incompatibility is problematic in critical care. Even though the prevalence of 

incompatibility was reported as not being as high as errors in drug preparation or drug 

administration (Kanji et al., 2013; Taxis & Barber, 2004), the risk invites more deliberation 

and is mostly categorised as high risk (Bertsche et al., 2008; Taxis & Barber, 2004). 

Incompatibility can be implicated in local reaction, therapeutic failure and higher 

morbidity, right through to fatal effects (M. C. Allwood, 2000; Nemec et al., 2008). 

Mortality can develop from precipitation, which can lodge in the macrovascular or 

microvascular systems and induce organ damage (Kirkpatrick et al., 1996). The other 

consequence is that precipitation also induces technical problems and may have 

implications in relation to prolonging the length of stay (LOS) and increasing costs 

(Boehne et al., 2013; Jack et al., 2010). In children, the impact is more hazardous with 

regard to: difficulties in obtaining venous access and the smaller diameter of veins 

(Kalikstad et al., 2010); differences in the pharmacokinetic profile and incomplete organ 
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development (Shargel et al., 2004); and restriction in the fluid volume (Wedekind & Fidler, 

2001). These points demonstrate that incompatibility is not a simple matter and that it must 

be addressed.  

Unfortunately, incompatibility is often under-recognised by practitioners. The study 

from Bertsche et al. (2008) identified that health practitioners commonly have a knowledge 

deficit on incompatibility and on how to avoid it. Shay, Farm, and Jarvis (1997) assumed 

that unexplained respiratory and cardiovascular disorders in critical care are likely to be 

correlated with precipitation as a result of incompatibility. It is evident that practitioners 

have rarely realised the incidence of incompatibility.  

Furthermore, Kanji et al. (2010) suggested that the high prevalence of 

incompatibility was influenced by the paucity of information and the lack of bedside 

guidelines for clinicians. However, an international guideline for incompatibility prevention 

has not been found (Perez et al., 2015). In addition, studies on drug compatibility in 

critically ill paediatric patients are also under-reported (Wedekind & Fidler, 2001). 

Kalikstad et al. (2010) found only 4% (33/820) of co-infusions were fully documented.  

It was noted that information in the literature often cannot be applied to conditions 

in practice for several reasons. Firstly, current studies have used different drug 

manufacturers, excipients, pH levels, concentration, device and circumstances, such as 

temperature, light and humidity (Gikic et al., 2000; Kalikstad et al., 2010). Secondly, most 

incompatibility documentation only refers to testing between two medications (Nemec et 

al., 2008), whilst compatibility in the administration of three or more medications that is 

actually common in ICU is under-studied (Nemec et al., 2008). Thirdly, most compatibility 

studies have been conducted using the static approach rather than the dynamic approach 

(Lawrence A Trissel et al., 2011). The dynamic approach seems to be significant and 
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produces dissimilar results to those obtained from the static approach (Husson et al., 2003a; 

Servais & Tulkens, 2001). Moreover, more than 60% of medication for critical care patients 

is delivered by continuous or intermittent IV administration (Biswal, Mishra, Malhotra, 

Puri, & Pandhi, 2006). Indeed, continuous IV administration is situated in a dynamic site at 

a specific rate rather than using the static approach. One previous finding has suggested that 

the dynamic approach results in differences in compatibility (Humbert-Delaloye et al., 

2013). Unfortunately, not many studies have been identified as using the dynamic 

approach. In future work, the evaluation of drug compatibility should be adjusted to 

conditions in local hospitals.  

Furthermore, currently there is still limited evidence related to the management of 

incompatibility (Bertsche et al., 2008; Fonzo-Christe, 2011). Avoiding the concurrent 

administration of medication is one possible way, but this is not realistic considering the 

condition of critical care patients who require multiple IV drug delivery and have limited 

vasculature. The compatibility tool approach, including a pH colour code system, cross-

tables/charts, software and databases are usually easy for practitioners to use (Fonzo-

Christe, 2011; Kahmann et al., 2003). These tools are useful for preventing the concurrent 

administration of incompatible medications. Meanwhile, frequently in critical care, it is 

impossible to avoid the simultaneous delivery of incompatible IV drug combinations. 

Studies are therefore needed on preventing the risk of incompatibility when simultaneously 

administering incompatible drugs. 

Thus, there is a gap for a study of drug incompatibility in a dynamic setting which is 

mimicking real hospital practice, and, moreover, is in the Indonesian setting. In Indonesia, 

drug use in critical care that is associated with incompatibility is really under-studied. One 

study has found that 11.76% of patients acquired drug incompatibility in adult intensive 
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care (Apryliani & Suwaldi, 2013). Therefore, in the opinion of the researcher, a controlled 

in vitro study should be conducted using a dynamic situation that mimics the common 

situation in clinical practice in order to directly answer the real problem of drug 

incompatibility in hospitals. 

1.3 Research questions 

Based on this background, this research posits a central question: what is the extent of the 

incompatibility problem in Sardjito Hospital? This is followed by two questions: does the 

routine practice in PICU Sardjito result in incompatibility; and how can it be managed?  

1.4 Aims of study 

Inevitably, Indonesian hospitals should have a system to achieve medication safety and this 

project aims at quality improvement mainly through the mitigating of incompatibility 

problems. The publications of intravenous medication are still limited to incidence of errors 

in general. Identifying these problems and questions and developing ways in which to 

respond have led to the objectives of this research. Identifying these problems and 

questions and developing ways in which to respond have led to the objectives of this 

research. This study generally aims to delineate the potential incompatibility that may arise 

in PICU Sardjito; to confirm the safety of routine work in the hospital in relation to 

potential incompatibility through laboratory experiments; and to examine flushing and use 

of a filter for preventing incompatibility. 

In light of the above points, this study is divided into five parts: 

Part 1: Potential Incompatibility Problem: A Case Study in a Paediatric Intensive 

Care Unit  

The objectives were:  
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1. To identify the pattern of drug use in PICU, Sardjito Hospital 

2. To develop a pattern of the main medication groups in PICU, Sardjito Hospital 

3. To identify the potential problem of incompatibility that is occurring in PICU, 

Sardjito Hospital and to identify the information gap in the database to solve the 

problem of incompatibility 

4. To know the common management for the prevention of incompatibility in PICU, 

Sardjito Hospital 

Part 2: Compatibility of Sedatives, Analgesics and Inotropes diluted in 5% Glucose 

Solution after Reconstitution in Syringes  

The objectives were: 

1. To examine the physical and chemical compatibility of sedatives, analgesics and 

inotropes after reconstitution  

2. To examine “beyond use-by date” of sedatives, analgesics and inotropes after 

reconstitution through laboratory experiments 

Part 3: Chemical Compatibility of Simultaneous Infusion during Administration 

using “A Typical Patient Model”  

The objectives were: 

1. To validate a dynamic approach as “a typical patient model” for compatibility assay 

2. To examine the chemical compatibility of the top five of simultaneous infusions 

using a dynamic approach 

Part 4: Physical Compatibility of Infusions and Injection using “A Typical Patient 

Model”.  

The objectives were: 



41 
 

1. To evaluate and justify the ability of visual inspection for detection of 

incompatibility as is the hospital practice 

2. To assess the physical compatibility of infusions and injection using common 

practice by visual inspection and microscopy 

Part 5: Flushing and Use of a Filter for Prevention of Incompatibility using “A 

Typical Patient Model”  

The objectives were: 

1. To investigate the influence of a filter in preventing precipitation and reducing the 

flow rate 

2. To investigate the benefit of flushing to reduce precipitation using different volumes 

of flushing, as well as to demonstrate the optimal volume for pre-medication 

flushing and post-medication flushing 

1.5 Thesis statement and significance 

It is unavoidable and inevitable that Indonesian hospitals should have a system to achieve 

medication safety. This research is aimed at quality improvement mainly through the 

identification and mitigation of drug incompatibility problems. Unfortunately, 

incompatibility continues to receive less attention in Indonesian hospitals. There are no 

incompatibility reports or publications on compatibility written in Indonesian, particularly 

in paediatric critical care. The incompatibility databases may have discrepancies in the real-

life setting. This study contributes to the body of knowledge by using a different 

methodology that more closely mimics real hospital practice. This study is important to 

clinical practice because the results are more easily implemented directly, particularly in 

Sardjito Hospital or other Indonesian hospitals.  
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This study is proposed as being beneficial for practice in the hospital pharmacy. 

Firstly, this study provides a preliminary understanding of incompatibility studies in an 

Indonesian hospital. Even though this study does not describe the incidence of 

incompatibility, it examines practice which potentially leads to incompatibility, identifying 

commonly used medication groupings, and also discovering the most common problems 

experienced by pharmacists and nurses as health professionals in drug admixture and 

preparation. It not only describes the nature of potential incompatibility but also the real 

problem at the point of care. Secondly, the information on the stability of the IV admixture 

is valuable in assuring its safety in storage after reconstitution which is routinely done in 

hospital. Furthermore, this study assesses incompatibility in the Y-site using “a typical 

patient model” to closely mimic the hospital practice setting. The evaluation of the 

procedure that mimics real practice in clinical settings should provide the optimal method 

for determining whether IV drug administration practice in the hospital has been 

appropriate. The findings from these studies can be readily used in the daily practice 

setting. Finally, this research provides benefits from its examinination of flushing and use 

of a filter to mitigate the risk of incompatibility. In addition, the research addresses the gap 

in data on the stability of the IV admixture after reconstitution; the gap in previous 

incompatibility research by using the approach and distinct methodology of “a typical 

patient model”; and also the gap in knowledge on the benefits of flushing and use of a filter 

for concomitant incompatible drug administration.  

1.6 Structure of thesis 

This research has been performed through tiered stages with the results reported in the 

previous chapter of the thesis forming the basis of the next chapter. This thesis is divided 

into seven chapters. This chapter, Chapter 1, consists of four sections including the 
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literature review, research problems, research questions, research objectives, research 

statement and significance, as well as the thesis structure. Chapter 2 presents the 

preliminary study to describe the incompatibility problem in the PICU, Sardjito Hospital 

setting. In addition, this chapter is the basis for prioritising the medications tested and the 

set-up of the laboratory study. Chapter 3 examines the compatibility assay in the laboratory 

for the IV admixture. The study on the dynamic assay is described and presented in 

Chapters 4 and 5. Chapter 4 evaluates the chemical compatibility of simultaneous infusions, 

whilst the physical compatibility of co-infusions with injection is discussed in Chapter 5. 

Chapter 6 provides an investigation of the benefits of flushing and use of a filter to manage 

incompatibility. Lastly, Chapter 7 presents a general conclusion from the entire findings, as 

well as recommendations for hospitals regarding the incompatibility issue. In addition, it 

proposes further research directions in this area.  
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Figure 1.1 Step by step outline of this study

Step 1 

Observational phase 

(Medication groupings and routine 

practice) 

 

Setting up “a typical patient model” 

using a dynamic approach 

Step 2 

Incompatibility testing in IV admixture  

Step 3 

Incompatibility testing using “a typical 

patient model” in Y-site 

 

Step 4 

Examining flushing and use of a filter 

to prevent incompatibility 
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CHAPTER 2:  

POTENTIAL INCOMPATIBILITY PROBLEMS – A CASE STUDY IN THE PAEDIATRIC 

INTENSIVE CARE UNIT (PICU) OF AN INDONESIAN TEACHING HOSPITAL 

 

2.1 Introduction 

As shown in the previous chapter, drug incompatibility is liable to cause error, harm and/or 

fatal effects (Bradley et al., 2009; Taxis & Barber, 2004; Tissot et al., 1999). However, 

little concern has been expressed about intravenous (IV) drug compatibility in small 

hospitals (Apryliani & Suwaldi, 2013; Dedy & CJP, 2001). Moreover, the available 

information on incompatibility from the literature often cannot be applied directly in a 

critical care setting due to the dissimilarities of characteristic formulation among countries 

and manufacturers; in addition, the information only refers to testing between two drugs 

(Gikic et al., 2000; Nemec et al., 2008). A recent study has suggested that pharmacists 

should evaluate drug compatibility in their hospital (Bertsche et al., 2008). However, to the 

best of the investigator’s knowledge, such a study is currently not available in Indonesia, 

other than an observational study on IV admixtures (Almasdy & Siregar, 2002) and a study 

on the phlebitis risk from inappropriate IV drug administration (Apryliani & Suwaldi, 

2013).  

In a critically ill patient, it is often necessary to administer various IV medications 

through a single syringe/infusion bag or single line. Understanding IV drug admixtures and 

IV medications, which flow together in a Y-site, will help to develop a classification of 

drug groups that might be incompatible with each other. Unfortunately, drug use patterns in 

ICUs have usually been evaluated based on single use rather than as concomitant drugs; 

thus, drug compatibility is difficult to evaluate (Biswal et al., 2006; Tavallaee, Fahimi, & 
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Kiani, 2010). Every country seems to have different profiles for drug use in critical care 

which leads to further complications in the assessment of drug incompatibility (Kanji, Lam, 

et al., 2010; Soliman, Melot, & Vincent, 2001). This leads to a prioritisation of the drugs 

for which critical study on drug compatibility is necessary. 

The issues addressed in this chapter are: (1) what is the drug use pattern in PICU? 

(2) what medication groups potentially carry the risk of incompatibility in PICU? (3) can a 

database solve the incompatibility problem in the real-ife setting particularly in Indonesia? 

and (4) what is the real problem of incompatibility, as faced by practitioners, and how do 

they solve the incompatibility problem? This preliminary study is used as the basis for 

identifying the problem of incompatibility in a real paediatric critical care setting, namely, 

PICU, Sardjito Hospital, Indonesia, as a starting point for a more formal laboratory 

evaluation.  

2.2 Methods 

2.2.1 Study approach 

The setting of this research was the PICU in Sardjito Hospital in Indonesia. This hospital is 

a tertiary teaching hospital and is one of the top five hospitals in Indonesia. It is a referral 

centre for other smaller hospitals, particularly in Yogyakarta and Central Java, Indonesia 

(see Figure 2.1).  

This was primarily a retrospective and observational study using cross-sectional 

design (Dahlan, 2008). This study was designed to: (1) investigate the demographic profile 

of PICU Sardjito; (2) identify the pattern of single and concomitant drug usage; and (3) 

identify the potential compatibility problems. A simple questionnaire was developed to 

obtain factual data on the perceptions of nursing and medical staff in relation to the 

problem of drug incompatibility in PICU Sardjito (see Table 2.1). Furthermore, bedside and 
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pharmacy observation was performed by the investigator to elucidate more detail on how 

drug products were prepared and administered.  

2.2.2 Ethics clearance 

Ethics approval for this study was granted by Charles Sturt University Human Research 

Ethics Committee (CSU HREC) on 18 September 2013 (2013/173) (see Appendix 2.1). In 

addition, approval was also granted by Gadjah Mada University Human Ethics Committee 

(GMU HEC) on 31 July 2013 (KE/FK/733/EC) to fulfil the ethics clearance requirements 

of Sardjito Hospital (see Appendix 2.2).  

After receiving the ethics approval notification from CSU HREC and GM HEC, the 

management at Sardjito Hospital gave approval for the research to be performed in PICU 

Sardjito (see Appendix 2.3). Specifically, permission was received for the investigator to: 

(1) gain access to the hospital medical records of PICU Sardjito related to medication (for 

the period 1 June 2012–30 September 2013); (2) observe activities at the bedside in PICU 

Sardjito (for the period 1 October 2013–31 October 2013); and (3) observe the product 

preparation procedure performed in the Sardjito Hospital pharmacy (for the period 

1 October 2013–31 October 2013). All information obtained was de-identified, in order to 

maintain patient confidentiality. 

2.2.3 Data collection 

Several steps for data collection were developed. Firstly, medical records covering a long 

period of time were retrieved manually to gain an adequate illustration of typical 

demographic and medication information about past patients in PICU Sardjito. Secondly, 

information from the pharmacy was also traced to obtain the characteristics involved in the 

manufacture and the type of each IV drug and medical device. Thirdly, bedside 
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observations in PICU Sardjito were conducted to obtain broader information on the 

preparation and administration of medications delivered simultaneously and on the 

management of potential incompatibilities. Fourthly, a simple questionnaire was given to 

nurses and residential doctors who are involved in drug preparation and administration. 

This was used to demonstrate the nature of the incompatibilities that they encounter and to 

assess the management and/or prevention of incompatibilities. In summary, the medication 

records, pharmacy records, bedside observations and questionnaires were analysed to 

capture an overall picture of the incompatibility problem and current prevention strategies, 

and finally to inform the establishment of the laboratory research work described in 

Chapters 3, 4, 5 and 6.  

Therefore, data were gathered from multiple sources including retrieval of medical 

and pharmacy records, as well as questionnaires and bedside observation. These data 

sources can be described as providing primary data from the questionnaire and bedside 

observations, with secondary data being collected from the medical and pharmacy records. 

1. A simple questionnaire was distributed to nurses and residential doctors in PICU 

Sardjito to gain more factual information about the occurrence of drug 

incompatibilities, and how the problems were managed by the medical staff. An 

English translation of the questionnaire is provided in Table 2.1. In addition to the 

questionnaire, an information sheet was given to the medical staff explaining the 

purpose of the research: the information sheet is provided in Appendix 2.4 and 2.5. 

Although the documents provided in this thesis are in English, the medical staff 

received Indonesian translations. It was considered that qualitative data from 

questionnaires would usefully supplement and extend the quantitative data obtained 

from reviewing the medical records. 
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Table 2.1 List of questions from questionnaires for health practitioners in PICU Sardjito 

No Questions  

Part 1. Problem of incompatibility 

1. Duration of work in PICU Sardjito 

2. Have you ever observed drug incompabilities in PICU? 

3. How often have you observed drug incompatibilities within the last month? 

4. Have you observed an infusion line occlusion? 

5. How often did you observe an occlusion within the last month? 

6. Were those occlusions associated with incompatibility? 

7. What medications have you observed drug incompatibilities with? 

8. What incompatibilities have proved hard to manage? 

Part 2. Management of incompatibility 

9. Is there any protocol for preventing incompatibility? 

10. How can you manage the incompatibility or an infusion line occlusion? 

11. In relation to drug incompatibility, who has responsibility to solve this 

problem? 

12. What reference do you use to have a look at information regarding 

incompatibility? 

 

2. Complete and clear information related to the administration of drug products was 

elucidated from bedside observations from October–November 2013 using a 

standard data sheet (see Table 2.2). 

Table 2.2 Data sheet for drug preparation and administration during bedside observation in 

PICU Sardjito  

Route Drug Dilution Concentration Condition of 

Preparation 

Administration 

      

 

3. Medical records were retrieved for the period between 1 June 2012 and 

30 September 2013 to determine the drugs commonly employed and to identify 

potential incompatibilities. The data were recorded using standard data sheets with 

an example of a single line from a data sheet shown in Table 2.3. 
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Table 2.3 Data sheet for drug administration from medical records in PICU Sardjito 

Injection Drug Infusion 

Administration 

Time 

Drug Dose Route Drug Dose Flow 

Rate 

Route 

(Y-site) 

        

 

In addition to this information, more detailed demographic and medical information 

was also extracted from the medical records (see Table 2.4).  

Table 2.4 Data sheet for patient demographics from medical records 

No  

Age  

Admission date  

Early diagnosis  

Final diagnosis  

Longer treatment  

Outcome  

Cause of death  

 

2.2.4 Operational definitions for drug administration 

At PICU Sardjito, it may be necessary to give a (hypothetical) patient, drug A at 5.00am, 

drug B at 6.00am and drug C at 7.00am. To make the administration process more 

manageable, these three drugs may be given consecutively (i.e grouped) at a single 

administration time, perhaps 6.00am. This is referred to as the “single time of 

administration (STA)”.  

During bedside observations at PICU Sardjito, the investigator found that all 

patients were cannulated upon admission, with any drug administrations then using that 

entry port with the appropriate addition of stopcocks and Y-connectors. Meanwhile, other 

IV fluids, such as parenteral nutrition, blood, mannitol or colloids, for example, albumin, 

were usually given through another access route. Thus, the term ‘infusion–infusion’ means 

that the infusion drugs were given simultaneously in the Y-line.  
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The time of drug administration, particularly for intermittent or bolus IV 

administration, was usually at one or more STAs; at 6.00am, 10.00am and 1.00pm, and at 

6.00pm and 10.00pm. At any STA, the intermittent or bolus IV was injected sequentially 

through the extension in the same tubing used for infusion. Thus, the term ‘injection–

injection’ means that the injections were given consecutively at one STA. 

2.2.5 Data analyses 

Data collected from the medical records were transcribed into Microsoft (MS) Excel 

spreadsheets. To ensure that there were no missing data, the spreadsheets were checked 

several times. The incomplete sets of data were excluded.  

Categorical and numerical variables of patient characteristics were expressed as 

frequencies and mean ± standard deviation (SD), respectively. The variables that had an 

association with the outcome were analysed using binary logistic regression, with outcome 

as a dependent factor that was categorised into two responses: survived and not survived 

(Dahlan, 2008). This analysis predicted the correlation of independent factors with 

dependent factors simultaneously. Independent variables included in the analyses were 

diagnosis, age, length of stay (LOS) and number of drugs both per STA and per day. 

Significant variables were identified using the p-value and odds ratio (OR) with a 95% 

confidence interval (CI). The p-values <0.05 were considered as significant and odds ratio 

(OR) with a 95% confidence interval (CI) described the contribution of the independent 

variable to the outcome.  

In addition, variables related to the number of administered drugs were analysed 

using a general linear model with the multivariate analysis approach (Dahlan, 2008). 

Significant variables were identified using p-values with a 95% confidence interval (CI) in 

which p-values <0.05 were considered as significant. 
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Data regarding medication use were limited to drugs via continuous infusion and 

intermittent or bolus IV drugs. Frequency of drug use was counted per the same STA and 

per day. Drug utilisation and the number of medication groups were measured by 

proportion and central tendencies. The statistical analyses of the data were performed with 

the Statistical Package for the Social Sciences (IBM® SPSS Version 21.0). 

2.3 Results and discussion 

2.3.1 Overview of PICU, Sardjito Hospital, Yogyakarta, Indonesia 

The Republic of Indonesia, known simply as Indonesia, has more than 17,000 islands 

including five major islands, namely, Java, Sumatra, Kalimantan, Sulawesi and Papua 

(wikipedia, 2004). The population of Indonesia is more than 230 million, of which 

approximately 152 million (57.5%) live on the island of Java. Of those, about 3.5 million 

people live in Yogyakarta, with more than 32 million in Central Java (BPS, 2011).  

Although, as at 1 October 2014, there were 986 general hospitals and 

448 specialised hospitals in Indonesia (Kemenkes, 2014), there is a very large disparity in 

the delivery of health care services in rural and metropolitan areas. Sardjito Hospital, 

located in Yogyakarta, is a major referral hospital for people living in Yogyakarta and 

Central Java (Kemenkes, 2014). For particular treatments, such as radiotherapy, Sardjito 

Hospital often provides services to people from other islands and not just from Java (see 

Figure 2.1).  
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Figure 2.1 Location of Sardjito in Yogyakarta, Indonesia (ICTEE, 2013)  

 

Sardjito Hospital has four intensive care units (ICUs): adult ICU, neonatal ICU, 

paediatric ICU (PICU) and also a burns ICU. PICU Sardjito has 12 beds with 22 nurses, 

four medical doctors and 10 residential doctors. Medication distribution is decentralised, 

with one satellite pharmacy servicing the four ICUs. The satellite pharmacy operates 

24 hours per day divided into three shifts. Each shift employs 3–10 pharmacy technicians 

and one pharmacist in charge (only in one shift from 8am until 3pm). There is no clinical 

pharmacist involved in the ICUs. The IV medications are prepared and administered by the 

nurses, except for some parenteral nutrition and cytotoxic products which are prepared in 

another satellite pharmacy, the production unit. 

2.3.2 Profile of patient characteristics in PICU Sardjito 

The information on patient characteristics was extracted and assessed to develop an 

overview of the critically ill patients associated with outcomes and the number of 

administered drugs. Information extracted from the medical records showed that there were 

231 patients in PICU Sardjito from 1 June 2012–30 September 2013. However, only 

212 patients had complete data sheets showing their age, diagnoses, length of stay (LOS) in 

hospital, drugs received and health outcome. Nineteen patients were excluded due to 
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incomplete data on drug use and health outcome. The patient demographics are important 

for identifying the possible factors, including the number of drugs, likely to be associated 

with the patient outcome.  

Patients in PICU Sardjito were mostly admitted with a primary diagnosis of 

infection (39.6%) followed by congenital diseases (27.8%), dengue shock (12.7%), 

autoimmune diseases (8.1%), trauma/surgery (6.6%) and malignancy (5.2%). Pneumonia 

and meningitis were the major types of infection. The average patient’s age was 

4.9 ± 5.5 years and approximately half (50.9%) were infants, about one-third (32.1%) were 

children and 17% were adolescents. There was a wide range of lengths of stay (LOS), from 

a short time (less than 48 hours) up to 28 days, with the average LOS of 7.7 ± 7.5 days. The 

majority of patients (42.9%) stayed for 2–7 days. 

In considering the potential for incompatibility, the number of drugs administered is 

crucial, particularly the number of drugs given at the same time. Patients in PICU Sardjito 

were administered from 1–6 drugs at one STA. Most patients (32.5%) received four drugs 

concurrently (Figure 2.2), but clearly administration of two or three drugs was also very 

common. If the multiple drugs were given by simultaneous infusions and injections, then 

clearly the risk of incompatibility increases. 
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Figure 2.2 Number of patients in PICU Sardjito based on the number of drugs at one STA 

from 1 June 2012–30 September 2013 

 

The number of drugs in one day was counted based on the number of different drugs 

delivered within one day. The number of different drugs in one day was mostly 79 drugs in 

49.5% of patients (see Figure 2.3). This did not include other IV fluids, such as parenteral 

nutrition, blood, mannitol or colloids (e.g. albumin), which were usually given through 

another access route.  

 

Figure 2.3 Number of patients in PICU Sardjito based on the number of drugs per day from 

1 June 2012–30 September 2013 

 

Unfortunately, the survival rate at PICU Sardjito is low (17.5%). Figure 2.4 shows 

the prognosis in the seven top causes of admission at PICU Sardjito in which the best 
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survival rate was for dengue shock (40.7%), the third highest cause of admission. Although 

tumor and malignancy were only the causes of 5.2% of admissions, they had a 0% survival 

rate. 

 

Figure 2.4 Percentage of survivors associated with primary diagnoses in PICU Sardjito from 

1 June 2012–30 September 2013 

 

The highest survival rate was found in infants (20.4%) followed by children 

(16.2%) and adolescents (11.1%) (see Figure 2.5).  

 

Figure 2.5 Percentage of survival rate based on age in PICU Sardjito from 1 June 2012–

30 September 2013 

 

Overall, the mortality rate from 1 June 2012–30 September 2013 was 82.5%. There 

was a very strong correlation between short LOS in PICU Sardjito and very high mortality 

0.00

20.00

40.00

60.00

80.00

100.00
Fr

eq
u

en
cy

 (
%

)

Primary Diagnosis

not survived

survived

0.00

20.00

40.00

60.00

80.00

100.00

Infant Children Adolescent

Fr
eq

u
en

cy
 (

%
)

Age Category

not survived

survived



57 
 

rate (see Figure 2.6). Those patients who stayed for 2–7 days had the best survival rate; 

however, if the duration of stay was more than seven days, the mortality rate increased 

again. This finding is comparable with other studies. Even though data on mortality rates in 

Indonesia are under-evaluated, previous studies have found the death rate could be greater 

than 50% (Dewi, 2009; Praptiwi, Mulyo, Iskandar, & Suryatin, 2013; Saraswati et al., 

2014).  

 

Figure 2.6 Percentage of survivors associated with length of stay in PICU Sardjito from 

1 June 2012–30 September 2013 

 

In other developing countries, such as India, Brazil and Pakistan, PICUs have death 

rates of less than 20% (El Halal, Barbieri, Mombelli Filho, de Andrade Trotta, & Carvalho, 

2012; Ghaffari, Abbaskhanian, & Nazari, 2014; Khan, Maheshwari, Masood, Qamar, & 

Haque, 2012). Moreover, the mortality rate in the current study was far higher than reported 

in recent studies on developed countries: less than 15% in Australia (Alexander, Slater, & 

Woosley, 2011), 1.4% in Iran (Fallahzadeh et al., 2015) and 6.5% in China (Wu, 2014). In 

developed countries, the average mortality rate was less than 10% (Alexander et al., 2011).  

Clearly, the mortality rate in Indonesian PICUs is worse than in many countries, 

with several research studies proposing different explanations. Dewi (2009) has correlated 

the high mortality with a poor level of service, whereas Saraswati et al. (2014) stated that 
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the high mortality rate in Indonesia may be related to malnutrition. Particularly in relation 

to high death rates in the first two days after admission, Arias (2004) attributed the high 

death rate to bad service in emergency care (in the PICU) and the severity of disease on 

admission.  

From the review of the medical records in PICU Sardjito, it was very common for 

patients to receive multiple drugs during their stay. Averaged across all causes of 

admission, the survival rate versus the number of drugs at one STA is shown in Figure 2.7. 

It would appear that patients who received three drugs or less per one STA had a better 

survival rate than patients who received more than three drugs. The reason could be that 

patients who needed three or more drugs were in a more serious condition and had a 

reduced chance of survival or, conversely, that simultaneous administration of more than 

three drugs reduced their chance of survival. 

 

 

Figure 2.7 Percentage of survivors associated with number of drugs per STA in PICU 

Sardjito from 1 June 2012–30 September 2013 
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symptoms. In tracing the medical records, two patients in PICU Sardjito were found to 

have died within 24 hours with an unexplained respiratory distress syndrome. However, 

this finding cannot be conclusive until there is evidence of post-mortem analysis showing 

that the cause of death was attributable to the incompatibility risk.  

2.3.2.1 Multivariate analysis for interaction amongst variables 

Analysis by binary logistic regression was conducted to evaluate the simultaneous factors 

contributing to the patient outcome, as presented in Table 2.5. The results showed that the 

LOS and the number of drugs at one STA were significantly associated with the outcome: 

the greater the number of administered drugs, the higher the mortality rate. The results from 

further analysis using a multivariate general linear model evaluating the interaction 

between the number of drugs in one STA with the outcome were significant (OR 0.531; 

95% CI 0.352–0.801), as was also the case with the interaction between the number of 

drugs in one day with the diagnosis (OR 4.212; 95% CI 2.125–8.349). 

Table 2.5 Results of factors involved with PICU patient outcomes from 1 June 2012–

30 September 2013 

Factors Sig* Odds 

Ratio 

95% Confidence 

Interval 

Primary diagnosis 0.085 0.808 0.634-1.030 

Age 0.189 0.683 0.387-1.205 

LOS 0.003 0.531 0.352-0.801 

Number of drugs per one STA 0.000 4.212 2.125-8.349 

Number of drugs per day 0.128 2.010 0.817-4.946 

 *Output of binary logistic regression with outcome as dependent factor 

 

The result of analysis by binary logistic regression confirmed the finding of the 

previous study by Tavallaee et al. (2010), that outcome was influenced by LOS and number 

of drugs at one STA. Naghib, van der Starre, Gischler, Joosten, and Tibboel (2010) showed 
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that longer treatment increased mortality. However, in the latter study, LOS was not 

associated with in-hospital mortality. These results therefore need to be interpreted with 

caution. An odds ratio of less than 1 might be due to the high death rate in stays of less than 

48 hours; consequently, it appears that a shorter duration of stay may be linked to higher 

mortality. Compared to the other variables, primary diagnosis may not be likely to be 

correlated with outcome. This finding supports the previous statement that the morbidity of 

critical care patients during treatment is associated with the complexity of treatment, and 

not only with their primary diagnoses (Moreno et al., 2009).  

The more interesting correlation has been found when multivariate analyses have 

been conducted using the number of drugs as a dependent factor as seen in Table 2.6. This 

analysis concludes that the number of drugs at one STA is related with the outcome, while 

the number of drugs on one day does not have a correlation with the outcome.  

Table 2.6 Results of associations between variables of diagnoses, age and outcome with 

number of drugs administered to PICU patients from 1 June 2012–30 September 2013 

Factors p-value (95% CI)* 

Number of drugs per 

one STA 

Number of drugs per 

day 

Intercept 0.000 0.000 

Primary diagnosis 0.087 0.105 

Age 0.359 0.826 

Outcome 0.007 0.588 

Length of stay 0.752 0.135 

*Output of general linear model using multivariate regression 

 

This finding supports previous studies, which have found an association between 

the number of administered drugs, LOS and therapeutic outcome (Biswal et al., 2006; 

McDonnell et al., 2009). In addition, the finding emphasises that the number of drugs 

administered at one STA seems to involve risks that may be linked with incompatibility. 
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Having several drugs at one STA has the possibility of interacting in the Y-tube and 

inducing incompatibility. Unfortunately, the current study could not show the relationship 

between the number of drugs and the occurrence of incompatibility, and then the 

association between the occurrence of incompatibility and outcome. Nonetheless, there is 

agreement that the potential for incompatibility increases in line with increases in the 

number of drugs in accordance with the factorial rule in mathematics (De Giorgi et al., 

2010). As a result of the increased number of drugs, a high level of variation in 

combinations of those drugs occurs as well as an increase in the absence of knowledge 

about drug incompatibility, both of which become difficulties in properly determining 

incompatibility and safely administering concomitant drugs. The association between the 

number of drugs and mortality rate has been under-evaluated (Biswal et al., 2006; 

McDonnell et al., 2009). Furthermore, to the best of the author’s knowledge, no study has 

been conducted on the correlation between drug incompatibility and outcome.  

2.3.3 Drug use profile in PICU Sardjito 

2.3.3.1 Profile of administration routes 

Critically ill patients are in a bad state due to the disease, its treatment and medical 

intervention. Incompatibility problems may worsen the patient’s condition. This study 

aimed to explore the problem of incompatibility in a clinical setting using medical records 

and a questionnaire for medical staff in PICU Sardjito. The analysis of therapy profiles and 

medical (or pharmacy) records could allow the identification of a problem and the 

formation of new practices to improve services.  

Using pharmacy records, the intravenous (IV) route was identified as the most 

common route (91.9%) as shown in Figure 2.8. The administration of IV drugs was through 

either the central venous catheter (CVC) route or a peripheral venous catheter (PVC) route. 
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The PVC (in this hospital, one lumen) was used approximately 89% of the time, while the 

CVC (in this hospital, a double lumen) was the chosen route approximately 10% of the 

time. The use of the CVC is common for patients with prolonged septic shock and post-

surgery, particularly in cases that involve the gastrointestinal system. The first choice is a 

one-lumen PVC unless the patient is detected as having difficulties, such as phlebitis or line 

occlusion, or if it is necessary to have a longer period of access.  

 

 

Figure 2.8 Percentage of administration routes in PICU Sardjito from 1 June 2012–

30 September 2013 
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2.3.3.2 Profile of single drug use  

Figure 2.9 presents the proportion of various classes of IV drugs used in PICU Sardjito, 

with the least administered being insulin and antivirals, each of which was used by 5% of 

patients. The drugs that were most frequently administered were antibiotics (95%), 

followed by analgesics (79%) and sedatives (63%). This finding (see Figure 2.9) correlated 

with infections as the most common cause of admissions at PICU Sardjito: the majority of 

infections are bacterial (most commonly, pneumonia as mentioned previously) that require 

antibiotic therapy with analgesic and sedative support. A small proportion of patients 

admitted with infection were suffering from meningitis requiring antiviral therapy.  

 

 

Figure 2.9 Percentage of patients receiving various classes of intravenous drugs in PICU 

Sardjito from 1 June 2012–30 September 2013 
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Biswal et al. (2006) and Tavallaee et al. (2010) showed that antibiotic therapy was 

very important in ICUs and, consequently, that it was responsible for 50% of the total 

budget for ICUs in developing countries. In addition to their primary diagnosis, critically ill 

patients are also likely to acquire further infections in hospital (known as nosocomial 

infections), such as ventilator-associated pneumonia (VAP), catheter-related bloodstream 

infection (CRBSI), catheter-associated urinary tract infection (CRUTI), wound infections 

and also sepsis (Sarin, Vadivelan, & Bammigatti, 2013). Drug incompatibilities also may 

induce phlebitis and infection, with CRBSI particularly likely. Although no studies have 

demonstrated that antibacterial or antifungal drugs can reduce the incidence of CRBSI 

among adults, these drugs may be beneficial in infants. However, their use does not 

decrease the mortality rate (O'Grady et al., 2011). Another frequently used injection is anti-

ulcer treatment (45% in PICU Sardjito): it is recommended for critical care paediatric 

patients with respiratory failure, coagulopathy or thermal injuries as well as paediatric 

patients with a higher risk or mortality (Erstad et al., 1999). Diuretics were also relatively 

frequently used at PICU Sardjito (43%), as these are recommended for oedema, acute renal 

failure, cardiac failure and head injury (Cabrini et al., 2011)  

2.3.3.3 Profile of number of drugs given at STA 

The risk of incompatibility increased with the number of drugs grouped at one STA. Often, 

as the length of stay (LOS) in PICU Sardjito increased, patients were prescribed additional 

drugs and therefore received more drugs in the group at each STA. There is a tendency to 

increase the number of drugs used during longer PICU admissions. As shown in 

Figure 2.10, the linear regressions of the number of drugs grouped per STA versus days in 

hospital showed regression coefficients of R2=0.462 for infusions and R2=0.691 for bolus 

injections. This finding supports a previous study which found that the number of drugs 
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increased on the second and subsequent days of admission with R2=0.58 (Biswal et al., 

2006).  

   

Figure 2.10 Number of drugs used per one STA by day in PICU Sardjito from June 2012–

30 September 2013 
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line (infusion–infusion) or consecultively at one STA through one extension (infusion–

injection). As mentioned previously, the concurrent administration of drugs within a STA 
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various analgesic, sedative and inotropic drugs. Other combinations and different drug 
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observation period) and are not shown in Figure 2.11. The most frequent groups of drugs 
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given by infusion were morphine + midazolam (15.6% frequency); morphine + fentanyl + 

midazolam (9.4% frequency); and morphine + fentanyl + dobutamine (6.6% frequency). 

 

Figure 2.11 Top 20 simultaneous infusions in PICU Sardjito from 1 June 2012–30 September 

2013 
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pain relief, and it is possible to reduce adverse effects such as nausea and vomiting (Huh, 

Jung, White, & Jeon, 2010; Playfor et al., 2006).  

The second most frequent grouping was morphine + fentanyl + midazolam. 

Fentanyl and midazolam are also frequently combined, although not as often as morphine 

and midazolam. Fentanyl has higher analgesic potency compared to morphine (Playfor et 

al., 2006). Fentanyl is a choice for critical care patients with haemodynamic instability. 

Midazolam reduces fentanyl-induced rigidity which interferes with respiration during 

anaesthesia (Neidhart, Burgener, Schwieger, & Suter, 1989).  

The third most frequent grouping was morphine + fentanyl + dobutamine. In 

addition to the sedative–analgesic combinations in the two most frequent groups, the 

combination of sedative/analgesic with inotrope was also extensively used in PICU 

Sardjito. The addition of fentanyl to morphine increases the analgesia effect up to 100 times 

(Playfor et al., 2006). Fentanyl can decrease the release of histamine, so it compensates for 

this effect of morphine which may result in severe hypotension (Playfor et al., 2006). The 

reasons for the usage of dobutamine are that it is effective, selective, titrable, relatively 

inexpensive and familiar to intensivists (Bellomo, 2008). Dobutamine selectively induces 

cardiac output with little adverse metabolic effect, so it is appropriate for a septic shock 

patient with cardiac arrest (Thackray, Easthaugh, Freemantle, & Cleland, 2002). 

In addition, ketamine was most often found added to midazolam and morphine for 

patients after/with surgery in PICU Sardjito. Ketamine is valued as not only does it have the 

anaesthetic effect but it also has analgesic and sedative properties and has been proven to 

enhance the morphine induced-analgesic effect in surgery patients (Suzuki et al., 1999). 

Furthermore, it is also fast acting and it has been proven that it increases the respiratory rate 

and oxygenation without depressing respiratory function (Miller, Jamin, & Elamin, 2011). 
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The combination of midazolam and ketamine is also safe and effective as a sedative with 

less adverse effects (Parker, Mahan, Giugliano, & Parker, 1997).  

As shown in Figure 2.11, the combination of a sedative with two inotropes, namely, 

midazolam + dobutamine + norepinephrine is the fifth most extensively used in critical 

care. Norepinephrine and dobutamine combined with a sedative, either fentanyl or 

midazolam, were often administered concomitantly in PICU Sardjito. Dobutamine was also 

customarily combined with norepinephrine to ensure the achievement of myocardial 

perfusion. The combination of dobutamine and norepinephrine is superior as an inopressor 

for cardiogenic shock (How et al., 2010). As in the previous explanation, the inotropic 

combination of dobutamine and norepinephrine is most often used, particularly for patients 

with septic shock. The addition of dobutamine increases the cardiac performance index in 

septic shock in comparison to norepinephrine on its own (Martin, Viviand, Arnaud, Vialet, 

& Rougnon, 1999).  

Figure 2.12 shows the top 20 groups of drugs that were given by consecutive 

IV injections at one STA (as opposed to Figure 2.11 that showed infusions). As before, 

there were over 100 observed groups of different drugs, with Figure 2.12 only showing the 

top 20 groups of the common combinations at one STA. As shown on Figure 2.12, the most 

frequent injections administered were combinations of antibiotics or antibiotics with 

analgesics, anti-inflammatories, diuretics and/or anti-ulcer drugs.  
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Figure 2.12 Top 20 intravenous injections given at one STA in PICU Sardjito from 

1 June 2012–30 September 2013 
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(Lawrence A Trissel et al., 2011) and additional primary literature if information was 

absent from the “Handbook on Injectable Drugs”. 

From the previous data in Section 2.3.3, there were 22 IV drugs that were 

extensively used concomitantly, thus leading to the potential for drug incompatibilities. 

Some drugs were given by infusion, namely, dopamine, dobutamine, epinephrine, 

norepinephrine, morphine, midazolam, ketamine and fentanyl. Others were given by IV 

bolus/injection, such as, acyclovir, ampicillin, cefotaxime, chloramphenicol, 

dexamethasone, furosemide, gentamicin, paracetamol, phenobarbital, phenytoin and 

ranitidine. Meanwhile, metronidazole and fluconazole were given through intermittent 

IV administration.  

In addition, based on bedside observations, it was apparent that the use of some 

particular administration techniques, namely, the compatibility of the use of a syringe in 

IV admixtures and Y-site compatibility, particularly for infusion–infusion, infusion–

injection and injection–injection, could lead to problems with drug incompatibility.  

2.3.4.1 Syringe compatibility of reconstituted IV and information gap between the 

literature and practice 

In PICU Sardjito, it was common for sedatives, vasoactive/vasopressors and also opioid 

analgesics to be diluted in 50 mL of 5% glucose solution and given as a micro infusion, 

while antibiotics were generally reconstituted in (sterile) water for injection (WFI) and 

administered by injection. Incompatibility could arise in regard to the inappropriateness of 

the diluent and also the concentration. Table 2.7 shows that 100% of the IV drugs were 

diluted in appropriate diluents according to the database or manufacturer. In addition, 100% 

of infusions were diluted appropriately under the permitted maximum concentration that 
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was indicated as compatible, whilst 20% of injections of acyclovir, ampicillin and 

ranitidine were reconstituted with higher concentrations.  

Table 2.7 Potential incompatibility/instability of IV drug with diluent according to the 

database/manufacturer 

Associated characteristic  % Incompatibility of drug with diluent 

Infusion Injection 

Choice of diluent 0% 0% 

Maximum concentration 0% 20% (3/15) 

a. Percentage is calculated for the same condition in PICU Sardjito versus the database/manufacturer 

based on the total number of the kinds of infusion (8) 

b. Percentage is calculated for the same condition in PICU Sardjito versus the database/manufacturer 

based on the total number of the kinds of injection (15) 

 

Table 2.7 shows that differences in drug concentration were more commonly found 

for injection drugs than for infusion drugs. In PICU Sardjito, dilution for injection was only 

done for special medications such as antibiotic dry powder and those medications that have 

a problem with high concentrations, such as phenytoin and diazepam. The protocol for 

reconstitution does not mention the maximum concentration but instead indicates the dose 

calculation. Hence, there is high potential for risks to occur due to excess concentration, in 

addition to the incompatibility risk.  

In the case of infusions, instability may arise owing to the duration of storage and 

administration of the infusion which is commonly longer than the recommended 24 hours. 

In fact, in PICU Sardjito, heavy workloads have been known to cause reconstitution for 

infusion to be done during the break time of the previous shift: the infusion was then stored 

for several hours prior to the administration time and delivered approximately 24 hours 

later.  

Stability data are important to ensure the achievement of the therapeutic goal. 

Differences between information in the database and the literature compared to conditions 
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in practice will produce discrepancies and misjudgements. Instability may emerge 

following uncontrolled temperature, humidity and light exposure in the hospital. Moreover, 

additives and preservative agents, which commonly vary between manufacturers, also 

influence stability. Furthermore, in relation to incompatibility, a physicochemical reaction 

can arise due to a higher concentration and the type of diluent used. Hence, when applying 

stability data, it is prudent to be aware of the database/manufacturer’s recommended 

concentration, and the preparation and administration required for each medication.  

As shown in Table 2.8, the various discrepancies that occurred between conditions 

in practice and the literature could be problematic. The information gaps that should be 

given special attention in implementing stability data included the database/manufacturer’s 

recommended concentration, as well as the temperature, light and humidity.  

Table 2.8 Information gap in drug stability data in the literature compared to conditions in 

PICU Sardjito 

Drug Information in the literature % Gapa Kind of drugs which has different 

characteristic with tested drug in the 

literature 

Manufacturer and salt form 82.5%  all infusions except fentanyl 

Diluent  12.5%  ketamine  

Concentration  25%  dobutamine, fentanyl, norepinephrine 

Light  25%  dopamine, epinephrine 

Humidityb N/A  

a. Percentage of drugs which have different characteristic with tested drug in the literature 
Percentage is calculated for the same condition in PICU Sardjito versus the literature based on the total 

number of the kinds of drugs 

b. Relative humidity (RH) in database N/A, RH in hospital 70–80%  

 

In terms of matters of concern, firstly, the seven infusions commonly used in PICU 

Sardjito were produced by different manufacturers: only fentanyl citrate was the same 

brand as that used in other stability studies (Lawrence A Trissel et al., 2011). Otherwise, 

the excipients and preservatives from different manufacturers were found to be different in 
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dissolution testing which meant that they were likely to be different in relation to drug 

stability and compatibility (Al Ameri et al., 2012). Pai, Vamshi, Lewis, and Ushasree 

(2013) investigated the significance of reconstitution time between different brands as this 

may be related to the different sources of raw materials resulting in differences in 

dissolution. The other type of salt formed by morphine, morphine hydrochloride (HCl), is 

used in Indonesia; however, most studies have used morphine sulphate (Duafala et al., 

1990; Stiles, Tu, & Allen, 1989).  

Secondly, stability studies on the use of ketamine have investigated its thorough 

dilution in water or in normal saline (NS) for injection (R. F. Donnelly, 2013; Vishnu D 

Gupta, 2001). However, as far as can be established, a stability study investigating 

ketamine diluted in 5% glucose solution has not been undertaken.  

Thirdly, recent stability studies have used lower concentrations of dobutamine (V 

Das Gupta & Stewart, 1984; Patel, Taki, Tunstell, Forsey, & Forbes, 2012), fentanyl 

(Kowalski & Gourlay, 1990) and norepinephrine (Kaushal, Sayre, & Prettyman, 2012; 

Tremblay et al., 2008).  

Fourthly, stability studies of dopamine and epinephrine have been mostly tested 

over a shorter duration than in practice (Carr, Decarie, & Ensom, 2014), at lower 

temperatures (Ghanayem et al., 2001) and while under protection from light (Braenden, 

Stendal, & Fagernaes, 2003). 

In practice, in PICU Sardjito, infusions were stored for several hours prior to 

administration in the ward under ambient conditions (room temperature 26–30ºC, with 

exposure to light and high humidity [70–80%]). Furthermore, even though this was not 

clearly explained, most studies were conducted in countries with lower humidity or in 

accordance with the International Council for Harmonisation (ICH) guideline (RH<60%). 
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However, the humidity in Indonesia is very high. During the study’s observation in PICU 

Sardjito, relative humidity (RH) was 70–80% and room temperature was approximately 

26–28º C.  

2.4.3.2 Y-site compatibility amongst medications and information gap on databases 

The compatibility between two IV drugs extensively used together needs to be considered. 

Y-site compatibility may occur from infusion–infusion, infusion–injection and injection–

injection. Potential incompatibility between two drugs is commonly shown on a two-

dimension chart, with this used to guide administration and, thus, to avoid co-

administration of two incompatible drugs (Manrique-Rodríguez et al., 2012). This chart is 

valuable for quick checking in the ward, but is only applicable for a combination of two 

drugs. 

Based on a two-dimension compatibility chart (see Appendix 2.6), there are 

231 (100%) possible two-drug combinations, 73.6% of which have information available 

on the database: of these, 57.3% are compatible and 16.2% are incompatible. Meanwhile, 

regardless of the brand name, there are still 26.4% of combinations which are missing on 

the database which includes those related to paracetamol, ketamine and phenobarbital. The 

number of missing combinations is lower than in the studies by Wedekind and Fidler 

(2001) and Kanji, Goddard, et al. (2010) who, respectively, found 36% and 40% missing. 

However, Wedekind and Fidler (2001) identified that only 4% of the combinations were 

compatible without restriction. The rest need to be considered with various assay 

conditions, concentrations and pH levels.  

  



75 
 

Table 2.9 Information of drug compatibility in databases and the literature 

Medication Drug Compatibility Number of 

potential 

incompatibility 
Compatible Incompatible No Data Available 

Infusion–Infusiona 24 1 3 28 

Infusion–Injectionb 63 21 28 112 

Injection–Injectionc 45 17 29 91 

Total  132 39 60 231 

Percentage 57.31% 16.21% 26.4% 100% 

 

2.4.3.3 Compatibility amongst medication groups and information gap on database 

In fact, incompatibility hardly ever arises between only two IV drugs administered in 

critical care. The combination or classification of medications in a real PICU is not as 

simple as a two-dimension chart. As previously mentioned, IV medications are mostly 

combined through the meeting of three infusions or of three infusions with an injection. 

The incompatibility of injection–injection can be relatively minimised with flushing. 

Consequently, a compatibility chart that involves infusion groups with injections may be 

more applicable to confirm the incompatibility problem; in this way, it would more closely 

resemble practice. In fact, in a peripheral venous catheter (PVC), several infusions flow in 

each piece of tubing and meet with other infusions or injections in a stopcock or connector 

where this may cause incompatibility. Consequently, the potential for incompatibility 

occurs between infusions and co-infusions with injections. However, incompatibility of 

injection–injection was less likely to occur in PICU Sardjito because flushing was done 

both pre- and post-medication injection.  

Considering the IV drugs simultaneously administered to patients in a PICU, an 

infusions–injections chart seems more appropriate. Previously, Knudsen, Eisend, Haake, 

and Kunze (2014) developed a chart for combinations of more than two drugs. Table 2.10 

has been developed to present a possible compatibility chart, mimicking that experienced in 
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practice by using the “Handbook on Injectable Drugs” and other resources. Unlike a two-

dimension chart, many frames are missing (97.5%; n=120) on this chart. This finding is 

relevant with that of other researchers’ statements in which they indicate that compatibility 

between three or more medications is under-studied (Bertsche et al., 2008; Nemec et al., 

2008; Lawrence A Trissel et al., 1999). 

Table 2.10 Compatibility amongst medication groups, infusion with injection 

Infusion 
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Midazolam, 

Morphine 
C ? ? ? ? ? ? ? ? ? ? ? ? ? ? 

Morphine, 

Midazolam, 

Fentanyl 

C ? ? ? ? ? ? ? ? ? ? ? ? ? ? 

Morphine, 

Fentanyl, 

Dobutamine 

? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 

Midazolam, 

Morphine, 

Ketamine 

C ? ? ? ? ? ? ? ? ? ? ? ? ? ? 

Fentanyl, 

Dobutamine, 

Norepinephrine 

? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 

Midazolam, 

Dobutamine, 

Norepinephrine 

? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 

The question marks indicated that there is no recent compatibility study or information in the 

literature to answer. It shows a need of compatibility study among those combinations. 
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2.4.3.4 Problem of incompatibility faced by health practitioners 

A questionnaire was given to nurses (n=22) and resident medical doctors (n=6) who were 

in PICU Sardjito for more than a month. All 28 staff in the survey population returned 

completed forms. There were no clinical pharmacists in the ward who were responsible for 

drug preparation and administration. The answers from nursing staff and resident medical 

doctors to the questionnaire are shown in Table 2.11.  

Table 2.11 Incompatibility problem according to health practitioners based on questionnaires 

Questions and Choice of Answers Responses to questions 

Nurses (n=22) Doctors (n=6) 

Duration of work in PICU Sardjito   

<1 year 0 6 

1 to <5 years 2 0 

5 to <10 years 13 0 

>10 years 7 0 

Have you ever observed drug incompabilities at PICU Sardjito? 

Yes 22 4 

No 0 2 

How often have you observed drug incompatibilities within the last month? 

<3 4 6 

3–10 13 0 

>10 4 0 

Have you observed an infusion line occlusion? 

Yes 22 5 

No 0 1 

How often did you observe an occlusion within last month? 

<3 0 6 

3–10 10 0 

>10 12 0 

Were those occlusions associated with incompatibility? 

Yes 0 0 

No 22 6 

What medications have you observed 

drug incompatibilities with? 

Various answers given; see Figure 2.13  

What incompatibilities have proved 

hard to manage? 

Phenytoin (22) Phenytoin (4) 

Phenobarbital (20)  

Diazepam (2)  
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The majority of the nurses (59%; n=13) had been employed in PICU Sardjito for 

between 5 and 10 years: although all the doctors had been employed for less than one year, 

none of the nurses were junior to that extent. All the nurses reported that they had observed 

drug incompatibilities during their employment at PICU Sardjito: only about 67% of the 

doctors had observed incompatibilities. The doctors reported that they had observed less 

than three incompatibilities in the month prior to the survey (1 October 2013–31 October 

2013) whereas about 59% of nurses reported observing 3–10 incompatibilities in the same 

period.  

All the nurses, and about 83% of doctors, reported having experienced the warning 

alarms of syringe or infusion pumps caused by occlusion in the infusion line. Although all 

the doctors reported observing less than three occlusions in the previous month, about 

45.5% of nurses observed 3–10 occlusions and about 54.5% observed more than 

10 occlusions. However, all the doctors and nurses had supposed that occlusions were not 

due to drug incompatibilities. The staff had linked the occlusion to possibly having been 

caused by a technical problem or physical blockage. It appears that nurses were more likely 

to encounter and observe drug incompatibilities and infusion line occlusions. This is not 

surprising in light of the usual allocation of responsibilities of these hospital staff. 

A range of drugs were reported to be involved in the reported observation of 

incompatibilities (see Figure 2.13). The most frequent culprits, reported by both doctors 

and nurses, were phenytoin and phenobarbital. Interestingly, the inotropic drugs were also 

viewed as culprits by the doctors but less so by the nurses: the latter observation could be 

biased by the very different population sizes of nurses and doctors in the overall pool of 

survey respondents. 
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Figure 2.13 Frequency of reported drug incompatibility occurrences in PICU Sardjito from 

1 October 2013–31 October 2013 

 

It is worth noting that phenytoin and phenobarbital were also considered as drugs 

for which the incompatibility problems were hard to manage. This is likely to be due to the 

high pKa values for phenobarbital (pKa=7.4) and phenytoin (pKa=8.3). It is well known that 

the high pKa of these drugs means that relatively high pH levels are required to sustain the 

drugs in solution, and that the drugs are very prone to precipitation during dilution if the pH 

is allowed to drift too low (Newton, 2009). 

Based on informal discussions with the investigator, the practitioners thought that 

incompatibilities were more likely to be associated with injection administration rather than 

with the administration of infusions. They did not recognise that drug incompatibility can 

arise between infusion solutions at Y-site connectors in infusion lines. Almost all the 

practitioners stated that phenytoin most frequently induced incompatibility: they largely 

overlooked the possible role of other drugs such as ampicillin, gentamicin, furosemide and 

the inotropic drugs. 
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Based on the questionnaires, the most common incompatibility faced by nurses was 

incompatibility during reconstitution, particularly in a drug administered by injection. It is 

of critical importance that the IV admixture can change pH after reconstitution depending 

on the buffer capacity of the diluent. Investigation of the pH level becomes one of the 

parameters used to build the standard concentration and serves as a guide to avoid 

incompatibility. The better choice is a diluent with a low buffer capacity (e.g. normal saline 

[NS] and 5% glucose solution) rather than a high buffer capacity such as Ringer’s lactate 

solution (Gorski et al., 2015).  

During bedside observation and from the completed questionnaires, the current 

study found that practitioners did not have a good level of knowledge about IV drug 

compatibility. Some nurses asked the investigator to explain what compatibility is and how 

it occurs. In addition, other nurses asked how to distinguish incompatibility and phlebitis, 

what the difference between incompatibility and drug interaction is, and when the drug 

administration needs to be flushed. This finding is in accordance with a previous study 

which found that many practitioners lacked information about compatibility (Bertsche et 

al., 2008). Kanji, Goddard, et al. (2010) also stated that nurses often ran concomitant drugs 

without sufficient understanding of drug compatibility. In addition, Fahimi, Sefidani 

Forough, Taghikhani, and Saliminejad (2015) found that drug incompatibility is abundant 

and that it needs to be dealt with as it is one of the leading medication errors. Moreover, 

Mühlebach (2007) stated that incompatibility should be able to be reduced because it is a 

preventable medication error. 

2.3.5 Prevention of incompatibility in PICU Sardjito 

The prevention of incompatibility is significant for patient safety. Based on bedside 

observation and the completed questionnaires, no tool was found to be available to guide 
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staff on the issue of incompatibility in PICU Sardjito. This finding was consistent with 

those of (Dedy & C.J.P, 2002) and (Apryliani & Suwaldi, 2013) who indicated that the 

protocol for managing incompatibility was absent in another Indonesian hospital. The 

protocol available was for drug preparation and primarily for dose calculation and 

reconstitution. Some protocols were performed for the preparation of IV admixture based 

on drug dose reference books, but these did not involve the order of mixing, maximum 

concentration in solution, and storage. The questionnaires indicated that, for information 

about compatibility, practitioners usually referred to the manufacturers. While the 

“Handbook on Injectable Drugs” was available, as it was in the pharmacy and the staff 

room, it was not easily accessible.  

Table 2.12 Management for prevention and management of incompatibility 

Questions Answers (n) 

Nurses (n) Medical Doctors (n) 

Is there any protocol for 

preventing incompatibility? 

Yes (10), flushing  

No (12) 

Did not know (0) 

Yes (0) 

No (6) 

Did not know (0) 

How can you manage the 

incompatibility or line 

occlusion? 

Spooling or aspiration (10) Spooling or aspiration (0) 

Changing with the other (8) Changing with the other 

(3) 

Reporting to senior or 

doctor (4) 

Reporting to senior or 

doctor (1) 

In terms of drug 

incompatibility, who has the 

responsibility to solve this 

problem? 

Doctor (10) 

Nurse (7) 

Pharmacist (5) 

Doctor (0) 

Nurse (6) 

Pharmacist (0) 

What reference do you use to 

have a look at information 

regarding incompatibility? 

Manufacturers 

Book* 

Manufacturers 

n=number of practitioners 

`*Trissel’s “Handbook on Injectable Drugs” was the book available in PICU Sardjito. 
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Preventive measures for Y-site incompatibility comprised spooling or flushing 

before and after injection delivery, and also when the Y-line occluded. This approach is in 

line with recent guidance that advises closing the flowing clamp, flushing, opening and 

running the flow of the new medication, flushing again, then opening the clamp for running 

the flow of the previous infusion (Wotton et al., 2004). One scholar however did not agree 

with the off/on way of managing the Y-line before and after injection delivery (Whitman, 

1995). Furthermore, Wotton et al. (2004) stated that the practice of flushing to prevent 

incompatibility seems to be under-studied. Accordingly, separating an infusion and an 

injection by turning off the port in an attempt to prevent incompatibility still needs to be 

investigated and proven. 

This questionnaire sought responses on why incompatibility is paid less attention. 

Some nurses (68%) and all the medical doctors (100%) thought that incompatibility was 

beyond their responsibilities. The unavailability of a ward pharmacist who is in charge in 

PICU Sardjito may contribute to the low level of awareness of the compatibility issue. This 

finding seems to be different to those from hospitals in developed countries. Delestras et al. 

(2014) found that nurses sought the pharmacist’s advice and found it helpful in two-thirds 

of the compatibility cases in the hospital. Moreover, Preslaski, Lat, MacLaren, and Poston 

(2013) stated that the pharmacist contributed to reducing medication errors due to 

incompatibility. This was supported by Leape (2009) who found that pharmacist 

participation in an ICU can reduce errors by 66%.  

Overall, the current study’s finding has illustrated the recurrent problem of 

incompatibility. Furthermore, based on patient medical records from 1 June 2012–

30 September 2013, PICU Sardjito experienced high patient mortality rates. Interestingly, 

multivariate regression analysis elucidated that the most significant variable correlated with 
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outcome was the number of drugs at one STA. Likewise, using a large number of drugs in 

one administration was commonly associated with incompatibility. It is probable that some 

patients underwent an incompatibility risk that was not identified. This means that attempts 

to prevent incompatibility may reduce the mortality rate and increase the rate of patient 

survival. Many researchers have shown that reducing the number of drugs per STA, 

reduces adverse drug events and improves the outcomes (Biswal et al., 2006; Czaja et al., 

2015; Sam, Jessica, & Parasuraman, 2015). However, in many cases, the number of 

administered drugs cannot be reduced; hence, the prevention of incompatibility should be 

established by the hospital through other approaches.  

As mentioned above, incompatibility may arise due to a large number of drugs per 

STA. Reducing the number of drugs per STA is possible by spacing the administration of 

injections with consequent increases in workload and time. However, a high pressure work 

environment often leads to medication errors (Dabaghzadeh et al., 2013). Moreover, the 

separation of the IV route for the different types of infusion can often be burdensome. A 

tacit rule to separate a specific IV drug for each lumen through use of a multi-lumen 

catheter can be considered, although this does not guarantee the prevention of 

incompatibility (Humbert-Delaloye et al., 2013).  

Incompatibility was more likely to be a problem due to the lack of knowledge of 

practitioners. Moreover, the current study identified an enormous and irregular variation of 

medication groups and administration routes which seems to be confusing for nurses, 

leaving them at risk of making an error. Camiré, Moyen, and Stelfox (2009) showed a 

correlation between a higher level of knowledge and less errors. Based upon our findings, 

the current study proposes that Sardjito Hospital needs to improve the understanding of 

practititioners in relation to the compatibility issue. Non-degree training or appropriate 
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short courses may relay information, refresh the knowledge and increase awareness of 

practitioners concerning incompatibility (Shah, 2009). 

One crucial aspect in PICU Sardjito was that guidance and/or protocols in relation 

to compatibility were not easily accessible. Therefore, a protocol for the prevention of 

incompatibility is urgently required and would be valuable: this is in line with Bertsche et 

al. (2008) whose investigation found that having a standard operational procedure/protocol 

reduced incompatibility from 5.8% to 2.4%.  Thijs (1997) stated that the protocol should 

focus on improving the outcome and reducing the mortality rate, length of stay (LOS) and 

readmission rate while improving the utilisation of resources. Again, the provision of a 

protocol would assist staff in being able to work more easily. 

Lastly, the current study advocates that Sardjito Hospital places clinical pharmacists 

in charge of the infusion protocols in the PICU. The role of the pharmacist should be 

essential in critical care services (Chuang, Sutton, & Henderson, 1994). According to 

international guidance on competency from the Society of Critical Care Medicine, the 

prevention of incompatibility falls within the competency and responsibility of the clinical 

pharmacist (Rudis & Brandl, 2000); thus, the provision of IV compatibility data is a 

fundamental pharmacy service in critical care Mühlebach (2007).  

This chapter has enhanced our understanding of the practice of IV administration in 

PICUs, in particular, in PICU Sardjito. Based on bedside observation, incompatibility 

occurred due to inappropriateness in reconstitution, the administration of concomitant 

infusions and the administration of consecutive injections of drugs. Furthermore, this 

chapter has proposed some recommendations for the next study. The wide variations in co-

infusion are confusing for practitioners seeking to avoid incompatibility. In addition, these 

large variations may render it difficult to develop a protocol, even though the pattern of 
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concomitant drug infusion in PICU Sardjito seems to be always amongst sedatives, 

analgesics and/or inotropes. Instead of a two-dimension chart, development of a three-

dimension (or more) chart for each infusion group administered in conjunction with an 

injection seems to be worthwhile. Meanwhile, the potential for incompatibility between 

consecutive IV injections seems to be avoidable as practitioners are accustomed to flushing 

before and after delivery. Otherwise, it would be necessary of confirm the effectiveness of 

flushing to prevent incompatibility. However, there are still variations in practice either in 

the amount of volume, the time or the type of solution. A protocol for flushing would avoid 

discrepancies in flushing in practice. Further work is needed to validate the practice of 

flushing and to establish studies on the stability/compatibility of IV admixtures and 

compatibility in the real life Y-site connector, particularly for compatibility between 

infusion–injection as these drugs seldom flush each other. Moreover, the findings of such 

studies, by determining the practice in Sardjito Hospital, would provide support and serve 

as the basis for development of protocols which would help to avoid the hazard of 

incompatibility. 

2.4 Limitations 

The current study was subject to four limitations. Firstly, the data collection only 

documented patient demographics and the drug use profile during the period 2012–2013. A 

longer duration may be beneficial in obtaining more significant findings, particularly for 

calculations of mortality rate and analysis with other variables. Secondly, this study may 

reflect the drug use profile and incompatibility problem only in Sardjito Hospital which 

may be different in other hospitals and also in other countries. Thirdly, the identification of 

the incompatibility problem must be interpreted with caution: the numbers and percentages 

do not express the actual frequency of incompatibility in every single case but are based on 
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the most frequently listed medications and conditions which have the potential for 

incompatibility. Fourthly, this study has provided preliminary information on the 

incompatibility problem from the perspectives of practitioners. More research, using a 

specific questionnaire, is required to explore and develop conclusions on practitioners’ 

levels of knowledge and awareness in dealing with drug incompatibility.  

2.5 Conclusions  

Based on medical records (n=212), patients in PICU Sardjito have a low rate of survival. 

Statistical analyses using multivariate regression and a general linear model have shown 

that the number of administered drugs per STA correlates with the outcome (odds ratio 

[OR] 0.421; p-value<0.05). The majority (89%) of patients in PICU received drugs through 

a peripheral venous catheter (PVC). Most drugs administered comprised antibiotics (95%), 

analgesics (79%), sedatives (63%) and inotropes (47%). The majority of patients in PICU 

Sardjito were administered drugs using three simultaneous infusions and an injection. The 

five main drug groups in PICU Sardjito for infusions were:  

 morphine + midazolam;  

 midazolam + fentanyl + morphine;  

 morphine + fentanyl + dobutamine;  

 morphine + midazolam + ketamine; and 

 midazolam + dobutamine + norepinephrine.  

These infusions commonly met drugs administered by injection as follows: metronidazole/ 

meropenem; ampicillin/chloramphenicol; ampicillin/gentamicin; phenytoin/ranitidine; 

cefotaxime/dexamethasone; and cefotaxime/ranitidine. Incompatibility seems to have arisen 

between infusion and injection. Based on a review of the literature, much information 
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(97.5%; n=120) is missing on the infusions–injections chart in Table 2.10 with regard to the 

most frequently administered combinations.  

On the basis of bedside and pharmacy observation, infusion has the potential 

problem of instability when given more than 24 hours after reconstitution. Furthermore, Y-

site incompatibility will occur during the dwell time with other infusions and injections, as 

these are administered with a one-lumen catheter (no separate line). Flushing was used in 

an attempt to prevent incompatibility. Moreover, responses from the questionnaires have 

shown that practitioners often encountered incompatibility, mainly with phenytoin, 

although most did not have sufficient understanding of the incompatibility problem. 

However, there is no specific protocol for incompatibility, nor is there a ward pharmacist in 

PICU Sardjito.  
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CHAPTER 3:  

THE PHYSICOCHEMICAL COMPATIBILITY AND STABILITY OF MEDICATIONS 

AFTER RECONSTITUTION IN A SYRINGE  

 

3.1 Introduction 

To achieve a precise dose, some IV medications need dose manipulation by dilution, 

reconstitution and titration through micro infusion. When the IV drug has been diluted, the 

manipulation has the potential to change the compatibility and stability of the original 

formulation (Hoellein & Holzgrabe, 2012). Reconstituted IV medications in one syringe 

should also be compatible physically and chemically; in addition, they should be stable 

during storage and administration (Myhr, 1985).  

Based on previous findings in Chapter 2, sedatives, analgesics and inotropes were 

found to be the most common medications reconstituted into syringes to manage the 

dosage. These drugs are widely delivered through slow continuous infusion with a titration 

of the dose. Owing to heavy workloads in PICU Sardjito, reconstitution was completed 

prior to administration during any spare time in nursing work. Sometimes, the syringes 

were reconstituted by nurses in charge of the previous shift and stored at room temperature 

under light. This potentially results in incompatibility and instability in the clinical setting.  

Unfortunately, the common published data sources are often not suitable for 

conditions in hospitals. The established literature frequently contains insufficient detail. As 

far as can be determined, information on inotropic drug stability after reconstitution 

indicates that this is mostly limited to 24 hours (Lawrence .A. Trissel, 2012; Lawrence A 

Trissel et al., 2011), or within a longer time frame but stored at low temperature and 

protected from light (Gardella, Zaroslinski, & Possley, 1975; Peddicord, Olsen, 

ZumBrunnen, Warner, & Webb, 1997). Sedatives and analgesics are mostly diluted in 
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normal saline (NS) and (sterile) water for injection (WFI) (L. Allen, Stiles, & Tu, 1990; R. 

F. Donnelly, 2013; V Das Gupta & Stewart, 1984; McCluskey et al., 2009). Morphine is 

often studied in the sulphate form (Duafala et al., 1990; Stiles et al., 1989), or in the form of 

a hydrochloride (HCl) salt, diluted in NS (Oustric‐Mendes et al., 1997; Roos, Glerum, & 

Meilink, 1992) or in 5% glucose solution, and under protection from light (Vermeire & 

Remon, 1999).  

If “in-use” stability information is not available, stability studies based on practical 

considerations should be developed. This poses the question investigated by this study: can 

the stability of these medications be assured over a certain storage and administration time, 

especially when proprietary formulations are diluted? This step determines whether the 

routine work for the most frequent reconstitution of inotropes (dobutamine, dopamine, 

epinephrine and norepinephrine) and sedatives/analgesics (fentanyl, ketamine, midazolam 

and morphine) is safe in terms of compatibility and stability. In addition, this study predicts 

stability during seven days (the restriction defined by PICU Sardjito) to allow the pre-

making of ready-to-use products and the suitability of the preparation of these medications 

in the pharmacy.  

3.2. Methods 

3.2.1 Research setting 

The laboratory experiments were conducted in vitro; thus, there were no ethical issues at 

this stage. This research was conducted in the Laboratory of Drug and Food Testing, 

Islamic University of Indonesia (LPOMK UII). The LPOMK UII received Standar 

Nasional Indonesia (SNI) ISO/IEC 17025:2008 accreditation as a testing laboratory from 

the Komite Akreditasi Nasional (KAN) (in English: National Accreditation Committee). 
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The accreditation is effective from 22 October 2014 until 21 October 2018, with the 

laboratory code LP-848-IDN.  

3.2.2 Design of study  

This study was designed to evaluate the physical and chemical compatibility of the most 

common IV admixtures after reconstitution in PICU Sardjito. This is a specific condition of 

the stability assay which refers to PICU Sardjito under its own ambient temperature, 

humidity and light exposure. All drugs were diluted with 5% glucose solution in 50 mL 

syringes and were assayed in triplicate. The samples were drawn at zero (0) hours, eight (8) 

hours, 24 hours, 48 hours, 96 hours and 168 hours for visual inspection, measuring pH and 

concentrations by high pressure liquid chromatography (HPLC) (as described below). 

3.2.3 Materials and reagents 

Medications, solutions and syringes were obtained from Sardjito Hospital through the 

normal procurement process. Medications were reconstituted with 5% glucose solution 

from Widatra, Sidoarjo, Indonesia. The other chemicals were HPLC grade without previous 

purification and comprised acetonitrile (CH3CN) (Merck, Darmstadt, Germany) and 

monopotassium dihydrogen phosphate (KH2PO4) (Merck, Darmstadt, Germany).  

The characteristics of the medications including manufacturer, lot number, expiry 

date, vehicle and target concentration for injection into the patient are shown in Table 3.1. 

The solutions were prepared by measuring (by syringe) the required volume of each drug 

solution into a 50 mL volumetric flask and then making it up to volume with a 5% glucose 

solution. The medications were assessed at the highest concentrations typically used in 

PICU Sardjito. Higher concentrations are usually more critical as they are more likely to 

induce incompatibility. The reconstituted medications were stored in 50 mL syringes in an 
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open room under ambient light, temperature and humidity. Room temperature and humidity 

were monitored during experimentation and were within the ranges of 25–28C and 70–

80% relative humidity (RH). Five millilitre (mL) samples were drawn for visual inspection 

and pH measurement, whilst a 1 mL sample was taken for HPLC assay at each sampling 

time. Each medication was prepared in triplicate in three syringes.  

Table 3.1 Profile of product, manufacturer, lot number, vehicle and concentration for 

reconstitution of inotropes, sedatives and analgesics 

Medication Manufacturer Lot 

Number 

Expiry Date Mixing 

Solution 

Concentrationa 

Dobutamine 

HCl 

250 mg/5 mL 

Novell Pharm. 

Lab 

Jakarta, Indonesia 

156087 August 2015 5% glucose  1.4 mg/mL 

Dopamine HCl 

200 mg/5 mL 

Korea Uni. Pharm 

Seoul, Korea 

E908216 December 

2015 

5% glucose  1.4 mg/mL 

Epinephrine 

HCl 

1 mg/mL 

Phapros 

Semarang, 

Indonesia 

65344004 July 2016 5% glucose  30 µg/mL 

Norepineprine 

bitartrate 

4 mg/4 mL 

Novell Pharm. 

Lab 

Jakarta, Indonesia 

15F078A July 2015 5% glucose  30 µg/mL 

Fentanyl 

dihydrogen 

citrate 

100 µg/2 mL 

Janssen 

Pharmaceutical 

Beerse, Belgium 

CJB6900 

 

September 

2015 

5% glucose  9.6 µg/mL 

Ketamine HCl 

500 mg/10 mL 

Combiphar, 

Jakarta, Indonesia 

2410612 October 2015 5% glucose  192 µg/mL 

Midazolam 

HCl 

5 mg/5 mL 

Novell Pharm. 

Lab 

Jakarta, Indonesia 

15C196 June 2016 5% glucose  0.6 mg/mL 

Morphine HCl 

10 mg/mL 

Kimia Farma, 

Jakarta, Indonesia 

DC0613J April 2016 5% glucose  96 µg/mL 

aConcentration of drug in mixing solution 
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3.2.4 Instrumentation 

3.2.4.1 High pressure liquid chromatography (HPLC) 

This research employed a high pressure liquid chromatography (HPLC) apparatus with the 

following specifications: HPLC e2695 Waters Associates (Milford, MA, USA) equipped 

with an auto sampler injector SM 7, 2489 UV/Vis detector (Milford, MA, USA), and 

Empower software (Milford, MA, USA). The Xterra MS C18 5 µm, 4.6 x 250 mm column 

was obtained from Waters Scientific (Milford, MA, USA).  

The HPLC apparatus used an isocratic solvent delivery system. The two mobile 

phases comprised phosphate buffer containing monopotassium dihydrogren phosphate 

(KH2PO4) (0.05 molar; pH 4.2) in HPLC water and acetonitrile. Each drug was assayed 

separately at the wavelength of maximum absorbance, that is, from 200–300 nm (see 

Table 3.2). The samples were introduced into the HPLC system using an auto injector, at a 

solvent flow rate of 1 mL/minute and an injection volume of 10 µL.  

Table 3.2 HPLC system using mobile phase and wavelength 

Medication % Buffer 

Phosphate 

% Acetonitrile Lambda (nm) 

Dobutamine 75 25 254 

Dopamine 75 25 254 

Epinephrine  75 25 254 

Norepinephrine 75 25 254 

Fentanyl 75 25 280 

Ketamine 75 25 210 

Midazolam 65 35 254 

Morphine 75 25 254 
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3.2.4.2 pH measurement 

The research utilised a pH meter, Mettler Toledo 1120/1120-X (Urdorf, Switerland), which 

was calibrated prior to use.  

3.2.5 Assay procedure and calculation 

The reference standard solution for each medication was obtained from the relevant 

supplier. The concentrations of the solutions were: 10 mg/mL for dobutamine and 

dopamine; 1 mg/mL for epinephrine, norepinephrine, fentanyl, morphine and ketamine; and 

5 mg/mL for midazolam. The stock solution was prepared from the reference standard 

solution by dilution in 5% glucose solution on each assessment day, and then used for the 

validation procedures.  

Validation was undertaken to measure retention times, linearity, accuracy, precision 

and assay suitability. Retention times were determined by diluting the reference standard 

solution to the target concentrations, as shown in Table 3.1, and measuring the retention 

times from the chromatograms. Linearity of peak height and peak area under the curve 

(AUC) was demonstrated by linear regression after five different dilutions (see 

Appendix 3.1). Accuracy was determined by preparing a target concentration (see 

Table 3.1), injecting the solution and predicting the concentration from the linear regression 

data. Precision was assessed by measuring the concentrations of five replicate dilutions on 

days 1, 3 and 7. Suitability was obtained from retention time, the tailing factor (i.e. United 

States Pharmacopoeia [USP] symmetry factor) and USP plate count to ensure good 

chromatograms (Dong, Paul, & Gershanov, 2001). 

Physical compatibility was visually evaluated to assess clarity, colour changes and 

effervescence. The observations were made independently by two people using a black 

background and a white background under fluorescent light. Colour changes were more 
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easily determined against a white background, while clarity was more easily observed 

against a black background to demonstrate haziness or precipitation. The solution was 

considered incompatible physically if any presence of discoloration, haziness, precipitation 

or gas formation was visible. 

The diluted solutions were monitored for changes in pH and drug concentrations. A 

change in pH of more than a half unit during the measurement period or a shift of pH 

beyond the usual range specified by the manufacturer was taken as indicative of a potential 

problem. In addition, a reduction of peak height or peak area to less than 90% of the value 

at time zero (0) was considered unacceptable.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Criteria of incompatibility 

 

Compatibility 

Physical Compatibility/ 

Visual Inspection 
Chemical Compatibility 

Colour Change or Gas/Bubble or Turbidity 

Yes No No Yes 

Compatible 

Incompatible 

pH change >0.5 HPLC concentration 

(change >10%) 

No Yes 
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3.3 Results and discussion 

3.3.1 Validation of system  

The retention times for the eight drugs were less than 20 minutes as shown in Table 3.3 and 

the chromatogrammes (see Appendix 3.1). The blank sample of 5% glucose solution 

showed no peaks during 30 minutes. The chromatograms are considered suitable as the 

symmetry factor is less than 1.5: the USP plate count efficiency at n>2000 is also shown in 

Table 3.3 (Dolan, 2003; Dong et al., 2001).The chromatograms are acceptable as the 

correlation coefficient (R) for linearity is higher than 0.98 as seen in Table 3.3. 

Table 3.3 Suitability of HPLC system for compatibility testing 

Sample Retention 

Time 

USP 

Symmetry 

Factors 

USP Plate 

Count 

R Value (Regression 

Logistic) 

Height Area 

Dobutamine 3.4 1.17±0.020 3548±20 0.99 0.99 

Dopamine 2.4 1.19±0.005 2782±10 0.99 0.99 

Epinephrine 2.4 1.02±0.002 2225±1 0.99 0.99 

Norepinephrine 2.4 1.08±0.06 2083±3 0.99 0.98 

Fentanyl 3.2 1.07±0.01 4846±23 0.99 0.99 

Ketamine 3.5 1.41±0.01 2094±12 0.99 0.99 

Midazolam 17 1.13±0.002 4656±31 0.99 0.99 

Morphine 2.2 1.09±0.01 2314±5 0.99 0.99 

 

Table 3.4 shows the estimated initial concentrations of the diluted drug solution 

measured by the peak height and the peak area. The measured concentrations are also 

expressed as a percentage of the target concentration. According to the Indonesian 

Pharmacopeia IV, the concentration of inotropic drugs should range from 95–105%, while, 

sedatives and analgesics can vary from 90–110%. The initial concentrations from peak 

height ranged from 96–106% for inotropes and 84–108% for sedatives and analgesics. The 
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concentrations beyond the limits were seen in dobutamine and midazolam using peak 

height. However, based on peak area, the concentration level of both drugs (dobutamine 

and midazolam) were within the range allowed, that is, 102% and 93%, respectively.  

Table 3.4 also demonstrates that the accuracy (by both peak height and area) ranges 

within 95–105%, and the intra- and inter-day coefficients of variation were less than 5% on 

the five replicate assays on the three assessment days (Shabir, 2004). Both peak height and 

peak area have similar acceptable ranges of linearity, accuracy and precision. Therefore, 

both peak height and peak area were considered, using the wider range of concentration 

change, to evaluate the stability or concentration change.  
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Table 3.4 Validation of accuracy and precision of HPLC system 

Sample 

Added 

Concentration 

Initial Concentration % Accuracy 

  (CV) 

% RSD 

Intra-day 

% RSD 

Inter-day 

Height (%)* Area (%)* Height* Area* Height Area Height Area 

Dobutamine 

1.4 mg/mL 

1.49 mg/mL 

(106.43%) 

1.43 mg/mL 

(102.14%) 

97.14 

(0.25) 

95 

(1.52) 

1.69 0.69 0.70 3.93 

Dopamine 

1.4 mg/mL 

1.41 mg/mL 

(100.71%) 

1.24 mg/mL 

(88.57%) 

99.28 

(1.68) 

96.4 

(1.90) 

0.20 1.48 3.01 0.25 

Epinephrine 

30 µg/mL 

29.0 µg/mL 

(96.67%) 

35.70 

µg/mL 

(119%) 

98.67 

(0.33) 

102 

(4.3) 

1.12 1.59 4.15 1.27 

Norepinephrine 

30 µg/mL 

30.15 µg/mL 

(100.50%) 

31.58 

µg/mL 

(105.27%) 

98.33 

(0.22) 

105 

(8.74) 

0.39 0.55 0.61 0.60 

Fentanyl 

9.8 µg/mL 

10.57 µg/mL 

(107.85%) 

10.09 

µg/mL 

(102.96%) 

101.71 

(0.65) 

96.53 

(1.46) 

0.67 0,30 0.42 0.93 

Ketamine 

192 µg/mL 

198.61 

µg/mL 

(103.44%) 

203.12 

µg/mL 

(105.79%) 

102.10 

(0.73) 

98,32 

(0.98) 

0.62 2.25 3.13 1.02 

Midazolam 

0.58 mg/mL 

0.49 mg/mL 

(84.48%) 

0.54 mg/mL  

(93.10%) 

100.70 

(1.59) 

103.65 

(1.1) 

1.54 1.14 1.09 2.13 

Morphine 

96 µg/mL 

96.95 µg/mL 

(100.99%) 

98 µg/mL 

(102.08%) 

101.10 

(0.29) 

104.24 

(037) 

1.37 1.37 2.55 3.58 

*Percentage of measured concentration compared to added concentration; CV=flow coefficient; RSD=relative 

standard deviation; SD=standard deviation 

 

3.3.2 Compatibility/stability of inotropic drugs and related factors  

The International Council on Harmonisation (ICH) guideline classifies the current study as 

a stability study with special conditions (ICH, 2003). Even though this study follows the 

specific conditions in Sardjito Hospital, the general requirements of the ICH are still 
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covered. The ICH defines stability as: (1) meeting the acceptance criteria for appearance, 

physical characteristics and functionality (ICH Guideline); (2) having no degradation peak; 

and (3) change within 10% of initial concentration.  

Visual observation showed that all medications after reconstitution were physically 

compatible during seven days of storage. No turbidity, colour changes or precipitation were 

observed during 168 hours of storage.  

In addition, chemical incompatibility is an irreversible change that can be apparent 

as a change of pH or concentration, and also as a change in the drug from active to inactive 

or toxic (Newton, 2009). As shown on Table 3.5, the pH levels of the four tested inotropes 

were acidic before and after reconstitution. The inotropes listed in Table 3.5 have similar 

chemical structures (catecholamine) which are stable in an acid solution and which are 

sensitive to pH change. Therefore, the pH becomes an essential determinant of drug 

stability. Based on laboratory testing, the pH of 5% glucose solution is in the range of 4–5: 

it is suitable for the reconstitution of inotropes which have an optimum pH of 4–5 

(according to manufacturers’ information). In the laboratory measurement, the pH of 

undiluted inotropes ranged from a pH value of 2.9–3.5, but when reconstituted into the 

5% glucose solution, the pH increased up to 3.9–4.0. The 5% glucose solution is suitable 

for medications of weak acidity, as it has a low buffer capacity that easily changes to follow 

the pH of the medications (Loubnan & Nasser, 2010). The current study supports a 

previous study that stated that a glucose solution is also suitable instead of normal saline 

(NS) for the reconstitution of inotropic drugs (Ghanayem et al., 2001). 
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Table 3.5 Characteristics of pH for inotropic drugs 

Medication 

 

Formulation 

pHa  

pH after 

reconstitutiona  

pH rangeb 

Dobutamine HCl 

250 mg/5 mL 

3.51+0.02 4+0.03 2.5–5.5 

Dopamine HCl 

200 mg/5 mL 

3.63+0.03 4+0.04 2.5–5.5 

Epinephrine HCl 

1 mg/mL 

2.95+0.02 4+0.04 2.2–5 

Norepineprine bitartrate 

4 mg/4 mL 

3.41+0.02 3.9+0.04 3–4.5 

a Average values are shown (n=3; ±SD) 
b Manufacturers’ information 

 

During seven days’ storage, no significant changes of pH were observed in the 

reconstituted solutions of inotropes as shown in Figure 3.1. As also seen in Figure 3.1, a 

wider range of pH appears for epinephrine after day 5, but it is still within the acceptable 

range (pH<0.5 pH unit change). pH indicated that there was change of ionisation. 

According to formula of Henderson-Hasselbalch, pH shift of 1 unit can move 10 fold of the 

ionized drug and non-ionized. 
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Figure 3.2 Change in pH of four inotropes after reconstitution in 5% glucose solution into 

syringes during seven days under ambient room temperature 

 

Furthermore, chemical compatibility was also evaluated with the percentage of 

concentration seen as the degradation of the peak area and peak height. Figure 3.3 (p.101 

and p102) shows the percentage of each drug remaining relative to zero (0) time during 

seven days’ storage. As demonstrated in the results in the graphs below, based upon both 

peak height and peak area, the amount of drug remaining was always greater than 90% 

during the seven days.  
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Dopamine 30 µg/mL 

  

 

Epinephrine 1.44 mg/mL 

  

Norepinephrine 1.44 mg/mL 

  

 

Figure 3.3 Percentage of concentration of four tested inotropes after reconstitution in 

5% glucose solution into syringes during seven days under ambient room temperature 

 

The current study confirmed that dobutamine, dopamine, epinephrine and 

norepinephrine remained at 90% concentration throughout the assay (seven days) under 

light, ambient temperature and 70–80% relative humidity (RH). Based on visual, pH and 
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concentration investigation, no significant physicochemical change in either colour or 

clarity occurred during the seven-day period in any sample. This study confirmed that the 

routine procedures of the four reconstituted inotropic drugs in 5% glucose solution are 

physically and chemically stable following the hospital preparation and eight hours’ 

storage, as well as 24 hours’ administration. According to the threshold values of the ICH 

(90-110%), this process can even be extended up to seven days for dobutamine, dopamine, 

epinephrine and norepinephrine.  

As shown in Figure 3.3, dobutamine retained 91% of drug content during the seven 

days. In similar conditions, the current study extends the estimate of dobutamine stability 

from previous studies in which it was limited to 24–48 hours (Pramar, Gupta, Gardner, & 

Yau, 1991; Soutou-Miranda, Gremeau, Chamard, Cassagnes, & Chopineau, 1996). A 

previous study showed that dobutamine was stable over 21 days; however, in that study, the 

drug was reconstituted in 1% glucose solution (Patel et al., 2012). The current study 

confirms that dobutamine is stable under ambient light and temperature conditions for at 

least one week.  

Figure 3.3 shows that dopamine seems to be the most stable inotrope in this assay 

(100%-105%): this result extends the estimate of dopamine stability (previously 24–48 

hours) as shown by Pramar et al. (1991), Gardella et al. (1975) and Peddicord et al. (1997). 

In addition, the current study extends the previous finding that dopamine remains stable 

under ambient lighting conditions. Braenden et al. (2003) confirmed that dopamine is 

relatively stable at room temperature and high humidity (RH 60%) but, in that study, the 

samples were protected from light.  

For epinephrine, the concentration remained within the range of 90–100% during 

the seven days. Previous studies have indicated that the stability of epinephrine was limited 
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to 24–48 hours (Carr et al., 2014; Kerddonfak et al., 2010; Zenoni, Priori, Bellan, & 

Invernizzi, 2012). Norepinephrine retained a 94–100% concentration level up to 120 hours, 

but this fell to 90% at 168 hours. A previous study has shown a reduction in norepinephrine 

concentration of almost 10% during seven days’ storage, but this was conducted at lower 

concentrations of the drug: 4 µg/mL and 16 µg/mL (Tremblay et al., 2008). Walker et al. 

(2010) showed that more than 90% of norepinephrine was retained for 26.9 days but, in that 

study, the solution was protected from light. It might be inferred from the current study that 

light exposure may increase the degradation of norepinephrine.  

Even though concentration levels were acceptable during the seven days, a 

reduction of concentration gradually occurred. In looking at the concentration percentage, 

dobutamine and dopamine seemed to be more stable than epinephrine and norepinephrine 

at seven days. This finding was in conflict with that of Allwood in which norepinephrine 

and epinephrine were found to retain 95% concentration (T95) for a longer time compared 

to dopamine when under protection from light (M. Allwood, 1991). In the current 

investigation, the degradation of norepinephrine appeared faster than in Allwood (1991) 

and Walker et al. (2010), but under different light conditions. According to Graham (1978), 

autoxidation occurs easily in dopamine and dobutamine, while epinephrine and 

norepinephrine are prone to cyclisation. Thus, higher degradation of epinephrine and 

norepinephrine is more likely to be associated with cyclisation than with oxidation. 

However, the mechanism of degradation is not precisely known at this stage, as a recent 

study was performed in an aqueous solution (Hoellein & Holzgrabe, 2012), while the 

current study used a 5% glucose solution.  

It has been suggested that many factors influence the degradation of inotrope 

solutions, including their concentration, packaging, environment, additives and storage 
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conditions (Hoellein & Holzgrabe, 2012). However, the authors of that study concluded 

that the primary factors were the use of additives and the storage conditions: the drug 

concentration was not found to be important in terms of its effect on degradation. Hoellein 

and Holzgrabe (2012) highlighted that additives significantly influence pH variation 

between products, solvent polarity and molecular binding with consequential impacts on 

drug stability. Unfortunately, in Indonesia, manufacturers are not required to disclose 

detailed information about the composition of the formulation beyond the active ingredient 

and solvents. There is no requirement to list preservatives and stabilisers. Importantly, the 

types of preservatives and stabilisers can clearly impact on drug degradation. Sulphite is 

one of the most common and effective antioxidants/stabilisers. Rawas-Qalaji et al. (2009) 

showed that the stabiliser, for example, bisulphite ion, significantly influences the stability 

of epinephrine and reduces discoloration. However, reconstitution reduces the 

concentration of stabilisers, so the diluted product may have increased degradation. During 

the current study, it was observed that the stock solution for epinephrine, norepinephrine 

and dopamine discoloured within seven days. However, the experimental dilution, prepared 

from the manufacturer’s formulation, remained colourless.  

The packaging is another factor that may influence stability by shielding drugs from 

exposure to light and gases (Akala, 2010). The four inotropic drugs were supplied from the 

manufacturer in clear glass vials or ampoules, with dobutamine packaged in a vial, while 

the other three drugs were supplied in ampoules. Clear vials/ampoules help practitioners to 

check for product clarity before use, but increase the possibility of photolytic reaction.  

After reconstitution, the solution was stored in polypropylene syringes as this 

storage method provides some protection for the drug content. According to the Eastern 

Metropolitan Region Palliative Care Consortium (EMRPCC) (Victoria, Australia), the four 
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inotropes studied are compatible with the use of polypropylene syringes (EMRPCC, 2013). 

In addition, polypropylene is also superior to polyvinyl chloride (PVC), but less effective 

than glass (Arsene, Favetta, Favier, & Bureau, 2002). Unfortunately, the polypropylene 

syringes were translucent; thus, it was difficult to directly observe the clarity. In the current 

study, all observations on clarity were made by transferring some of the product into a 5 

mL glass tube. In PICU Sardjito, the syringes containing the reconstituted product are left 

uncapped in the ward prior to administration to the patient. Likewise, in this study, the 

syringe remained uncapped during the seven days’ study. This could allow environmental 

gases to enter the reconstituted solution.  

3.3.3 Compatibility/stability of analgesics and sedatives and related factors 

Sedatives and opioid analgesics were the drugs most extensively used in PICU Sardjito. 

The current study on the drug stability of reconstituted sedatives and analgesics was 

performed under different conditions within our laboratory, LPOMK UII.  

The current investigation showed that using a 5% glucose solution for reconstitution 

is physically compatible with PICU Sardjito conditions. There was no turbidity, 

discoloration, effervescence or precipitation throughout the seven days of observation. 

However, visual inspection cannot be implemented on its own. As before, it is important to 

take into account any chemical changes. Further inspection including an examination of pH 

and concentration was needed to judge compatibility. As with the inotropes, the sedatives 

tested also have a pH of 2.5–5 so a 5% glucose solution should be appropriate for dilution. 

Table 3.6 shows the characteristics of these infusions, including the pH of the initial 

sample, the pH after reconstitution and the usual pH ranges given by manufacturers. 
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Table 3.6 Characteristics of pH for sedatives and analgesics 

Medication 

 

pH averagea pH after  

reconstitutionb  

pH buffer 

capacityc 

Fentanyl dihydrogen citrate 

100 µg/2 Ml 

4.82+0.02 4.4+0.03 3.8–7.5 

Ketamine HCl 

500 mg/10 mL 

4.01+0.02 4.7+0.03 3.5–5.5 

Midazolam HCl 

5 mg/5 mL 

3.38+0.03 3.5+0.02 2.9–3.7 

Morphine HCl 

10 mg/mL 

2.53+0.01 4+0.02 3.5–5 

a pH of sample medication in laboratory 
b pH of sample medication after reconstitution in laboratory 
c pH range from manufacturers 

 

As shown on Figure 3.4, the pH of all sedatives and analgesics decreased at 

120 hours. The pH of midazolam changed slightly: although decreasing in a wider range 

than midazolam, the decrease in the pH of morphine was less than a 0.5 pH unit change. 

Much larger changes were shown in fentanyl (pH= -0.99 pH unit change) and ketamine 

(pH= -1.69 pH unit change). Fentanyl and ketamine showed a significant pH drop when 

measured at day 5: the pH value at day 5 of fentanyl was 3.37 and for ketamine, it was 

3.34. The pH of fentanyl and ketamine decreased outside the usual range of pH from the 

manufacturers (Table 3.6). Example of the extreme change of ketamine, pH -1.69 unit 

can move the ionized drug to non-ionized drugs approximately 50 fold. In  the similar 

solution, the higher pKa, the lower concentration of ion (H+), the higher pH.  
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Figure 3.4 Change in pH of analgesics and sedatives diluted in 5% glucose solution under 

ambient temperature and light exposure during seven days 

 

Many physicochemical reactions are affected by pH, with changes in pH providing 

an opportunity for physical interaction between the drugs or the solution (Newton, 2009). 

In theory, the pH–pKa relationship induces change in the molecular form (the non-ionic 

part) which results in precipitation (Newton, 2009): a pH change of one unit can decrease 

stability by more than 10 times (USP, 2015b). pH indicated that there was change of 

ionisation. Example of the extreme change of ketamine, pH -1.69 unit can move the 

ionized drug to nonionized drugs approximately 50 fold. In  the similar solution, the higher 

pKa, the lower concentration of ion (H+), and the higher  pH.  

Accordingly, fentanyl and ketamine would not be considered to be chemically 

compatible in a 5% glucose solution for five days due to the large pH decrease. To the best 

of the author’s knowledge, no other study has reported on the stability of ketamine in this 

vehicle (i.e. 5% glucose solution). However, it has been shown that ketamine in (sterile) 

water for injection (WFI) was stable for 30 days at room temperature and exposed to light 
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(V Das Gupta & Stewart, 1984) and even longer (182 days) in normal saline (NS) and WFI 

(R. F. Donnelly, 2013). 

As shown on Figure 3.5 (p.109 and p.110), the percentage degradation of ketamine, 

midazolam and morphine was within acceptable ranges of <90% during the seven days’ 

observation. However, fentanyl retained 99% concentration for 24 hours, but it then 

dropped to 75% at 72 hours.  

Fentanyl 9.6 µg/mL 

  

Ketamine 192 µg/mL 

  

Continued to p110 

 

Figure 3.5 Change of concentration of analgesics and sedatives diluted in 5% 
glucose solution under ambient temperature and light exposure during seven 

days 
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Midazolam 0.58 mg/mL 

  

Morphine 96 µg/mL 

  

 

Figure 3.5 Change of concentration of analgesics and sedatives diluted in 5% glucose solution 

under ambient temperature and light exposure during seven days 

 

Midazolam seems to be stable in 5% glucose solution despite ambient temperature 

and light exposure. This finding means that the reconstitution of midazolam in 5% glucose 

solution, as prepared in PICU Sardjito, is safe with regard to compatibility and stability. 

This duration can even be prolonged up to seven days. This study’s finding was similar to 

those of Karlage (2011) and de Diego (2007) in which they found that midazolam HCl at 1 

mg/mL and 0.5 mg/mL was stable in 5% glucose solution under room temperature and light 

exposure for 20 days and 14 days, respectively. Although midazolam is a light-sensitive 

drug, it is sufficiently stable under hospital conditions. This finding supported that of 
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Karlage (2011) who identified that midazolam retained the same concentration during 27 

days’ storage under different conditions (refrigerator/room temperature, clear/amber 

packaging). 

Even though past studies have mostly suggested NS and WFI for reconstitution of 

morphine, the current study has proven that 5% glucose solution can be an alternative 

vehicle. In addition, this finding confirms that morphine is not only stable while under 

protection from light, as in the study conducted by Vermeire and Remon (1999), but also 

when exposed to light. Furthermore, the current study has confirmed Strong’s (1994) study 

in which morphine sulphate was found to be stable for a week under ambient temperature 

and light exposure: light was thought to accelerate the decomposition from twofold to 

sixfold. Even though temperature and light increase degradation, Vermeire proposed that 

pH and oxygen are more important factors in affecting stability.  

In contrast, an alert needs to be given with regard to fentanyl. In the current 

investigation, fentanyl had higher than 90% concentration at 24 hours, but this decreased to 

75% concentration at 72 hours. This study found a faster degradation rate compared to that 

found in other research, such as by Kowalski who found that fentanyl retained 

95% concentration for 48 hours (Kowalski & Gourlay, 1990). Using similar conditions 

(room temperature and light exposure), Roos et al. (1992) showed that fentanyl diluted in 

NS retained 87% concentration at 30 hours. To the best of the author’s knowledge, no 

published studies have conducted an assay on fentanyl stability in 5% glucose solution 

under light exposure for more than 48 hours. 

Figure 3.6 shows some representative chromatograms for fentanyl at time zero (0), 

eight (8), 24, 72 and 168 hours. It is clear at zero (0) hours and at eight (8) hours, there is a 

single peak corresponding with fentanyl at a retention time of around 3.2 minutes. At 
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24 hours, a new small peak appears with a retention time of 2.5 minutes. At 72 hours and 

168 hours, the peak and retention time at 2.5 minutes was dominant, while the fentanyl 

peak at retention time 3.2 minutes was very small. Presumably, the peak at the 2.5-minute 

point is a degradation by-product of the fentanyl. As can be seen, the by-product has a 

shorter retention time and is likely to be more polar than the fentanyl itself, but its structure 

has not been explored. This apparent degradation may be correlated with the unacceptable  

decrease in pH for fentanyl that was shown in Figure 3.4.   

    

0 hour/8 hours 24 hours 72 hours 168 hours 

Figure 3.6 Chromatograms of fentanyl and estimated degradation at different time periods 
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In looking at the characteristics of the degradation by-product (which is more polar 

and more acidic), the degradation seems to have occurred through oxidation and hydrolysis 

reactions. Wedekind and Fidler (2001) stated that hydrolysis commonly produces 

degradation that is more acidic but without discoloration and therapeutic changes. 

Meanwhile, Qi, Cheng, Zuo, Li, and Fan (2010) stated that fentanyl incurs an oxidative 

reaction that reduces its efficacy after the cleavage of the amine substituent. However, that 

study could not determine the reaction and degradation pathway. The accelerated 

degradation of fentanyl has been associated with drug adsorption, the presence of trace 

elements in the solution, and the packaging materials (Chapalain-Pargade et al., 2006). R. 

Donnelly (2005) proved that undiluted fentanyl is chemically stable in polypropylene 

syringes. Further research is needed to precisely determine these factors and the 

degradation pathway.  

As shown in Figure 3.4, the pH of the ketamine solution decreased 1.69 pH units at 

120 hours. However, 90% of the ketamine was retained chemically for 168 hours. The 

decrease in pH seems not to be correlated to a common ketamine degradation by-product, 

namely, norketamine, as the formation of norketamine is usually accompanied by an 

increase in pH (Bolze & Boulieu, 1998). In addition, the chromatograms for ketamine do 

not show any peak, suggesting the presence of degradation by-products. However, pH 

changes beyond the 0.5 pH unit tolerable range often occur in the initiation phase of 

oxidation reactions. Initially, the pH decreases following the emergence of free radicals 

before, finally, the concentration decreases due to the formation of the degradation by-

product (Al Ameri et al., 2012). In contrast, Knudsen et al. (2014) thought that pH change 

was often inconsistent in accompanying the degradation reaction. Nevertheless, pH change 
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theoretically leads to the physicochemical reaction and results in degradation; therefore, pH 

remains as an indicator of incompatibility.  

The current study’s findings regarding the stability of midazolam and morphine are 

in accordance with those of other scholars (Karlage et al., 2011; Strong et al., 1994) in 

which midazolam and morphine were found to retain 90% concentration for 20 days and 

seven days, respectively. The extrapolation results were that 90% concentration of 

midazolam remained for 20 days, while 90% concentration of morphine was demonstrated 

as being present at seven days. In contrast, fentanyl and ketamine seem less stable 

compared to results in other studies that used NS or WFI; for example, the interpolated 

results for fentanyl showed 90% concentration for 28 hours, while the pH of ketamine was 

stable for up to five days.  

As previously mentioned, instability of fentanyl and ketamine may be due to 

oxidation and hydrolysis reactions. In this case, hydrolysis apparently occurred more 

rapidly, as observations showed a drop in pH, delayed degradation and the solution 

remained colourless. The Center for Drug Evaluation and Research (CDER) (2003) stated 

that faster degradation is also closely related to higher humidity. In a simulation, when the 

ratio of water loss rate is 1.9 at 60% relative humidity (RH), the water loss rate will 

increase to up to 3 at 75% relative humidity (RH). In the current study, the RH value was 

noted to be in the range of 70–80% during the experimentation periods. The breaking of 

packaging and drug preparation may interact with water in the air. Moreover, a medication 

in hydrochloride salt form is commonly hygroscopic (Arita & Nakan, 1979). Consequently, 

the humidity will be of paramount significance in altering the volume, viscosity and 

physical characteristics of the injection solution (Arita & Nakan, 1979). Another factor, 

microbial contamination, may also affect drug stability as microbes can damage the drug 
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structure (Atia, 2015). However, no recent study has specifically investigated fentanyl or 

ketamine.  

 

3.4 Discussion in clinical context 

A hospital undertaking pharmaceutical compounding must ensure that the drug is stable and 

appropriate prior to administration. Stability contributes to ensuring a correct therapeutic 

response during treatment. When instability forms degradation by-products, this can have 

three consequences: unacceptable performance, therapeutic failure or a toxic effect (Atia, 

2015). Therefore, research specifically on stability is of value as it improves the evidence 

supporting hospital pharmacy practice. The current study has addressed a gap in stability 

data which is relevant for practice in PICU Sardjito and also for the development of 

hospital pharmacy practice. Based on these findings, the reconstitution of dopamine, 

dobutamine, epinephrine, norepinephrine, ketamine, midazolam and morphine in a 

5% glucose solution eight hours prior to administration in the ward, as is done in PICU 

Sardjito, is, in terms of physical and chemical compatibility, a safe practice. In contrast, 

Sardjito Hospital should issue alerts about reconstituted fentanyl as it seems to retain 

90% concentration only for 28 hours. The microbiological implications of this finding must 

be considered but their detailed evaluation is beyond the scope of the current study.  

A short period of stability means that the infusion must be freshly reconstituted in 

the PICU ward. However, ward-based preparation carries risks of procedural errors and 

high contamination (Beaney & Goode, 2003). Thus, introducing ready-to-use drug 

preparations may contribute to patient safety. The Joint Commission International (JCI) 

urges the view that pharmacists should perform the preparation of IV drugs (JCI, 2013). For 

centralised ready-to-use preparation, reconstituted drugs must have longer storage time 
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prior to administration. To date, PICU Sardjito has determined a limit of at least seven days 

to maintain stability for medications prepared in the pharmacy, to anticipate uncontrolled 

conditions and public holidays.  

There are at least three benefits of centralised pharmacy preparation. Firstly, by 

ensuring an aseptic technique, it suppresses contamination. Bedside preparation has been 

proven to carry considerable contamination risk, while preparation in a pharmacy is more 

likely to achieve a sterile product (Dartsch, Dehmel, Langebrake, & Baehr, 2010). Stucki, 

Fleury-Souverain et al. (2008) found that 0.5% of drug preparation in the ward was 

contaminated with microbes. Secondly, centralised preparation can reduce the workload in 

PICU which is also likely to reduce errors (Shahrokhi, Ebrahimpour, & Ghodousi, 2013). 

Schneider’s (1998) investigation found that preparation errors by nurses in PICU was high 

(23%). Meanwhile, a multi-centre ethnographic study found that drug preparation errors are 

the most common errors in hospitals (Taxis & Barber, 2004). A factor in this finding is the 

demonstrated intentional disobedience of guidelines which is often associated with lack of 

perceived risk, the absence of a role model and the lack of availability of supporting 

devices (Taxis & Barber, 2004). Thirdly, centralised drug preparation can also reduce costs 

in comparison to ward preparation, with this related to the lower cost of investment 

(machine and batch-saving) and of human resources (Armour, Cairns, Costello, Riley, & 

Davies, 1996), in addition to the reduced organisation and time needed (Dartsch et al., 

2010). 

A longer period of stability is important as it prolongs the time available for 

administration and reduces interruptions and infusion changes; nevertheless, the infection 

risk should be considered (O'Grady et al., 2011). Reduced intervention prevents 

haemodynamic instability or variability in response to sedatives/analgesics. Even though 
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the extended use of infusions brings the risk of infection, Rickard et al. (2004) concluded 

that infusions may be replaced every seven days without a significant impact on patient 

infection.  

A valuable consideration that should be factored in is interpretation of the 

acceptable range of changes in concentration. Specifically, according to the Indonesian 

Pharmacopeia IV, common drugs have a concentration range of 90–110%; however, drugs 

with a narrow therapeutic index such as inotropes must meet the therapeutic concentration 

range of 95–105%. Instability has the risk of an inappropriate dose resulting in therapeutic 

failure or toxicity. An inappropriate dose of inotropic drugs causes haemodynamic 

instability and may be life threatening. Meanwhile, although sedatives and analgesics have 

a wider therapeutic range, an inappropriate dose of sedatives or analgesics tends to be 

difficult to observe from the bedside but is a problem for patients.  

In a hospital setting, a longer period of stability can be achieved using refrigerated 

storage with closed packaging that offers protection from light. The United States 

Pharmacopoeia (USP) Chapter 797 also provides guidance indicating that, although the 

solution is stable, it should be used within not more than 48 hours and can be stored in a 

refrigerator for a maximum of 14 days (Kastango & Pharmacists, 2005). Furthermore, 

although the stability of fentanyl in 5% glucose solution is short term, there is evidence that 

the stability of fentanyl increases when it is diluted in normal saline (NS) or (sterile) water 

for injection (WFI) (L. Allen et al., 1990; McCluskey et al., 2009). The stability of fentanyl 

can be prolonged up to 30 days after reconstitution using normal saline (NS). Ketamine 

injection can also retain 90% concentration for a longer time (30 days) when diluted in WFI 

(Vishnu D Gupta, 2001) and up to 12 months in NS (Stucki et al., 2008). Thus, it is 

important to consider changing the reconstitution solution to NS or WFI for these drugs.  
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In addition to the compatibility issue, all the tested medications which have 

medication in the form of acid salts carry more risk of the patient developing phlebitis. 

Moreover, phlebitis can be caused and worsened by incompatibility which may also result 

in pH changes or precipitation. Delaney and Lauer (1988) suggested that the pH safety 

range is 4.3–11, while the Infusion Nurses Society (INS) guideline states that a pH range of 

5–9 is safe for intermittent and short peripheral IV administration (INS, 2011a). Therefore, 

although a pH drop may not have implications for stability, it is more risky for phlebitis (if 

pH is <4.0) (Delaney & Lauer, 1988). A pH value beyond this range may induce stinging, 

burning, pain and irritation at the insertion injection site (INS, 2011a). A large change of 

pH is dangerous not only in relation to the stability and efficacy of the drugs, but also in 

terms of the inconvenience and local reaction at the injection site. A study in 61 PICUs 

investigated phlebitis as one of the vascular bloodstream complications that could develop 

from injection sites and surgical sites and potentially be the cause of nosocomial infection 

(Richards, Edwards, Culver, & Gaynes, 1999). As stated in the previous chapter, infection 

is the most common comorbidity with a high rate of death in PICU. Hence, stabilising the 

pH level may decrease phlebitis, vascular infection and mortality. 

3.5 Limitations 

The current study has attempted to imitate the routine work in hospitals. It has the 

following limitations related to the methodology and result. Firstly, this study deliberately 

did not assay stability from microbial and particulate contamination. Secondly, this study 

did not use a stability-indicating assay; consequently, the chromatograms of the main drugs 

were likely to overlap with the degradation by-product. Thirdly, as this research aimed to 

validate the routine work done in hospitals, the circumstances and the materials were 

applied according to hospital conditions. Accordingly, this study did not follow the 
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circumstances set by the ICH guideline. Fourthly, the reference standard was obtained at 

pharmaceutical or pro-analysis grade with purity >95%. Lastly, even though the current 

study found most tested drugs were stable according to ICH (90%), the safe limit of 

concentration for drugs with a narrow therapeutic index must be interpreted carefully.  

3.6 Conclusions  

Based on these findings, the preparation, as carried out as routine work in PICU Sardjito, of 

dopamine, dobutamine, epinephrine, norepinephrine, ketamine, midazolam and morphine is 

chemically safe. Inotropic drugs including dobutamine, dopamine, epinephrine and 

norepinephrine retained 91%, 105%, 90% and 90% concentration at seven days, 

respectively. Ketamine, midazolam and morphine retained >90% concentration for seven 

days, while fentanyl retained 75% concentration at 72 hours, although at 24 hours, it 

retained >95% concentration. The interpolation of results estimated fentanyl as retaining 

90% concentration up to 28 hours. This means that reconstituted fentanyl in 5% glucose 

solution must be administered immediately after preparation. To make sure of the exact 

time at which a 90% concentration is reached, it is necessary to observe the 

physicochemical changes in the period from 24–72 hours.  

At the same concentration and in similar conditions (ambient temperature and light 

exposure), these findings indicate that the storage time of dopamine, dobutamine, 

epinephrine and norepinephrine can be extended. These findings have confirmed the work 

of other scholars, indicating that midazolam and morphine remain stable for 20 days and 

seven days, respectively. In terms of changes in concentration, dopamine, dobutamine, 

epinephrine, norepinephrine, midazolam and morphine meet the minimum stability 

requirements when prepared and administered within the Sardjito Hospital limits for 

centralised preparation in the hospital pharmacy. In the current study, fentanyl and 
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ketamine retained stability for a shorter time than was the case in other research that had 

used WFI or NS solutions. Reconstitution of fentanyl and ketamine in NS solution 

appeared to be more acceptable than using 5% glucose solution. However, further research 

is needed to confirm fentanyl stability when diluted in these solutions (WFI and NS) in the 

conditions at PICU Sardjito.  
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CHAPTER 4:  

CHEMICAL COMPATIBILITY OF INFUSIONS IN Y-SITE DURING DYNAMIC 

SIMULTANEOUS INFUSION USING “A TYPICAL PATIENT MODEL” 

4.1 Introduction 

The co-administration of two or more infusions within one Y-site is inevitable in critical 

care. An observational study carried out during a one-year period in PICU Sardjito 

identified that, in many cases, three different drugs (most commonly sedatives, analgesics 

and/or inotropes) were co-infused simultaneously using a peripheral line. Even though a 

multi-lumen catheter has been proven to reduce incompatibility amongst drugs during 

infusion (Perez et al., 2015), a one-lumen peripheral catheter is still extensively used to 

administer concomitant infusions in PICU Sardjito. Even when a multi-lumen catheter was 

used, the patient often still needs a peripheral infusion (Hopner et al., 2007). A peripheral 

catheter with a single lumen will allow multiple medications to meet in the stopcock and 

the extension tube, and may increase the chance of the occurrence of chemical 

incompatibility. Recent studies have proven that the simple combination of medications in 

a static test tube cannot represent the situation in a real Y-site or stopcock and extension 

tubing due to the geometric characteristics of the device and the fluid flow rate (Humbert-

Delaloye et al., 2013). According to the literature review, in vitro dynamic assays are 

recommended for evaluating incompatibility. Unfortunately, the assessment of drug 

incompatibility when using dynamic simulation of infusion conditions is under-reported.  

The question arises as to whether the three simultaneous infusions in this study 

provoke incompatibility when using a dynamic approach. In addition, the current chapter 

validates how this approach works for this assay in which the three different drugs are 

infused simultaneously. This is referred to as “a typical patient model” and is set up, as 

closely as possible, to reflect the routine procedure in PICU Sardjito. Based on Chapter 2, 
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this study specifically focuses on the five leading groups of three drugs that are infused 

simultaneously at PICU Sardjito. These groups are:  

Group I: morphine + midazolam + ketamine 

Group II: fentanyl + dobutamine + norepinephrine 

Group III: morphine + fentanyl + dobutamine 

Group IV: midazolam + dobutamine + norepinephrine  

Group V: morphine + fentanyl + midazolam.  

Concomitant morphine + midazolam, although the most frequent concomitant infusion, was 

not evaluated in this study because scientific evidence is available not only for the Y-site 

but also on the IV admixture. This chapter focuses on the chemical changes, while the 

physical changes will be presented in Chapter 5.  

4.2 Methods 

4.2.1 Research setting 

As in Section 3.2.1, this research was conducted in LPOMK UII (Laboratory of Drug and 

Food Testing, Islamic University of Indonesia).  

4.2.2 Design of study: establishment of “a typical patient model”  

In this chapter, chemical compatibility during IV infusion using a dynamic approach called 

“a typical patient model” is discussed. This system was also designed to evaluate physical 

compatibility as well as the influence of flushing and use of a filter for preventing 

incompatibility by-product reaching the patient. This model is an in vitro experiment using 

a clinical administration set and attempting to mimic conditions at the patient bedside in 

PICU Sardjito. This model was based on work by Husson et al. (2003a) and Humbert-

Delaloye (2013).  
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To ensure that the model closely mimicked the PICU Sardjito practice, clinical 

nurses assisted the study in the selection of the syringe pump, extension set, three-way taps, 

etc. In addition, the temperature, humidity and lighting in the laboratory setting closely 

matched the conditions in the ward.  

Figure 4.1 shows a diagram of the arrangement of the “typical patient model” to 

mimic simultaneous infusion of three drugs to the patients. Three IV poles each carried a 

50 cc syringe pump (Microinfusion, Terumo, Tokyo, Japan). A 1.5 m Original-Perfusor® 

tube (0.9 mm i.d. [inner diameter], 1.9 mm o.d. [outer diameter]; B. Braun, Melsungen, 

Germany) was attached to each syringe. Two three-way taps (Heuer, Delhi, India) were 

attached together in series and the perfusor tube was attached to the tap as shown in 

Figure 4.1. The remaining outlet from the second three-way tap was linked to a 

connector/extension (BD Connecta, Delhi, India; length 10 cm, 2.5 mm i.d.). The available 

port on the connector was used for bolus injection by syringe (when this needed to be used) 

and the outlet from the connector allowed the mixed solution to be collected into collection 

vessels (see Figure 4.1). 
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Figure 4.1 System of dynamic model for Y-site compatibility assay 

Notes: a=b=c: Original-Perfusor® tube (B. Braun, Melsungen, Germany), length 1.5 m, 0.9 mm i.d. and 

1.9 mm o.d. 

d: Three-way taps (Heuer, Delhi, India) 

e: Connector/extension (BD Connecta, Delhi, India), length 10 cm, 2.5 mm i.d. 

f: Tube  

A: Syringe pump (Microinfusion, Terumo, Tokyo, Japan) with infusion 

B: Syringe pump (Microinfusion, Terumo, Tokyo, Japan) with infusion 

C: Syringe pump (Microinfusion, Terumo, Tokyo, Japan) with infusion 

D: IV bolus (for next step in Chapter 5) 

 

The three syringe pumps were started simultaneously and ran for periods of time 

that depended on the particular combination of drugs that was employed (see Table 4.2). 

Each of the simulations for the five infusions was performed three times. 

4.2.2.1 Identification of equipment specification 

To define the characteristics and present the specifications of each piece of equipment used 

in the model, the manufacturers’ specifications were perused or measurements were made 

in the laboratory. The results are summarised in Table 4.1.  

1. The internal diameter and external diameter (i.d. and o.d.) were measured using a 

vernier caliper and/or by viewing with a calibrated microscope.  

 

                                

 

             

                                                                                

                                   a         b                c    D 

                                                                           

 

                                                                d      d     -----------e--------------- 

 

 

B A C 



125 
 

2. Priming volume is defined as the volume of liquid required to purge the catheter 

from beginning to end (Honek et al., 1992). The priming volume was measured 

from the volume infused from the beginning of the line until the end of the line 

(Goldberg et al., 2006).  

3. Dead space volume is the volume remaining in the tubing after purging forward or 

toward the drug delivery end (Goossens, 2015). The dead space volume was 

measured from the difference of the weight of the new equipment and after infusing 

with water (aqua bidest) (Macfie, 1990).  

Table 4.1 Specification of equipment for compatibility assay according to Sardjito Hospital 

Equipment Diameter Length Priming 

Volume 

Dead Space 

Volume 

Original-Perfusor® 

line 

i.d.       0.9 mma 

o.d.      1.9 mma 

150 cma 1.2 mLa 0.1±0.03 mLb 

Stopcock i.d.       2.5 mmb 

o.d.      2.8 mmb 

5 cma 0.3±0.1 mLb 0.03±0.02 mLb 

Extension/ 

Connector 

i.d.       2.8 mmb 

o.d.      4 mmb 

10 cma 0.6±0.1 mLb 0.06±0.02 mLb 

a Information from manufacturer 
b Measurement in laboratory 

 

4.2.3 Validation of the consistency of infusion by measuring the concentration of 

drugs 

Some factors influencing concentration were identified: homogenisation, pump rate and 

variation between the three pumps. One sample from Group IV, comprising 

(A) midazolam, (B) dobutamine and norepinephrine (C), was prepared to compare the 

infusion system using three separate pumps with a system using one pump, as well as 

comparing simple mixing as done by Sardjito Hospital with sonic mixing (sonication).  
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To assess the dynamic model, a preliminary experiment was performed, arbitrarily 

choosing the drugs in Group IV at the concentrations shown in Table 4.2. A 15 mL solution 

was mixed, then taken up into 50 mL syringes, and mixed again. Two mixing methods 

were employed: firstly, manual inversion of the syringes five times as was the common 

practice in the ward in PICU Sardjito; and, secondly, by sonication of the mixture for 

60 seconds. The syringe was then placed in pump A (see Figure 4.1), and the liquid was 

pumped at 2 mL/hour through the perfusor tube, the two three-way taps and the connector, 

before being collected in the HPLC apparatus for the injector vials. The three unused ports 

in the taps and connector were closed. When the first liquid emerged from the connector, a 

timer was started and the effluent was drawn from the connector for 20 minutes. In the 

subsequent 20 minutes, further effluent was collected in the same type of HPLC injector 

vial. In total, 10 samples were collected over a 200-minute period. This procedure is 

referred to as the control, in which the drugs were pre-mixed prior to infusion from a single 

pump.  

Table 4.2 Characteristics of infusion (medications, concentration, flow rate and duration) 

used for “a typical patient model” 

Medication 

Group 

Reconstitution Concentration
a 

(µg/mL) 

Flow Rate Duration 

(hours) 

Group I A. Morphine 

B. Midazolam  

C. Ketamine  

96  

580  

192 

0.5 mL/hr 

2 mL/hr 

4 mL/hr 

8  

Group II A. Fentanyl  

B. Dobutamine 

C. Norepinephrine 

9.6 

1440 

30 

2 mL/hr 

2 mL/hr 

2 mL/hr 

24  

Group III A. Morphine  

B. Fentanyl  

C. Dobutamine  

96 

9.6 

1440 

0.5 mL/hr 

2 mL/hr 

2 mL/hr 

24  

Group IV A. Midazolam  

B. Dobutamine 

C. Norepinephrine  

580 

1440 

30 

2 mL/hr 

2 mL/hr 

2 mL/hr 

24  

Group V A. Morphine  

B. Fentanyl 

C. Midazolam  

96 

9.6 

580 

0.5 mL/hr 

2 mL/hr 

2 mL/hr 

24  

a in 5% glucose solution 
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In an experimental run, using the same three drugs, the procedure was largely 

replicated, with the key difference being that the 15 mL of the three drugs were contained 

in three separate syringes and were pumped separately, using pumps A, B and C (see 

Figure 4.1). Again, the effluent was collected in 20-minute intervals over a 200-minute 

period. Both the control and experimental runs were performed in triplicate.  

4.2.4 Drug reconstitution, simulated infusion experiment and collection procedures  

A total of six different drugs were reconstituted at the concentrations specified in Table 4.2 

in a 5% glucose solution, as described in Chapter 3. The drugs were combined into five 

groups each containing three drugs (see Table 4.2). A 15 mL volume of each drug was 

drawn up into the syringe and each syringe was placed into one of the pumps as shown in 

Figure 4.1. The flow rate on each pump was set in accordance with the specification in 

Table 4.2. The total time duration of the infusion was eight (8) hours (Group I) or 24 hours 

(Groups II, III, IV and V) as shown in Table 4.2. The infusion tubes from the three syringes 

were attached to the available ports in the two three-way taps, the pumps were turned on, 

and the “infusion experiment” was considered to have started. It took one hour for the drug 

solution to pass through the infusion tubing. Several collections (into the HPLC auto-

injector vials), each of 20 minutes’ duration, were made consecutively starting at 

60 minutes: thereafter, 20-minute collections were made at four (4) hours, eight (8) hours 

and 24 hours, where relevant. The solution in the auto-injector vials was used for HPLC 

analyses of the drug concentration. Subsequent to the collections started at 80 minutes; 

4 hours 20 minutes; 8 hours 20 minutes; and 24 hours 20 minutes, about 2 mL of the 

effluent was collected in a 5 mL test tube and the pH of the fluid was measured as 
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described in Chapter 3. The effluent between the end of the pH collection and the start of 

the HPLC collection was collected in a waste vessel.  

Chemical compatibility was analysed using two parameters; pH and concentration. 

The pH was measured using a Mettler Toledo pH meter as mentioned in the previous 

chapter (see Section 3.2.4.2). The assessment of concentration also employed the HPLC 

apparatus as previously mentioned (see Section 3.2.4.1).  

The chromatographic system used has been based on the work reported in Chapter 3 

with one adjustment. The adjustment was established using a gradient system to separate 

each peak of the three simultaneous infusions. The gradient system included the ratio of the 

mobile phase and various ratios using a suitable wavelength in the range of 220–280 nm. A 

resolution value of more than 1.5 indicates suitability as this demonstrates a good 

separation of each chromatogram (Dong et al., 2001). Repeatability was obtained by using 

replication five times with the stock solution of each sample. Chemical compatibility was 

determined with the percentage of change based on the peak height of chromatograms at 

four (4) hours, eight (8) hours and 24 hours compared to one (1) hour. The criteria for drug 

incompatibility were significant change in pH (>0.5) and/or percentages of concentration 

(>10%) as shown in Figure 3.1 (see Section 3.2.5). 

4.3 Results and discussion 

4.3.1 Validation of “a typical patient model” 

A dynamic system to simulate the simultaneous infusion of the three different drugs was 

established and validated. Samples from the test tubes were analysed: this analysis took 

into account the fact that precipitation from Y-site incompatibility can be harmful when 

introduced into the body. The examination of physical changes including precipitation and 

particulate matter must be undertaken at the closest point to the injection site.  
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This step confirms the applicability of this model for IV drug compatibility assay. 

The current study identified two possible differences between Y-simulation as commonly 

reported and the real situation by modelling the Y-connector as it is used clinically: firstly, 

that the ratio of the volume of the drugs in the tubing is influenced by the flow rate and 

dead space (“non-circulating space”) volume and, secondly, that the dwell time depends on 

the length of time and flow rate. 

The current study did not measure the real ratio of the volume, but made 

assumptions based on flow rate and the values of the priming volume and dead space 

volume. In this study, the priming volume was beneficial for predicting the total volume of 

medications that were in contact with each other. The dead space volume is in contact with 

the drug given subsequently, that is, the drug injected after the stopcock is off (Macfie, 

1990). Dead space volume significantly determines the layering volume which reacts and 

results in incompatibility in the Y-site (Goossens, 2015). As the Y-connector and the 

stopcock are the meeting point where different medications may mix in the tubing, their 

priming volume and the dead space volume of the stopcock and Y-connector are critical 

points of IV drug incompatibility.  

Based on observation in the laboratory, this model has the ratios of volume and 

dwell time as shown in Table 4.3. The ratio of volume for infusion–infusion in the Y-line 

mostly depends on the flow rate. The same flow rate will give a ratio 1:1 for two infusions 

or 1:1:1 for three separated infusions. A different ratio emerges when varied flow rates are 

applied. Interestingly, the ratio of volume in infusions–injection seems to be different. In 

Sardjito Hospital, injections were given after the infusion line (stopcock tap) was turned 

off. This meant that only the dead space volume of the infusion would come into contact 

with the injection. In this case, the priming volume and the dead space volume influence 
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the ratio of volume in accordance with this formula: dead space volume: (priming volume 

minus dead space volume). That is, the ratio of volume for the first drug is represented by 

dead space volume, while the ratio of volume for the second drug is represented by the 

priming volume minus the dead space volume. For instance, if using an extension with a 

priming volume of 0.6 mL, accordingly, the apparent ratio of volume between 

infusions:injection in the Y-connector would be 0.06 and 0.54 or about 1:10. This ratio is 

different to the static ratio (1:1), but is similar to that in dynamic studies of compatibility 

(Humbert-Delaloye et al., 2013; Knudsen et al., 2014). Likewise, if using a single 

peripheral line, the ratios of volume of infusion:injection and injection:injection are alike, 

as the length and diameter of the Y-extension are less varied. 

Table 4.3 Characteristics of “a typical patient model” for compatibility assay on five leading 

medication groups 

Sample of 

Medication 

Group 

Ratio of Volumea 

(Infusion:Infusion:Infusion) 

Dwell 

Timeb 

(minutes) 

Ratio of 

Volumec 

(Infusions 

Group: 

Injection) 

Dwell 

Timed 

(minutes) 

Group I 

 

Morphine:Midazolam:Ketamine 

(1:4:8) 

10  1:10 5 

Group II Fentanyl:Dobutamine:Norepinephrine 

(1:1:1) 

10  1:10 5 

Group III Morphine:Fentanyl:Dobutamine 

(1:4:4) 

10  1:10 5 

Group IV Midazolam:Dobutamine:Norepinephrine 

(1:1:1) 

10  1:10 5 

Group V Morphine:Fentanyl:Midazolam 

(1:4:4) 

10  1:10 5 

a Based upon flow rate 
b Dwell time in three-way taps and connector based on experiment in laboratory 

c Counted from dead space volume of connector:priming volume minus dead space volume 
d Dwell time in connector in laboratory  
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In theory, in addition to dead space volume and priming volume, the ratio between 

the two drugs delivered subsequently also depends on the specific gravity of the solutions. 

This is especially the case when more than two drugs interact and/or they differ markedly 

in specific gravity as layering in the tubing may occur. Furthermore, the calculation of the 

ratio disregards the factor of osmolality/tonicity and the adsorption capacity that may 

influence the ratio of volume. Likewise, it is also minimally applied as the vehicle used is 

the same (5% glucose solution).  

The dwell time also influences compatibility. The dwell time was predicted as the 

time taken to flow from the proximal end to the end of the stopcock or connector. The 

dwell time is influenced by the flow rate and length/diameter of the device. The three 

infusions merged and interacted in the two stopcocks and, furthermore, the medications 

merged at the Y-connector. During observation, the two 5 cm stopcocks were filled after 

approximately 10 minutes, while the 10 cm connector was also filled after approximately 

10 minutes. Thus, the infusions interacted with each other in the stopcock and along the 20-

cm length of the connector with a total dwell time of approximately 20 minutes (see 

Table 4.3). The dwell time in the current study is longer than in Kanji, Goddard, et al. 

(2010) study in which it was assumed to be five (5) minutes, but shorter than in the static 

model that undertook four (4) hours’ observation (L. Allen et al., 1977; Lawrence A Trissel 

et al., 1999). However, higher flow rates would further reduce the dwell time. In fact, a 

bolus injection delivered at 5 mL/minute in a Y-connector will be at a much faster flow rate 

and will dwell for a shorter but indeterminate time (the testing undertaken is reported in 

Chapter 5). The dwell time after the Y-site which combined the flow of two lines was 

found to be less than five (5) minutes. 
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In the case of PICU Sardjito, where micro infusion (narrow bore tubing) is 

commonly used, the dwell time is commonly less than one hour. This means that the 

dynamic model tends to have a shorter dwell time compared to the static model: the shorter 

the dwell time, the lower the incompatibility risk. As mentioned by Parikh, Dumas, 

Silvestri, Bistrian, and Driscoll (2005), the dwell time will influence precipitation which 

may be avoided if the dwell time is shorter than the time taken for precipitation to develop. 

This method was demonstrated in different conditions to those in the static model. 

This supports previous studies which indicated that dynamic infusion should be assayed 

dynamically by taking into account the variations in conditions (Husson et al., 2003a). In 

addition, Servais and Tulkens (2001) found that the dynamic method has differences in the 

ratio, final concentration and layering in the tubing compared to the static model (Murphy 

& Wilcox, 2010).  

4.3.2 Validation of pumping start-up and consistency 

The validation of the pumping aimed to examine the start-up and consistency of the 

pumping needed to infuse three infusion drugs.  

Firstly, the start-up was found to need approximately 60 minutes to start the 

infusion dropping into the collection tube. This supports the finding in other studies: for 

example, Neff (2001) investigated four types of pump with a flow rate of 1 mL/hour and 

found a wide range of times for the start-up (7–60 minutes). The parameters found to have 

impact on the time for start-up and the delay time were the type of pump, as well as the free 

play of the syringe (T. Neff et al., 2001); syringe size (smaller syringe has a faster start-up 

time) (T. Neff et al., 2001); dead space volume (Lovich, Doles, & Peterfreund, 2005); flow 

rate (S. Neff, Neff, Gerber, & Weiss, 2007); and whether the pump is run at a higher rate to 

take up the mechanical strain prior to connection. While there are many variations in 
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devices, the parameter of the device used for the set-up must be the same to avoid 

variability. Thus, similar pumps will minimise variability in the start-up time.  

The use of a multi-infusion pump may also prolong the start-up time (Timmerman 

et al., 2015). This is caused by increasing the dead space volume and by interruptions. Use 

of a multi-infusion pump often correlates with a longer length of tubing and increased 

amount of dead space volume resulting in a start-up time that is longer by up to 70 minutes. 

Turning the pump off and on can delay the alarm by up to 117 minutes, and increase the 

volume of the bolus up to 1 mL in a 60 mL syringe after stopping the infusion (Weiss, 

Bänziger, Neff, & Fanconi, 2000). Again, variability in concentration can be minimised by 

reducing the length of the tubing (i.e. the dead space volume), having a fixed position for 

the tubing and reducing interventions.  

Secondly, to achieve consistency, the separated infusions used in this model were 

compared with a control run (mixed infusion administered in one syringe pump). As seen in 

Figures 4.2 and 4.3, the results show that the peak and the concentration are very low and 

fluctuate in the first sample (20 minutes from the first drop). This phenomenon may be 

associated with the reversible binding of the drug with the surface of the infusion line, thus 

causing the low concentration; however, after saturation, additional binding decreased and 

concentration increased (V. L. Allen & Ansel, 2014; Vygon, 2015). There is however no 

evidence on the adsorption of these drugs onto polyethylene tubing. Consequently, the first 

sample was excluded. This experiment indicated that, without priming the injection, the 

flow began to be consistent from the second sampling time. 
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Figure 4.2 Profile of dynamic concentration during 200 minutes using three separate pumps 

after manual and sonic homogenisation  

 

 

Figure 4.3 Profile of dynamic concentration during 200 minutes of mixed (control run) and 

separated infusion (experimental run) after sonic homogenisation at PICU Sardjito 

 

As stated previously, the comparison between manual homogenisation and 

sonication was performed to validate the preparation method used in Sardjito Hospital. 

Based on nine sampling times, manual mixing had a larger variation (CV>10%) and was 

significantly different to sonication (p<0.05), as seen in Table 4.4. The sonication 

performed good homogenisation in both the mixed pump and the separated pump 
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(CV<10%). This proves that simple shaking by hand cannot homogenise properly. 

Moreover, homogeneity will be more difficult to achieve if three medications are mixed 

manually in one infusion (CV>37%).  

Table 4.4 Variation of chromatograms of simultaneous infusion using separated and mixed 

infusion, mixed by hand and sonic mixing 

 *Medication Separated Infusion Mixed Infusion 

Mean Height+SD 

(%RSD) 

Mean Area+SD 

(%RSD) 

Mean 

Height+SD 

(%RSD) 

Mean Area+SD 

(%RSD) 

M
a
n

u
a

l 

Midazolam 179,465+17,485 

(9.74) 

4,439,376+428,920 

(9.66) 

159+67 

(42) 

4,566+2306 

(50.5) 

Dobutamine 2,452,393+555,192 

(22.64) 

22,197,310+5,413,181 

(22.64%) 

649+168 

(25.99) 

9,089,89+3376 

(37.14) 

Norepinephrine 37,632+5,676 

(15.08) 

390,291+55,654 

(14.25) 

6,351+4,326 

(68) 

318,33+198 

(62) 

S
o
n

ic
a
ti

o
n

 

Midazolam 213,495+19,120 

(8.95) 

4,892,981+443,112 

(9.05) 

227,978+2,111 

(0.92) 

5,332,545+115,921 

(2.17) 

Dobutamine 2,721,142+33,927 

(1.22) 

25,295,755+978,535 

(3.86) 

2,693,705+6,609 

(0.24) 

24,823,418+480,492 

(1.94) 

Norepinephrine 59,191+4,765 

(8.04) 

475,334+45,656 

(9.65) 

60,104+218 

(0.36) 

492,314+8.656 

(1.75) 

p-valuea manual versus sonic 0.0051, 0.0422, 0.0073 

p-valueb separated versus mixed 0.5461, 0.0542, 0.5463 

Notes: RSD=relative standard deviation; SD=standard deviation 
a Independent sample t-test to compare manual and sonic homogenisation using separated pump 

b Independent sample t-test to compare separated (experimental) and mixed pump (control) 
1 Norepinephrine 
2 Dobutamine 
3 Midazolam 

 

The current study’s validation confirmed that homogenisation is one determinant for 

variability in concentration. This confirms the findings of another scholar who indicated 

that there was wide variation in concentration after manual mixing (Wheeler et al., 2008). 

Donaldson (2011) identified that sonic mixing has lower variation (CV=0.89%) than manual 

mixing (CV=18.9%). Furthermore, Donaldson (2011) also identified that dilution in a 
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syringe was less homogeneous than dilution in a polyvinyl chloride (PVC) bag (p<0.009). 

This was caused by the solution usually being viscous; therefore, it would require vigorous 

agitation to reach homogeneity.  

Using sonication, the current study validated that infusions in separated pumps 

(CV<10%) appeared less stable than mixed infusions in one pump (CV<3%), although the 

difference was not significant (p>0.05). This step demonstrates that a multi-infusion pump 

can affect concentration variability. The finding, based on the result of the validation, 

corroborates with a recent study that revealed concentration variability to be higher when 

multiple pumps run simultaneously than with a single pump (Décaudin et al., 2009). In 

addition, Klem et al. (1993) demonstrated that the pump is likely to be correlated with the 

fluctuation in the concentration of the liquid that flows in the tubing when several pumps 

run simultaneously. This means that the concentration variation may come from the 

dynamics of simultaneous infusion through three separate pumps. This finding supports a 

previous study in which multi-access infusion pumps were found to have higher variation 

in concentration (Lovich, Kinnealley, Sims, & Peterfreund, 2006). In that study, several 

pumps were associated with the longer Y-site that comprised an additional port with 

stopcock and extension (Lovich et al., 2005). Furthermore, Decaudin et al.  (2009) 

elucidated that multi-access infusion brings the consequences of longer tubing and more 

disturbance resulting in a higher dead space volume, lag time and backflow. As shown by 

Bartels et al. (2009), a dead space volume was positively correlated with more volume 

layering of the tubing and impact on perfusion, as well as on the total flow rate (Lovich et 

al., 2005). 

Over the period of the assay, the concentration variability due to different devices as 

well as the medications was found to be minimal. The medication and 5% glucose solution 
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were obtained from the same manufacturer in one batch, to ensure that the flow rate and 

dead space volume would be similar. Miscalculations and variations in the mixing order are 

commonly found in hospitals, but were eliminated in the laboratory. Furthermore, 

homogenisation and interruptions were also minimised. This validation demonstrated that 

the preparation using sonication, when set up in three separated infusions in the model, 

resulted in a concentration variation of CV<10%.  

4.3.3 Compatibility in simultaneous infusions 

The study discussed in the current chapter aimed to assess compatibility when three drugs 

were simultaneously infused through one single lumen of peripheral IV line. As the manual 

mixing undertaken in the hospital setting clearly resulted in non-homogeneity, the 

compatibility study was developed using sonication. As stated in the previous chapter, 

chemical compatibility was evaluated based on pH and concentration.  

The pH of medication should be stable, not only in the containers of large volume 

parenterals/small volume parenterals, but also after being mixed and when entering the 

human body. As shown on Figure 4.4, regarding pH, no incompatibility was observed 

throughout the assay. The pH change (pH) of each sample group was less than 0.05 and 

within the usual pH range: Group I (pH=-0.12); Group II (pH=-0.09); Group III (pH=-

0.15); Group IV (pH=-0.09); and Group V (pH=0.07) with a low standard deviation 

(SD) for each sample of 0.1–0.2.  
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Figure 4.4 Change of pH versus time (hours) of co-simultaneous infusion 

 

Based on the mechanisms of precipitation formation, the pH change of <0.5 does 

not significantly shift the ionisation level (USP, 2015b); therefore, guided by that finding, 

the change of pH in our study is acceptable. As there is no significant change of pH (<0.5) 

during 24 hours, this means that this method of administration is safe with regard to pH 

change. 

In addition to pH, concentration is another primary parameter of chemical 

compatibility. The HPLC method was proven to be suitable with the value of the symmetry 

factor being between 0.8–1.2 and a resolution higher than 1.5 (separation reached the 

baseline), showing that the peak has a normal shape and a good separation in the column 

(see Figure 4.5 p.139 and p.140) (Dong et al., 2001). The precision of %RSD at less than 

5% was achieved using the stock solution in five replicated tests.  
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Group I 

 

Medication TR Sym Rs %RSD 

Morphine 2.5 1.14 - 4.84 

Ketamine 3.3 1.10 4.3 3.22 

- 3.7 1.20 1.6 - 

Midazolam 11.9 1.17 25 4.84 

 

Group II 

 

Medication TR Sym Rs %RSD 

Norepinephrine 2.4 1.02 - 1.85 

Fentanyl 3.4 1.16 4.43 4.03 

Dobutamine 4.1 1.18 3.59 4.94 

 

Group III 

 

Medication TR Sym Rs %RSD 

Morphine 2.4 1.07 - 3.61 

Dobutamine 4.1 1.13 5.4 3.35 

Fentanyl 3.4 1.15 3.7 3.40 

 

Group IV 

 

Medication TR Sym Rs %RSD 

Norepinephrine 2.4 1.3 - 1.06 

Dobutamine 3.3 1.2 3.5 1.45 

- 3.7 1.1 1.7  

Midazolam 11.9 1.2 20.2 1.57 

Continued to p140 
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Group V 

 

Medication TR Sym Rs %RSD 

Morphine 2.3 1.02 - 4.0 

Fentanyl 3.0 1.17 4.2 3.62 

- 3.7 1.20 3.3 - 

Midazolam 15 0.93 25 3.76 

Notes: TR=retention time, Sym=symmetry factor, Rs=resolution; %RSD=relative standard deviation  

Figure 4.5 Chromatograms, suitability and precision of medication groups 

 

The results throughout the assay showed that the concentration changed less than 

10% from the initial concentration (see Figure 4.6). This means that there is no 

incompatibility amongst the infusions in all tested groups. Each group’s concentration 

fluctuated in the range 90–110%, as seen in Figure 4.6, which also shows how the 

concentration sways in an alternate rising and falling pattern in every period. The 

concentration fluctuates up and down alternately between one medication and the other 

medications in one group within a range of <±10%. For example, in Group V, at four (4) 

hours, fentanyl drops to 90% concentration, while morphine and midazolam rise to 110%. 

In contrast, at eight (8) hours, fentanyl rises to 107%, while midazolam and morphine fall 

to 104%. In Group I, at eight (8) hours, ketamine goes up slightly, while midazolam and 

morphine go down. Newton (2009) defined degradation as being a decrease of 

concentration >10% which occurs continuously. The change of concentration in the current 

study is probably more likely to be associated with the flow hydrodynamics of the multiple 

infusions rather than with drug degradation. As previously mentioned, the validation results 

have indicated that the separated infusions can produce a variability of concentration in the 

range of 90–110%. Thus, the dynamic pulse of the concentration was apparently associated 

with variations in infusion instead of with degradation or incompatibility. 
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Figure 4.6 Profile of concentration change on five tested infusion groups during 24 hours 

 

 

Moreover, the new peak of the degradant, compared to the initial chromatogram, 

was also not investigated. The retention time and peak of each medication remained fixed 

during the observation period: no shift occurred in retention time for morphine, midazolam, 

fentanyl, ketamine, norepinephrine or dobutamine in all five medication groups. 
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Based on the pH, concentration and consistency of the chromatograms, the five 

tested groups did not demonstrate incompatibility under dynamic simulation of infusion as 

used in PICU Sardjito. Although using a different method, this finding was consistent with 

the previous study by some scholars which predicted that the group midazolam + morphine 

+ ketamine was compatible (using a static compatibility assay) (Aguado-Lorenzo et al., 

2013; Cole et al., 2013). In addition, the current study also supported the finding by 

(Knudsen et al., 2014) which proved that midazolam + fentanyl + ketamine were also 

compatible, although using a different type of fentanyl and different concentrations in the 

three infusions. Unfortunately, as far as can be investigated, no compatibility research has 

been undertaken for the three other groups. However, midazolam and dobutamine was 

reported to be incompatible in the static model (Lawrence A Trissel et al., 2011). In fact, in 

the current model, the medications in Group IV, namely, midazolam, dobutamine and 

norepinephrine that could possibly interact did not show incompatibility. Moreover, 

dissimilarities were due to the dwell time. The current study has again shown 

differentiation between the dynamic method and the static model.  

The current study’s finding supports another study which indicated that the Y-site is 

seldom where chemical incompatibility occurs (Kanji, Goddard, et al., 2010). This finding 

was associated with a short dwell time of less than 10 minutes (Chiu & Schwartz, 1997) or 

less than four (4) minutes (Kanji, Goddard, et al., 2010). However, the current study has 

confirmed that, even when using a longer Y-site and dwell time (20 minutes), the result is 

chemically compatible. This means that incompatibility may occur when the dwell time is 

longer than the lag time, thus causing a degradation reaction. The current study’s system 

(using a 10 cm stopcock plus a 10 cm connector) seems to have the longest Y-site: it is very 

seldom that more than two stopcocks are set up in practice or in other studies. Moreover, a 
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multi-lumen catheter has a shorter dwell time. Therefore, the current study has found 

support for the premise that co-simultaneous infusions with sedatives, analgesics and 

inotropes with an acid pH are chemically compatible in the Y-site.  

This result must be carefully interpreted for other condition. Different 

characteristic may result differently, so we need further proof. All sedatives, analgesics 

and inotropes in this study have a similar pH and solution for reconstitution; consequently, 

pH-dependent precipitation rarely occurs. Further research is needed to confirm this setting 

for other medications. Rapid-reaction incompatibility mostly occurs as a pH-dependent 

reaction. The rapid reaction is more attributable to physical changes, such as the formation 

of gas, discoloration or precipitation, than to a chemical reaction. This supports the 

common argument that physical compatibility seems to be more likely than chemical 

compatibility in Y-site compatibility. Hence, careful consideration should be given 

particularly when simultaneous infusions have different pH values as this usually induces 

precipitation. Although the current study’s finding indicates that it is safe to deliver 

simultaneous infusions through three-way taps and a Y-extension, this cannot be 

generalised to all simultaneous infusions.  

4.3.4 Discussion in clinical context  

The present study has revealed that all simultaneous infusions employed in this research are 

chemically compatible. Even though this finding indicates that these simultaneous infusions 

are compatible, homogenisation and flow fluctuation in practice remain matters of concern. 

This finding emphasises that fluctuation of concentration is an issue in IV drug 

administration. Previous studies have reported a very large amount of variability between 

prescribed and perceived concentration of inotropes and opioid stock solution (E. M. Allen, 
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Van Boerum, Olsen, & Dean, 1995; Parshuram et al., 2003) or, in one study, a residual 

infusate that is higher than the pharmacopeia standard (Wheeler et al., 2008). 

Based on those findings, variations in concentration seem to be problematic in the 

hospital setting. In practice, some components play a role in the fluctuation of 

concentration: (1) medication and carrier solution characteristics, in particular, 

concentration and density; (2) the reservoir and devices to control the rate, including the 

pump, syringe and tubing system (infusion set and three-way taps or extension); 

(3) preparation steps which play a role mainly attributable to homogeneity; and 

(4) interruption.  

During observation in Sardjito Hospital, the current study found that medication 

solutions were extensively used. The different types are often colloid solutions (such as 

mannitol, lipids and albumin). However, in Sardjito Hospital, these solutions were often 

administered in different routes with a crystalloid solution.  

In addition, even though the same type of infusion set was used for all samples, the 

characteristics of the device itself often produce variability, mainly in relation to the various 

brands and types of electric pump. As revealed in recent publications, electric pumps 

actually provide a reliable and consistent rate (CV<5%); however, the calibration of the 

pump and its validation need to be taken into consideration as an important step in ensuring 

the consistency of the infusion flow (Ilfeld, Morey, & Enneking, 2003). Although electric 

pumps have been proved to be accurate and precise compared to gravity infusion, some 

types of pump typically have different flow continuity characteristics (Schulze, Graff, 

Schimmel, Schenkman, & Rohan, 1983). Physiological evidence has been reported of 

oscillations initiated by the cyclic pulsatile drive of the syringe pump (Schulze et al., 1983). 
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Moreover, a pump with poor flow continuity presents a higher risk to pharmacodynamics; 

hence, this parameter needs to be measured (Klem et al., 1993).  

In practice, another factor, namely, interruption during infusion may also influence 

the variability of concentration (Weiss et al., 2000). One study has found that interruption 

causes a fluctuation in concentration after the taps are turned on or off (Murphy & Wilcox, 

2010). That study revealed that the interruption disturbed the steady state condition, 

resulting in needing a higher volume, such as a bolus injection, to achieve equilibrium 

(Murphy & Wilcox, 2010). Likewise, incompatibility or precipitation resulting in occlusion 

can also be caused by a non-compliant infusion system which causes flow fluctuation. In 

addition, interruption more frequently occurs during multi-pump infusions; therefore, more 

fluctuation occurs in a multi-pump run than in a single pump run.  

In hospital practice, extensive variability of concentration occurs due to medication 

preparation. As found in Fahimi’s (2008) investigation, drug preparation error is a major 

problem in hospitals, especially in ICUs. Preparation error can be caused by miscalculation 

(Aguado-Lorenzo et al.); syringe use (Donaldson et al., 2011); and bedside preparation 

(Wheeler et al., 2008). In the current study, a potential reason for variability was observed 

in the hospital practice of manual mixing: the simple mixing process of inverting the 

solution five (5) times cannot reach homogeneity as well as is achieved in the laboratory. 

This finding supports Donaldson’s (2011) study which found the use of manual mixing 

alarming. Donaldson in an earlier study (Standards for Infusion Nursing)identified that 

even after being shaken 10 times, the solution still had a higher variation of concentration 

than what was achieved with sonic mixing, although this variation was not statistically 

significant. Increasing the frequency of shaking may achieve better results, but this needs to 
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be validated. Meanwhile, proper homogenisation of solutions using sonic mixing 

(sonication) is reliable, but this is more complex to do at the bedside.  

This highlights that drug reconstitution at the bedside is clearly problematic. When 

the infusion solution does not reach homogeneity, differences of ratio and concentration 

between the three medications are the consequence, meaning that the intended dose cannot 

be reached, therapeutic failure may occur or the concentration may reach toxic levels. 

Inadequate mixing often results in the layering of hyperbaric solution at the bottom of the 

vessel due to likely differences in specific gravity (Thompson & Feer, 1980). Furthermore, 

fluctuations of concentration have the potential to be hazardous clinically. These 

medications, and, in particular, inotropes, are very potent, and have a short half-life and a 

narrow therapeutic window. Consequently, a 10% fluctuation of concentration may be 

clinically significant: it could exceed the maximum concentration for the intended dose, 

with the therapeutic response of toxicity. Previous studies have revealed that the variability 

of concentration of inotropes in the ward is clinically significant as they induce 

haemodynamic instability (E. M. Allen et al., 1995; Klem et al., 1993) and significant 

physiological oscillation in infants and children (Schulze et al., 1983). Murphy emphasises 

the clinical significance associated with the potency, half-life and flow rate of these 

medications (Murphy & Wilcox, 2010). However, the consequences of physiological 

changes in inotropic drugs, such as changes in blood pressure or heart rate can be 

monitored; therefore, they can be prevented. In contrast, inappropriate concentrations of 

sedatives are difficult to monitor; therefore, these changes may not be realised even though 

they are problematic for patients (Parshuram et al., 2003).  

To minimise errors in dilution, the following approaches can be implemented: 

firstly, standardisation of solutions as recommended by guidelines from the UK National 
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Health Service (NHS) and the US government (Nemec et al., 2008). However, when a 

medication (such as morphine) is made up in an adult dose, it is tricky to make up the 

precise dose in children. Secondly, as was also found by Wheeler et al. (2008), the current 

study strongly suggests centralised preparation of infusions in the pharmacy using ready-to-

use medications. This finding addresses the importance of the hospital pharmacy 

contribution in drug preparation. As indicated by Aguado-Lorenzo et al. (2013), bedside 

preparation of medications by nurses has a higher variability of concentration than 

pharmacy preparation. As Donaldson (2011) concluded, IV admixtures should be prepared 

by the pharmacy with prior sonic mixing to guarantee homogeneity. Specialised staff with 

responsibility for drug preparation, often prevent errors, and reduce costs and time 

consumption (Fahimi et al., 2015; Niemann et al., 2014; Shahrokhi et al., 2013).  

Precise drug delivery is very important to achieve the intended dose and therapeutic 

response, also to avoid adverse drug effects. Studies have investigated some approaches for 

preventing flow fluctuation during administration in order to achieve dose accuracy through 

methods such as: operating pumps with a minimal coefficient of variation (T. Neff et al., 

2001); minimising the dead space volume by using the shortest tubing as close as possible 

to patients (Tsao, Lovich, Parker, Zheng, & Peterfreund, 2013); minimising flow 

interruptions (A Foinard, B Décaudin, C Barthélémy, B Debaene, & P Odou, 2013), 

maintaining a stable flow rate (Lovich et al., 2006); and avoiding upstream or backward 

flow by using anti-reflux valve infusion (Lannoy et al., 2010).  

The current study supports other research that found the dwell time of co-infusion in 

the Y-site to be chemically compatible. However, this finding still produces concentration 

variability in the range of 90–110%. Attempts to minimise this variation should be 

considered in practice through strictly supervised preparation. This finding again supports 
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the practice of implementing centralised drug preparation in the hospital pharmacy, with 

this being proven to result in less deviation in concentration than is the case with ward 

preparation (Dartsch et al., 2010). The current study also revealed that mixed infusions 

delivered through one single pump had lower concentration deviation and delivered a more 

precise dose than infusions flowing via separate pumps. This means that the compatibility 

of these medications when delivered in one syringe needs to be confirmed. This emphasises 

the need to develop a centralised pharmacy to establish further evidence on compatibility 

for IV admixtures. In addition, to reduce dose fluctuations, a calibrated pump and multi-

lumen infusion with a shorter Y-site could be considered as ways of reducing concentration 

variations and dead space volume.  

4.4 Limitations 

This research was conducted based on hospital conditions, except for the study of 

homogenisation. These recommendations are only suitable for conditions which have 

similar characteristics and medications using an equivalent dose or doses at lower 

concentrations. As the pump, infusion set and preparation process play a role in the 

fluctuation of concentration, the findings reflect that using a dynamic simulation infusion 

for the study of incompatibility could be problematic if concluding that the percentage of 

degradation is attributable to compatibility as the one and only cause.  

4.5 Conclusions 

This validation study found that large fluctuations of concentration (CV>10%) occurred 

when mixing solutions by hand as is carried out in hospital practice. Sonic mixing produced 

homogeneity, with separate pumps showing more concentration fluctuation than when 

mixing IV drugs in one pump; however, the difference was not statistically significant. This 
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confirmed that homogenisation is one determinant for variability of concentration in the 

practice setting. The current study identified that bedside preparation was less 

homogeneous. 

In addition, the current study differed from regular methods used in research as the 

infusion devices for the investigation were chosen to closely simulate clinical practice with 

various flow rates, dead space (“non-circulating space”) volume and dwell time. This study 

has proved that the following groups are chemically compatible:  

morphine 96 µg/mL; ketamine 192 µg/mL; midazolam 0.58 mg/mL (1:4:8)  

fentanyl 9.6 µg/mL; norepinephrine 30 µg/mL; dobutamine 1.44 mg/mL (1:1:1)  

morphine 96 µg/mL; fentanyl 9.6 µg/mL; dobutamine 1.44 mg/mL (1:4:4)  

midazolam 0.58 mg/mL; norepinephrine 30 µg/mL; dobutamine 1.44 mg/mL (1:1:1)  

morphine 96 µg/mL; fentanyl 9.6 µg/mL; midazolam 0.58 mg/mL (1:4:4).  

These medications were infused from three separate pumps with a dwell time of 

20 minutes, through two stopcocks and one connector, in a dynamic simulation to assess 

chemical compatibility. Using a dynamic model resulted in different results for 

compatibility in comparison with using a static model: for example, Group IV in which 

midazolam met with dobutamine was compatible using this method, but was incompatible 

in the static model. Thus, for validation, the ratio of volume and dwell time should 

primarily be disclosed in compatibility studies conducted using a dynamic method. 

The study identified that bedside preparation produced preparation errors and drug 

dose inaccuracy. Attempts to reduce drug dose variability should be established in hospital 

practice through several approaches: pharmacy preparation, calibrated pumps, a low dead 

space volume, minimising interruption and prevention of incompatibility. 
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CHAPTER 5:  

PHYSICAL COMPATIBILITY ASSAY USING “A TYPICAL PATIENT MODEL”: THE 

CASE OF PICU SARDJITO 

5.1 Introduction 

Incompatibility when two or more medications meet within a parenteral fluid system is one 

of the obstacles to achieving the intended therapeutic goals. In the current study 

observations in PICU Sardjito, it was found that patients typically received up to four drugs 

per STA including infusions and injections. Of those, potential incompatibility occurs 

between infusions and infusion–injection. In Chapter 4, it was demonstrated that 

simultaneous infusion of analgesics, sedatives and inotropes was chemically compatible. 

Likewise, the short dwell time of medications primarily for infusions–injection was shown 

to be prone to physical changes rather than chemical changes (Chiu & Schwartz, 1997; 

Kanji, Goddard, et al., 2010). Physical compatibility is often specified as visible because it 

manifests as visual changes. In addition, it is usually deemed to be not important as it is not 

associated directly with therapeutic changes. However, large numbers of particles are likely 

to be related to phlebitis, thrombi or microvascular damage in vital organs (Myhr, 1985).  

To date, compatibility in the IV administration of infusions and injections of 

multiple drugs in conditions which resemble real practice has been under-studied. Recent 

assay studies on compatibility between more than two drugs have usually been established 

using a multi-lumen catheter (Aurélie Foinard et al., 2013; Perez et al., 2015). Lawrence A 

Trissel et al. (2011) suggested that the full characteristics and the method of use should be 

considered in assessing compatibility.  

The questions remaining are whether these infusions are physically compatible and 

whether these infusions are physically compatible when the injection is given in the same 
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y-site system. Thus, this physical compatibility assay of “a typical patient model”, as 

previously discussed in Chapter 4, has been established not only amongst three 

simultaneous infusions but also amongst simultaneous infusions with injections. In this 

study, five medication groups were evaluated, with each group in contact with a 

combination of four drugs (three infusions and one injection). The current study 

investigated physical compatibility through the observation of IV drug precipitation, 

including the nature of the particles in the precipitate, resulting from the IV medications 

typically used in paediatric critical care. This study sought to confirm whether or not IV 

drug administration in the real setting reveals physical incompatibility.  

5.2 Methods 

5.2.1 Design of study 

The current study used “a typical patient model” as described in Chapter 4 (see 

Section 4.2.2).  

5.2.2 Preparation of medication and collection procedures   

This setting used the infusions in the previous chapter (Section 4.2.2) and the injections as 

shown in Table 5.1 below. Reconstitution was needed for some IV drugs, primarily 

antibiotics, and was carried out using solutions from the manufacturers.  
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Table 5.1 Characteristics of IV push injection or intermittent IV infusion including 

manufacturer, concentration, flow rate and volume of administration 

Drug 
 

Manufacturer Concentration Flow Rate Volume of 

Administration 

Acyclovir  

50 mg/mL 

 

Glaxo 

SmithKline 

10 mg/mL IV push  

(3–5 minutes) 

 

2 mL 

Ampicillin 

1000 mg 

 

Indofarma 200 mg/mL IV push 

(3–5 minutes) 

 

2 mL 

Cefotaxime sodium 

1000 mg 

 

Dexa Medica 200 mg/mL IV push 

(3–5 minutes) 

2 mL 

Chloramphenicol  

sodium succinate 

1000 mg  

 

Phapros 200 mg/mL IV push 

(3–5 minutes) 

2 mL 

Dexamethasone  

sodium phosphate 

5 mg/mL 

 

Indofarma 1 mg/mL IV push 

(3–5 minutes) 

2 mL 

Fluconazole  

200 mg/100 mL 

 

Bernofarm 2 mg/mL IV intermittent 

(10 mL/hour) 

2 mL 

Furosemide sodium  

20 mg/2 mL 

 

Indofarma 10 mg/mL IV push 

(3–5 minutes) 

2 mL 

Gentamicin sulfate  

80 mg/2 mL 

 

Indofarma 40 mg/mL IV push 

(3–5 minutes) 

2 mL 

Phenytoin sodium  

100 mg/2 mL 

Indofarma 10 mg/mL IV push  

(3–5 minutes) 

 

2 mL 

Meropenem  

500 mg 

 

Kalbe Farma 50 mg/mL IV push 

(3–5 minutes) 

 

2 mL 

Metronidazole  

500 mg/100 mL 

 

Finusolprima 5 mg/mL IV intermittent 

10 mL/hour 

2 mL 

Methylprednisolone 

125 mg/2 mL 

 

Bernofarm 25 g/mL IV push  

(3–5 minutes) 

 

2 mL 

Paracetamol  

1000 mg/100 mL  

Finusolprima 100 mg/mL IV intermittent 

10 mL/hour 

 

2 mL 

Phenobarbital 

sodium  

200 mg/2 mL 

Mersifarma 10 mg/mL IV push  

(1 minute) 

2 mL 

Ranitidine HCl  

50 mg/2 mL 

 

Hexpharm 

Jaya 

25 mg/mL IV push 

(3–5 minutes) 

2 mL 
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The reconstituted infusions, as described in Chapter 4, have been set in “a typical 

patient model” (see Section 4.2.2). Each infusion group in Chapter 4 was assayed for 

physical compatibility when it was employed with each of the injections in Table 5.1. Each 

step was performed in triplicate and the above procedure was also conducted for infusion 

Groups II, III, IV and V.  

As described in Section 4.2.4, the infusion experiment for Group I started from the 

first drop, with a 2 mL sample containing three infusions drawn into a test tube. The 1st test 

tube was set aside as a sample infusion–infusion for visual inspection (see Section 3.2.3) 

and for testing under optical microscopy.  

After the co-infusion sample was replaced, the sample for infusion–injection was 

collected. After ensuring that the infusion was flowing into the terminal line, the stopcock 

taps of the infusion routes were turned off; the 2nd test tube was then employed and the first 

IV injection was administered through the taps of the connector. The collected samples 

containing the solution were taken from the injected medication and the remaining infusion 

in the tubing. This sample was observed by visual inspection and optical microscopy and 

was then employed as the sample infusion–injection. After setting aside the 2nd test tube, 

the connector was flushed with NS, and the infusion turned on again until the infusion flow 

had reached the end of the system. The stopcock taps of the infusion routes were turned off, 

and the 3rd test tube was placed. The second IV injection was administered through the 

extension/connector tap, and the sample was collected, which was also relevant as the 

infusion–injection sample. The following sample was then collected in the next test tube. 

The same procedure was applicable for the 4th, 5th, 6th, 7th, 8th, 9th, 10th and 11th samples for 

the different IV injections.  
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The same procedure was also applicable for the intermittent IV infusion of 

paracetamol, fluconazole and metronidazole for the 12th, 13th and 14th samples. Conversely, 

the intermittent IV infusion was set as an IV piggyback through the extension route. The 

12th sample was placed to collect the sample infusion and the intermittent IV infusion that 

flowed along the extension site for 20 minutes. After the 12th sample was set aside for 

visual and microscopy inspection, a different intermittent IV infusion was placed, and the 

13th sample was employed, with this followed by the 14th sample.  

5.2.3 Microscopy instrumentation 

Optical microscopy is recommended for particle analysis by: United States Pharmacopeia 

(USP) 28-National Formulary (NF) 23 and Supplement 776; European Pharmacopeia (EP) 

(5th edn.) and Supplements 2.9.13 and 2.9.37; Japanese Pharmacopeia (JP) (14th edn.) 46; 

and ISO categories 13,322 and 14,488 (Shekunov, Chattopadhyay, Tong, & Chow, 2007). 

Optical microscopy is beneficial for the detection of particulate matter for the following 

reasons: (1) it is a low-cost method that is simple to use; (2) it is relatively sensitive to 

particulate matter; and (3) the user can directly see the shape and nature of the particle 

better than is the case with light obscuration. However, optical microscopy has the 

limitation of being less sensitive for counting the number of particles. Microscopy usually 

finds it difficult to detect oil droplets (as it is adsorbed), and amorphous or flaky material 

(Groves, 1991).  

The current study used an Olympus CX41 microscope with a UIS (Universal 

Infinity Sytem) optical system. The illuminator (Abbe Condenser) has a built-in 6V 30W 

halogen bulb; this optical microscope has a limit of detection of 1 µm (micrometre) 

(Olympus CX41 Instruction Manual). To increase the sensitivity and illumination, dark 

field microscopy was utilised by adopting the Omoto and Folwell method (1999), which 
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placed a black opaque disk below the condenser on the upper surface of the light. The 

opaque disk blocked the centre of the light beam to produce a hollow cone of light, so that 

the light did not directly enter the objective lens (Omoto & Folwell, 1999). 

Particle size was measured using an Optilab advanced imaging system. This digital 

device, which is connected to the microscope with a computer and monitor, displays the 

object with a point of view and point of focus similar to that from the objective eye-piece. 

The particle size was measured in accordance with Feret’s diameter and length of fibre 

(USP, 2015a). Feret’s diameter is defined as the distance between the two parallel planes 

restricting the object, perpendicular to that direction. It is also called the ‘caliper diameter’, 

referring to the measurement of the object size as if done with a caliper. Length of fibre is 

the longest dimension from the edge to the ocular scale.  

5.2.3.1 Validation of dark field microscopy for inspection of precipitation and particulate 

matter 

To validate the optical microscopy, some procedures were developed. Firstly, after ensuring 

that the particle was not from the material, the equipment or the environment, samples with 

water controls were always observed under microscopy on the same glass slide. Secondly, 

two drugs proven incompatible in a recent study were mixed in the test tube with a ratio of 

1:1 following Allen’s (1977) method. The sample mixtures evaluated were acyclovir + 

morphine and phenytoin + dobutamine. These samples were observed using dark field 

microscopy versus bright field microscopy. Thirdly, to understand the influence of time, the 

observation of the sample was performed immediately after mixing and at one (1) hour and 

at four (4) hours later.  
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5.2.4 Physical compatibility testing 

All assessment techniques, that is, visual inspection, under consistent light, with black and 

white backgrounds, and using microscopy were performed for all samples. Firstly, visual 

inspection was undertaken of the precipitate in the connector/extension line to mimic the 

monitoring of IV drug compatibility as done by practitioners in the ward. Secondly, each 

2 mL sample in the test tube was also subjected to visual inspection under consistent light 

and with black and white backgrounds. Visual inspection also included visual checks for 

clarity, colour change, gas formation and precipitation. Two different assessors performed 

the visual inspection for each sample. Colour change was determined visually against a 

white background while clarity was decided visually against white and black backgrounds. 

Thirdly, a 25 µL (microlitre) sample was taken for microscopic testing. Justification of 

incompatibility was based on the number of particles as per the guidelines in Table 5.2 

below. Incompatibility was assessed when any particle of a size >10 µm numbered more 

than 12 per mL or when any particle >25 µm numbered at least two (2) per mL (USP, 

2006). 

Table 5.2 Number of particles permitted as measured by microscopy (USP Chapter <788>) 

 >10 µm >25 µm 

Small Volume Injection 3000 per container 300 per container 

Large Volume Injection 12 per mL 2 per mL 

 

No established protocol was identified that could be used for establishing 

compatibility by this method, although similar approaches have been used by others 

(Husson, Crauste-Manciet, Hadj-Salah, Seguier, & Brossard, 2003b). In PICU Sardjito, 

flushing was usually done between injections but not between infusion and injection; that 

is, when the infusion was stopped by turning off the stopcock, the medication would be 
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injected into a line already containing the infusion fluid. Consequently, drug delivery in 

PICU Sardjito had an increased risk of incompatibility between infusion–infusion in the 

stopcock and between infusion–injection in the connector, while it had a lower risk for 

injection–injection. The sample was categorised as showing incompatibility when any 

particulate matter was present based on visual inspection or microscopic observation. The 

experiment is summarised in Figure 5.1.  

 

Figure 5.1 Algorithm for justification of physical compatibility 

 

5.3 Results and discussion 

5.3.1 Validation of dark field microscopy 

Microscopy has the ability to observe particulate matter of the size of 1–1000 microns 

(Olympus CX41 Instruction Manual), thus it is suitable for observing precipitation which is 

commonly made up of particles 2–125 µm in size (Jack et al., 2010). To ensure the capacity 

Physical Compatibility 

Visual Inspection Microscopic Observation 

Colour Change or Gas/Bubble or Turbidity Particulate Matter 

Yes Yes No No 

Compatible 

Incompatible 
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of optical microscopy as a detection system for the drug compatibility assay, evaluation 

was undertaken using combinations of drugs that have been proven to be incompatible, that 

is, acyclovir + dobutamine and morphine + phenytoin. To ensure that the particles 

visualised were the result of incompatibility, a comparison was made by always using 

(sterile) water for injection (WFI) with 5% glucose as the control solution.  

Better images were captured using the dark field, rather than the bright field, 

attachment (see Table 5.3). The images were clearer and resulted in precipitation or 

particles being observed. This showed that dark field microscopy was more sensitive and of 

better quality for capturing precipitation than bright field. This supports the statement by 

Huang et al.  (2009) who indicated that microscopy was a great instrument for observing 

particulate matter as various characteristics of shape and size would be presented. 

Microscopy can obtain detailed morphology, even for globules in cases when light 

obscuration was powerless to do so (Narhi et al., 2015). In addition, the dark field 

attachment can provide a more suitable illumination, greater contrast and more sensitivity 

to particles. Therefore, the CX41 optical microscopy needed modifications, as suggested by 

(van Egmond, 2015 

) 
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Table 5.3 Images of comparison between bright field microscopy and dark field microscopy 

Medication 

Group 

Visual 

Inspection 

Bright Field Microscopy Dark Field Microscopy 

Acyclovir + 

Dobutamine 

Turbid 

  
Morphine + 

Phenytoin 

Precipitation 

  
 

 

Following Allen’s (1977) method by using 1:1 ratio of combined effluent drugs, 

evaluations were performed at zero (0), one (1) and four (4) hours, with an increase in the 

number of particles observed with time. The images below demonstrate that the number of 

particles increased over time (see Table 5.4). In Taulelle’s (2006) investigation, it was 

found that crystallisation aggregates and grows larger in width as the length of time 

increases. Thus, lag time or dwell time affected the amount of precipitation formed. This 

validates the point that examination by optical microscopy must be performed immediately 

after taking the sample to represent the dwell time in the Y-site. 
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Table 5.4 Particle images from dark field microscopy of two-drug reactions at 1:1 ratio and 

0, 1 and 4 hours  

Drug 

Combination 

Dark Field Microscopy 

0 Hour 1 Hour 4 Hours 

1. Acyclovir + 

Dobutamine 

   
2. Morphine + 

Phenytoin +  

   
 

 

5.3.2 Physical compatibility testing: visual inspection of tubing  

Several factors affect physical compatibility: drug concentration, carrier fluid, flow rate and 

the infusion device itself. The current study used “a typical patient model” with the ratio of 

volume between infusion and injection of approximately 1:10 and flow rate as seen in 

Table 5.1. 

Inspection of the tubing by the naked eye is customary in practice: this is the only 

way for practitioners to monitor possible incompatibility. Of the 75 samples, precipitation 

and colour changes were seen in 10 samples (12.5%; n=75) as shown in Table 5.5. 

Likewise, there were some undetected incompatibilities. This finding serves as a reminder 

that it is hard to identify clarity with visual inspection, as a clear background does not give 

sufficient contrast against the fluid in the tubing. Observation of the tubing against a black 

background makes it easier to distinguish clarity and turbidity (Aurélie Foinard et al., 

2013). 
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Table 5.5 Physical compatibility observed in the tubing (stopcock/connector) 

Medication group 
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Group I 

Morphine, Ketamine, 

Midazolam 

C C C C C C C C D C P C C C C 

Group II 

Fentanyl, 

Norepinephrine, 

Dobutamine 

C C C C C C C C D C P C C C C 

Group III 

Morphine, Fentanyl, 

Dobutamine 

C C C C C C C C D C P C C C C 

Group IV 

Midazolam, 

Norepinephrine, 

Dobutamine 

C C C C C C C C D C P C C C C 

Group V 

Morphine, Fentanyl 

Midazolam 

C C C C C C C C D C P C C C C 

Notes:  
a Infusion was administered through parallel electric pump simultaneously 
b Injection was administered through connector 

C=compatible; D=colour changes; P=precipitation 

 

              Incompatibility was observed for all groups with precipitation of phenytoin and 

discoloration of meropenem as shown in Table 5.5. Phenytoin solution is a good example 

of a basic drug (pKa=8.3), as it has very poor aqueous solubility that is readily precipitated 

by an acid drug or acid solution. Thus, precipitation occurred when it came into contact 

with a 5% glucose solution. As the precipitation is affected by solubility, the amount of 

precipitation depends upon the initial pH of phenytoin solution and the pH of the solution 

for reconstitution (Alvarez-Nunez & Yalkowsky, 1999). Meanwhile, the duration before 

precipitation occurs depends on the length of time to when the solution creates 

supersaturation and induction to form the precipitates, with the latter influenced by retarded 

nucleation and crystal growth (Boistelle & Astier, 1988), instead of by the pH of the buffer 

capacity (Alvarez-Nunez & Yalkowsky, 1999) 
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Visual inspection under consistent light with black and white backgrounds revealed 

more particulate matter, hence a greater frequency of incompatibility (22.75%; n=75), was 

observed compared to visual detection in the tubing. Precipitation was seen clearly in 

samples with phenytoin, meropenem and acyclovir and in some of the furosemide samples 

as shown in Table 5.6.  

 

Table 5.6 Physical compatibility of infusion versus injection seen by naked eye against black 

and white backgrounds 

Infusion Drug 

Group 
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Group I 

Morphine, Ketamine, 

Midazolam 

C S C C C C C C D C P C C C C 

Group II 

Fentanyl, 

Norepinephrine, 

Dobutamine 

C S C C C C C C D C P C C C C 

Group III 

Morphine, Fentanyl, 

Dobutamine 

C S C C C C C C D C P C C C C 

Group IV 

Midazolam, 

Norepinephrine, 

Dobutamine 

C S S C C C S C D C P C C C C 

Group V 

Morphine, Fentanyl 

Midazolam 

C S C C C C C C D C P C C C C 

Notes:  
a Infusion was administered through parallel electric pump simultaneously 
b Injection was administered through connector 

C=compatible; D=colour changes; S=slightly turbid; P=precipitation  

 

 

When comparing Tables 5.5 and Table 5.6, it can be seen that visual inspection 

against black and white backgrounds with sufficient illumination was more sensitive than 

direct eye inspection in determining incompatibility. This finding suggests that assessment 

based only on observations and experience of health personnel during routine hospital 
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practice was not adequate for identifying incompatibility problems. This supports the 

viewpoint that the capacity of physical examination using the naked eye was enhanced by 

the intensity of the light used and the nature and size of the particle (Rothrock, Gaines, & 

Greer, 1983). Furthermore, distinguishing between a gas bubble and a particle is also often 

confused in visual examination (Borchert, Maxwell, Davison, & Aldrich, 1986).  

The visibility of particles seems to be influenced by their size in terms of the current 

threshold of particle size. Likewise, when considering particle size, acicular (needle-

shaped) precipitates >100 µm, such as phenytoin, were visible in the tubing. This is in line 

with the European Pharmacopeia’s wider threshold that determines that 100 µm is the limit 

for detection by examination with the naked eye (Narhi et al., 2015). In addition, this 

corroborates with other scholars who found that a particle size of 100 µm was the minimum 

size for detection, providing better reliability and reproducibility (Melchore, 2011; 

Sadeghipour, Bugmann, Herrera, & Bonnabry, 2007). However, the current study has 

shown that size was not the only parameter for visibility when under observation in the 

tubing. Some particles in acyclovir were longer than 100 µm; however, the particles were 

very soft and thin, and even though they also formed acicular crystals, this was not detected 

as being turbid.  

Black and white backgrounds and light illumination will enhance visibility; thus, 

precipitates of 50 µm or larger can be detected, such as meropenem, acyclovir, ampicillin 

and furosemide. Although the Filter Manufacturers Council has established 40 µm as the 

visibility limit capable of being seen by the human eye, as cited by Knapp (1999), their own 

work has suggested that particles larger than 80 µm can be detected by visual inspection 

(Knapp & Kushner, 1980). Thus, this finding is in agreement with most opinions that state 
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that the limits for visual detection are particles larger than 50 µm if using adequate lighting 

(Groves, 1991; Veggeland & Brandl, 2010).  

5.3.3 Physical compatibility testing: optical microscopy  

Table 5.7 shows the incompatibility amongst the common medication groups in PICU 

Sardjito and, by doing so, fills the gaps in the infusion–injection chart identified in 

Chapter 2 (Table 2.8). The decision regarding whether a combination of drugs was 

compatible or incompatible depended on meeting the particle limit specified in Table 5.2. 

For example, acyclovir was incompatible in all five groups because the investigator 

observed a large number of particles >50 µm which is well in excess of the limit on large 

particles set out in Table 5.2. In addition, ranitidine only showed precipitation when mixed 

with Group III and these particles ranged in size from 25–50 µm. Based on the results in 

Table 5.7, a total of 43 drugs/drug group combinations were deemed incompatible. This 

represents 57.3% of all 75 different combinations. 
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Table 5.7 Incompatibility based on dark field microscopy 

Infusion 
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Group I 

Morphine, 

Ketamine, 

Midazolam 

C I I C I I I C I I I C C C C 

Group II 

Fentanyl, 

Norepinephrine, 

Dobutamine 

C I I I C C C I I I I C C C C 

Group III 

Morphine, 

Fentanyl, 

Dobutamine 

C I I I I C I I I I I I C C I 

Group IV 

Midazolam, 

Norepinephrine, 

Dobutamine 

C I I I I I I I I C I C I C C 

Group V 

Morphine, Fentanyl 

Midazolam 

C I I C C I I C I I I C C C C 

Note: C=compatible; I=incompatible (if 12 or more particles >10 µm or if two or more particles >25 µm) 

 

In comparing the two methods (microscopy and visual inspection), the above results 

demonstrate that optical microscopy detects more precipitation and incompatibility than is 

the case with visual inspection. This finding supports the work of Staven et al. (2015) 

which indicated that visual detection cannot be applied as the sole technique for 

incompatibility detection. Visual inspection has limitations in terms of sensitivity and 

reproducibility (Staven et al., 2015). Sadeghipur et al. (2007) noted that the reliability of 

visual inspection was no higher than 85% with wide variability (RSD 32%; n=19). 

Rothrock et al. (1983) stated that the inspector/operator and the frequency of inspection 

both have roles that affect the result of visual inspection. The results of visual inspection 

are thus subjective as they are influenced by the experience of the operator (Sadeghipur et 

al. 2007).  
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Looking at infusion–infusion compatibility, five groups of combinations amongst 

the three infusions were examined for compatibility. This study found that the following 

combinations were physically compatible when no additional drug was introduced. These 

are the Groups I to V specified in Table 5.7 with compatibility indicated by the “C” 

designation in the “without injection” column: 

 morphine 96 µg/mL: ketamine 192 µg/mL: midazolam 0.58 mg/mL (flow rate ratio 

1:4:8) 

 fentanyl 9.6 µg/mL: norepinephrine 30 µg/mL: dobutamine 1.44 mg/mL (1:1:1) 

 morphine 96 µg/mL: fentanyl 9.6 µg/mL: dobutamine 1.44 mg/mL (1:4:4) 

 midazolam 0.58 mg/mL: norepinephrine 30 µg/mL: dobutamine 1.44 mg/mL 

(1:1:1) 

 morphine 96 µg/mL: fentanyl 9.6 µg/mL: midazolam 0.58 mg/mL (1:4:4).  

These five groups appear compatible under visual inspection and microscopy, with 

this indicated by clear images and no colour changes, as well as no gas bubble formation 

visible to the naked eye against black and white backgrounds and light. In addition, under 

inspection by microscopy, no particles or precipitation were found. It can therefore be 

concluded that these combinations of drugs are safe from incompatibility when mixing in 

the Y-site between the stopcock and connector. 

This finding results in the hypothesis that drugs with similar characteristics, such as 

organic drugs and drugs with a similar pH and charged ionisation state, will be compatible 

in the Y-site. These infusions are all sedatives or inotropic drug infusions that have a pH 

level of 3–5 before and after reconstitution with a 5% glucose solution. Having a similar pH 

level works against physicochemical reactions, particularly precipitation induced by acid-
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base reactions, while a similar charged state prevents Van der Waal’s binding from 

allowing salt formation (Stranz & Kastango, 2002).  

In comparing the current study’s results to the limited information on compatibility, 

this finding is not in agreement with another database of Trissel et al. (2011) which showed 

that the mixture of midazolam and dobutamine resulted in precipitation. However, in the 

current model, the drugs had a short dwell time (20 minutes), while Trissel reported that 

midazolam and dobutamine had precipitation after eight (8) hours. Again, this is a reminder 

that compatibility data should be interpreted taking into consideration the limitations of the 

sampling methods and the importance of precise modelling in clinical situations.  

In contrast, many incompatibility problems were identified after the injection of 

medications during simultaneous infusion. As shown on Table 5.7, incompatibility was 

identified in all five groups after injections of acyclovir, ampicillin, meropenem and 

phenytoin. In addition to these medications, Groups III and IV were incompatible with 

cefotaxime, chloramphenicol, gentamicin and furosemide. Furthermore, ranitidine, 

fluconazole and paracetamol generated particles when administered concomitantly with one 

infusion group, namely Group III, Group III and Group IV, respectively. As far as can be 

established, no similar study has investigated the interaction between infusions and 

injections for those medications. 

The pH of drugs solution is the foremost determinant to predict drug–drug 

incompatibility. All infusion solutions are acidic, while injections mostly have basic pH or 

pH higher than that of the infusions (3–5). Consequently, injection drugs with a basic pH 

will become highly incompatible with infusions with a pH less than 7 and with 5% glucose 

solution. The measurement of pH was undertaken in the laboratory with the results shown 

in Table 5.8 in descending order of pH. 
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Table 5.8 pH of injection after reconstitution  

Medication pH* 

Phenytoin sodium 11.4±0.1 

Acyclovir sodium 11.1±0.1 

Phenobarbital sodium 9.9±0.2 

Ampicillin sodium 8.9±0.2 

Furosemide sodium 8.8±0.2 

Meropenem potassium sulphate 7.8±0.1 

Dexamethasone sodium 7.1±0.2 

Chloramphenicol sodium 6.7±0.2 

Ranitidine 6.6±0.1 

Fluconazole 5.9±0.1 

Paracetamol  5.7±0.1 

Gentamicin sulphate 5.7±0.1 

Cefotaxime sodium 5.2±0.2 

Metronidazole 5.1±0.1 

5% glucose solution  (after autoclaving) 4.5±0.2 

*Based on measurement in laboratory 

 

 

Infusion–injection incompatibility seems to be associated with pH level. 

Precipitation mostly occurs in drugs with a pH greater than 7, while drugs with a pH lower 

than 7 seldom show precipitation. Most injection drugs are in ionised or salt forms; thus, 

this frequently leads to precipitation through an acid-base reaction. Acyclovir, ampicillin, 

furosemide, phenobarbital, phenytoin and meropenem, all of which have a basic pH (>7), 

nearly always caused precipitation when they interacted in co-infusions in every group. 

Injections can interact with infusions, or with the 5% glucose solution as the diluent, to 

produce precipitation in the tubing. Precipitation of the insoluble reaction product occurs 

when the concentration is higher than the solubility of the salt: one of them is influenced by 

pH and pKa (Newton, 2009). Precipitation can occur when the pH of the solution results in 

more than 1% non-ionised species for low solubility drugs. This confirmed Newton’s 
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prediction that drugs with names such as -ium or -ium … -ate will precipitate at pH<7. 

Although the pH–pKa relationship may account for many incompatibilities, not all of the 

observations (e.g. ranitidine, fluconazole, paracetamol and metronidazole) can be 

explained.  

This shows that the prevention of incompatibility using the pH approach on its own 

is, at times, not sufficient. Precipitation is closely related to solubility or complexation 

which is also influenced by temperature and pressure instead of by the pH of the solution 

(Box, Comer, Gravestock, & Stuart, 2009). Insolubility or crystallisation occurs when the 

concentration exceeds solubility and is influenced by the ionisation reaction, co-solvent 

availability, saturation and salting in–salting out reaction (Xu & Dai, 2013).  

5.3.4 Nature of the precipitation formed: shape, size and number 

During the period 2007–2011, 33% of all drugs were recalled due to particulate matter 

(Bohrer, 2012), with precipitation the paramount parameter for incompatibility. Taking into 

consideration its availability, microscopy is the preferred way to assess precipitation. 

Microscopy is the best choice for the qualitative observation of particles as, through 

microscopy, it is possible to identify size and shape; however, it is limited when it comes to 

calculating particle numbers (Shekunov et al., 2007).  

The 14 different drugs were combined with five groups of infusion fluids with some 

deemed to be incompatible as shown in Table 5.7. Figure 5.2 and Figure 5.3 show 

representative particulate matter observed in specific combinations of drugs and the 

infusion effluent. In some cases, the quantity of particulate matter was quite large as seen in 

Figure 5.2(a), 5.2(d) and 5.2(e) (for acyclovir, meropenem and phenytoin, respectively). If 

there were 50 particles in acyclovir in the sample volume (0.025 mL) examined by 

microscope, there would be 4,000 particles injected into the patient on each single time of 
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administration (STA) from each 2 mL dose. Therefore, the patient may receive about 

8,000 particles per day from one type of drug. Under microscopy, much precipitation was 

observed with this usually too heavy to permit the particles to be counted. Therefore, the 

estimate of 8,000 particles is very conservative. If the patient received other drugs, also 

heavily laden with particles, the total daily load would clearly increase.  

This number is less than earlier reports which stated that patients in ICUs acquire 

particulate contamination of more than 1 million particles >2 µm per day (Backhouse et al., 

1987) and more than 10 million particles >2 µm during a hospital stay (van den Hoogen et 

al., 2006). The number of particles observed in the current study may be lower than the 

actual number of particles received in the body, as this study was undertaken under more 

carefully controlled circumstances than in the hospital. Jack (2010) concluded that the 

number of particles is influenced by the complexity of the applied admixture. Earlier, 

Mehrkens et al. (1977) also identified that the number of particles tends to increase as the 

number of drugs in the IV administration increases, with the most frequent cause being IV 

bolus drugs.  

In these cases, the particles themselves were also quite large, being 

generally >50 µm. Furosemide also formed many particles but these were very small (see 

Figure 5.3(d)). In regards to size, the current study found that the size of particles ranged 

between 1 µm and 150 µm. This is in line with the findings of Jack et al. (2010) that the 

size of particles ranged from 5 µm to more than 100 µm and were mostly 5–50 µm in 

diameter. The most common classification, as stated by Veggeland and Brandl (2010), 

comprises: (1) macro-precipitation which is usually visible using light with a size that is 

more than 50 µm; and (2) micro-precipitation which is microscopically visible with a size 

that is less than or equal to 50 µm. Using this classification, the macro-precipitation of 
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acyclovir, ampicillin, dexamethasone, meropenem, phenytoin and phenobarbital was visible 

while that of the other medications was in the form of micro-precipitation.  

Most macro-precipitates were acicular (e.g acyclovir, ampicillin and phenytoin) or 

columnar (e.g. phenobarbital and dexamethasone), as shown in Figure 5.2. Others were 

irregular (e.g meropenem in Figure 5.2(d)). The most irregular shapes were often found in 

micro-precipitates (e.g chloramphenicol, furosemide and paracetamol in Figure 5.3(b), 

Figure 5.3(d), and Figure 5.3(e), respectively). 
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Figure 5.2 Images of visible particles (>50 µm) precipitation after injection delivery during 

simultaneous infusion 

 

  

         
(a) Acyclovir (40X)                          (b) Ampicillin (40X)      (c) Dexamethasone (40X) 

 

             

    (d) Meropenem (40X)       (e) Phenytoin (40X)                  (f) Phenobarbital (40X) 
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Figure 5.3 Images of subvisible particles (<50 µm) precipitation after injection delivery during 

simultaneous IV infusion 

 

Particulate matter in the products can be due to an incompatibility reaction, but may 

also be due to particles from external sources. For example, most of the drugs were 

available in glass ampoules and small glass shards could be introduced to the product when 

the ampoule was opened. In contrast, the paracetamol was obtained in a screw-capped 

bottle. The drugs in the infusion groups were available in glass ampoules except for 

dobutamine which came in a rubber-capped multi-use vial. Pushing a needle through the 

rubber capping can break off fragments of rubber and introduce these fragments into the 

final product. Therefore, the particulate matter from the combinations of chloramphenicol 

and paracetamol with the Group IV infusion solution were examined using scanning 

electron microscopy with energy dispersive X-ray spectroscopy (SEM/EDX). The spectra 

          

(a) Cefotaxime (40X)     (b) Chloramphenicol (40X)    (c) Gentamicin (40X) 

 

               

  (d) Furosemide (40X)  (e) Paracetamol  (40X)    (f) Ranitidine (40X) 
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of the particles, as shown on Figure 5.4, are indicative of organic drug molecules (carbon 

[C], oxygen [O], sodium [Na], calcium [Ca], potassium [P] and chloride [Cl]), with the 

spectra showing no peaks indicative of silicone [Si], aluminium [Al], zinc [Zn] or iron [Fe], 

which would be expected if contaminated with rubber or glass. However, this result does 

not represent all samples nor does it show the real-life particulate contamination in the 

clinical setting. 

 

           

               (a) Chloramphenicol                       (b) Paracetamol 

 

Figure 5.4 Particle elements in sample of “a typical patient model” 

 

5.3.5 Discussion in clinical context 

It is difficult to conduct the identification of incompatibility while at the bedside during the 

patient’s hospital stay. This serves as a reminder to practitioners that visual monitoring on 

its own is not sufficient to identify incompatibility. However, visual inspection is often 

undertaken as the main way to monitor incompatibility when no other protocol is available. 

Some scholars have suggested approaches to optimise the results from visual inspection. 

(Veggeland & Brandl, 2010) found that a strong focused light from a pocket laser pointer 

enhances the ability of visual inspection, with this light scattering by particles called the 

Tyndall effect. This is promising as a valuable tool to provide a better result. However, a 

recent study concluded that the validity and reliability of the Tyndall effect were low and 
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that it was suitable only for particles larger than 5 µm (Staven et al., 2015). Furthermore, 

Sadeghipur et al.  (2007) demonstrated that training improved the ability of the inspector to 

produce better quality assurance for visual inspections. Taking into consideration the 

limitations of the visual detection of incompatibility, it is essential that a protocol is made 

available.  

Based on visual and microscopic inspection, the simultaneous infusions of five 

medication groups of three drugs showed compatibility. However, the current study used 

drugs solution with similar pH, so drug precipitation was not induced. This finding 

addressed the hypothesis that drugs with a similar pH would be compatible in the Y-site. In 

contrast, this finding showed that the risk of incompatibility after injection was higher as, in 

most cases, an IV injection with basic pH met with the acid pH of an infusion diluted in 

5% glucose solution. Even though the dwell time was short (less than one hour), a very 

large amount of precipitation was found in the current study. The precipitation of each drug 

class after injection delivery was also found to exceed the predicted incompatibility in the 

database (Lawrence A Trissel et al., 2011). This result in drugs with a basic pH such as 

ampicillin, acyclovir, furosemide, meropenem, phenytoin and phenobarbital was alarming 

and should warrant an appropriate technique to prevent the risk of incompatibility. This 

finding supports the work of (Newton, 2009) in which it was stated that pH-dependent 

precipitation commonly appears quickly and increases in the tubing.  

Considering these findings, it is suggested that two approaches be addressed. 

Firstly, in line with (Loubnan & Nasser, 2010), the classification of Y-site routes based on 

therapeutic class and pH seems to be a unique tool and would be valuable for avoiding 

incompatibility in this case. During the bedside observation, we did not find a protocol for 

IV route administration. However, most patients had the drugs they were given changed 
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every day, with medication administered based on the availability of routes. Consistent 

routes for drugs of each therapeutic class and pH should reduce the risk of drug mixing 

occurring during multiple infusions. In contrast, if there is no protocol, it is possible that 

practitioners could administer IV infusions with different pH levels which could cause 

incompatibility. This finding serves as a reminder that it is very important to guide and 

monitor the compatibility of drugs with different pH levels because this may lead to 

extensive precipitation. Secondly, Preslaski et al. (2013) stated that the pharmacist should 

contribute to the ward by determining IV routes for the prevention of incompatibility. 

Pharmacists could consider not only the pH of the drug and of the solution of the infusion 

which are running simultaneously in one catheter set, but also the potential for precipitation 

to be caused by other factors such as solubility and complexation.  

Another concern was identified in a recent study that showed that fluid dynamics 

play a role in modifying the dwell time between an IV drug or an IV drug with its vehicle 

(Aurélie Foinard et al., 2013). Furthermore, the particle load can increase intensively after 

stopping or restarting of the infusion flow (A Foinard et al., 2013). Hence, the protocol of 

stopping and restarting the three-way tap needs to be rethought in accordance with the 

abrupt particle load change and flow fluctuation issue. Moreover, precipitation in which 

occlusion is induced also has the potential to cause flow fluctuations and inaccuracy in the 

concentration (Lovich et al., 2006). Lovich concluded that transient cessation of the 

infusion flow will cause a decrease in drug concentration while a pulse in drug 

concentration will occur after resumption of flow through the tap. 

Based on this finding, physical incompatibility generates a very large amount of 

precipitation and particulate matter. However, few studies have shown the relationship 

between the quantity and quality of particles and the clinical consequences (Champion, 



178 
 

Katare, & Mitragotri, 2007). Specific reactions due to extraneous contamination were 

demonstrated while, from the clinical point of view, any particle entering the body should 

be regarded as potentially dangerous regardless of the amount (Pesko, 1996).  

The size of particles will have more influence on the distribution of particles in the 

body. Although it is difficult to determine the mechanism and clinical effects (Champion et 

al., 2007), Pesko (1996) has indicated that particles can cause some adverse events, 

depending on the chemical nature, solid state properties (shape), particle size and also the 

number of particles. 

Visible particles found in the precipitation of acyclovir, ampicillin, meropenem, 

phenobarbital and phenytoin can flow into the blood vessels but may be unable to be 

distributed at the microvascular level. When a particle reaches the veins and arteries, it 

might lodge in a vessel if the particle is larger than the vasculature diameter. Particle sizes 

of 50–200 µm have been known to occlude the mesenteric artery. Thus, the result could be 

a macrovascular problem such as phlebitis in the injection insertion site or occlusion in the 

vessel. Di Paolo et al. (1990) proposed that the particle would be more dangerous when it 

was trapped in a non-collateral circulation site. Another risk identified by Foinard et al. 

(2012) was that visible precipitation could cause a 10–15% reduction in the drug dose.  

The subvisible particles of 10–50 µm in size that were identified (mostly from 

precipitation of cefotaxime, chloramphenicol and paracetamol) may enter an arteriole or 

venule and become trapped there (Pesko, 1996). In the blood vessels, the particle can 

interact and damage the endothelium, resulting in microcirculatory disturbance (Kirkpatrick 

et al., 1996). Particles can also induce inflammation (phlebitis) due to mechanical abrasion 

when the sharp edge of the particle grazes the vessel walls (Falchuk et al., 1985). Some 

particles may reduce the concentration and bioavailability of the drug or cause a delayed 
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response (Yalkowsky, Krzyzaniak, & Ward, 1998). As the diameter of tissue capillaries is 

between 5 µm and 10 µm, a whole particle, greater in size than the internal diameter of the 

capillary, could lodge and occlude in the capillary (Pesko, 1996). 

Smaller particles less than 10 µm, as seen in furosemide, may induce micro thrombi 

(Walpot et al., 1989). In addition, microparticles can be trapped in small capillaries in 

organs such as the pulmonary system (7–10 µm) or the liver and spleen (3–6 µm), or 

become stuck in the alveoli if a particle has a diameter of 0.2–0.5 µm. Particles <10 µm 

also have the potential to result in an adverse immunogenic response.  

Particles small in size are apparently more harmful than larger particles because the 

former can be distributed and settle in peripheral organs and may provoke adverse systemic 

events (Bohrer, 2012). In addition, the management needed to avoid smaller particles is 

also more difficult and expensive (Bohrer, 2012). A study on increasing particle size from 

40–120 µm to 100–300 µm did not increase the mortality risk over an 8-year time frame 

(Pesko, 1996). For hospital practice, it is more important to consider the clinical 

consequence of particle size than the source of the particles. 

Although the role of the particle shape in the body is unclear, the particle shape 

influences the transportation of the particle. A spherical shape seems to flow more readily 

than one that is non-spherical (Decuzzi et al., 2010). Based on the current study’s finding, 

precipitation mostly produces crystallisation or hard particles. This shape is more risky as, 

being non-spherical and irregular, it is more likely to occlude a vessel (Langille, 2013). On 

the other hand, a spherical-shaped particle can “go with the flow” so it is more likely to be 

distributed much further in the vessel (Langille, 2013). In addition, although the spherical 

particle can cause emboli, these may be incomplete or reversible. Decuzzi, Godin et al. 
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(2010) found that particles in the liver and spleen were mostly asymmetric shapes and slit 

shapes, while only spherical forms <200 nm in size were able to reach these sites.  

To date, particulate matter in IV drug administration has often been a phenomenon 

that was dismissed until the problem was encountered. However, in paediatric patients, 

particulate matter may pose more dangerous consequences and is often life threatening 

(Tran, Kupiec, & Trissel, 2006). This is due to the decrease of compensation in collateral 

circulation that accompanies increasing age (Doessegger et al., 2012). Moreover, among 

critical care patients, the risk of contamination for an ICU patient with multiple IV 

infusions is high (Jack et al., 2010). Thus, attempts to reduce exposure to particles are 

worthwhile in terms of the clinical consequences.  

5.4 Limitations 

In the current study, the microscope used could detect particles as small as 1 µm. This was 

sufficient to perform an assessment of drug precipitation; however, more sophisticated 

technology will be needed to determine the number of particles and to identify the nature of 

any particles, and mainly that of smaller particles (<1 µm). Using simple microscopy, only 

visible and subvisible particles were observed. Furthermore, this method could not 

distinguish the source of the particle. The current study did not present the source of the 

particles nor did it present the possibility of the contamination of all samples. In addition, 

this study only conducted microscopic detection but did not carry out chemical analyses. 

There are several limitations to the current study. Firstly, this study neglected the 

interruption and disturbance involved in patient motion, fluid change and drug flow. 

Secondly, as the dynamic simulation had a different ratio of volume, final concentration 

and dwell time to the regular clinical approach, careful interpretation is essential. The 

results of this study should not be directly applied to all situations due to the very large 
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amount of variations in drugs. This research is applicable for a one-lumen catheter, while 

different results may be obtained with multi-lumen catheters. Another limitation in the 

study was the difficulty of performing visual inspection in the tubing. A rigorous device 

such as a flow cell should be developed to observe precipitation in the tubing (Evans, 

2013). This study was undertaken in a simulated clinical setting with an actual infusion set; 

therefore, the result may not be as robust as that obtained from studies conducted in a 

laboratory setting. Finally, it could be more suitable to use the results for evaluation of 

hospital practice.  

5.5 Conclusions 

In conclusion, this study has proved that the five groups were physically compatible; 

I. morphine 96 µg/mL + ketamine 192 µg/mL + midazolam 0.58 mg/mL  

II. fentanyl 9.6 µg/mL + norepinephrine 30 µg/mL + dobutamine 1.44 mg/mL  

III. morphine 96 µg/mL + fentanyl 9.6 µg/mL + dobutamine 1.44 mg/mL  

IV. midazolam 0.58 mg/mL + norepinephrine 30 µg/mL + dobutamine 1.44 mg/mL  

V. morphine 96 µg/mL + fentanyl 9.6 µg/mL + midazolam 0.58 mg/mL  

 

Many physical incompatibilities occurred between infusion–injection. A very large 

amount of drug precipitation had particles 1–150 µm in size: these comprised visible and 

subvisible particles of various shapes, but predominantly they were hard and acicular. 

Incompatibility occurred after injections of acyclovir, ampicillin, meropenem and 

phenytoin in all groups, while cefotaxime, chloramphenicol, gentamicin and furosemide 

were incompatible with Groups III and IV. Meanwhile, ranitidine, fluconazole and 

paracetamol generated particles when administered concomitantly with Group II, Group III 

and Group IV, respectively. 
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When considering the three methods used to detect physical incompatibility, visual 

inspection resulted in detecting a small amount of incompatibility (12.5%), compared to 

visual inspection against black and white backgrounds and with light (22.7%), and optical 

microscopy (57.3%). This shows that practitioners (e.g. nurses) should not use visual 

inspection as the sole source of detection for incompatibility. Moreover, it is essential that a 

protocol for drug compatibility is made available to prevent incompatibility in PICU 

Sardjito.  
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CHAPTER 6:  

MANAGEMENT STRATEGIES TO REDUCE INCOMPATIBILITY THROUGH 

FLUSHING AND FILTER USE 

6.1 Introduction 

The previous findings, as reported in Chapter 5, have shown that the simultaneous 

delivery of infusion with the injection of a drug which was incompatible with the 

infusion through the same Y-site may produce a very large amount of precipitation. 

This is a frequent occurrence in critical care as it is not possible to avoid the 

simultaneous delivery of drug combinations, some of which may be incompatible. 

Therefore, management strategies to solve the incompatibility of concurrent delivery of 

drugs are important to alleviate the negative consequences arising from the formation of 

precipitates.  

Although discussions about the use of filters started several years ago, their 

usage is still limited internationally, particularly in Indonesian hospitals where the use 

of a filter is not a common practice. There is still reluctance to use filters, due to lack of 

knowledge and technical problems as described by Fonzo-Christe (2011) rather than 

their cost effectiveness (Kunac et al., 1999). Thus, scepticism continues about the risks 

of incompatibility versus the benefits of filter use when incompatibility and a large 

amount of precipitation occur. Morover, most studies which have produced a positive 

finding of the benefits, such as the work of Jack et al. (2010), were conducted in an 

ideal situation (following protocols and in a controlled environment) in which 

precipitation from drug incompatibility would be inevitable. One previous in vitro study 

on filter use was conducted to assess the influence of a filter on the in-line pressure of 

the infusion system, but this was also on a system in which precipitate did not form 

(Jonckers et al., 2014). By not being conducted in the patient setting, the in vitro 
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approach may confirm whether the filter reduces the formation of any precipitation or 

particulate matter and technical problems, such as an occlusion, can also be monitored.  

Another concern, in the current investigation, was that normal saline (NS) 

solution is commonly used to flush between IV drug administrations in PICU Sardjito. 

Wotton et al. (2004) found that practitioners often carry out line flushing with clear 

fluid as a daily routine not only for the administration of incompatible drugs, but also 

pre- and post-IV drug delivery. However, a consequence is that the patient receives a 

large volume of fluid with their IV medication which can result in hypervolemia 

(Shankar et al., 2005). Thus, a minimal flushing volume would be beneficial for critical 

care patients who may have tight restrictions regarding their consumption of fluids or 

sodium (Hilton et al., 2008). Unfortunately, there is limited evidence on the use of a 

small flushing volume (Cabrero et al., 2005).  

Based on the above problems, it is necessary to confirm whether the use of a 

filter and flushing are worthwhile or technically acceptable when precipitation occurs. 

The next question is: can flushing reduce the incompatibility seen on the microscopic 

image, and what volume of flushing is effective to reduce incompatibility? The study 

reported in this chapter confirms the ability of the filter to remove particulate matter and 

discusses how technical problems arise from incompatibility. This chapter examines 

the ability of the filter to remove particulate matter and discusses how technical 

problems arise from incompatibility. The study then addresses the effectiveness of 

flushing to reduce particulate matter after incompatible drugs are given, then calculates 

the specific flushing volume that is effective for reducing precipitation.  
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6.2 Methods 

6.2.1. Design of study 

In the current study, the influences of an end-line filter and flushing to reduce or 

manage incompatibility between medications in parenteral fluid systems have been 

investigated in vitro. A dynamic infusion system model, as described in Chapter 4 

(Section 4.3), was utilised. “A typical patient model”, as in the previous study in 

Chapter 5, was also set to evaluate the most common practices for reducing 

incompatibility, namely, flushing and use of a filter. Specifically, for the filter 

investigation, an additional filter was set in the terminal line.  

6.2.2 Examination of the influence of a filter on removal of precipitates  

This section addresses the benefit of a filter in trapping particulate matter in “a typical 

patient model”. To examine the benefit of a filter, the infusion was operated as “a 

typical patient model” and a filter was placed in the terminal line (see Figure 6.1). The 

filter used was a Corning sterile syringe filter 0.2 µm (New York, USA) for laboratory 

and medical use. A series of injections was administered for each infusion group, with 

the groups set up as in Chapter 5. The infusion had to flow into the terminal line before 

the sytem was stopped and the subsequent drugs were injected. The samples taken were 

observed visually and under optical microscopy to detect the particles/precipitation. In 

addition, duplicate replication was performed.  
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Figure 6.1 System of “a typical patient model” with a filter for Y-site compatibility assay 

Notes: a=b=c: Original-Perfusor® tube (B. Braun, Melsungen, Germany), length 1.5 m, 0.9 mm i.d. and 

1.9 mm o.d. 

d: Three-way taps (Heuer, Delhi, India) 

e: Connector/extension (BD Connecta, Delhi, India), length 10 cm, diameter 2.5 mm i.d. 

f: Tube  

A. Syringe pump (Microinfusion, Terumo, Tokyo, Japan) with infusion 

B. Syringe pump (Microinfusion, Terumo, Tokyo, Japan) with infusion 

C. Syringe pump (Microinfusion, Terumo, Tokyo, Japan) with infusion  

D. Injection 

 

6.2.3 Investigation of the influence of flushing on reducing precipitation 

To study the effect of flushing, we examined flushing with various volumes (0.5 mL, 

1 mL, 1.5 mL and 2 mL) pre- and post-delivery of the injection that resulted in 

incompatibility in the previous study (see Table 6.1). In considering the mechanism of 

incompatibility, infusion Group I with acyclovir, infusion Group II with meropenem 

and infusion Group V with phenytoin were pH-dependent while the other combinations 

examined were incompatible through other pathways. 
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Table 6.1 Method to evaluate flushing influence on drug administration 

Medication 1 Medication 2 Expected 

Particle Size 

Infusion Group I (morphine, ketamine, midazolam) Acyclovir Visible 

Infusion Group II (fentanyl, norepinephrine, 

dobutamine) 

Meropenem Visible 

Infusion Group III (morphine, fentanyl, dobutamine) Chloramphenicol Subvisible 

Infusion Group IV (midazolam, norepinephrine, 

dobutamine) 

Cefotaxime Subvisible 

Infusion Group V (morphine, fentanyl, midazolam) Phenytoin Visible 

Furosemide (injection)* Gentamicin 

(injection)* 

Microparticle 

(<10 µm) 

*Exception: Trial for injection–injection: this combination is commonly given consecutively.  

 

Using “a typical patient model”, a series of infusions and injections were 

administered (see Table 6.1). Flushing, both pre-dose and post-dose, was administered 

for each of the previously stated volumes between each infusion and injection. The 

assay was conducted following the steps as shown on Figure 6.2. The tested infusions 

were set up using “a typical patient model” until the first drop of fluid flowed away. 

Firstly, the infusion taps were turned off, flushed with one of the specified volumes and 

the IV drugs were injected from the connector tap, with the fluid collected upon egress 

as the pre-dose flushing sample for the assay. Secondly, after the pre-dose flushing 

sample was collected, the tubing was flushed again, the infusion was restarted and the 

sample for post-dose flushing was collected. 
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Figure 6.2 Flow chart of sample taking in flushing investigation in each group 

 

For example, in the case of furosemide–gentamicin, the infusion was stopped 

during the assay. The furosemide injection was given, the tubing was then flushed with 

a specified volume, the injection of gentamicin was given and the sample for pre-dose 

flushing was collected. The tubing was then flushed again and the sample for post-dose 

flushing was collected. Duplicate replication was carried out for each group. The same 

procedure was repeated for each different group and medication. 

Turn off 

After (n)=2 mL flush 

Notes: 

(n)=0.5 mL, 1 mL, 1.5 mL or 

2 mL NS; *see Table 6.1 
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6.2.4 Analysis  

Testing the benefit of the filter was undertaken by comparing the microscopy image 

after filter use with the result of the physical compatibility test in Chapter 5. The 

positive conclusion sought from the investigation would reveal the filter effluent 

showing a lack of precipitate. The impact of the different flushing volumes was 

analysed qualitatively comparing the particle images of each sample. Evidence of the 

benefits of flushing was obtained from the precipitation images in the samples from pre-

dose flushing and post-dose flushing compared to the sample control. Tests were 

performed to check for any reduction of precipitation at each specified volume.  

6.3 Results and discussion 

6.3.1 Influence of a filter on preventing precipitation 

In employing “a typical patient model” with dynamic simulation, all the effluent 

samples after filtration using an attached end-line filter were clear and no particles were 

found under optical microscopy. As shown on Table 6.2, the filter was effective in 

removing the precipitates and particles because they were not seen in the sample fluid. 

As shown in the microscopy images, the tubing in the distal line was free from 

precipitation and particulate matter. An important point to note is that the current study 

employed a microscope which had a lower limit of detection of 1 µm; thus, smaller 

particles could not be detected. However, the summary by Johns (1996) stated that 

particles smaller than 1 µm were rare. As no particulate matter was detected in any of 

the samples after the filter was used in the tubing, this means that the filter could trap all 

the particles. 
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Table 6.2 Image of microscopy sample infusions with injection after attachment of filter on “a typical 

patient model” 
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Group I: Midazolam, 

Morphine, Ketamine 
C C C C C C C C C C C C C C C 

Group II: Fentanyl, 

Dobutamine, Norepinephrine 
C C C C C C C C C C C C C C C 

Group III: Morphine, 

Fentanyl, Dobutamine 
C C C C C C C C C C C C C C C 

Group IV: Midazolam, 

Dobutamine, Norepinephrine 
C C C C C C C C C C C C C C C 

Group V: Morphine, 

Midazolam, Fentanyl 
C C C C C C C C C C C C C C C 

Note: C=cleared of particles <1 µm  

 

This finding supported findings of previous studies by Stromberg and Wahlgren 

(1989) and P. A. Ball (2003) which stated that filter use was of value. However, this 

finding was contrary to those of other studies which suggested that filters for routine use 

were needless and therefore not recommended. Various opinions have been expressed 

indicating doubts about the use of filters, as was explained in the literature review. The 

doubts expressed include the following: firstly, whether the particles are clinically 

harmful; and secondly, concerning the value of filters for routine use. Among the 

limited research investigating this issue, few studies have shown a statistically 

significant difference in clinical outcomes (Bennion & Martin, 1991; Foster et al., 2006; 

Niël-Weise et al., 2010; van den Hoogen et al., 2006). Although it is easy to show 
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whether or not a filter blocks particles, to determine whether this makes a real 

difference to the patient requires large numbers and consistent clinical practice (Johns, 

1996). Thirdly, in clinical practice, some technical problems occur following the use of 

a filter (Niël-Weise et al., 2010). In addition, there are suspicions that the research 

which generated results showing the significant benefit of a filter was generally funded 

by filter manufacturers (Niël-Weise et al., 2010).  

The most recent and comprehensive meta-analysis that concluded against 

routine filter use was conducted by Niels-Weise et al. (2010). Unfortunately, this meta-

analysis did not include the findings of Jack et al. (2012), even though it used a 

systematic review that included 1,681 patients with the best level of evidence available, 

in addition to reviewing 11 trials with a large variation in results. Jack’s research 

undertook a randomised controlled trial (RCT) involving a sample larger in comparison 

to the other studies (>800 patients) and showed statistically and clinically significant 

benefits of filter use. The study appears to have been competently undertaken with 

rigorous methodology; thus, partial funding from two filter manufacturers should not 

disclaim the result. Furthermore, the findings of Jack et al. (2012) also identified the 

role of particles in phagocytosis and immunomodulating systems in vitro, in addition to 

monitoring the prognosis and complications in a clinical setting. It would not be 

ethically possible to undertake a study in which patients would be randomised to receive 

or not receive particles. Jack et al. (2012) has done the nearest possible thing by 

randomising patients to either having or not having everything filtered. It must be noted 

in considering Jack’s findings that his unit had already done a great deal of work on 

avoiding incompatibility for all partients before randomising patients to having or not 

having a filter added to their IV drug administration.  
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6.3.2 Influence of a filter on reducing flow rate  

As previously mentioned, reluctance to use a filter is continuing due to technical 

problems, such as reducing the flow rate and triggering an occlusion. While conducting 

the current study, the investigator identified that setting the filter itself did not affect the 

flow rate although it did decrease, particularly in conditions in which precipitation 

progressively occluded the flow.  

The sequence of events is as shown on Figure 6.3 when each of the drug 

solutions was consecutively injected into the infusions of each of the five infused drug 

groups using “a typical patient model”. As shown in the upper portion of Figure 6.3, 

after a filter was inserted (i.e. the broad red vertical arrow), the first drug, acyclovir, was 

injected into the flowing Group I infusion fluid. It took less than five (5) minutes for 

acyclovir to be detected in the sample solution. It also took less than five (5) minutes for 

each of the next four drugs (i.e. ampicillin, cefotaxime, chloramphenicol and 

dexamethasone) to emerge. When the next drug, furosemide, was injected, the crystal 

burden was sufficiently high that the flow rate decreased and it took 10 minutes for the 

furosemide to emerge. When the phenytoin was injected subsequently, the crystal 

burden massively increased and the flow rate decreased again. It took 30 minutes for the 

phenytoin and the subsequent drug to emerge. After the final drug (metronidazole) had 

emerged, the system was shut down, fresh tubing employed, a new filter inserted and 

the process was repeated with the next infusion group. Figure 6.3 shows that when the 

phenytoin was injected into infusion Group IV, the crystal burden became so great (i.e. 

the thin red arrow) that the infusion pump occlusion alarm activated and the new filter 

needed to be inserted before the subsequent drug, ranitidine, was injected. It can be seen 

that the flow rate increased after the new filter was employed.  

Taking into consideration the time taken for precipitation to emerge (see 

Figure 6.3), the flow rate began to slow after a very large amount of precipitation 
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occurred, mainly with phenytoin, as could be seen under microscopy. It appears that the 

flow rate decreased significantly, prolonging the administration time during and after 

phenytoin was given. Thus, this may be related to precipitation rather than to usage time 

in situ. 

This finding supports another study that found that the filter itself did not 

increase pressure or decrease the flow rate (Jonckers et al., 2014). This is in line with a 

case report based on 20 years of experience in filter use that suggests that the lower flow 

rate is rare and not due to the filter (A. P. Ball, 2004). This report of the investigation of 

problems experienced by hospitals using filters never identified a case of a filter 

significantly occluded by anything other than a drug precipitate or a destabilised lipid 

emulsion (A. P. Ball, 2004). Furthermore, Foinard et al. (2012) study also confirmed 

that decreased drug mass flow rates occurred following incompatibility. In addition, 

Fonzo-Christe (2011) found that an occlusion alarm during filter use was related to 

precipitation of drug incompatibility during a high flow rate infusion.  
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Note: The yellow thick arrow represents the filter was set, the thin arrows shows an occlusion     
 

Figure 6.3 Profile of duration and occlusion in each sequence of sample taking 
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Even though the disadvantages of using a filter due to flow rate reduction were 

identified by one scholar (Friedland, 1985), the finding in the current study is not in 

agreement that the filter itself caused the reduction in flow rate. In addition, this finding 

did not support (Brotschi, Grass B, Weiss, Doell, & Bernet, 2012) who found that 

attaching a filter could delay the start-up of the first drug delivery by 0.5 mL/hour (from 

115 to 355.5 seconds). However, Brotschi et al. (2012) attached the filter in the syringe 

pump which is a different place to the one used in the current study.  

The unwanted consequent event of lower flow rate is occlusion. During the 

laboratory work in the current study, occlusion happened after precipitation formed, 

particularly after deliveries of phenytoin (as shown in Figure 6.3). In addition, 

precipitation arising from delivery of other drugs may induce occlusion, although this 

requires a longer time or more frequent injections.  

Concerns were expressed about lowering the rate of flow and ‘clogging the 

tubing’. That a filter blocks and therefore holds up the line unless it is changed is a 

commonly expressed misunderstanding with the filter seen as the problem. This is a 

complete misunderstanding and misinterpretation of what is happening. A filter only 

blocks and obstructs the line due to the presence of contamination or precipitation. This 

‘problem’ is what blocks the filter, and the filter is the messenger that something is 

wrong.  

It is obvious that when precipitation is present, it is trapped and occluded in the 

filter. This brings technical consequences and was perceived by the US Centers for 

Disease Control and Prevention (CDC) to be a barrier to recommending filter use. 

Therefore, it is important that occlusion and the prevention of flow are seen as an 

infusion problem, not a filter problem, and that removal of the filter, by ignoring the 

problem, does not solve it. In addition, the current study could not conclude how long 
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the patency was maintained by using a filter as the research was not designed to form 

this conclusion, with the running stopped within 24 hours. However, in Jack et al. 

(2012) study, filters were able to be used in situ for 96 hours without compromising the 

flow rate. 

6.3.3 Influence of flushing on reducing precipitation 

Flushing aims to flow residual fluid from previous medications delivered intravenously 

out from the tubing (Whitman, 1995), and is a common hospital practice to reduce 

precipitation. The previous discussion in Chapter 5 indicated that the administration of 

infusion Group I with acyclovir; infusion Group II with meropenem; infusion Group III 

with chloramphenicol; infusion Group IV with cefotaxime; and infusion Group V with 

phenytoin produced precipitation; thus, they were classified as incompatible. Therefore, 

those combinations (as shown in Table 6.1) were used to evaluate the benefit of flushing 

with NS solution pre- and post-drug injection delivery. 

Based on the observations of the investigator, the patients in PICU Sardjito 

could receive approximately 760–1010 mL per day of fluid from the injected/infused 

medications. This volume will be slightly reduced if less than 10 drugs are 

administered. The calculation is clearly illustrated in Table 6.3. The estimated volume 

excludes any oral intake that may be expected to be at least an additional 500 mL/day. 

However, the fluid requirement is 1000 mL per day for children weighing 10 kg, plus 

50 mL for each kilogram in excess of 10 kg (Kalia, 2015). This means that, when using 

a volume of 5 mL for flushing, the total volume injected is higher than the fluid 

requirement, thus resulting in an overload.  
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Table 6.3 Total volume of fluids that could be received by a patient in PICU Sardjito 

Volume of Medication Total Volume  

per Day 

Notes 

Three infusions through syringe pump 

each @ 50 mL 

150 mL  

Ten drugs IV t.i.d. each @ 2 mL 60 mL  

Pre-medication flushing each @ 5 mL 

(5 mL x 10 drugs t.i.d.) 

150 mL No policy at PICU Sardjito 

on injection flushing. The 

investigator observed some 

nurses using pre-

medication flushing only 

and others used pre- and 

post-medication flushing. 

Additional flushing 

(post-medication flushing, etc.) 

150 mL 

Additional infusions (fluid, electrolytes, 

parenteral nutrition, colloid) 

250–500 mL  

Total 760–1010 mL  

Note: t.i.d.=three times a day (in Latin: ter in die) 

As shown in Table 6.4 (p.196 and p.197) and Table 6.5 (p.197 and p.198), the 

results indicated that flushing has a positive impact on reducing precipitation in all drug 

combinations. Moreover, NS flushing can clear precipitation for four groups (Groups I–

IV) of co-infusions with injections and also for combination injections such as 

furosemide–gentamicin when given consecutively. However, although phenytoin 

precipitation can be reduced, it cannot cleared. These results showed that flushing is not 

effective for the prevention of incompatibility when dealing with phenytoin.  
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Table 6.4 Images of particles after pre-dose flushing using 0.9% saline solution 

 No 

Flushing 

Flushing 

0.5 mL 

Flushing 

1 mL 

Flushing 

1.5 mL 

Flushing 

2 mL 

Group I–acyclovir 

 

 

 
  

  
 

Group II–meropenem 

 
 

 

Clear Clear 

Group III–chloramphenicol 

 

 

Clear Clear Clear 

Group IV–cefotaxime 

 

 

Clear   

                                                                      continued to p197 
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 No 

Flushing 

Flushing 

0.5 mL 

Flushing 

1 mL 

Flushing 

1.5 mL 

Flushing 

2 mL 

Group V–phenytoin 

 

    

Furosemide–gentamicin 

 

 

Clear   

 

Table 6.5 Images of particles after post-dose flushing using 0.9% saline solution 

 No 

Flushing 

Flushing 

0.5 mL 

Flushing 

1 mL 

Flushing 

1.5 mL 

Flushing 

2 mL 

Group I–acyclovir 

    

 

Group II–meropenem 

    

Clear 

                                                              continued to p198 
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 No 

Flushing 

Flushing 

0.5 mL 

Flushing 

1 mL 

Flushing 

1.5 mL 

Flushing 

2 mL 

Group III–chloramphenicol 

 

  

Clear Clear 

Group IV–cefotaxime 

  

 

  

Group V–phenytoin 

     

Furosemide–gentamicin 
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These data on the influence of NS flushing in common cases of drug 

incompatibilities showed that it was mostly effective. The current study’s data support a 

recent study which indicated that saline is a superior solution to heparin for flushing. 

The reasons are that NS solution is as effective as heparin (Patidar, Choudhary, Bindu, 

& Midha, 2014) with lower adverse events and a low cost, and it can prevent 

incompatibility between heparin and drugs (C. Goode et al., 1993; Kerner, Garcia-

Careaga, Fisher, & Poole, 2006). Furthermore, a meta-analysis study has found that 

flushing with NS solution improved the quality of care by maintaining patency and 

reducing cost (C. J. Goode et al., 1991). However, these studies on flushing have 

focused on the maintainance of patency within time parameters, but did not specifically 

investigate incompatibility prevention or the reduction of precipitation.  

According to Goode et al. (1993), flushing can be undertaken to clear the 

precipitates. However, in the view of that author, this is dangerous because to flush 

precipitate into a patient represents a potentially lethal hazard. In the current 

investigation, flushing appeared to minimise precipitation by reducing the contact 

between the interacting solutions. When flushing fluid is injected between medications, 

in theory, it will prevent contact between medications because the next medication 

should meet the flushing solution. However, de-separation has been documented in 

hanging loops, in rising arches and in dead space (“non-circulating fluid”) volume in the 

tubing where fluid can sit beyond the flowing stream (Leff & Roberts, 1987).  

As the most efficient and effective volume for flushing is under-reported, the 

current study set out to confirm the optimal volume for flushing to avoid 

incompatibility, although this would probably need to be done on a case-by-case basis 

in future work owing to different tubing diameters and drug characteristic. This finding 

confirmed that flushing with both a 1.5 mL pre-dose volume and a 2 mL post-dose 

volume was effective in preventing incompatibility in five of the samples, the exception 



202 

 

being infusion Group V with phenytoin (see Tables 6.4 and 6.5). The particles remained 

after flushing in the drug combination with phenytoin with the precipitation still present, 

even though the volume was increased up to 5 mL for both the pre-dose and post-dose 

flushes. 

The volume of flushing found to be effective (i.e. a total of 3.5 mL) was far 

lower than the volume used in common practice in Indonesia (i.e. 5 mL). Although this 

volume is higher than the 1 mL advised by Gooessens (2015) for peripheral flushing, it 

is similar to the common recommendation for practice in European or Australian 

hospitals (2 mL). In addition, the Infusion Nurses Society (INS) recommends that the 

volume of flushing should be twice the cannulae capacity (INS, 2011b). Therefore, 

looking at the connector’s characteristics, theoretically, our research model would need 

flushing with 1.2 mL (i.e. 2 x 0.6 mL=1.2 mL). This calculation, based on the INS 

recommendation, is similar to our finding of 1.5 mL being effective for pre-dose 

flushing; thus, this formula seems to be applicable for predicting the optimal volume for 

pre-dose flushing. 

In addition, the current study has shown that the volumes needed for pre- and 

post-dose flushing appeared to be different. The images of drug precipitation after pre-

dose flushing decreased with an increasing volume of NS solution used for flushing. 

With the exception of phenytoin, no drug precipitation was seen when the volume of 

pre-dose flushing was 1.5 mL, as shown in Table 6.4. Meanwhile, the amount of 

precipitation seen after post-dose flushing also decreased following an increased volume 

of NS flushing solution. As seen in Table 6.5, precipitation was reduced using a volume 

of less than 2 mL for post-dose flushing on concurrent infusion Group II with 

meropenem, infusion Group III with chloramphenicol, infusion Group IV with 

cefotaxime, and consecutive injections of furosemide and gentamicin. 
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As can be seen by comparing Table 6.4 and Table 6.5, our data indicate a 

tendency for post-dose flushing to require a greater volume than is required for pre-dose 

flushing. This is perhaps caused by the function of post-dose flushing to clear the 

injection which has a higher flow rate (1–5 mL/minute) than the infusion (1–

5 mL/hour). However, this does not mean that post-dose flushing needs a faster rate. As 

far as can be established, there is no published evidence about the differences of volume 

between pre- and post-dose flushing.  

During bedside observation in the current study, evaluation of the 

recommendation for practice in PICU Sardjito was undertaken, with this being to 

routinely deliver pre- and post-dose flushing with saline within 2–5 minutes, although it 

was observed that nurses often used a faster flow rate. This practice supported the 

opinions of Vail (1981) and Rimar (1982) who recommended employing a similar rate 

for flushing to what was used in the delivery of the medication. However, this was 

different to the finding of another scholar who recommended using a faster flow rate for 

the post-dose flush than the flow rate used for delivery of the medication (Whitman, 

1995).  

6.3.4 Discussion in clinical context 

A suitable method for the prevention and resolution of catheter occlusion is crucial for 

safely managing IV medications. The two causes of occlusion are thrombotic (58%) and 

non-thrombotic (42%). Thrombotic occlusions are caused by blood clotting or fibrin 

deposition and are not relevant to the current discussion. Non-thrombotic occlusions are 

widely observed as being from drug precipitation and lipid accumulation (Kerner et al., 

2006). Non-thrombotic embolism is often less common, unspecific and unpredictable, 

and thus is unwittingly fatal (Jorens, Van Marck, Snoeckx, & Parizel, 2009). To date, 

the choice of the use of an appropriate filter or flushing are still the methods used to 

avoid non-thrombotic occlusion.  
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6.3.4.1 Benefits and risks of an end-line filter  

Intravenous (IV) in-line filters were developed many years ago to prevent particles and 

undissolved drugs reaching the patient (Allcutt, Lort, & McCollum, 1983; Backhouse et 

al., 1987). However, this is not a common practice in PICU Sardjito. This is despite the 

fact, based on the compatibility assay using “a typical patient model”, that a very large 

amount of precipitation was produced, as seen in Chapter 5, all of which could be 

trapped in a filter. Thus, this study addresses the benefits of using a filter in the 

conditions in PICU Sardjito. 

Logically, if the filter used a 0.22 µm pore size, it should capture particles bigger 

than 0.22 µm. With this pore size, the filter was adequate for trapping precipitation, 

particulate contamination and microbial contamination. Recent research has shown that 

precipitate is usually larger than particulate contamination (Bohrer, 2012). From 

previous findings, we know that the precipitate found ranged in size from 1–150 µm. 

Johns (1996) stated that chemical agents of extrinsic contamination ranged from 1–25 

µm; intrinsic particles ranged from 2–40 µm; while the inherent particles that formed 

drug precipitation were >50 µm making them visible particles. Furthermore, the filter 

also had the advantage of reducing microbial contamination which was usually 

approximately 5 µm in size.  

Even though the CDC does not recommend a filter for routine use, patients in 

PICU Sardjito are most at risk of particulate matter for which an in-line filter is very 

much needed for the following reasons. Firstly, critically ill patients usually receive 

multiple infusions and IV medications which can potentially cause more than a million 

particles per day (Walpot et al., 1989); moreover, the complexity and quantity of 

medications increase the number of particles as described by Jack et al. (2012). 

Secondly, critical care patients are more susceptible owing to the existence of tissue 

damage following cases of trauma, surgery and sepsis as described by Langille (2013). 
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In addition, particulate matter seems to be more readily deposited when the body is in 

poor condition (Walpot et al., 1989). Thirdly, the age of the patient may also influence 

the risk. Doessegger et al. (2012) indicated that, due to the smaller size and lower 

density of blood vessels, also the lower number of alveoli, in children, this possibly may 

cause much greater risk of pulmonary embolism.  

Inadvertent introduction of particulate matter into the body is a proven concern 

in animals and humans. Moreover, in hospitals where the IV drug compatibility 

protocol is not applied, the incidence of incompatibility may be high. Furthermore, in 

regard to the different characteristics of hospitals, Oie and Kamiya (2005) strongly 

recommended the use of an in-line filter in Asian countries, based on their findings of 

the many particles that were due to the use of glass packaging. As in Japan, medications 

in glass ampoules are mostly used in PICU Sardjito. In addition, most drugs in this 

hospital are generic. Schaefer et al.(2008) reported that particulate matter from generic 

antibiotics was up to 50 times higher than from the innovator brand and caused 50% 

loss of the capillary network. However, the detrimental effect of these generic 

antibiotics was decreased by filtering through a 0.2 µm pore size filter. Thus, in this 

situation, filter use can save the patient from the particulate matter risk. Taking this risk 

into consideration, the finding in this chapter confirms that it is necessary to use a filter 

in PICU Sardjito where there is still a high incidence of incompatibility.  

In regard to the adverse effects that are seen as a barrier to filter use, the current 

study has confirmed that the source of technical problems is particulate matter rather 

than the filter itself. This means that, without the use of a filter, the precipitation would 

continue to form and would be potentially dangerous to the patient. Technical problems 

arising from the alarm and the occurrence of occlusion, as presented in the current 

study’s findings, are customarily addressed in early implementation. Once initiated, the 
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occlusion alarm is a reminder to staff of the risk of incompatibility; this, however, is not 

the ideal environment.  

In regard to cost, some studies have demonstrated that filter cost can be 

compensated by savings in other areas (Kunac et al., 1999; Stomberg & Whlgren, 

1989). Moreover, (Jack et al., 2012)Jack et al. (2012) reinforced the point that filter use 

can shorten the length of stay (LOS), which would certainly lower cost. The commonly 

reported technical problems relate to occlusion and aseptic risk as well as manipulation 

(Stomberg & Whlgren, 1989).  

Another adverse effect of a filter that presents an obstacle to routine use is drug 

adsorption. To date, data related to drug adsorption are under-reported. One study has 

focused on adsorption caused by charge differences between the filter membrane 

material and the medication. In that study, Gasch et al. (2011) looked at adsorption of 

very low concentrations (30 µMol/mL) of drugs to investigate whether the 

hydrodynamic interaction of anionic drugs in salt solution is correlated to the onset of 

UV absorption if using a filter with a nylon (polyethersulfone) membrane in both 

charged and non-charged forms. Her findings showed a reduced concentration for up to 

20 minutes before the concentration of the effluent reached the same as the in-flow.  

What still needs further research is how the filter changes the drug concentration 

in the case where precipitation is formed due to incompatibility. Although this is 

unlikely to be clinically significant to the patient, it raises the concern that medication 

trapped within the filter may have the potential to interact with other medications used 

later in the line. This is part of the reason that Jack’s group went to such lengths to 

organise their infusion therapy to avoid incompatible ingredients in the same line. 

However, a recent study by Kennedy et al (2015) investigated propofol concentration 

after being trapped in the filter. The results of that study indicated no significant 

difference between using or not using a filter. Again, the findings of both studies appear 
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to demonstrate that the disadvantages of using a filter were related to dealing with the 

precipitation and not the filter itself. This means that choosing to use a filter does not 

mean having to deal with an adverse event but, on the contrary, using a filter avoids an 

adverse event.  

Even though this study has addressed the benefits of using a filter to trap 

particulate matter and to prevent the adverse consequences of incompatibility, using a 

filter cannot be the only way to prevent incompatibility. Management strategies to 

prevent incompatibility, such as the use of compatibility databases and colour coding as 

well as other safe administration methods should be applied along with the filter. In 

designing the current study, it was thought that the use of flushing would reduce the 

technical problems associated with the filter. The filter should be the fall-back 

protection for already safe infusion practices; otherwise, the constant changing of 

blocked filters increases the risk of infection.  

6.3.4.2 Effectiveness of flushing and implications for total body water volume 

The recommendation to flush is relevant for pre- and post-dose IV drug delivery 

(Nentwich, 1993). The current finding addresses the effectiveness of flushing to clear 

precipitation using a low volume (1.5 mL pre-dose flushing and 2 mL post-dose 

flushing) in the delivery of most drugs, with the exception of phenytoin. What was 

interesting is that post-dose flushing needs a larger volume than pre-dose flushing. Pre-

dose flushing clears the infusate from the tubing, while post-dose flushing clears the 

injection. However, during observation, the investigator found that nurses mostly did 

the pre-dose flushing and overlooked the post-dose flushing. This finding serves as a 

reminder that post-dose flushing should be noted as even more important to avoid 

precipitates entering the body.  

Flushing, however, has consequences regarding the fluid volume received and 

the total body water volume. As shown in Table 6.3, up to 300 mL of fluid may be 
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injected into patients per day through pre-dose and post-dose flushing. However, as 

shown in the current study’s results, a total flushing volume of 3.5 mL of NS per STA is 

adequate to clear the precipitation problem with most drugs in this study. Based on the 

assumption used in Table 6.3 (i.e. 10 drugs given three times daily for each patient), this 

would indicate that 105 mL of NS per day would be sufficient for adequate flushing. 

Based on this simulation, the volume of fluid injected for flushing would be reduced by 

45–195 mL per day. This represents a reduction of between 4.4% and 25.7% in fluid 

intake.  

The volume of saving (4.4%–25.7%) may not be significant for patients with a 

higher body weight and normal hydration, but for smaller patients and those requiring 

fluid restriction, this could be of benefit. Children have higher total body water, lower 

muscle mass and tissue, and also have lower plasma protein binding (Fernandez et al., 

2011). For paediatric patients, therefore, the relative volume given would be higher, and 

even more so for children who have a lower tolerance to fluid volume (A Cassano-Piche 

et al., 2012). However, an overload of fluid volume has the potential to harm some 

patients in PICU who require fluid restriction due to oedema, renal failure, cardiac 

failure or previous fluid overload such as intracranial pressure (Muench et al., 2007). 

Thus, the volume of flushing fluid needs to be evaluated and included in the patient’s 

fluid balance; otherwise, fluid overload becomes a major risk. The administration of IV 

medications must consider the total body water related to the patient’s age.  

As well as the risk of total hypervolemia, saline (NS) flushing may have 

consequences for hypernatraemia. The administration of NS flushing, in adding saline 

to the total amount of sodium intake, presents a potential risk: in children, this can lead 

to the development of neurological complications, intellectual deficit, seizure disorders 

and spastic plegias (Elenberg, 2014). Chronic hypernatraemia in children has mortality 
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rates of approximately 20% (Elenberg, 2014). Thus, the sodium level for flushing must 

be taken into account in the calculation of the daily sodium intake.  

As mentioned, flushing using NS has consequences for the cumulative level of 

sodium in the body, as NS solution contains 154 mEq/L of sodium, every 100 mL 

received as flushing fluid will contain 15.4 mEq of sodium. The average daily sodium 

intake requirement is 3–5 mEq/kg; thus, a patient weighing 10 kg needs 30 mEq of 

sodium per day. However, a patient with hypernatraemia needs a lower sodium intake 

of only 20 mEq/day (Lukitsch & Batuman, 2015). Clearly, the volume of NS used as 

flushing fluid will often need to be restricted in paediatric patients. 

To reduce the flushing volume, practitioners need to consider drug compatibility 

to confirm whether or not flushing is needed. According to Zenk (1987), IV flushing is 

necessary only for incompatible combinations of drugs. In general, with flushing 

techniques, the greater the volume of flushing used, the lower the risk of the drug 

remaining in the system to react. However, fluid overload could worsen conditions of 

hypervolemia, if flushing was undertaken frequently even though incompatible 

medications had not been indicated. As was found in PICU Sardjito, Wotton et al. 

(2004) also identified that nurses mostly flush for every medication administration 

regardless of whether the medications were compatible or incompatible. Furthermore, 

during bedside observation, the investigator also found that nurses often used a fairly 

rapid flow rate for the flush. Again, this raises the significant risk of fluid overload. 

Thus, a flushing protocol should be developed and implemented with flushing only used 

for incompatible drugs and at the minimum effective pre- and post-dose volumes. 

Flushing for compatible combinations should be avoided to reduce cost and also the 

risks of hypervolemia and hypernatremia.  

Flushing can be avoided by waiting approximately 15 minutes between two 

consecutive IV push injections but this waiting period is impossible for infusions. 
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Investigators have tried to confirm in a laboratory setting whether 15 minutes is 

sufficient to prevent contact between IV push drugs. The concept is that IV drugs 

require several (i.e. <10 minutes) to reach the distal line. However, this technique can 

be difficult and prone to errors in a busy ward.  

To prevent the danger of fluid overload, some approaches must be considered, 

but these always cross over with incompatibility prevention. Firstly, the delivery of IV 

medication must be precise. Unfortunately, the reduction of volume results in a higher 

concentration: with the higher concentration of IV medication comes the higher risk of 

incompatibility. Secondly, using a lower number of lumens has the benefit of reducing 

fluid intake. However, limiting the number of lumens used also increases the potential 

for incompatibility. The delivery of IV medication using multi-lumen catheters or more 

extension tubing will result in increases in fluid trapping or residual volume, but it 

alleviates incompatibility problems. Thirdly, fluid restriction can be pursued by using 

the minimal volume for flushing. However, unless the minimal safe flushing volume for 

any particular infusion system has been validated in the laboratory, using a smaller 

volume may increase incompatibility problems.  

Another concern has been raised by the flushing procedure in this system which 

was conducted by stopping and restarting the infusion before and after the injection 

delivery as is practised in PICU Sardjito. This was identical to that of Hipwell et al. 

(1984) who suggested stopping the infusion before IV injection delivery; however, this 

view was in conflict with Whitman (1995) who recommended infusing more slowly 

during the period of injection. Thus, the result may be different in another situation if 

using the flushing procedure as Whitman recommended. In addition, the assay in the 

current study demonstrated the effectivity of flushing which used the practice of 

stopping and restarting the infusion; however, stopping and restarting may cause 
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another problem, for instance, fluctuation in concentration. Thus, evidence is needed 

from further research.  

Lastly, this chapter summarises methods that can be used in the prevention of 

incompatibility, and thus suggests some approaches to prevent incompatibility. The 

management strategies for addressing incompatibility are summarised using the 

algorithm below (see Figure 6.4). Firstly, the simplest way is to separate concurrent 

administration of IV drugs through other routes or venous access, but this is 

burdensome, particularly in children. A multi-lumen catheter seems to be the alternative 

solution for separating many infusions in critical care, but the availability of the relevant 

device is still limited: it has also been reported that this alone cannot avoid 

incompatibility as a whole. Therefore, a filter should still be used to block particles 

from entering the body. The common approach of flushing is effective for preventing 

incompatibility of infusion–injection or injection–injection. However, this should take 

into consideration a patient with hypervolemia or hypernaetremia or who is at risk of 

receiving a significant burden of precipitates (e.g phenytoin injected with Group V): in 

these cases, flushing is not acceptable. Lastly, the use of a filter is the most worthwhile 

solution when this problem cannot be solved with other strategies. Therefore, the use of 

a filter should be introduced as it is a valuable device for maintaining patient safety. 
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Figure 6.4 Management strategies for addressing incompatibility 

Notes: 1 Compatible drugs are safely given simultaneously/concomittantly; 2 calculate the total body volume after IV delivery (total volume of IV medication including 

solution); and 3 calculate the total body volume after IV delivery with flushing (total of IV medication including the added volume of the flushing solution) 
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However, specifically for phenytoin, incompatibility remains a problem. Even 

though use of a filter was proved to block precipitates from entering the body, an occlusion 

occurred using this filter. Thus, further study is needed to investigate the use of a better 

filter to address this problem. In addition, as previously mentioned, the different 

formulation may influence the precipitation formed; thus, this could necessitate a change of 

manufacturer. In addition, it is very important to optimise the pharmacist’s role in 

compounding IV drugs in critical care to ensure a higher quality of IV drug preparation 

(Shah, 2009).  

6.4. Limitations 

Some limitations have been identified in the current study. This study used “a typical 

patient model” based on the conditions in PICU Sardjito; thus, the findings may be 

applicable only to similar conditions. The duration, occlusion alarm and volume of flushing 

were influenced by the characteristics of the tubing. This study followed the protocol in 

Sardjito Hospital, in which the “on-off” practice was applied before and after injection and 

flushing delivery. The type of filter attached would also influence these findings, 

particularly in relation to the ability to reduce the flow rate or in relation to drug adsorption; 

thus, differences in the characteristics of filters need to be taken into account. As previously 

mentioned in Chapter 5, the capacity of the optical microscopy used in the current study 

meant that images smaller than 1 µm could not be detected. Lastly, the study of the 

influence of the filter was conducted in a short time frame, only as long as it took for one 

round of a series of injections to be administered with a total time of approximately eight 

(8) hours.  
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6.5 Conclusions 

The current study has addressed two methods for the prevention or minimisation of the 

consequences of incompatibility: use of a filter and flushing. Based on these findings, the 

following conclusions have been made. Firstly, a filter can trap much precipitate and 

prevent this from being injected into the patient. Secondly, reduction in the flow rate was 

seen particularly when a very large amount of precipitation was present. An occlusion was 

signalled when a syringe alarm was heard after the delivery of phenytoin in infusion 

Group V. This finding concluded that the technical problem following filter use was not 

due to the filter itself, but to precipitation. Thus, avoiding incompatibility in drug 

administration would be worthwhile for prolonging patency. Thirdly, flushing can reduce 

the formation of precipitation. Amongst the six concomitant drug administrations, 2 mL 

flushing was effective for the prevention of incompatibility in infusion Group I with 

acyclovir; infusion Group II with meropenem; infusion Group III with chloramphenicol; 

and infusion Group IV with cefotaxime. However, phenytoin precipitation with infusion 

Group V could not be avoided even though a higher volume (5 mL) of flushing was used: 

the higher the volume of flushing, the smaller the number of particles or precipitation that 

were flushed out. However, with the exception of phenytoin, a volume of 2 mL for flushing 

was adequate to avoid common incompatibility between infusion–injection or injection–

injection. Fourthly, a reduction in the overall flushing volume from 5 mL to 3.5 mL seems 

to be worthwhile for reducing the risks of hypervolemia and hypernatremia.  
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CHAPTER 7: 

CONCLUSIONS, RECOMMENDATIONS, CONTRIBUTIONS, LIMITATIONS AND 

FURTHER RESEARCH 

7.1. Concluding remarks 

As reported in this thesis, in the current research, I have examined the compatibility of 

multiple IV medications when delivered at a single time of administration (STA) based 

on identification of this problem in the observational research stage in PICU Sardjito. 

This study has assayed the compatibility of reconstituted infusions, and has then 

focused on their compatibility when meeting with other medications either through 

infusion or injection in a Y-site (the infusion route), a model which I labelled in this 

thesis as “a typical patient model”. In the final section, their compatibility was assayed 

after developing a strategy to prevent incompatibility using a filter attached within this 

model and also normal saline (NS) flushing. This methodology has been adopted from 

the work of other scholars (Husson et al., 2003b) (Humbert-Delaloye et al., 2013) 

(Knudsen et al., 2014). Although some methodological issues may be recognised in the 

dynamic assay, efforts have been made to enhance rigour, minimise bias and improve 

trustworthiness through ensuring validation of the system.  

In the preliminary study, documentation during observations provided evidence 

that patients in PICU Sardjito had a high mortality rate (82.5%). The logistic regression 

analysis showed that this outcome was significantly correlated with the number of drugs 

per STA (Sig 0.000; OR 0.424; 95% CI) instead of the length of stay (LOS) (Sig. 0.003; 

OR 0.531; 95% CI). The number of drugs per STA was assumed to be related to 

potential incompatibility, with potential incompatibility increasing geometrically in line 

with the number of drugs per STA (De Giorgi et al., 2010). The above evidence and 

analysis emphasised the importance of the study of incompatibility in this setting. At 

least five main questions related to incompatibility have been answered in this research.  
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Firstly, what is the potential incompatibility problem in PICU Sardjito? The 

potential incompatibility problem could emerge from the reconstituted infusion (during 

preparation, storage and/or administration) and administration of infusion–infusion or 

infusions–injection in one parenteral system. The profile of drug use in PICU Sardjito 

showed that most patients received three simultaneous infusions and one injection at a 

STA: those were mostly (89%) administered intravenously through a peripheral venous 

catheter (PVC). Even though the drug use pattern for infusions in PICU Sardjito varied, 

all simultaneous infusions were always a combination of analgesics, sedatives and 

inotropes. Thus, incompatibility in infusions was mostly amongst those medications. 

Antibiotics and supportive medications (e.g. anti-inflammatory, anti-epileptic, anti-

ulcer, diuretics and antiviral) were commonly delivered through the same route, 

potentially being incompatible with these infusions (infusions–injection). Information 

from questionnaires completed by doctors and nurses indicated that nurses commonly 

encountered incompatibility when they administered injections into the Y-site (the 

infusion route). However, most could not recall exactly which drugs were responsible, 

although some stated that phenytoin and phenobarbital were problematic. There is a 

paucity of information about the compatibility of the drugs in those infusions as well as 

in infusions–injection; information on only 0.4% of drug combinations is provided in 

the literature.  

With the above problems identified, the current study answered the second 

question on the stability of reconstituted infusions. In practice, reconstitution was often 

carried out in the nurses’ spare time; thus, this solution was prepared several hours prior 

to administration. The assay in Chapter 3 confirmed that current practices to dilute 

inotropes (dobutamine, dopamine, epinephrine and norepinephrine), analgesics 

(morphine and ketamine) and sedatives (midazolam) using 5% glucose solution were 

safe: concentration at a level 90% was retained for seven days. However, an alert 
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should be given in relation to fentanyl, as the interpolation estimated that fentanyl was 

only stable for 28 hours.  

This model then offered answers to the third research question which determined 

the compatibility of the infusions using a dynamic approach similar to real-life practice 

(Chapter 4). Five drug combination groups were established: each consisted of three 

reconstituted infusions joined in one peripheral line with two three-way stopcocks to 

test the incompatibility of infusion–infusion in the Y-site. The validation of “a typical 

patient model” demonstrated that this parenteral system had a dwell time of 

approximately 20 minutes. The ratio of the volume of infusion–infusion depended on 

the flow rate as described below. This study showed that no gradual change of 

concentration occurred during a 24-hour period, thus indicating the compatibility of 

these groups:  

 morphine 96 µg/mL: ketamine 192 µg/mL: midazolam 0.58 mg/mL (1:4:8)  

 fentanyl 9.6 µg/mL: norepinephrine 30 µg/mL: dobutamine 1.44 mg/mL (1:1:1)  

 morphine 96 µg/mL: fentanyl 9.6 µg/mL: dobutamine 1.44 mg/mL (1:4:4)  

 midazolam 0.58 mg/mL: norepinephrine 30 µg/mL: dobutamine 1.44 mg/mL 

(1:1:1)  

 morphine 96 µg/mL: fentanyl 9.6 µg/mL: midazolam 0.58 mg/mL (1:4:4).  

Based on this validation, the concentration change of 90–110% appeared to 

reflect dynamic perfusion rather than incompatibility. The fluctuation of concentration 

during multiple pump infusion (Cv≤10%) was higher than for one pump infusion 

(Cv≤3%), although the difference was not statistically significant. However, a problem 

arose due to low homogeneity when reconstitution was done by syringe inversion (five 

times) as is the practice: conversely, sonication provided good homogeneity. This 

finding indicated that the mixing method and the administration of multiple IV drugs 
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contribute to variability in concentration. In addition, a shorter dwell time seems to 

produce physical incompatibility rather than chemical incompatibility. 

Validation using “a typical patient model” was then conducted to confirm the 

fourth question on whether the administration of infusions and injection in one 

parenteral system was physically compatible (Chapter 4). The validation demonstrated 

that the infusion–injection in this system had a dwell time <5 minutes and a ratio of 

volume of infusion to injection of 1:10. As mentioned in Chapter 2, there is a 97% gap 

in compatibility information amongst infusion–infusion and infusions–injection. Using 

“a typical patient model”, this study showed that 57.3% (n=75) of these combinations 

were incompatible physically. Most of those incompatibilities (acyclovir sodium, 

ampicillin sodium, cefotaxime sodium, dexamethasone sodium, furosemide sodium, 

meropenem sodium, phenobarbital sodium, phenytoin sodium and chloramphenicol 

sodium) could be predicted from pH-dependent precipitation. However, some may not 

be linked to pH–pKa precipitation such as gentamicin, paracetamol, metronidazole, 

ranitidine and fluconazole. In addition, this research showed that visual inspection 

detected a lower level of incompatibility than was detected with optical microscopy. 

This indicated that identification of incompatibility based on visual inspection of the 

tubing, as is the practice, is not sufficient.  

Strategies to minimise incompatibility were undertaken, as reported in Chapter 

6, to confirm whether use of an end-line filter was effective in minimising the amount of 

particulate matter caused by incompatibility, as well as monitoring any technical 

problems that arose during the running of the system. This study demonstrated that “a 

typical patient model” with a filter attached could clear all particulate matter 1 µm. 

However, a lower flow rate occurred after filtering sequential particulate matter. 

Eventually, Group IV occluded after phenytoin administration. Compared to other 

groups, this infusion group had the lowest pH, which induced a large ionisation gap and 
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a very large amount of precipitation. The second strategy to minimise incompatibility 

was performed by flushing. The current study demonstrated that 1.5 mL pre-dose and 2 

mL post-dose were the minimum volumes to effectively flush the peripheral line. Post-

dose flushing seemed to necessitate a higher volume than pre-dose flushing. The NS 

flushing could reduce phenytoin precipitation, but could not remove it completely. 

Therefore, phenytoin precipitation appeared to remain a problem in critical care as the 

use of flushing as a preventive measure was not effective to clear it. Meanwhile, filter 

use could avoid phenytoin incompatibility, but potentially caused the technical 

problems of lower flow rate and occlusion.  

7.2. Recommendations for hospital practice 

For hospital practice, this laboratory assay makes the following suggestions. Firstly, 

fentanyl should be reconstituted immediately prior to administration using a 5% glucose 

solution. Paying attention to its short stability period (28 hours) is critical: it is 

important to consider and evaluate changing from normal saline (NS) or (sterile) water 

for injection (WFI) to 5% glucose solution for the dilution of fentanyl. Secondly, the 

method for reconstituting infusions is crucial in terms of homogenisation. Preparation in 

the pharmacy, possibly using sonication, would guarantee good homogeneity. However, 

if ward preparation was to be used, homogenisation could be achieved using syringe 

inversion but this would require a minimum of 10 complete syringe inversions. In 

relation to incompatibility arising from infusions, this was more frequently due to pH 

dependency arising from injections. The consistency of route may reduce 

incompatibility. The usage of an end-line filter and flushing was able to block and clear 

most precipitation. However, the very large amount of precipitation caused by 

incompatibility remained a problem. Thus, the prevention of incompatibility should be 

done holistically through various approaches.  
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These results will aid clinical decision making particularly in preventing 

incompatibility in the administration of infusions and injection. The unavailability of a 

protocol in regard to IV drug compatibility has the potential to cause risks. The 

tremendous variation in drugs makes it difficult to create a specific protocol. However, 

Table 5.8 which presents the compatibility of infusion–injection could be used directly. 

Other cases or combinations need more careful consideration. Classification based on 

pH level seems to be more relevant and valuable in reducing the risk of pH-dependent 

incompatibility. However, taking into consideration the knowledge of practitioners, the 

concept of associating pH level with incompatibility would need to be introduced before 

implementation of the protocol. The classification of routes apparently will not 

guarantee the safe use of drugs, particularly for antibiotics, which have large variations 

in pH and formulation. Additional codes based on the solution which flows in the tubing 

may be worthwhile. This current study found that incompatibility in the Y-site often 

caused a very large amount of precipitation if the incompatibility occurred between the 

drug (e.g. phenytoin) and solution (5% glucose) rather than from drug to drug.  

Although these findings about multiple variations between drug groupings were 

rather disappointing in terms of formulating protocols, they can remind practitioners and 

hospital management of the importance of providing a clinical pharmacist who is in 

charge in PICU Sardjito. Moreover, information from the questionnaires showed that 

there is a gap in liability in regard to drug incompatibility. Dissimilar answers to the 

question “who is responsible for the drug incompatibility problem?” showed that 

hospital management had not made this mandatory for a specific person/profession. 

Meanwhile, the nurse as the main person for drug preparation and administration in 

PICU Sardjito lacks sufficient knowledge in regard to drug incompatibility. Moreover, 

according to the international guidance competency, the prevention of incompatibility 

falls within the competency and responsibility of the clinical pharmacist. As one study 
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showed, the pharmacist contribution in ICU significantly reduced morbidity, mortality 

and cost (Chuang et al., 1994). The appointment of a clinical pharmacist, therefore, 

must be considered to contribute to the prevention of incompatibility.  

7.3. Contributions, limitations and suggestions for further research  

This thesis contributes to the science on IV drug compatibility in the hospital pharmacy 

area particularly in paediatric critical care. Although the results will not be able to be 

generalised directly to all Indonesian hospitals, unless the other hospital uses the same 

medication grouping and administration equipment, they will be a powerful tool to 

guide future policy and practice standards. In addition, the model, which simulates 

current practice, is helpful for local hospitals; however, this needs more careful 

interpretation for other settings. As far as can be established, this is the first 

compatibility study to use a dynamic assay in a peripheral line as well as monitoring the 

filter to evaluate infusions–injection compatibility. Dynamic assay, however, has factors 

that influence incompatibility; thus, these must be validated. The information on 

dynamic assay should disclose the flow rate, dwell time and tubing characteristics, 

alongside the other common variables for compatibility, such as manufacturers and 

concentration.  

Some research studies could potentially be explored based on the findings of this 

current research. Even though this current study identified the problem, the prevalence 

and actual incompatibility were not observed. Further studies could conduct 

investigations to identify the true extent and occurrences of actual incompatibility and to 

provide a portrayal of the prevalence of incompatibility. The actual prevalence of 

incompatibility may possibly bring attention to the drug incompatibility problem and 

alert practitioners. Moreover, the current study found that the number of drugs per STA 

correlated with the outcome. A larger study with a higher population and multiple 

centres may provide a more representative result.  
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The results of the stability study indicated that the concentrations were safe 

according to the International Council on Harmonisation (ICH): however, the researcher 

continues to wonder about a change in the range of ±10% concentration being the 

common threshold for instability. Moreover, during the investigation, other factors were 

noted as influencing the variability of concentration, such as: inaccurate preparation, 

homogeneity, a dynamic pump and perfusion in the tubing, as well as incompatibility in 

the terminal line. To the best of the researcher’s knowledge, a range of 90–110% 

concentration should be acceptable as a limit for the final concentration of drugs 

received by the patient, with consideration given to specific drugs. Drugs with a 

narrower therapeutic window should have a narrower threshold. Thus, the fluctuation of 

concentration during administration of multiple IV drugs and the relationship to 

pharmacodynamics or the therapeutic effect seem to be important topics for further 

study.  

This point addresses the compatibility findings in relation to the tested infusion–

infusion and infusion–injection at the Y-site as shown on Table 5.8. These findings 

could be followed up with the development of a drug incompatibility protocol: once 

established, the protocol could be evaluated to determine the overall influence of its 

implementation as well as how the protocol or intervention influenced the perception, 

knowledge and behaviour of nurses in relation to drug incompatibility. A compatibility 

assay could be established to fill the gaps in compatibility information about other drugs 

delivered either by infusion or injection to ensure patient safety when they are delivered 

through a single IV route with other medications. Further research could be valuable in 

evaluating the enormous variety in drugs and local manufacturers to develop a national 

database in Indonesia (DeMonaco, 1990). 

In regard to this model, the current premise suggests that differences in flow rate 

and dwell time would produce different results in compatibility. However, in the 
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researcher’s opinion, conducting a trial using a maximum and minimum flow rate and 

dwell time and then associating these with the amount of precipitation observed may 

help to predict when precipitation is formed. Thus, a study using a dynamic assay would 

not need to conduct a compatibility assay for every variation in flow rate and dwell 

time. A study conducted in vitro due to kinetic precipitation formation using different 

levels of concentration may also be valuable in predicting the influence of concentration 

in relation to lag time. In addition, further study on the consequences of precipitation on 

drug administration may be relevant to increase understanding of the effect of 

precipitation on the concentration of drugs, changes in the flow rate and fluctuations in 

the tubing.  

This thesis has also contributed to discussions on the use of an end-line filter for 

reducing particulate matter. This study is different from previous studies, as particulate 

matter was measured during simultaneous infusions with a sequential injection. 

However, some other adverse effects of filter use, such as the adsorption effect, need to 

be considered for further study. In addition, study is needed to confirm whether the use 

of an end-line filter will reduce the concentration when precipitation is formed.  

In regard to flushing, even though some guidance has suggested flushing should 

be administered in the peripheral line, this current study provides evidence on the 

routine habits in practice. A study may need to be undertaken to confirm what volume 

should be given when different devices are utilised.  

Lastly, the strategies to reduce particulate matter remain a concern for 

phenytoin, and perhaps for other drugs with similar characteristics to phenytoin, which 

produces a very large amount of precipitation. Thus, it is important to assay and 

compare between different products or products from different manufacturers which 

may possibly produce less precipitation. Reformulation with a different buffer or an 
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alternative additive may reduce the incompatibility and precipitation of typical drugs 

like phenytoin. 

Beyond the main findings, while conducting this research, the researcher also 

acquired a further question in regard to the transient turning on and off of the stopcocks, 

and whether this practice has consequences in terms of fluctuation in the concentration. 

In addition, another question is whether an additional port would change the steady state 

and dead space (“non-circulating fluid”) volume, and influence the variability of 

concentration. Thus, the current study which has sought to clarify the problem of drug 

incompatibility in relation to multiple IV drug administration appears to have generated 

interest for further research.  
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Appendix 2.4 Information sheet and questionnaire in Indonesian  

Lembar informasi untuk survei kejadian inkompatibilitas  

1. Kami mengundang Bapak/Ibu/Saudara selaku tenaga kesehatan di PICU untuk 

memberikan informasi terkait kejadian inkompatibilitas sesuai dengan 

pengalaman Bapak/Ibu/Saudara selama bertugas menyiapkan dan memberikan 

obat kepada pasien sesuai pengalaman pribadi Bapak/Ibu/Saudara 

2. Kesediaan anda berpartisipasi sebagai responden dalam penelitian ini 

sepenuhnya sukarela.  

3. Batasan inkompatibilitas yang kami maksud adalah: terjadinya reaksi 

fisikokimia (larutan keruh/timbulnya gas, titik-titik partikel, perubahan warna, 

maupun munculnya kristal berwarna putih/warna lain) baik pada saat melarutkan 

(mengoplos) maupun akibat bercampurnya 2 atau lebih obat di jalur infus.  

4. Tujuan penelitian ini adalah untuk menggali permasalahan inkompatibilitas pada 

pemberian obat intravena di lingkup PICU RS Sardjito Yogyakarta 

5. Survei menggunakan kuisioner ini akan memakan waktu sekitar 30-60 menit 

6. Informasi yang anda sampaikan dalam kuisioner ini hanya akan digunakan untuk 

kepentingan penelitian ini. 

7. Identitas diri anda akan dijamin kerahasiaannya baik selama proses pengolahan 

data maupun dalam laporan maupun publikasi 

 

 

_____________________________________________________________________________

_______ 

 

LEMBAR INFORMASI PERSETUJUAN UNTUK BERPARTISIPASI SEBAGAI 

RESPONDEN 

1. Saya telah membaca dan memahami lembar informasi yang terkait dengan penelitian ini 

2. Saya mengerti dan memahami segala hal yang disampaikan dalam lembar informasi. 

3. Saya memahami bahwa partisipasi saya dalam penelitian ini tidak mempengaruhi karir 

saya 

4. Saya mengerti bahwa saya melakukan ini secara sukarela 

5. Sehingga, saya menyatakan bersedia untuk emnjadi responden dalam penelitian yang 

berjudul “Pengembangan Protokol Inkompatibilitas Obat di PICU RS Sardjito 

Yogyakarta” 

 

Responden,  

Name/Position/Date 

(……………………………….) 
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Questionnaire in Indonesian Translation 

Saya, Suci Hanifah, mahasiswa S3 School of Biomedical Science, Charles Sturt 

University akan melakukan penelitian berjudul Pengembangan Protokol Untuk 

Pencegahan Inkompatibilitas Selama Pemberian Multi-Intravena pada Pasien Anak Di 

Intensive Care Unit (ICU). Penelitian ini disponsori oleh Kementrian Pendidikan Tinggi 

Republik Indonesia sebagai syarat untuk menyelesaikan Disertasi untuk program 

Postgraduate Degree di Charles Sturt University, Australia.  

 

Nama (boleh tidak diisi) :____________________________ 

Profesi    : Perawat/Dokter 

Durasi Bekerja di PICU :_________________tahun 

 

A. Kejadian Inkompatibilitas 

Lingkari sesuai dengan jawaban yang anda maksudkan, atau isi titik-titik jika 

jawaban yang anda kehendaki tidak ada dalam pilihan 

  

1. Pernahkah anda menjumpai kejadian inkompatibilitas?  

a. Pernah  b. Tidak Pernah c. Tidak Tau  d...................  

 

2. Seberapa sering (berapa kali) anda menjumpai kejadian inkompatibilitas dalam 

satu bulan terakhir?  

a. <3 kali  b. 3-10 kali  c. >10 kali  d................... 

 

3. Pernahkah anda menjumpai alarm infusion pump atau syringe pump akibat 

sumbatan pada jalur infus? 

a. Pernah  b. Tidak Pernah c. Tidak tau  d.............. 

 

4. Apakah sumbatan itu terkait dengan inkompatibilitas?  

a. Ya   b. Tidak  

 

5. Berapa kali anda menjumpai sumbatan infus yang disebabkan oleh 

inkompatibilitas dalam satu bulan terkahir? 

a.<3 kali  b. 3-10 kali  c. >10 kali  d.............. 

 

 

B. Pencegahan Inkompatibilitas.  

Jawablah pertanyaan berikut ini sesuai dengan pengalaman anda (jawaban bisa lebih 

dari satu) 

 

6. Apakah di PICU RS Sardjito tersedia protocol untuk inkompatibilitas?  

a. Ya, sebutkan………………………………. 

b. Tidak 

c. Tidak tahu 

7. Saat anda menjumpai kejadian inkompatibilitas, apa yang anda lakukan?  

a. Tetap memberikan kepada pasien 

b. Mengganti dengan sediaan obat yang lain 
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c. Melaporkan kepada atasan 

d. ................................................................ 

8. Saat anda menjumpai kejadian no 4, apa yang anda lakukan? 

a. Tetap memberikan kepada pasien 

b. Mengganti dengan sediaan obat yang lain 

c. Melaporkan kepada atasan 

d. ................................................................ 

9. Rujukan apa yang anda gunakan untuk melihat informasi inkompatibilitas 

obat? 

a. Buku 

b. Jurnal 

c. Brosur obat 

d. ……………. 

C. Macam Inkompatibilitas 

Isi sebanyak-banyaknya sesuai dengan pengalaman anda 

1. Sebutkan obat-obat yang pernah anda jumpai mengalami inkompatibilitas atau 

menimbulkan sumbatan pada jalur infuse 

 

Macam Obat 

(Obat+Pelarut) atau (Obat+Obat) 

Reaksi yang terjadi 

(Keruh, Gas, Partikel, Warna, Kristal, Sumbatan 

infus) 

1. 

2. 

3. 

Dst 

 

 

2. Menurut anda, obat-obat apa sajakah yang paling penting untuk diteliti reaksi 

inkompatibilitasnya? 

 

Macam Obat 

(Obat+Pelarut) atau 

(Obat+Obat) 

Alasan 

(sering dipakai, banyak masalah, minim informasi, 

dll) 

1. 

2. 

3. 

Dst 
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Appendix 2.5 English translation of information sheet for respondents and 

questionnaire 

  

“Development of A Protocol for Mitigation of Risk from Drug Incompatibility during Multiple 

Intravenous Injections to Children In Intensive Care” 

1. We are inviting you to to participate in this research project but whether you wish 

to or not is entirely your decision.  

2. Whether you take part or not, your medical care/relationship with the 

university/the services which you review will not be affected in any way.  

3. This main objective of this project will examine incompatibility risk in laboratory. 

This stage is needed to collect the information of incompatibility in real practice, 

select medications that common used and often pose a problem. So not only does 

this study describe the incidence of incompatibility, but also it examines the 

commonly used medication grouping that potentially lead to incompatibility and 

the most common problem experienced by pharmacist and nurse as health 

professionals in drug admixture and preparation. It does not only express in the 

nature of potential incompatibility but also the real problem in the point of car 

4. All records containing personal information will remain confidential and no 

information which could lead to your identification will be released, except as 

required by law. 

5. The results of this study are the property of the researcher and may be published 

in scientific journals at a later date. It is possible that the results may not be 

published for commercial, scientific or other reasons. 

English translation of consent form for respondents 

1. I have read the attached Information Sheet and agree to take part in the following research 

project: 

Whole Title 

 

Project Phase: 

Development of a protocol for mitigation of risk from drug 

incompatibility during multiple intravenous injections to children 

in intensive care 

Setting up “a typical patient model for incompatibility test” 

Ethics Approval 

Number: 
 

2. I have had the project, so far as it affects me, fully explained to my satisfaction by the 

research worker. My consent is given freely. 

3. Although I understand that the purpose of this research project is to improve the quality of 

medical care, it has also been explained that my involvement may not be of any benefit to 

me. 

4. I have been informed that, while information gained during the study may be published, I 

will not be identified and my personal results will not be divulged. 

5. I understand that I am free to withdraw from the project at any time and that this will not 

affect medical advice in the management of my health, now or in the future. 
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6. I am aware that I should keep a copy of this Consent Form, when completed, and the 

attached Information Sheet. 

Participant to complete: 

Name:  ________________________ Signature:___________________  Date:___________ 

Researcher/Witness to complete: 

I have described the nature of the research to_______________________________________ 

  (print name of participant) 

and in my opinion she/he understood the explanation. 

Signature:  _____________________ Position:__________________________ Date:______ 

Part 1 Incompatibility 

No Questions  Answers 

1. Duration of Work in PICU 

A. <1 years 

B. 1-<5 years 

C. 5-10 years 

D. >10 years 

 

2. Have you ever find incompability in PICU? 

A. Yes 

B. No 

 

3. How often you meet incompatibility within 

last month? 

A. <3 

B. 3-10 

C. >10 

 

4. Have you ever get an occlusion of line 

A. Yes 

B. No 

 

5. How often do you meet an occlusion within 

last month 

A. <3 

B. 3-10 

C. >10 

 

6. Are those occlusions associated with 

incompatibility? 

A. Yes 

B. No 

C. Some 
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Open-ended questions 

7. What medications that you met produce 

incompatibility? 

 

8.  What incompatibility which is difficult to 

manage 

 

 

Part 2 Prevention of incompatibility 

No Questions Answer 

1 Is there any protocol for preventing 

incompatibility 

A. Yes 

B. No 

C. Do not know 

 

2 How can you manage the incompatibility or 

line occlusion? 

 

3 On behalf of drug incompatibility, who has 

responsibility to solve this problem? 

A. Doctor 

B. Nurses 

C. Pharmacist 

D. ………… 

 

4 What reference do you use to have a look 

information regarding incompatibility? 
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Appendix 2.6 Two-dimension chart of compatibility of common drugs in PICU Sardjito 

 Glucose 5%                Compatibility with 5% glucose  

Dobutamine C               Compatibility infusion–infusion  

Dopamine C C              Compatibility infusion–injection  

Epinephrine C C C             Compatibility injection–injection  

Norepinephrine C C C C                    

Fentanyl C C C C C                   

Ketamine C C C ? ? C                  

Midazolam C I C C C C C                 

Morphine C C C C C C ? C                

Paracetamol ? ? ? ? ? C ? C C               

Fluconazole C C C C C C ? C C ?              

Metronidazole C C C C C C ? C C ? C             

Acyclovir I I I I ? C I C I I C C            

Ampicillin I I I ? ? ? ? I C ? I C C           

Cefotaxime C C C C C ? C C C ? C C C C          

Chloramphenicol C ? C ? ? C ? ? C ? I C C ? ?         

Dexamethasone C C C C C C ? C C C C C C ? C ?        

Furosemide C I I C ? C I I I ? ? C C C C C C       

Gentamicin C C C C C C C C C ? C C C I C ? I C      

Meropenem I C C ? C ? I C C ? C C I C I I C I/C C     

Phenobarbital C C C ? ? C ? C C ? C ? ? ? ? C ? ? ? C    

Phenytoin I I I I I I ? I I ? ? I I I I ? I I I ? ?   

Ranitidine C C C ? C C ? C C C C ? C C C C ? C C ? I I  
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Appendix 2.7 Output of statistical analyses 

Dependent Variable Encoding 

Original Value Internal Value 

Survive 0 

not survive 1 

 
Block 0: Beginning Block 

Classification Tablea,b 

 Observed Predicted 

 Outcome Percentage 

Correct  survive not survive 

Step 0 
Outcome 

Survive 0 37 ,0 

not survive 0 175 100,0 

Overall Percentage   82,5 

a. Constant is included in the model. 

b. The cut value is ,500 

 

Variables in the Equation 

 B S.E. Wald df Sig. Exp(B) 

Step 0 Constant 1,554 ,181 73,745 1 ,000 4,730 

 

 

Block 1: Method = Enter 

Omnibus Tests of Model Coefficients 

 Chi-square df Sig. 

Step 1 

Step 58,314 5 ,000 

Block 58,314 5 ,000 

Model 58,314 5 ,000 

 

Variables in the Equation 

 B S.E. Wald df Sig. Exp(B) 95% C.I.for EXP(B) 

Lower Upper 

Step 1a 

Diagnosis -,213 ,124 2,961 1 ,085 ,808 ,634 1,030 

Age -,381 ,290 1,729 1 ,189 ,683 ,387 1,205 

LOSnominal -,634 ,210 9,126 1 ,003 ,531 ,352 ,801 

Schedulenom 1,438 ,349 16,976 1 ,000 4,212 2,125 8,349 

Dailynom ,698 ,459 2,311 1 ,128 2,010 ,817 4,946 

Constant -,836 1,052 ,631 1 ,427 ,433   

a. Variable(s) entered on step 1: Diagnosis, Age, LOSnominal, Schedulenom, Dailynom. 
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General Linear Model 
 

Between-Subjects Factors 

 Value Label N 

Diagnosis 

1 Infection 84 

2 
Trauma and 

Surgery 

14 

3 
Tumor and 

Malignancy 

11 

4 
Congenital 

Disease 

59 

5 Autoimmune 17 

6 Dengue 27 

Age 

1 Infant 108 

2 Children 68 

3 Adolescent 36 

Outcome 
1 Survive 37 

2 not survive 175 

LOS categoric 

1 <48 hours 67 

2 3-7 days 78 

3 8-14 days 26 

4 >4 days 41 

 

Multivariate Testsa 

Effect Value F Hypothesi

s df 

Error df Sig. 

Intercept 

Pillai's Trace ,832 368,328b 2,000 149,000 ,000 

Wilks' Lambda ,168 368,328b 2,000 149,000 ,000 

Hotelling's Trace 4,944 368,328b 2,000 149,000 ,000 

Roy's Largest 

Root 

4,944 368,328b 2,000 149,000 ,000 

Diagnosis 

Pillai's Trace ,137 2,206 10,000 300,000 ,017 

Wilks' Lambda ,868 2,195b 10,000 298,000 ,018 

Hotelling's Trace ,148 2,183 10,000 296,000 ,019 

Roy's Largest 

Root 

,089 2,666c 5,000 150,000 ,024 

Age 

Pillai's Trace ,019 ,722 4,000 300,000 ,578 

Wilks' Lambda ,981 ,719b 4,000 298,000 ,579 

Hotelling's Trace ,019 ,716 4,000 296,000 ,581 
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Roy's Largest 

Root 

,018 1,318c 2,000 150,000 ,271 

Outcome 

Pillai's Trace ,048 3,747b 2,000 149,000 ,026 

Wilks' Lambda ,952 3,747b 2,000 149,000 ,026 

Hotelling's Trace ,050 3,747b 2,000 149,000 ,026 

Roy's Largest 

Root 

,050 3,747b 2,000 149,000 ,026 

LOSnominal 

Pillai's Trace ,031 ,780 6,000 300,000 ,586 

Wilks' Lambda ,969 ,776b 6,000 298,000 ,589 

Hotelling's Trace ,031 ,773 6,000 296,000 ,592 

Roy's Largest 

Root 

,024 1,204c 3,000 150,000 ,310 

Diagnosis * Age 

Pillai's Trace ,184 1,687 18,000 300,000 ,041 

Wilks' Lambda ,824 1,677b 18,000 298,000 ,042 

Hotelling's Trace ,203 1,667 18,000 296,000 ,044 

Roy's Largest 

Root 

,113 1,891c 9,000 150,000 ,057 

Diagnosis * 

Outcome 

Pillai's Trace ,079 1,548 8,000 300,000 ,140 

Wilks' Lambda ,922 1,552b 8,000 298,000 ,139 

Hotelling's Trace ,084 1,556 8,000 296,000 ,138 

Roy's Largest 

Root 

,070 2,644c 4,000 150,000 ,036 

Diagnosis * 

LOSnominal 

Pillai's Trace ,231 1,963 20,000 300,000 ,009 

Wilks' Lambda ,778 1,995b 20,000 298,000 ,008 

Hotelling's Trace ,274 2,027 20,000 296,000 ,006 

Roy's Largest 

Root 

,220 3,305c 10,000 150,000 ,001 

Age * Outcome 

Pillai's Trace ,060 2,331 4,000 300,000 ,056 

Wilks' Lambda ,940 2,351b 4,000 298,000 ,054 

Hotelling's Trace ,064 2,372 4,000 296,000 ,053 

Roy's Largest 

Root 

,064 4,776c 2,000 150,000 ,010 

Age * 

LOSnominal 

Pillai's Trace ,142 1,906 12,000 300,000 ,033 

Wilks' Lambda ,861 1,932b 12,000 298,000 ,030 

Hotelling's Trace ,159 1,957 12,000 296,000 ,028 

Roy's Largest 

Root 

,137 3,420c 6,000 150,000 ,003 

Outcome * 

LOSnominal 

Pillai's Trace ,046 1,187 6,000 300,000 ,313 

Wilks' Lambda ,954 1,192b 6,000 298,000 ,310 

Hotelling's Trace ,049 1,197 6,000 296,000 ,308 

Roy's Largest 

Root 

,047 2,360c 3,000 150,000 ,074 

Diagnosis * Age * 

Outcome 

Pillai's Trace ,000 .b ,000 ,000 . 

Wilks' Lambda 1,000 .b ,000 149,500 . 

Hotelling's Trace ,000 .b ,000 2,000 . 
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Roy's Largest 

Root 

,000 ,000b 2,000 148,000 1,000 

Diagnosis * Age * 

LOSnominal 

Pillai's Trace ,121 1,070 18,000 300,000 ,382 

Wilks' Lambda ,883 1,066b 18,000 298,000 ,386 

Hotelling's Trace ,129 1,063 18,000 296,000 ,390 

Roy's Largest 

Root 

,087 1,443c 9,000 150,000 ,175 

Diagnosis * 

Outcome * 

LOSnominal 

Pillai's Trace ,008 ,603b 2,000 149,000 ,549 

Wilks' Lambda ,992 ,603b 2,000 149,000 ,549 

Hotelling's Trace ,008 ,603b 2,000 149,000 ,549 

Roy's Largest 

Root 

,008 ,603b 2,000 149,000 ,549 

Age * Outcome * 

LOSnominal 

Pillai's Trace ,000 .b ,000 ,000 . 

Wilks' Lambda 1,000 .b ,000 149,500 . 

Hotelling's Trace ,000 .b ,000 2,000 . 

Roy's Largest 

Root 

,000 ,000b 2,000 148,000 1,000 

Diagnosis * Age * 

Outcome * 

LOSnominal 

Pillai's Trace ,000 .b ,000 ,000 . 

Wilks' Lambda 1,000 .b ,000 149,500 . 

Hotelling's Trace ,000 .b ,000 2,000 . 

Roy's Largest 

Root 

,000 ,000b 2,000 148,000 1,000 

a. Design: Intercept + Diagnosis + Age + Outcome + LOSnominal + Diagnosis * Age + Diagnosis * 

Outcome + Diagnosis * LOSnominal + Age * Outcome + Age * LOSnominal + Outcome * LOSnominal + 

Diagnosis * Age * Outcome + Diagnosis * Age * LOSnominal + Diagnosis * Outcome * LOSnominal + Age 

* Outcome * LOSnominal + Diagnosis * Age * Outcome * LOSnominal 

b. Exact statistic 

c. The statistic is an upper bound on F that yields a lower bound on the significance level. 
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Tests of Between-Subjects Effects 

Source Dependent Variable Type III Sum 

of Squares 

df Mean 

Square 

F Sig. 

Corrected Model 
Number of drug one schedule 113,056a 61 1,853 3,034 ,000 

Number of drug daily 386,351b 61 6,334 1,842 ,001 

Intercept 
Number of drug one schedule 372,779 1 372,779 610,161 ,000 

Number of drug daily 2163,100 1 2163,100 629,075 ,000 

Diagnosis 
Number of drug one schedule 5,678 5 1,136 1,859 ,105 

Number of drug daily 33,813 5 6,763 1,967 ,087 

Age 
Number of drug one schedule 1,259 2 ,630 1,031 ,359 

Number of drug daily 1,314 2 ,657 ,191 ,826 

Outcome 
Number of drug one schedule 4,497 1 4,497 7,361 ,007 

Number of drug daily 7,781 1 7,781 2,263 ,135 

LOSnominal 
Number of drug one schedule ,736 3 ,245 ,402 ,752 

Number of drug daily 6,639 3 2,213 ,644 ,588 

Diagnosis * Age 
Number of drug one schedule 10,212 9 1,135 1,857 ,063 

Number of drug daily 55,238 9 6,138 1,785 ,075 

Diagnosis * Outcome 
Number of drug one schedule 1,435 4 ,359 ,587 ,672 

Number of drug daily 28,473 4 7,118 2,070 ,088 

Diagnosis * LOSnominal 
Number of drug one schedule 20,126 10 2,013 3,294 ,001 

Number of drug daily 60,974 10 6,097 1,773 ,070 

Age * Outcome 
Number of drug one schedule 1,231 2 ,615 1,007 ,368 

Number of drug daily 4,351 2 2,176 ,633 ,533 

Age * LOSnominal 
Number of drug one schedule 12,398 6 2,066 3,382 ,004 

Number of drug daily 31,318 6 5,220 1,518 ,176 

Outcome * LOSnominal Number of drug one schedule 1,426 3 ,475 ,778 ,508 
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 Number of drug daily 23,852 3 7,951 2,312 ,078 

Diagnosis * Age * Outcome 
Number of drug one schedule ,000 0 . . . 

Number of drug daily ,000 0 . . . 

Diagnosis * Age * 

LOSnominal 

Number of drug one schedule 6,664 9 ,740 1,212 ,292 

Number of drug daily 22,457 9 2,495 ,726 ,685 

Diagnosis * Outcome * 

LOSnominal 

Number of drug one schedule ,021 1 ,021 ,034 ,854 

Number of drug daily 2,967 1 2,967 ,863 ,354 

Age * Outcome * 

LOSnominal 

Number of drug one schedule ,000 0 . . . 

Number of drug daily ,000 0 . . . 

Diagnosis * Age * Outcome 

* LOSnominal 

Number of drug one schedule ,000 0 . . . 

Number of drug daily ,000 0 . . . 

Error 
Number of drug one schedule 91,643 150 ,611   

Number of drug daily 515,781 150 3,439   

Total 
Number of drug one schedule 2023,760 212    

Number of drug daily 10494,000 212    

Corrected Total 
Number of drug one schedule 204,699 211    

Number of drug daily 902,132 211    

a. R Squared = ,552 (Adjusted R Squared = ,370) 

b. R Squared = ,428 (Adjusted R Squared = ,196) 
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Appendix 3.1 Chromatogrammes and Linear Regression 

 

 

Linear regression of each drug for validation analyses 
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Figure 1 Linear Regression of Inotropes Referring to Peak Area 
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Figure 3 Linear Regression of Inotropes Referring to Height Area 
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Figure 4 Linear Regression of Sedatives Referring to Height Area 
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Appendix 3.2 Degradation of each drug during stability assay 

Sample 

Names 
NO Hours pH Retention 

Time 
 Height   %  Mean   Area  %  

Fentanyl  
1 

0 4,46 3,211 

               

66.411  

     

101,02  

      

100,63  

            

462.291  

     

100,25  

  
2 

0 4,35 3,210 

               

65.948  

     

100,31    

            

462.464  

     

100,29  

  
3 

0 4,36 3,210 

               

66.098  

     

100,54    

            

461.235  

     

100,03  

  
1 

8 4,45 3,201 

               

64.508  

        

98,12  

        

98,33  

            

458.477  

        

99,43  

  
2 

8 4,4 3,202 

               

64.655  

        

98,35    

            

458.919  

        

99,52  

  
3 

8 4,45 3,200 

               

64.767  

        

98,52    

            

458.814  

        

99,50  

  
1 

24 4,52 3,202 

               

65.334  

        

99,38  

        

99,04  

            

458.780  

        

99,49  

  
2 

24 4,42 3,200 

               

64.775  

        

98,53    

            

454.821  

        

98,63  

  
3 

24 4,46 3,200 

               

65.230  

        

99,22    

            

457.477  

        

99,21  

  
1 

72 4,66 3,203 

               

43.363  

        

65,96  

        

70,43  

            

351.639  

        

76,26  

  
2 

72 4,56 3,202 

               

41.525  

        

63,16    

            

264.850  

        

57,44  

  
3 

72 4,66 3,202 

               

54.009  

        

82,15    

            

415.233  

        

90,05  

  
1 

120 3,32 2,469 

               

14.318  

        

21,78  

        

21,37  

            

132.977  

        

28,84  

  
2 

120 3,3 2,469 

               

14.214  

        

21,62    

            

131.660  

        

28,55  

  
3 

120 3,49 2,465 

               

13.618  

        

20,71    

            

127.227  

        

27,59  

  
1 

168 3,44 2,488 

               

15.039  

        

22,88  

        

22,42  

            

139.598  

        

30,27  
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2 

168 3,35 2,483 

               

14.839  

        

22,57    

            

138.864  

        

30,11  

  
3 

168 3,4 2,479 

               

14.348  

        

21,83    

            

133.385  

        

28,93  

Morfin 
1 

0 4,01 2,545 

             

477.149  

     

100,72  

      

100,00  

         

3.958.844  

     

100,64  

  
2 

0 4,01 2,546 

             

476.304  

     

100,54    

         

3.955.941  

     

100,56  

  
3 

0 4,01 2,546 

             

467.784  

        

98,74    

         

3.886.679  

        

98,80  

  
1 

8 4,02 2,538 

             

476.801  

     

100,64  

      

100,16  

         

3.969.785  

     

100,91  

  
2 

8 4,03 2,537 

             

478.813  

     

101,07    

         

3.975.825  

     

101,07  

  
3 

8 4,03 3,540 

             

467.939  

        

98,77    

         

3.889.897  

        

98,88  

  
1 

24 4,05 2,537 

             

474.393  

     

100,14  

        

99,46  

         

3.832.347  

        

97,42  

  
2 

24 4,03 2,539 

             

473.892  

     

100,03    

         

3.832.656  

        

97,43  

  
3 

24 4,04 2,538 

             

465.297  

        

98,22    

         

3.762.224  

        

95,64  

  
1 

72 4,1 2,540 

             

453.287  

        

95,68    

         

3.819.463  

        

97,09  

  
2 

72 4,08 2,540 

             

456.525  

        

96,36    

         

3.864.200  

        

98,23  

  
3 

72 4,11 2,540 

             

447.978  

        

94,56    

         

3.784.523  

        

96,20  

  
1 

120 3,57 2,541 

             

444.801  

        

93,89  

        

93,45  

         

4.088.771  

     

103,94  

  
2 

120 3,67 2,541 

             

444.501  

        

93,83    

         

4.069.088  

     

103,44  

  
3 

120 3,6 2,504 

             

438.913  

        

92,65    

         

4.026.008  

     

102,34  

  
1 

168 3,5 

              

2.555  

             

421.758  

        

89,03  

        

90,89  

         

3.616.918  

        

91,94  
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2 

168 3,6 

              

2.555  

             

436.801  

        

92,20    

         

3.765.792  

        

95,73  

  
3 

168 3,5 

              

2.555  

             

433.183  

        

91,44    

         

3.732.078  

        

94,87  

Dobutamin 
1 

0 4,04 3,400 

         

1.107.802  

        

99,98  

      

100,00  

         

9.595.706  

        

99,76  

  
2 

0 3,96 3,401 

         

1.108.956  

     

100,09    

         

9.629.326  

     

100,11  

  
3 

0 4,04 3,396 

         

1.107.154  

        

99,93    

         

9.631.342  

     

100,13  

  
1 

8 4,05 3,369 

         

1.127.173  

     

101,73  

      

101,97  

         

9.662.366  

     

100,45  

  
2 

8 4,07 3,371 

         

1.132.792  

     

102,24    

         

9.694.515  

     

100,79  

  
3 

8 4,09 3,372 

         

1.129.476  

     

101,94    

         

9.663.765  

     

100,47  

  
1 

24 4,06 3,369 

         

1.134.602  

     

102,40  

      

102,53  

         

9.635.144  

     

100,17  

  
2 

24 4,07 3,369 

         

1.136.818  

     

102,60    

         

9.674.266  

     

100,57  

  
3 

24 4,08 3,371 

         

1.136.739  

     

102,60    

         

9.658.544  

     

100,41  

  
1 

72 4,1 3,383 

         

1.060.060  

        

95,68    

         

9.660.202  

     

100,43  

  
2 

72 4,13 3,380 

         

1.059.439  

        

95,62    

         

9.703.866  

     

100,88  

  
3 

72 4,13 3,381 

         

1.057.921  

        

95,48    

         

9.698.656  

     

100,83  

  
1 

120 4,13 3,392 

         

1.002.118  

        

90,45  

        

91,27  

         

9.659.699  

     

100,42  

  
2 

120 4,13 3,393 

         

1.015.375  

        

91,64    

         

9.829.833  

     

102,19  

  
3 

120 4,16 3,394 

         

1.016.285  

        

91,72    

         

9.839.773  

     

102,30  

  
1 

168 3,99 3,440 

         

1.009.226  

        

91,09  

        

91,90  

         

9.635.910  

     

100,18  
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2 

168 4 3,434 

         

1.021.734  

        

92,22    

         

9.689.390  

     

100,73  

  
3 

168 4.00 3,431 

         

1.023.758  

        

92,40    

         

9.695.897  

     

100,80  

Dopamin 
1 

0 3,92 2,449 

         

2.865.635  

        

99,71  

      

100,00  

      

25.682.907  

        

99,40  

  
2 

0 3,91 2,451 

         

2.873.752  

        

99,99    

      

25.811.228  

        

99,89  

  
3 

0 3,97 2,452 

         

2.882.373  

     

100,29    

      

26.022.935  

     

100,71  

  
1 

8 4,01 2,448 

         

2.864.593  

        

99,68  

        

99,90  

      

25.297.391  

        

97,90  

  
2 

8 4,05 2,447 

         

2.870.541  

        

99,88    

      

25.452.670  

        

98,50  

  
3 

8 4,03 2,448 

         

2.877.650  

     

100,13    

      

25.591.509  

        

99,04  

  
1 

24 4,02 2,448 

         

2.860.592  

        

99,54  

        

99,75  

      

25.141.072  

        

97,30  

  
2 

24 4,07 2,447 

         

2.866.129  

        

99,73    

      

25.299.357  

        

97,91  

  
3 

24 4,1 2,448 

         

2.873.638  

        

99,99    

      

25.423.320  

        

98,39  

  
1 

72 4,21 2,446 

         

2.862.027  

        

99,59  

        

99,89  

      

26.399.282  

     

102,17  

  
2 

72 4,18 2,445 

         

2.871.297  

        

99,91    

      

26.575.086  

     

102,85  

  
3 

72 3,97 2,447 

         

2.879.338  

     

100,19    

      

26.719.098  

     

103,41  

  
1 

120 4,04 2,450 

         

2.874.034  

     

100,00  

      

100,33  

      

27.251.728  

     

105,47  

  
2 

120 3,97 2,450 

         

2.884.192  

     

100,36    

      

27.443.519  

     

106,21  

  
3 

120 4 3,451 

         

2.892.280  

     

100,64    

      

27.561.015  

     

106,66  

  
1 

168 4,02 2,454 

         

2.861.076  

        

99,55  

        

99,91  

      

27.009.670  

     

104,53  
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2 

168 3,99 2,454 

         

2.871.580  

        

99,92    

      

27.161.728  

     

105,12  

  
3 

168 3,9 2,455 

         

2.881.744  

     

100,27    

      

27.415.109  

     

106,10  

Epinephrine 
1 

0 4,01 2,408 

             

142.539  

        

99,44  

      

100,04  

         

1.214.889  

        

99,53  

  
2 

0 4,07 2,407 

             

143.207  

        

99,91    

         

1.218.283  

        

99,80  

  
3 

0 4,08 2,408 

             

144.451  

     

100,78    

         

1.228.853  

     

100,67  

  
1 

8 4,02 2,408 

             

140.443  

        

97,98  

        

98,77  

         

1.192.767  

        

97,71  

  
2 

8 4,05 2,406 

             

141.503  

        

98,72    

         

1.199.512  

        

98,27  

  
3 

8 4,04 2,407 

             

142.761  

        

99,60    

         

1.199.695  

        

98,28  

  
1 

24 4,03 2,408 

             

145.939  

     

101,81  

      

100,75  

         

1.213.907  

        

99,45  

  
2 

24 4,04 2,408 

             

143.626  

     

100,20    

         

1.224.070  

     

100,28  

  
3 

24 4,05 2,407 

             

143.672  

     

100,23    

         

1.271.795  

     

104,19  

  
1 

72 4,05 2,407 

             

136.790  

        

95,43  

        

95,10  

         

1.135.135  

        

92,99  

  
2 

72 4,08 2,408 

             

138.535  

        

96,65    

         

1.149.231  

        

94,15  

  
3 

72 4,06 2,407 

             

133.615  

        

93,22    

         

1.148.270  

        

94,07  

  
1 

120 4,07 2,410 

             

140.725  

        

98,18  

        

98,84  

         

1.148.535  

        

94,09  

  
2 

120 4,1 2,417 

             

141.575  

        

98,77    

         

1.163.025  

        

95,28  

  
3 

120 4,08 2,417 

             

142.724  

        

99,57    

         

1.155.780  

        

94,68  

  
1 

168 3,78 2,413 

             

134.682  

        

93,96  

        

94,53  

         

1.099.783  

        

90,10  
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2 

168 3,7 2,415 

             

136.312  

        

95,10    

         

1.099.463  

        

90,07  

  
3 

168 3,8 2,415 

             

135.497  

        

94,53    

         

1.104.064  

        

90,45  

Norepinephrine 
1 

0 3,88 2,382 

             

142.202  

        

99,50  

      

100,00  

         

1.112.867  

        

99,69  

  
2 

0 3,88 2,381 

             

143.793  

     

100,61    

         

1.122.486  

     

100,56  

  
3 

0 3,89 2,381 

             

142.764  

        

99,89    

         

1.113.481  

        

99,75  

  
1 

8 3,95 2,383 

             

144.072  

     

100,81  

      

100,97  

         

1.114.670  

        

99,86  

  
2 

8 3,8 2,383 

             

145.054  

     

101,49    

         

1.123.006  

     

100,60  

  
3 

8 3,94 2,382 

             

143.797  

     

100,61    

         

1.113.015  

        

99,71  

  
1 

24 3,93 2,383 

             

144.033  

     

100,78  

      

101,18  

         

1.111.394  

        

99,56  

  
2 

24 3,89 2,383 

             

145.345  

     

101,70    

         

1.120.697  

     

100,40  

  
3 

24 3,89 2,384 

             

144.447  

     

101,07    

         

1.112.665  

        

99,68  

  
1 

72 3,91 2,385 

             

138.707  

        

97,05  

        

97,37  

         

1.118.059  

     

100,16  

  
2 

72 3,91 2,384 

             

140.112  

        

98,04    

         

1.127.389  

     

101,00  

  
3 

72 3,91 2,381 

             

138.649  

        

97,01    

         

1.107.710  

        

99,23  

  
1 

120 4 2,384 

             

137.139  

        

95,96  

        

96,43  

         

1.119.506  

     

100,29  

  
2 

120 3,93 2,384 

             

138.888  

        

97,18    

         

1.132.892  

     

101,49  

  
3 

120 3,94 2,383 

             

137.447  

        

96,17    

         

1.122.381  

     

100,55  

  
1 

168 3,84 2,386 

             

125.373  

        

87,72  

        

90,31  

         

1.003.181  

        

89,87  



280 

 

  
2 

168 3,89 2,388 

             

126.986  

        

88,85    

         

1.008.015  

        

90,30  

  
3 

168 3,89 2,387 

             

134.869  

        

94,37    

         

1.007.268  

        

90,23  

Ketamin 
1 

0 4,72 3,480 

         

2.995.658  

        

99,57  

      

100,00  

      

35.832.632  

     

101,08  

  
2 

0 4,71 3,484 

         

3.020.846  

     

100,41    

      

35.435.379  

        

99,95  

  
3 

0 4,77 3,484 

         

3.009.104  

     

100,02    

      

35.086.408  

        

98,97  

  
1 

8 4,82 3,496 

         

3.032.732  

     

100,80  

      

100,93  

      

34.857.625  

        

98,32  

  
2 

8 4,83 3,497 

         

3.039.573  

     

101,03    

      

34.873.806  

        

98,37  

  
3 

8 4,93 3,496 

         

3.037.626  

     

100,97    

      

34.554.813  

        

97,47  

  
1 

24 4,87 3,495 

         

3.036.942  

     

100,94  

      

101,10  

      

34.831.716  

        

98,25  

  
2 

24 4,98 3,497 

         

3.045.117  

     

101,22    

      

34.666.778  

        

97,79  

  
3 

24 5,01 3,500 

         

3.042.855  

     

101,14    

      

34.429.338  

        

97,12  

  
1 

72 5,08 3,492 

         

3.038.112  

     

100,98  

      

100,66  

      

37.302.246  

     

105,22  

  
2 

72 5,11 3,497 

         

3.027.582  

     

100,63    

      

37.272.724  

     

105,14  

  
3 

72 5,17 3,500 

         

3.019.375  

     

100,36    

      

36.882.408  

     

104,04  

  
1 

120 3,36 3,438 

         

3.149.627  

     

104,69  

      

104,80  

      

37.142.422  

     

104,77  

  
2 

120 3,3 3,439 

         

3.154.146  

     

104,84    

      

36.665.843  

     

103,43  

  
3 

120 3,38 3,446 

         

3.155.078  

     

104,87    

      

36.122.920  

     

101,89  

  
1 

168 3,01 3,673 

         

2.975.155  

        

98,89  

        

98,44  

      

32.486.700  

        

91,64  
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2 

168 3,06 3,674 

         

2.956.135  

        

98,26    

      

32.362.109  

        

91,29  

  
3 

168 3,06 3,675 

         

2.953.273  

        

98,16    

      

32.789.079  

        

92,49  

Midazolam 
1 

0 3,58 17,483 

             

914.363  

        

99,37  

      

100,00  

      

28.096.961  

        

98,75  

  
2 

0 3,55 17,507 

             

922.676  

     

100,27    

      

28.555.635  

     

100,36  

  
3 

0 3,54 17,547 

             

923.580  

     

100,37    

      

28.706.246  

     

100,89  

  
1 

8 3,56 17,668 

             

924.603  

     

100,48  

      

100,37  

      

28.485.227  

     

100,11  

  
2 

8 3,55 17,666 

             

922.344  

     

100,23    

      

28.528.914  

     

100,27  

  
3 

8 3,57 17,733 

             

923.841  

     

100,40    

      

28.666.267  

     

100,75  

  
1 

24 3,56 17,711 

             

923.571  

     

100,37  

      

100,77  

      

28.476.715  

     

100,08  

  
2 

24 3,53 17,713 

             

927.634  

     

100,81    

      

28.571.038  

     

100,42  

  
3 

24 3,53 17,647 

             

930.667  

     

101,14    

      

28.689.260  

     

100,83  

  
1 

72 3,52 17,829 

             

898.464  

        

97,64  

        

95,51  

      

27.885.753  

        

98,01  

  
2 

72 3,51 17,906 

             

868.383  

        

94,37    

      

27.884.038  

        

98,00  

  
3 

72 3,52 17,497 

             

869.714  

        

94,51    

      

28.029.443  

        

98,51  

  
1 

120 3,56 17,234 

             

912.429  

        

99,15  

        

99,35  

      

28.589.837  

     

100,48  

  
2 

120 3,57 17,227 

             

913.303  

        

99,25    

      

28.634.674  

     

100,64  

  
3 

120 3,57 17,217 

             

917.023  

        

99,65    

      

28.847.881  

     

101,39  

  
1 

168 3,66 17,414 

             

906.850  

        

98,55  

      

100,38  

      

27.476.363  

        

96,57  
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2 

168 3,66 17,411 

             

933.200  

     

101,41    

      

28.329.458  

        

99,57  

  
3 

168 3,63 17,414 

             

930.923  

     

101,16    

      

28.377.639  

        

99,74  

Midazolam 
1 

0 3,58 17,483 

             

914.363  

        

99,37  

      

100,00  

      

28.096.961  

        

98,75  

  
2 

0 3,55 17,507 

             

922.676  

     

100,27    

      

28.555.635  

     

100,36  

  
3 

0 3,54 17,547 

             

923.580  

     

100,37    

      

28.706.246  

     

100,89  

  
1 

8 3,56 17,668 

             

924.603  

     

100,48  

      

100,37  

      

28.485.227  

     

100,11  

  
2 

8 3,55 17,666 

             

922.344  

     

100,23    

      

28.528.914  

     

100,27  

  
3 

8 3,57 17,733 

             

923.841  

     

100,40    

      

28.666.267  

     

100,75  

  
1 

24 3,56 17,711 

             

923.571  

     

100,37  

      

100,77  

      

28.476.715  

     

100,08  

  
2 

24 3,53 17,713 

             

927.634  

     

100,81    

      

28.571.038  

     

100,42  

  
3 

24 3,53 17,647 

             

930.667  

     

101,14    

      

28.689.260  

     

100,83  

  
1 

72 3,52 17,829 

             

898.464  

        

97,64  

        

95,51  

      

27.885.753  

        

98,01  

  
2 

72 3,51 17,906 

             

868.383  

        

94,37    

      

27.884.038  

        

98,00  

  
3 

72 3,52 17,497 

             

869.714  

        

94,51    

      

28.029.443  

        

98,51  

  
1 

120 3,58 17,234 

             

912.429  

        

99,15  

        

99,35  

      

28.589.837  

     

100,48  

  
2 

120 3,57 17,227 

             

913.303  

        

99,25    

      

28.634.674  

     

100,64  

  
3 

120 3,57 17,217 

             

917.023  

        

99,65    

      

28.847.881  

     

101,39  

  
1 

168 3,66 17,414 

             

906.850  

        

98,55  

      

100,38  

      

27.476.363  

        

96,57  
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2 

168 3,6 17,411 

             

933.200  

     

101,41    

      

28.329.458  

        

99,57  

  
3 

168 3,63 17,414 

             

930.923  

     

101,16    

      

28.377.639  

        

99,74  
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Appendix 4.1 Degradation of each group  

Table A4.8 Height area of each grouping and percentage of concentration on period of time 

Group I Hour Morphine (%) Ketamine (%) Midazolam (%) 

  1 10296±213 (100) 1248978±26168 (100) 825939±56459 (100) 

  4 11725±676 (107) 1174052±46952 (94) 906623±72163 (109) 

  8 10408±3281 (95) 1165091±15657 (93) 868925±9103 (105) 

Group II Hour Norepinephrine (%) Fentanyl (%) Dobutamine (%) 

  1 2428±819 (100) 14940±1358 (100) 39276±4393 (100) 

  4 2649±40 (109) 15640±1532 (105) 37726±3223 (96) 

  8 2556±450 (105) 16314±651 (109) 41074±380 (104) 

  24 2656±31 (109) 15852±224 (106) 43025±615 (109) 

Group III Hour Morphine (%) Fentanyl (%) Dobutamine (%) 

  1 9405±1205 (100) 16209±279 (100) 90489±9449 (100) 

  4 9488±1379 (101) 15688±46 (97) 85772±14463 (94) 

  8 10221±233 (108) 15119±247 (93) 95552±3057 (106) 

  24 10075±210 (107) 16631±710 (103) 95019±685 (105) 

Group IV Hour Norepinephrine (%) Dobutamine (%) Midazolam (%) 

  1 23826±1099 (100) 660660±62376 (100) 488133±16303 (100) 

  4 23473±265 (99) 627811±4442 (95) 521178±10355 (107) 

  8 23597±270 (99) 6188004±10581 (93) 521072±7807 (107) 

  24 23691±248 (99) 609534±5926 (92) 493308±2667 (101) 

Group V Hour Morphine (%) Fentanyl (%) Midazolam (%) 

  1 9318±206 (100) 9353±198 (100) 43979±3183 (100) 

  4 10215±190 (109) 8531±102 (91) 47747±3898 (109) 

  8 9451±1475 (101) 9971±660 (107) 42521±2967 (97) 

  24 9215±276 (99) 10114±394 (108) 43286±1263 (98) 
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