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1 

Prelude  

Overview of clinical 

significance 
 



 

2 

The haemodynamic effects of intravenous paracetamol: 

overview of clinical significance 

In households worldwide, paracetamol is an over-the-counter drug synonymous with 

its safety and efficacy for its antipyretic (fever relieving) and analgesic (pain relieving) 

properties. It is readily available to the public in both enteral (oral) and rectal 

formulations. In the hospital setting, with 100% bioavailability and ease of 

administration, the intravenous (IV) formulation of paracetamol is an attractive option 

for patients undergoing major surgery and the critically ill, where oral and rectal 

administration may be challenging. Studies have found IV paracetamol is often used 

in multimodal postoperative pain management and has been shown to improve pain, 

opioid consumption and overall patient satisfaction in the postoperative setting for both 

major and minor surgeries. 

As such, IV paracetamol is one of the most commonly ordered medications for surgery 

and critical care patients. However, there is a paucity of evidence-based research 

surrounding its safety profile in these patient subgroups. Emerging clinical data 

suggests it may have the propensity to produce hypotension in surgical patients and 

the critically ill. Intraoperative hypotensive events have been associated with morbidity 

and longer hospital stays. Additionally, maintenance of haemodynamic stability is a 

requirement for a patient to be discharged from intensive care. Despite the concern of 

such a significant, and potentially underreported side effect, the current corpus of 

science relating to the haemodynamic effects of IV paracetamol is limited. It is also 

worth noting an underappreciated excipient of IV paracetamol is mannitol. Mannitol is 

added to the IV paracetamol formulation as a stabilizing compound but is present in 

quantities close to 4% in the majority of IV paracetamol formulations available. 

Recent advances in invasive and non-invasive haemodynamic monitoring have 

allowed for the accurate measurement of variables that determine blood pressure, 

namely cardiac output and systemic vascular resistance. For this thesis, state-of-the-

art haemodynamic monitoring will be used to quantify the haemodynamic impact of IV 

paracetamol by measuring the fundamental components of blood pressure. In order to 

understand the effects of IV paracetamol on blood pressure and the potential for 

mannitol to play a role in any haemodynamic alterations, this thesis will aim to 

investigate the haemodynamic effects of IV paracetamol by means of a comprehensive 
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paracetamol program. This program will be specifically tailored to examine these 

effects in patient subgroups of varying baseline haemodynamic stability.  

This comprehensive paracetamol haemodynamic program involves the following:  

S
T

A
G

E
 1

 LITERATURE REVIEW 

Comprehensive literature review to identify, evaluate and critically 
analyse the current knowledge base of the haemodynamic effects of IV 
paracetamol. 
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CLINICAL STUDIES 

STUDY 1 
Healthy volunteer study 

To assess the haemodynamic effects of IV 
paracetamol in a healthy, normotensive 
population. 

STUDY 2 
Cardiac surgery patients 
(preoperative) study 

To assess the haemodynamic effects of IV 
paracetamol in patients with pre-existing 
cardiac disease. 

STUDY 3 
Cardiac surgery patients 
(postoperative) study 

To assess the haemodynamic effects of IV 
paracetamol in patients who have 
undergone major surgery and who are at 
greater risk of haemodynamic instability. 

STUDY 4 
Chronic liver disease 
patients study 

To assess the haemodynamic effects of IV 
paracetamol in patients with pre-existing 
derangements of their systemic vascular 
system (similar to shock). 

 

It is hoped that this thesis will synthesize high quality results to add to the growing body 

of evidence that IV paracetamol may cause hypotension. Analyzing the 

haemodynamic effects in such different patient populations, may offer insight as to 

which individuals may be at greater risk of developing hypotension after the 

administration of IV paracetamol. 
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The history of paracetamol 

Annually, over 200 million paracetamol-containing prescriptions are filled in the USA 

and non-prescription sales exceed 25 billion doses per year, making it the most 

commonly dispensed pharmaceutical in America.1,2 Despite its current blockbuster 

status, paracetamol was initially not a drug of choice for the treatment of fever and 

pain. In fact, the medical community actively avoided paracetamol in clinical medicine 

for more than 60 years after it was first discovered. Paracetamol is an aniline-derivative 

drug and is the only one of its kind that is clinically used today. As with benzene and 

phenol, aniline was synthesized from coal tar, a substance rich in organic compounds. 

During the 1850s to the 1880s, three of the most common aniline-derived synthetic 

analgesics were identified - acetanilide, phenacetin, and finally paracetamol. 

Acetanilide was first synthesized in 1852. In 1886 by a chance event, the crystalline 

solid was accidentally dispensed instead of naphthalene for the treatment of intestinal 

parasites. Cahn and Hepp reported a novel finding of the antipyretic properties of 

naphthalene.3 However, the distinctly different behaviour of the dispensed drug led to 

the discovery that their findings were actually the result of the pharmacological effects 

of acetanilide. A year later, acetanilide became available to the public as an effective 

antipyretic and analgesic and was sold by the trade name Antifebrin. Antifebrin 

became a leading competitor of aspirin. However, Antifebrin was later withdrawn from 

the market due to drug-induced methaemoglobinaemia-related cyanosis and fatal 

carcinogenic effects associated with excessive use. The potential of acetanilide caught 

the attention of two researchers employed by the German dye company, Bayer.  

Inspired by the success of acetanilide, Carl Duisberg, Bayer’s director of research, 

gave his team the task to create a similar compound from the copious amounts of the 

blue dye by-product, 4-nitrophenol. In 1887, by a three-step process of reduction, 

ethylation and acylation, phenacetin was created.4 Phenacetin mimicked the clinical 

properties of acetanilide but lacked the dangerous cyanotic side effects. Phenacetin 

succeeded acetanilide as the rival drug to aspirin in the antipyretic and analgesic 

market for over a century. Concurrently, paracetamol, a compound first synthesized 

by Morse in 1878, was evaluated for clinical use. Hinsberg and Treupel conducted 

studies on paracetamol and found its analgesic effects to be comparable to 

phenacetin.5 However, Von Mering of the Bayer Company suggested that like 

acetanilide, paracetamol might cause  methaemoglobinaemia-related cyanosis.6 
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Given his higher rank in the scientific community as a well-respected physiologist, 

paracetamol was dismissed as a dangerous pharmaceutical.  

In 1947, when the safety of acetanilide was being questioned and amid mounting 

evidence of renal failure and the development of renal tumors related to excessive use 

of phenacetin, Lester and Greenberg of Yale University produced ground-breaking 

findings. Following a 1g dose of acetanilide, high concentrations of paracetamol were 

found in blood and plasma samples.7 In addition, paracetamol conjugates were also 

identified in urinary analysis.8 The studies suggested that paracetamol, a major 

metabolite of acetanilide, may have been responsible for its observed pharmacological 

effects. St Mary’s Hospital in London provided supporting evidence with their finding 

that both acetanilide and phenacetin are metabolized to paracetamol in blood 

analyses.9,10 Importantly, a team at the NYU College of Medicine dismissed Von 

Mering’s toxicity theory in a comparative study of paracetamol vs. acetanilide.11 The 

study reported an absence of methaemoglobinaemia and/or in-vitro haemolysis in the 

paracetamol group is now widely believed that Von Mering’s initial claims were the 

result of an analysis of paracetamol laced with toxic impurities.12 The active metabolite 

paracetamol is now recognized as the source of the antipyretic and analgesic effects 

of acetanilide and phenacetin, while the metabolites phenylhydroxylamine in 

acetanilide11 and p-phenetinide in phenacetin13 were linked to their unwanted side 

effects and subsequent withdrawal from the market, summarized in Figure 1. These 

studies provided the necessary evidence in support of paracetamol as a safe and 

efficacious therapeutic for the treatment of fever and pain.  

Paracetamol was first introduced to the public in the US in 1950 as part of a 

combination drug.14 In the interim, the then “wonder drug” aspirin was suffering from 

public concerns related to reports of gastrointestinal toxicity (e.g. gastric ulcers) and 

bleeding problems. Paracetamol became available as a prescription-only single-drug 

elixir under the trade name Tylenol in the US in 1955 and was presented as a 500mg 

oral tablet in the UK in 1956 under the trade name Paracetamol.15 It is now the 

preferred choice for analgesic and antipyretic therapy in children following evidence of 

aspirin-related Reye’s syndrome in the paediatric population. It has since received 

worldwide acceptance as a safe alternative to other analgesics for both adults and 

children.14 Paracetamol is now available in a wide variety of single- or combination-

drug formulations, both prescription and non-prescription, which include oral tablets, 

elixirs, rectal suppositories, and, more recently, intravenous injections. 
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The development of the two intravenous formulations 

The pharmacological importance of paracetamol has been established by the vast 

number of non-prescription and prescription formulations available. Whilst the oral 

routes of paracetamol administration are common in the hospital setting, their clinical 

application is limited in certain patient subgroups such as critically ill, heavily sedated, 

anaesthetized or postoperative patients. The rectal route may be used in this setting. 

However, several limiting factors challenge the clinical value of the rectal route. Firstly, 

rectal suppositories have an unpredictable bioavailability which can vary from 24 to 

98%16 compared to that of the oral formulation which ranges from 63-89%.17 Secondly, 

the placement of the rectal suppository has been implicated as a mechanism for its 

variable absorption and metabolism due to the different drainage pathways of the 

rectum.18 Drugs placed in the distal portion of the rectum drain into the general 

circulation, while drugs are subjected to the hepatic first-pass effect if placed in the 

proximal section of the rectum. Inconsistencies in the placement and thus in the clinical 

efficacy of paracetamol suppositories have prompted the American Academy of 

Paediatrics to advocate the use of other methods of administration.19 Importantly, 

accurate dosing adjustments in the event of early expulsion of the suppository are 

complicated by the potential for uneven distribution of the active drug throughout the 

suppository and its availability only in fixed doses. Finally, rectal administration is 

considered unpleasant, inconvenient and intrusive. A major advancement in the 

clinical use of paracetamol has been the recent introduction of the intravenous 

formulations. 

Intravenous propacetamol 

In its raw form, paracetamol has negligible solubility in water and, in aqueous mediums; 

it is highly sensitive to oxygen and light. These properties were hard to overcome in 

the initial stages of development of IV paracetamol. As a result, the first formulation of 

IV paracetamol contained the active ingredient propacetamol hydrochloride. IV 

propacetamol was produced by Bristol-Myers Squibb, France, in 1985 under the trade 

name Pro-dafalgan.  

Propacetamol is rapidly hydrolyzed in a 1:1 ratio to produce paracetamol and N,N-

diethylglycine by non-specific plasma esterases. Every 2g of propacetamol yields a 

total of 1g paracetamol. Pro-dafalgan vials consist of a white, odourless crystalline 
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propacetamol powder that requires reconstitution in a solvent such as glucose, water 

or sodium citrate. In solution, propacetamol is unstable and requires immediate 

infusion after reconstitution to avoid degradation. It was found to be an efficacious 

antipyretic and analgesic, able to produce a faster response compared to oral and 

rectal formulations.20,21 However, in the 1990s, several reports of contact dermatitis, 

perhaps due to the skin-sensitizing effects of the phenyl ester N,N-diethylglycine, and 

complaints of pain on infusion prompted reconsideration of Pro-dalfagan.22,23 Its use 

has since been discontinued in medical practice. 

Intravenous paracetamol 

In 2002, the first true form of intravenous paracetamol was introduced by Bristol-Myers 

Squibb under the trade name Perfalgan. It is a ready-to-use injectable that requires no 

reconstitution and lacks the undesirable effects of the previous formulation. In order to 

create a reliable formulation of IV paracetamol, the issue of stability present in the 

propacetamol formulation needed to be addressed. During degradation, paracetamol 

is converted to 4-aminophenol, which is rapidly converted to the hepatotoxic substance 

N-acetyl-p-benzoquinoneimine (NAPQI). Paracetamol must be synthesized within an 

optimum pH range of 5-6 to avoid a hydrolysis reaction and thus conversion to 4-

aminophenol. Secondly, chemical oxidation reactions must be avoided. This is 

managed by bubbling nitrogen into the IV formulations to reduce the amount of oxygen 

present and by the strict adoption of hermetically sealed oxygen-impermeable glass 

vials filled with a ready-to-use formulation that does not require reconstitution from an 

external ampoule. A bioequivalence study performed by Flouvat et al. found a linear 

pharmacokinetic relationship between 1 g Perfalgan (administered as 10 mg/1 mL) 

and 2g of propacetamol.24 Other studies have established the current formulation of IV 

paracetamol to have comparable analgesic and antipyretic effects with the equivalent 

dosage of propacetamol.25-28 Because of ubiquitous IV access, the use of IV 

paracetamol is now widely practiced and seen as convenient with minimal latency to 

therapeutic effect. IV paracetamol was introduced in America by Cadence 

Pharmaceuticals in 2011.  

 Intravenous paracetamol vs. the oral and rectal formulations 

A comparative study between the three common modes of administration found the IV 

formulation carries a faster time to peak plasma-drug concentrations (15 minutes after 
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initiation of infusion) and a significantly higher peak plasma paracetamol level.29 In 

contrast, oral paracetamol requires approximately 2 hours and rectal paracetamol at 

least 3 hours, depending on the placement of the suppository, to reach their respective 

peak plasma concentrations.29 These results correlate with the faster time to 

antipyresis in IV paracetamol compared to the oral formulation. Similarly, Levy 

proposed that the faster the time to complete absorption of an analgesic, the longer-

lasting the analgesic effect.30 This theory, however, has not been confirmed due to 

contradictory evidence from two other studies.31-32 While there is not enough evidence 

to suggest superiority in terms of prolonged analgesia, several adult and paediatric 

studies have questioned the ability of oral and rectal formulations to produce the 

desired plasma paracetamol concentrations for effective analgesia.33-39 This issue is 

especially relevant to postoperative pain management studies. Sub-therapeutic 

plasma-drug concentrations with use of oral and rectal paracetamol, even at the 

recommended dosages, have been observed.29,35-39  For this reason, IV paracetamol 

is an attractive choice for postoperative pain relief. 

Despite the above considerations, a clear disadvantage regarding the use of the IV 

formulation is the noticeable cost difference when compared to other methods of 

administration. This is summarized in Figure 2. In Australia, IV paracetamol costs 

$3.30 per 1000mg, whereas two 500mg oral tablets or rectal suppositories cost   

$0.026 and $1.24 respectively. Furthermore, this cost difference does not take into 

account the additional cost of an IV giving set as well as the inherent risks of IV 

administration. Current evidence has not determined whether IV paracetamol is more 

cost-effective than the other available formulations. 
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Figure 1 The metabolites of aniline-derivative drugs 
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Figure 2 The cost difference between the paracetamol formulations (per 1000 mg) 
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Chapter 2 

Pharmacokinetics and 
pharmacodynamics of 

paracetamol 
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Introduction 

This chapter offers a comprehensive overview of the pharmacokinetics and 

pharmacodynamics of paracetamol.  

Search strategy  

Data collection on the pharmacokinetics and pharmacodynamics of paracetamol was 

conducted via a systematic literature search of PubMed, Medline (via Ovid), and 

Embase (via Ovid), pharmacology textbooks and online sources. Search criteria 

included only articles written in the English language and were exclusively based on 

human studies. There were no date restrictions placed on the PubMed, Embase or 

Medline searches. The last search update was in February 2017. The following search 

terms were used in the electronic databases: “acetaminophen”, “paracetamol”, 

“Panadol”, “human”, “pharmacokinetics”, and “pharmacodynamics”. Specifically, 

clinical information relevant to the pharmacokinetics and pharmacodynamics of 

paracetamol was included in this literature review.  

Search results 

Using a combined search strategy, a total of 7272 articles were revealed. Further 

search confining the results to “human” and “English language” revealed 216 

information sources and titles. Screening of titles and abstracts against the inclusion 

criteria resulted in 81 references retrieved for full-text analysis. A total of 66 articles 

were included in this Chapter review of the pharmacokinetics and pharmacodynamics 

of paracetamol.  

Pharmacological composition  

Paracetamol, also known as acetaminophen or APAP, is referred to as N-(4-

hydroxyphenyl)acetamide under IUPAC nomenclature. It possesses a molecular 

formula of C8H9NO2 and a molecular weight of 151.16 g/mol. Paracetamol is a p-

aminophenol derivative that possesses analgesic and antipyretic properties. It resides 

in its own pharmacological classification as an analgesic drug that belongs in neither 

the opioid nor non-steroidal anti-inflammatory groups. In its raw form paracetamol is a 
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clear, odourless, crystalline substance with negligible solubility in water and, in 

aqueous mediums. An infusion containing 1 g of paracetamol per 100 mL solution was 

used in the three clinical trials. It is highly sensitive to oxygen and light and should be 

stored protected from light and below 25oC.  

Indications 

Paracetamol is indicated for the treatment of mild to moderate pain and fever relief by 

either oral, rectal or intravenous administration. At the recommended doses, 

paracetamol seems to possess limited adverse events and is generally well-tolerated. 

Unlike opioids, use of paracetamol does not increase the risk of physical dependence 

and addiction and rarely causes nausea and vomiting. NSAIDs are often associated 

with gastrointestinal toxicity and bleeding problems, complications not seen with the 

use of paracetamol. As such, it is generally considered safer than these drug classes 

and its use is recommended to treat a myriad of acute and chronic pain conditions in 

both the public and hospital settings. More recently, the introduction of intravenous 

paracetamol has demonstrated its effectiveness to treat pain during the early 

postoperative period.40  

Analgesic effect 

Interestingly, in an age where novel drugs undergo numerous and rigorous testing 

before reaching the market, it is surprising how little is known about a ubiquitously used 

drug such as paracetamol. Whilst paracetamol is marketed as an analgesic and 

antipyretic, our literature search revealed no data concerning something as 

commonplace as dose-response curves for these therapeutic effects. This is likely due 

to the age of the drug. It appears that the recommended dosages prescribed may be 

owing to extensive clinical use and an estimation of the therapeutic window, rather 

than an in-depth understanding of paracetamol’s pharmacodynamics. The 

concentration of plasma paracetamol required for antipyresis is well-established and 

set at 10-20 mg/L. However, little was known about what was required for adequate 

analgesia until 1999. Anderson et al. conducted a study on paediatric tonsillectomy 

patients.41 120 participants were allocated to receive either oral paracetamol (N=20) 

or a paracetamol suppository (N=100). Participants were not premedicated prior to 

surgery and did not receive any additional local perioperative anaesthetic or opioids. 

The design of the study, while controversial, allowed for a thorough assessment of the 
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pharmacokinetic effects of paracetamol. Post-tonsillectomy pain scales were collected 

and correlated to plasma paracetamol concentrations. The results concluded that the 

minimum plasma paracetamol level required to achieve a pain score of less than four 

was 10 mg/L.41 Importantly, the study was performed on paediatric tonsillectomy 

patients, and therefore may not be as accurate in the adult population or in different 

surgical patient cohorts. The severity of postoperative pain will vary between 

procedures and will influence the quantity and/or type of postoperative analgesia 

required. IV paracetamol is ubiquitously used to treat postoperative pain and produces 

adequate, if not improved, analgesia compared to non-treatment groups in cardiac42-

44, dental45, ear, nose and throat46-48, ocular49, general50-53, gynaecological54-56 

orthopaedic57-61 and spinal surgeries.62 In placebo-controlled clinical trials, it has been 

found to significantly reduce the quantity of morphine required by approximately 8mg 

in orthopaedic surgical patients, produce higher levels of patient satisfaction, and in 

some studies, it has provided adequate analgesia for patients which was sufficient to 

avoid additional postoperative opioids.26,60,64,65 However, the time for which 

postoperative pain was managed varied greatly among the surgical procedures. For 

example, with identical doses of 1g IV paracetamol (administered as 1 g IV 

paracetamol or 2g IV propacetamol), the treatment vs. non-treatment groups produced 

vastly different analgesic effects between two surgical subgroups. In a spinal fusion 

surgery study involving 12 infusions of IV propacetamol (2 g every 6 hours over 72 

hours) pain scores were evenly matched between the paracetamol and placebo 

groups except at 40 hours and 56 hours where the paracetamol group displayed 

significantly reduced pain scores compared to placebo.66 In contrast, paracetamol 

produced a must faster onset to pain relief compared to placebo in postoperative 

orthopaedic surgery patients26,57,58 with significantly lowered pain scores in the 

paracetamol group observed as early as 15 minutes after infusion.26 Differences in 

study design impair our ability to draw precise conclusions; however, it seems that IV 

paracetamol may be more efficacious in some surgical cohorts than in others. A more 

focused approach on the use of IV paracetamol, moving towards identifying which 

surgical cohorts are more likely to benefit from its analgesic effects, may enable better 

tailoring of postoperative pain management in the future.  

Although IV paracetamol may have beneficial analgesic effects compared to 

placebo45,56,57,61,67,68 on ethical grounds, these placebo-controlled surgery-based 

studies all provided participants with some form of opioid rescue therapy. In treatment 

and non-treatment groups, additional opioids were generally required. As a result, the 
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current literature suggests IV paracetamol has a limited efficacy as a monotherapy in 

the postoperative setting after major surgery.40,57,69 Paracetamol is marketed as an 

effective analgesic in the treatment of mild to moderate pain. It has been shown to 

have equianalgesic properties to “weak” opioids such as tramadol70 and 

dexketoprofen71 in the post-surgical setting. However, there are few studies comparing 

paracetamol with “stronger” opioids such as morphine. In the non-surgical setting, 

paracetamol has been found to produce similar pain relief compared to morphine in 

the treatment of acute mechanical lower back pain72 and acute traumatic limb pain.73 

However, both studies reported a trend towards higher patient satisfaction in the 

morphine group. Postoperative pain, however, is often managed with stronger 

analgesics such as opioids, thus leaving further paucity in the data. A double-blind 

randomized study involving patients undergoing laparotomy surgery compared a 0.02 

mg/kg dose of morphine to a 1.4 mg/kg/hr IV paracetamol. While the overall result after 

a 4 hour observational period showed similar analgesic effect, morphine provided 

superior pain relief in the initial first 2 hours post administration.74 Data from this study 

may not translate in other surgical fields.  

Due to the lack of understanding as to whether paracetamol and morphine possess 

equianalgesic properties and the preferential use of opioids, IV paracetamol is instead 

frequently used as a practical component of multimodal postoperative pain 

management. This involves the application of a combination of opioid and non-opioid 

therapies. The end goal of this method is to achieve optimal analgesia while minimizing 

drug-induced side effects. In comparative studies of IV paracetamol vs. opioids or 

NSAIDs, IV paracetamol had no effect on morphine consumption.45,62,75,76 In fact, these 

studies confirm a tendency for lowered pain scores and overall patient satisfaction in 

favour of opioids and NSAIDs. This may be due to the majority of these studies having 

used propacetamol, which is known to cause pain on infusion and contact dermatitis. 

While NSAIDs and opioids may provide better analgesia, the current formulation of IV 

paracetamol would be an attractive alternative analgesic, given its good safety profile 

and especially since studies have found it offers opioid-sparing properties.65,77-80 

Antipyretic effect 

The threshold for initiation of antipyretic treatment is generally set at 38.3oC.81,82 Fever 

may be treated using pharmacological and non-pharmacological methods. Of the 

pharmacological methods, paracetamol is one of the most commonly used in hospitals. 
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Studies have found paracetamol to be as effective at reducing pyresis as cooling 

blankets83 and tepid sponging.84 However, shivering is often associated with non-

pharmacological methods of antipyretic treatment.85 Shivering results in an increased 

metabolic rate, causes vasoconstriction and can produce elevated arterial blood 

pressure, and is best avoided.85 IV paracetamol has a shorter time to latency compared 

with oral paracetamol, and therefore can rapidly treat patients presenting with fever.29 

While the antipyretic efficacy of oral and rectal formulations has been well established, 

very few studies have examined the usefulness of IV paracetamol in different clinical 

settings. Only one placebo-controlled randomized trial has been conducted. 

Researchers at the University of Miami were able to validate the antipyretic efficacy of 

IV paracetamol.86 However, this study was conducted on healthy volunteers rather 

than hospital patients. Study participants received reference standard endotoxin (RSE) 

treatment, a model which mimics the effects of fever in afebrile, healthy volunteers. 

Moreover, all participants were males with a mean age of 29.9 years, and therefore 

the results cannot be representative of the greater community, let alone critically ill or 

surgical patients. Additionally, the use of RSE-induced fever prevents analysis of 

differences that may derive from different etiologies of fever, e.g. infection vs. non-

infection. The majority of the other antipyretic studies are based on the paediatric 

population.85,87,88 Within this subset of patients, IV paracetamol appears to be as 

effective as other NSAID antipyretics such as diclofenac89 and may be an option for 

paediatric oncology patients.90  

Postoperative fever is common and may be due to a number of factors inclusive of, 

but not limited to, postoperative infection. While the incidence of postoperative fever is 

high and treatment with IV paracetamol reduces fever compared to placebo, 

postoperative fevers that occur within the first 48 hours post-operation are often benign 

and self-limiting.91  It may therefore be reasonable to bypass antipyretic treatment 

during this timeframe. Importantly, this may not be applicable in patients who are 

suffering from the effects of traumatic brain injury, subarachnoid hemorrhage or 

pancreatitis, as non-treatment of fever in these subgroups is associated with poorer 

clinical outcomes.92-95  

Interestingly, the efficacy and therefore the use of paracetamol has been challenged 

in the critically ill population. Greenberg et al. studied the effects of oral or nasogastric 

formulations of paracetamol for the treatment of fever associated with the systemic 

inflammatory response syndrome (SIRS).96 A significant decrease in temperature of 
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0.3oC was found in the paracetamol group, but the investigators noted incomplete 

resolution of fever and the highly variable patient responses. Honarmand et al. 

allocated adult febrile participants with SIRS to either IV paracetamol or placebo.97 In 

the placebo group, patients were not treated with any antipyretic and the fever was 

allowed to run its natural course. No difference was found between groups with regards 

to reduction in temperature, overall resolution of fever during the 24 hour observational 

period, or adverse events.   

Proposed mechanisms of action 

Despite its discovery more than 100 years ago, the exact mechanism of action of 

paracetamol is still a matter of debate. All non-opioid analgesics have an antipyretic 

effect, but paracetamol lacks both the peripheral anti-inflammatory and anti-platelet 

response seen with the use of NSAIDs.98 As paracetamol is similar to aspirin (a 

commonly used NSAID) in treating pain and fever, the majority of studies have 

postulated that paracetamol acts via the inhibition of the cyclooxygenase pathway. 

COX-1 has also been implicated as the potential cause for the analgesic effect of 

paracetamol in the mouse model. Ayoub et al. found a reduction in antinociceptive 

activity (the equivalent of an analgesic effect in animal models) in COX-1 knock-out 

mice.99 However, antipyretic effects were lacking, suggesting that paracetamol may 

not act solely on COX-1. Effects on the COX-2 pathway may explain the lack of 

antipyresis missing in the COX-1 theory. A human ex-vivo whole-blood study found 

that paracetamol had comparable antipyretic effects to NSAIDs and selective COX-2 

inhibitors.100 An inconsistency is that paracetamol is not associated with the adverse 

events profile of common COX-2 inhibitors. Additionally, Flower and Vane101 

discovered that paracetamol had a greater inhibitory effect on COX activity in brain 

homogenates compared to the spleen, which supports the idea that COX variant 

enzymes exist. With gaps in the COX-1 and COX-2 hypotheses, studies have 

suggested a possible role of the enzyme variant COX-3.102 Little is known about COX-

3, which was first discovered in canines. This theory is unlikely to translate well in 

humans due to mutational differences between canine COX-3 and mouse/human 

COX-3 sequences.103 More recent findings have suggested other possible 

mechanisms, including indirect and direct stimulation of the cannabinoid, nitric oxide 

synthase, and serotonergic pathways.104 The overall consensus is that paracetamol 

has a central site of action with little if any peripheral effect. It is likely that paracetamol 

has a multifactorial mechanism of action which may include the activation of different 
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pain inhibiting pathways; hence the difficulty in elucidating its precise mechanism of 

action.  

Pharmacokinetics 

The recommended dosages for adults in the treatment of pain and fever are 650 mg/4-

6 hours in the rectal formulation and 1000 mg/6 hours in both oral and intravenous 

formulations. A comparative study between the three common modes of administration 

found the IV formulation carries a faster time to peak plasma-drug concentrations (15 

minutes after initiation of infusion) and a significantly higher peak plasma paracetamol 

level.29  In contrast, oral paracetamol requires approximately 2 hours and rectal 

paracetamol at least 3 hours, depending on the placement of the suppository, to reach 

their respective peak plasma concentrations.29 The intravenous formulation 

demonstrates cerebrospinal (CSF) concentrations that are linearly dose 

proportional.105 Paracetamol has the ability to cross the blood brain barrier and can be 

detected within CSF minutes after IV administration. The combination of its ability to 

achieve a higher peak plasma paracetamol level, and rapid CSF absorption correlates 

with the faster time to antipyresis and analgesia in IV paracetamol compared to the 

oral formulation and rectal formulations.105 Similarly, Levy proposed that the faster the 

time to complete absorption of an analgesic, the longer-lasting the analgesic effect.23 

This theory, however, has not been confirmed due to contradictory evidence from two 

other studies.24,25 While there is not enough evidence to suggest superiority in terms 

of prolonged analgesia, several adult and paediatric studies have questioned the ability 

of oral and rectal formulations to produce the desired plasma paracetamol 

concentrations for effective analgesia.26-32 This issue is especially relevant to 

postoperative pain management studies. Therapeutic plasma concentrations range 

between 10-25 ug/mL, while the toxic range is in excess of 200 ug/mL. Sub-therapeutic 

plasma-drug concentrations with use of oral and rectal paracetamol, even at the 

recommended dosages, have been observed.27-31,105 For this reason, IV paracetamol 

is an attractive choice for postoperative pain relief.  

Distribution 

Paracetamol is homogenously distributed throughout the body fluids and is able to 

readily cross both the placenta106 and blood brain barrier. When paracetamol is 

administered in a healthy patient cohort, it’s apparent volume of distribution is 1-2 L/kg 
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in adults. It has a red blood cell to plasma ratio of approximately 1.2:1 and its ability to 

bind to plasma protein is negligible.107 

Metabolism 

There are three pathways to the metabolism of paracetamol via the liver. Paracetamol 

is predominantly metabolised (60-80%) via glucuronidation into glucuronide. It is also 

metabolised via sulfation into sulphate (20-30%). Finally, via oxidation, a small amount 

(5-8%) of paracetamol is metabolised (via CYP450) into toxic N-acetyl-p-

benzoquinone (NAPQI). In recommended doses and in patient cohorts with healthy 

glutathione stores, glutathione conjugates NAPQI into the inactivated, non-toxic  

Excretion 

The metabolites of paracetamol metabolism, glucuronide, sulfide, mercapturic acid 

and cysteine are all excreted through the renal system. Only 2-5% of the dose is 

excreted unchanged in the urine. Total body clearance is at a rate range of 4.5 to 5.5 

mL/kg/min. Elimination half-life is defined as the rate at which a local anaesthetic is 

removed from the blood. Therefore, the time necessary for 50% reduction in 

paracetamol plasma levels is one half-life; two half-lives equates to a 75% reduction, 

three half-lives to an 87.5% reduction, four half-lives to a 94% reduction, five half-lives 

to a 97% reduction and six half-lives to a 98.5% reduction. Paracetamol has a half-life 

of approximately 2.7 hours in healthy adults and 2.2 hours in the elderly. In the context 

of chronic liver disease, while half-life is paracetamol metabolism is said to be 

impaired, the half-life of paracetamol is well within the normal range of a healthy 

adult.108 The extended half-life of paracetamol in patients with paracetamol-induced 

hepatotoxicity can be used to estimate the severity of the liver damage.109 

A summary of the pharmacokinetics of intravenous paracetamol is summarized in 

Table 1. A summary of the metabolism of paracetamol is summarized in Figure 3. 

The hepatic and renal effects of paracetamol 

Paracetamol is widely accepted as a clinically effective analgesic and antipyretic with 

a favourable safety profile, especially in comparison to its aniline-derivate 
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predecessors.7-10 However, over the past decade some serious adverse effects have 

been discovered.  

In recommended therapeutic doses (≤4 g/day), paracetamol is largely metabolized via 

glucuronidation and sulfation. The metabolites glucuronide and sulfide are excreted in 

the urine with less than 5% being excreted unchanged. In higher doses, Cytochrome 

P450 metabolizes paracetamol to the toxic compound NAPQI; however, rapid 

glutathione conjugation to non-toxic thiol metabolites is generally able to prevent the 

occurrence of adverse events. In the case of overdose (≥7.5 g in a single dose), 

glutathione levels are depleted, resulting in an accumulation of toxic NAPQI, which is 

responsible for the hepatotoxic effects of paracetamol. NAPQI is excreted in the urine 

as cysteine or mercapturic acid. Paracetamol overdose is defined as administration of 

≥7.5 g/single injection or ≥140 mg/kg bodyweight and is the leading cause for 

irreversible acute liver failure in the US.  

While liver function appears to be a cause for concern, at the recommended maximum 

adult dose of 4 g/day, paracetamol use in major liver surgery is still widely accepted. 

In 2006, Galinski et al., conducted a study on the metabolism of paracetamol in liver 

resection patients using the maximum 4 g/day dosage.110 They concluded that 

paracetamol clearance is impaired after liver resection but they also found that the 

maximum mean plasma paracetamol concentration was not clinically or toxicologically 

significant. A limitation to their study was the failure to report the plasma concentrations 

of cysteine or mercapturic acid (reactive hepatotoxic intermediates from toxic NAPQI 

accumulation). Therefore, they were unable to determine whether paracetamol was 

more likely to cause liver damage in liver surgery patients. In a separate study, the 

same 4 g/day dosage was administered to test the analgesic effects of paracetamol 

post-hepatic resection.110 No significant adverse effects were reported.  

While some of the literature has suggested that paracetamol use is safe with the 

maximum 4 g/day dosage in liver surgery patients, it is generally recommended that 

administration be kept at a maximum of 2 g/day for patients undergoing major liver 

surgery, or patients with hepatic impairment.111 There is now a growing body of 

evidence that supports the safety of paracetamol use even in patients with liver 

disease. Hepatotoxicity has not been reported in clinical studies of repeated 

paracetamol administration to patients with chronic liver disease. Findings from a study 

conducted by Benson, Koff and Tolman, suggested that in patients with severe liver 
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disease, there was either no change or even a reduction in CYP-450 (a crucial enzyme 

in the production of toxic NAPQI) activity.112 These results support Benson’s earlier 

work which demonstrated nil hepatotoxic effects or drug cumulation after the repeated 

administration of the maximum recommended dose (4 g/day) over a 13 day period.113 

Paracetamol at recommended doses for patients with liver disease appears to be well-

tolerated in all etiologies of liver disease including alcoholic cirrhosis114 and hepatitis 

C.115 

The administration of paracetamol is to be carefully considered in patients with renal 

impairment. It has been suggested that the interval between subsequent doses of 

paracetamol be lengthened in this patient subset due to delayed clearance of 

paracetamol. However, in comparison to NSAIDs, paracetamol appears to be a safer 

option.116 Glomerular filtration rate (GFR) was decreased to a greater extent in the 

NSAID group vs. paracetamol in a study by Farquhar et al.117 In elderly patients with 

impaired kidney function, paracetamol did not lower GFR as much as NSAIDs. These 

results are supported by an animal study where GFR was depressed by ibuprofen but 

not paracetamol in sodium-depleted anaesthetized dogs.118 Importantly, the use of 

paracetamol showed no negative effect on renal function in patients with stage 4-5 

chronic kidney disease. Therefore, its effect on renal function may not be clinically 

important.  

The impact of malnutrition  

Malnutrition due to starvation, eating disorders or fasting is implicated as a risk factor 

for hepatotoxicity. In the context of malnutrition, glutathione stores are reduced, which 

hinders the ability of conjugation of NAPQI to its non-toxic metabolites. In conjunction 

with impaired renal function, pyroglutamic acidosis may develop in malnourished 

female patients. Clinically, the dosage of paracetamol should be reduced in patients 

who weigh less than 50kg to avoid accidental overdose.119  

Finally, rare adverse effects of paracetamol include the development of 

thrombocytopaenia120, anaphylaxis121-123, and paracetamol-induced asthma.124  
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Critical analysis  

The pharmacokinetic and pharmacodynamic properties of paracetamol support its use 

in both the preoperative and postoperative settings. Intravenous paracetamol has been 

shown to be an effective analgesic in a myriad of surgical applications. However, there 

is a lack of current evidence evaluating the mechanism of action of paracetamol. 

Paracetamol being both a non-opioid and non-NSAID analgesic with antipyretic 

properties resides in a unique drug class of its own. Perhaps this provides reasoning 

as to the difficulties in finding a definitive mechanism of action. It has been proposed 

that paracetamol acts via the COX-1, COX-2 and COX-3 pathways. Other possible 

mechanisms of action include indirect and direct stimulation of the cannabinoid, nitric 

oxide synthase, and serotonergic pathways but several limiting factors have made it 

unlikely that paracetamol acts on any of these proposed pathways alone.104 It is likely 

that paracetamol has a multifactorial mechanism of action which may include the 

activation of different pain inhibiting pathways; hence the difficulty in elucidating its 

precise mechanism of action. Whilst it has been proposed that paracetamol has the 

propensity to cause hypotension, this pharmacodynamic parameter has gone largely 

understudied.  

The end goal of for the optimal practice of the multimodal postoperative pain 

management is to achieve optimal analgesic effects while minimizing drug-induced 

side effects. This involves the application of a combination of opioid and non-opioid 

therapies. Compared to NSAIDs and other opioids, the use of paracetamol provides 

less side effects and it has few significant drug interactions. It has also been found to 

have an opioid-sparing effect. For these reasons, paracetamol is frequently used and 

is considered an attractive component of multimodal postoperative pain management. 
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Table 1 Summary of the pharmacokinetics of paracetamol 

 Pharmacokinetics of paracetamol 

Description N-(4-hydroxyphenyl)acetamide 

Preparation A clear, odourless, crystalline substance with negligible solubility in water and, in 
aqueous mediums. An infusion containing 1 g of paracetamol per 100 mL solution was 
used in the three clinical trials 

Class Non-opioid, Non-NSAID analgesic and antipyretic 

Molecular Formula C8H9NO2 

Structural formula 

 
 

pKa 9.5 

Mechanism of 
action/Effect 

Largely unknown. It has been postulated to act via the COX-1, COX-2 and COX-3 
pathways, as well as through indirect and direct stimulation of the cannabinoid, nitric 
oxide synthase, and serotonergic pathways. It is likely that paracetamol has a 
multifactorial mechanism of action which may include the activation of different pain 
inhibiting pathways. 
 

Volume of 
distribution 

Intravenous route: Aapproximately 1 to 2 L/kg  
Oral route: Approximately 1 L/kg 
Rectal route: Approximately 0.9 L/kg 

Bioavailability Intravenous route: 100%  
Oral route: 63-90% 
Rectal route: 24-90% 

Protein binding Negligible 

Biotransformation Hepatic first pass metabolism via three routes. Glucuronidation (60-80%) to glucuronide, 
sulfation (20-30%) to sulfide and oxidation to n-acetyl-p-benzoquinone (5-8%).  

Half-life 
 

Intravenous route: Approximately 0.5-1 hours  
Oral route: Approximately 2.7 hours  
Rectal route: Approximately 4.6 hours  

Onset of action Intravenous route: immediate 
Oral route: unpredictable due to wide variations in bioavailability 
Rectal route: unpredictable due to wide variations in bioavailability 

Therapeutic plasma 
concentration 

10 to 25 ug/mL (concentrations exceeding 200 ug/mL are considered to be in the toxic 
range). 

Duration of action Intravenous route: 10-12 hours  
Oral route: unpredictable due to wide variations in bioavailability 
Rectal route: unpredictable due to wide variations in bioavailability 

Elimination Renal, 2-5% unchanged. The systemic clearance is 4.5-5.5 mL/kg/minute. 
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Figure 3 The metabolism of paracetamol 

 

Where the blue pathway denotes the normal metabolism of paracetamol after a standard dose resulting in non-toxic metabolites, and the red 

pathway denotes the metabolism of paracetamol after overdose. 
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Chapter 3  

Paracetamol: a review 
with specific focus on 

the haemodynamic 
effects of intravenous 

administration 
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Introduction 

This chapter offers a review of the literature pertaining to the haemodynamic effects of 

paracetamol, with a specific focus on the haemodynamic effects of the intravenous 

paracetamol formulation.  

Search strategy 

Data collection on the haemodynamic effects of paracetamol was conducted via a 

systematic literature search of PubMed, Medline (via Ovid), and Embase (via Ovid). 

Search criteria included only articles written in the English language and were 

exclusively based on human studies. There were no date restrictions placed on the 

PubMed, Embase or Medline searches. The last search update was in June 2018. The 

following search terms were used in the electronic databases: “acetaminophen”, or 

“paracetamol”, or “Panadol”, and “haemodynamic”, or “hemodynamic”, or “blood 

pressure”, or “hypotension”. Specifically, clinical information relevant to the 

haemodynamic effects of paracetamol was included in this literature review.  

Methods 

Using a combined search strategy, a total of 217 articles were revealed. Further search 

confining the results to “human”, “adult”, and “English language” revealed 109 

information sources and titles. Screening of titles and abstracts against the inclusion 

criteria resulted in 54 references. Exclusion of duplicates, review articles, case reports 

and studies pertaining to propacetamol resulted in 18 references retrieved for full-text 

analysis. A total of 10 articles were included in this Chapter review of the 

haemodynamic effects of intravenous paracetamol.  

Results 

In total, ten studies met the inclusion criteria for this literature review.125-134 All studies 

found that IV paracetamol has the propensity to reduce blood pressure after 

administration. However, of these studies, only two were conducted 

retrospectively130,134 and seven studies were non-blinded, non-randomized and not 

compared with a placebo.125,126,128,129,130,131 One study did not state whether IV 
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paracetamol was administered in a blinded randomized controlled trial, but rather 

reported anecdotal evidence from reports by intensive care nurses.127  Four studies 

administered IV paracetamol over an infusion period of 15 minutes, as conventionally 

recommended by leading manufacturers.126,129,132,134 Two studies infused IV 

paracetamol over 30 minutes128,133, one had an infusion time of 10 minutes.131, whilst 

one study had a rapid infusion time of 3.45 minutes.130 Two studies did not specify the 

infusion times used during the study period.125,127 One study did not specify the sample 

size of their study.127 Of the 587 reported study participants included in these trials, the 

majority, 487, of participants were critically ill ICU patients. The remaining participants 

consisted of 100 ambulatory surgery patients who were administered IV paracetamol 

preoperatively. Importantly, with such broad differences and concerns of confounding 

factors between the limited studies available, a meaningful meta-analysis of the current 

literature could not be achieved. As such, this thesis chapter presents a systemic 

review of the literature, addressing the haemodynamic effects of paracetamol, with a 

specific focus on its intravenous formulation. 

Discussion 

Despite its widespread use, paracetamol’s adverse effects are well documented with 

most studies focusing on its conservative use in patients with renal impairment and its 

hepatotoxicity. However, these are generally associated with chronic use and 

overdose, and are universal to paracetamol in general rather than the IV formulation 

in particular. The literature with respect to the acute side effects of IV paracetamol is 

limited; however, these effects are clinically as important, if not more important, given 

how frequently the drug is administered intravenously to hospitalized patients. 

Adequate maintenance of haemodynamic stability is often a determining factor before 

a patient can be discharged from the intensive care unit. Recent studies have linked 

the use of IV paracetamol with transient hypotension in the critically ill.125-129,131-134 This 

may also be clinically relevant to surgical patients. Preoperative risk factors have long 

been used as an indicator of postoperative morbidity risk. However, there are only a 

few studies correlating the impact of intraoperative haemodynamic changes to poorer 

outcomes in the postoperative recovery.  

Tassoudis et al. found that an increased incidence of intraoperative hypotensive 

events was associated with morbidity and longer hospital stays.135 Hypotension, even 

if transient, should therefore be avoided. Given that IV paracetamol is ubiquitously 
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used in the hospital setting further studies are required to explore its haemodynamic 

effects in this setting.  

Intravenous paracetamol-induced hypotension 

One of the first studies specifically examining the haemodynamic effects of the new 

ready-to-use formulation of IV paracetamol was published in 2010.125 This study 

showed a significant decrease in systolic blood pressure (SBP) with the use of 

intravenous paracetamol. In addition to the fall in SBP, nearly 35% of the patients in 

the paracetamol group required intervention to stabilize blood pressure. Studies prior 

to this investigation, often reported insignificant differences in “vital signs”, which 

include blood pressure and haemodynamics.27,56,67 However, these studies failed to 

report the time at which these measurements were taken and may therefore have 

missed the critical window of time, where transient hypotension is said to occur. In 

2009, Arici et al. published a study on the pre-emptive analgesic effects of IV 

paracetamol in total abdominal hysterectomy patients.56 A component of the study 

design was the evaluation of the intraoperative haemodynamic effects of IV 

paracetamol. However, a major limitation of this study was the authors’ failure to 

specify how the haemodynamic effects were measured. Recently, Needleman 

investigated the safety of rapid infusion of IV paracetamol.130 In a retrospective chart 

review, IV paracetamol was found to cause statistically significant decreases in systolic 

blood pressure (SBP), diastolic blood pressure (DBP) and mean arterial pressure 

(MAP). The study methodology required monitoring of these variables in 2 minute 

intervals following infusion and up until 5 minutes after infusion. The author did not 

determine if rapid infusion caused altered haemodynamics after this short period of 

monitoring.  

The studies available in the current literature (Table 2) tend to favour the theory that 

IV paracetamol may have a propensity to induce hypotension. Compared to baseline 

values, administration of IV paracetamol resulted in significant decreases in either SBP 

and MAP in all studies.125-134 The definition of hypotension, however, differed between 

the papers, with values dependent on the opinion of the author. For instance, Boyle et 

al. determined a drop equal to and exceeding 15% of the baseline blood pressure to 

be clinically significant125, while de Maat et al. defined used a decrease of at least 

10mmHg.126 Despite all of the above concerns, none of the studies were randomized, 

controlled or blinded, and all therefore lacked a placebo group. Thus, the level of 



 

45 

evidence supporting the view that IV paracetamol induces hypotension is low and open 

to challenge. Additionally, most of the studies reported small participant numbers and 

six used vasopressors drugs to maintain blood pressure at a set level. 125,126,128,129,132, 

133, 134,136 This may have masked the magnitude of the apparent IV paracetamol-

induced hypotension. Only one study considered measuring the serum concentration 

of IV paracetamol after infusion126 but failed to comment on the relationship between 

paracetamol concentrations on haemodynamics. Future studies should seek to 

overcome these limitations to allow a correct understanding of the effect of IV 

paracetamol on blood pressure. 

Kelly et al., observed an 8.2% incidence of hypotension, which was noted to be much 

larger than that prescribed by leading manufacturers. This results of this study were 

not isolated, as interestingly, there appears to be a large discrepancy in the results of 

the above mentioned studies when compared with the reported incidence of 

hypotension found in the product information pamphlet of the four major 

pharmaceutical companies that produce IV paracetamol (Appendix 1). OFIRMEV™ 

and Pfizer® state a risk of developing hypotension as ≥1%, whilst Perfalgan reports 

the probability as >0.0001, <0.001. Actavis did not list hypotension as a possible 

adverse event in their product information sheets. This may be due to the study 

population being limited to healthy adult males within the in-house testing reported in 

these documents.  

The aetiology of the hypotensive effects of IV paracetamol are not well understood. 

Two studies have examined the effects of body temperature in relation to the 

haemodynamic effects of IV paracetamol. 131,134 Krajcova et al. measured central and 

peripheral body temperature in febrile patients following the administration of IV 

paracetamol in six intensive care patients. Whilst IV paracetamol produced effective 

antipyresis, analysis of the data concluded that changes in these temperature 

variables were not significantly correlated with changes in MAP or SVRI. These results 

were replicated in a more recent study by Schell-Chaple et al., where changes in MAP 

were not correlated with any changes in core body temperature. Based on the 

available literature, it would appear that any IV paracetamol-induced changes in body 

temperature are unrelated to its haemodynamic effects. Whilst many studies in the 

available literature have established that changes to core body temperature and skin 

surface temperature may produce slight differences in blood pressure, it appears that 

this is not the case with the administration of IV paracetamol. Further, it would be 
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expected that changes in body temperature would be minute in instances where IV 

paracetamol is administered to afebrile patients.    

IV paracetamol-induced hypotension may be clinically important, especially in the 

setting of critical illness where it is most frequently reported.125-134 Currently only two 

studies have investigated possible mechanisms for this trend. Boyle et al. suggested 

there may be a relationship between reduced skin blood flow and hypotension 

following administration of paracetamol in febrile patients. Several limitations in the 

study design including lack of a control group, the use of a convenience sample of 

patients and failure to adhere to one route of administration (results included findings 

from enteral and oral administrations) make it difficult to establish a causal link between 

these two observations. It would be clinically significant to establish whether these 

results can be replicated in afebrile, critically ill patients e.g. when paracetamol is 

indicated for the treatment of mild-moderate postoperative pain. Conversely, Krajcova 

et al., propose that this type of drug-induced hypotension is the result of reduced 

cardiac output and systemic vascular resistance. However, this study was not able to 

identify the underlying cause of these findings and was limited to a small cohort of six 

participants. 

Paracetamol-induced hypertension 

Hypertension has also been reported with oral paracetamol. In a study comparing 

effervescent paracetamol to normal oral paracetamol tablets, clinicians were warned 

of the potential for effervescent paracetamol to cause a rise blood pressure.137 The 

sodium content of effervescent paracetamol was implicated in this effect. Forman et 

al. conducted two studies that have established a relationship between the frequency 

of paracetamol use (oral tablets) and the incidence of hypertension in both male and 

female healthcare workers.138,139 A myriad of possible reasons for this effect were 

discussed, such as inhibition of vasodilatory prostaglandins and effects on endothelial 

function. However, the study failed to acknowledge the type of paracetamol tablet 

taken. This may be of considerable importance, because sodium varies greatly. In fact, 

if participants in the study were taking Panadol Actifast (346mg sodium per 2 tablets) 

at the manufacturer’s recommended daily dosage, they would have ingested 1.38g of 

sodium per day. It is therefore important to assess the effects of any additional 

compounds in all the formulations of paracetamol. This may be especially true for the 

IV formulations, considering its potential to cause hypotension. 
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Mannitol – an underappreciated excipient 

Given that the therapeutic effect of IV propacetamol and IV paracetamol is 

comparable, it is imperative to identify any differences between the formulations in 

order to diagnose any possible cause for the observed haemodynamic changes. The 

currently used preparation of IV paracetamol is ready-to-use and available in solution 

due to the addition of stabilizing compounds. There are currently four major 

pharmaceutical companies that offer formulations of IV paracetamol (Table 3). Of 

these, three companies utilize mannitol as the stabilizing compound. Pfizer is the only 

company that provides a mannitol-free infusion of IV paracetamol. Mannitol is a sugar 

compound that is secreted into the lumen of the nephron. This fluid shift results in 

increased urine production secondary to natriuresis. Due to osmotic forces, water is 

drawn from the peritubular blood and into the lumen of the nephron, producing an 

increased volume of urine. Consequently, a reduction in blood volume may be 

expected to occur with the increased production of urine. In a previous study, mannitol 

was found to cause a redirection of systemic blood volume to the kidneys, which most 

likely exacerbates the subsequent decreased blood volume associated with its use.140   

Hypovolaemia is a common cause of hypotension. The diuretic nature of mannitol, 

even in small doses, has been reported to cause episodes of transient hypotension.141 

For the sake of consistency, studies that failed to observe haemodynamic changes but 

used (mannitol-free) IV propacetamol as a substitute for IV paracetamol should be 

considered separately in any analyses of the haemodynamic effects of IV paracetamol. 

 As shown, IV paracetamol (Actavis), Perfalgan (Bristol-Myers Squibb) and OFIRMEV 

(Cadence Pharmaceuticals) contain close to 4g of mannitol within a single 1 g/100 mL 

infusion of IV paracetamol solution. The manufacturer’s recommendations for each of 

the respective companies suggest a maximum of 4g of paracetamol administered daily 

for effective analgesic and antipyretic effects. This results in a recommended 

maximum daily dosage of 400 mL IV paracetamol, which corresponds to an infusion 

of an impressive dose of 15.4g-15.64g of mannitol. Importantly, this must be 

considered in clinical situations that involve the routine use of mannitol, such as 

patients undergoing surgery to treat traumatic brain injury. Excessive use of mannitol 

can result in severe dehydration142, volume changes142, electrolyte imbalance due to 

free water losses143, hypernatraemia144 and hyperkaelemic acidosis in patients with 

diabetes mellitus.145   
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Only one of the haemodynamic studies listed the brand of IV paracetamol used. Maat 

et al. reported that IV Perfalgan can decrease systolic blood pressure between 15 to 

30 minutes after the initiation of infusion. Other studies suggest that IV paracetamol 

may continue to reduce blood pressure up to 120 minutes after infusion. However, 

without knowing exactly which formulation was offered, the reasons for hypotension 

and whether such changes are due to mannitol or paracetamol remains unclear.  

While the diuretic effect of mannitol is likely to contribute to hypotension, mannitol may 

be useful in other clinical settings. These are summarized with their corresponding 

dosages in Table 4. IV paracetamol is administered in an infusion over a 15 minute 

time period. When the recommended dosage of mannitol is calibrated over the 

prescribed infusion time of IV paracetamol, the concentration of mannitol in a single 

dose of IV paracetamol exceeds the therapeutic range for the treatment of diuresis and 

oliguria and is within the therapeutic range for the treatment of intraocular pressure. In 

the absence of uraemia, mannitol has a half-life of 127 minutes.145 With such a high 

dose of mannitol in IV paracetamol, it appears that a single infusion may effectively 

administer pharmacologically viable concentrations of two pharmaceuticals. Whether 

IV paracetamol can induce a reduction in intraocular pressure remains 

unsubstantiated. However, it is plausible that the mannitol found in the IV paracetamol 

formulations may cause enough of a diuretic effect to induce hypotension. 

Conclusions and recommendations 

Intravenous paracetamol appears to be an effective analgesic and antipyretic. Recent 

data, however, suggest that its pharmacological value may be greater in some clinical 

settings compared to others.  The IV preparation offers the ability to achieve 

therapeutic blood concentrations more readily and more reliably. However, there are 

limited data about the acute effects of IV paracetamol. Importantly, emerging clinical 

data suggest that intravenous (IV) paracetamol has a propensity to cause hypotension 

in critically ill patients. This issue may also be relevant to other patient subgroups, e.g. 

postoperative surgical patients, in whom maintenance of haemodynamic stability may 

be important to improved recovery. The quality of the studies linking paracetamol to 

hypotension, however, is low and the etiology of such putative hypotension has yet to 

be clarified Nonetheless, if such hypotension exists, it may be due to the separate 

effect of the stabilizing compound mannitol that is found in current formulation of IV 

paracetamol. This notion is supported by knowledge that mannitol is a known diuretic 
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which even in small quantities can cause episodes of transient hypotension. Moreover, 

in the majority of the formulations, 1 gram of IV paracetamol also contains nearly 4g 

of mannitol, a clinically relevant dose. Further double-blind randomized controlled 

studies are is required to identify whether IV paracetamol preparations do indeed 

induce hypotension or whether the mannitol in IV paracetamol is the agent responsible 

for the induction of hypotension. 
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Table 2  Summary of the haemodynamic effects of intravenous (IV) paracetamol-specific papers in the current literature (page 1 of 2) 

Study Drugs Infusion time Patient group Haemodynamic effects of IV paracetamol Limitations 

Schell-Chaple et al., 
2017134 

1 g IV 
paracetamol 

15 minutes 
Critically ill 

ICU with fever 
N=41 

Significant decrease in SBP (-17mmHg) 
Significant decrease in MAP (-7mmHg) 
Significant decrease in HR (-6 bpm) 

Small number of participants 
 

Cantais et al., 2016133 
1 g IV 

paracetamol 
30 minutes 

ICU with fever 
N=160 

Significant decrease of MAP by 15% from baseline post 
infusion in 51.9% of participants 
Nadir MAP 64mmHg 
Hypotension observed at end of infusion 

Non-blinded 
Non-randomized 
No placebo group 
Use of vasoactive, vasopressor, diuretics or 
fluid bolus 
 

Kelly et al., 2016132 

1 g IV 
paracetamol 

Oral paracetamol 
tablet 

15 minutes 

ICU 
mechanically ventilated 

for fever or pain 
N=50 

Significant decrease in SBP in IV paracetamol group 
(12/16 events) vs oral paracetamol group (4/16 events) 
≥20% from baseline SBP for ≥15 minutes or SBP ≤ 
90mmHg for ≥5 minutes, 60 minutes after infusion of IV 
paracetamol 
Greater incidence than reported 

Non-blinded 
Compared vs. parenteral or enteral (oral 
tablet). 
Use of concurrent infusions, sedation and 
previous rescue therapies alluded to but not 
discussed or presented in the study  

Krajcova et al., 2013131 
1 g IV 

paracetamol 
10 minutes 

Critically ill ICU  
N=6 

Significant decrease in MAP by 7 at 19 minutes after 
infusion 
>15% decrease in MAP in 45% of measurements 

Small number of participants 
Non-blinded 
Non-randomized 
No placebo group 

Needleman, 2013130 
1 g IV 

paracetamol 
3.45 minutes* 

Ambulatory surgical 
patients 
N=100 

Significant decrease in SBP, DBP and MAP post 
infusion. No clinical interventions were required at 
endpoint of study (5 minutes after infusion) 

Short period in which haemodynamic 
monitoring occurred 
Non-blinded 
Non-randomized 
No placebo group 
Retrospective chart 

Picetti et al., 2013129 
1 g IV 

paracetamol 
15 minutes 

NICU, acute brain injury 
with fever 

N=15 

Significant decrease in MAP 8.6mmHg 120 minutes 
after infusion 

Small number of participants 
Non-blinded 
Non-randomized 
No placebo group 

Vera et al., 2012128 

1 g IV 
paracetamol 

2g metamizole 
0.5 g 

dexketoprofen 

30 minutes 
Critically ill with fever 

N=150 

Significant decrease in MAP over time. Max decrease 
by 8.5+/-13.6mmHg 

Less hypotension in paracetamol compared to other 
groups 

Use of vasoactive and vasopressor drugs 
Non-randomized 
Non-blinded 
No placebo group 
Drug-patient bias (Drug selected by physician) 

 

 



 

51 
 

5
1
 

Table 2  Summary of the haemodynamic effects of intravenous (IV) paracetamol-specific papers in the current literature (page 2 of 2) 

Study Drugs Infusion time Patient group Haemodynamic effects of IV paracetamol Limitations 

Duncan et al., 2012127 
1 g IV 
paracetamol  

Not specified 
Critically ill  

N= unspecified 

Significantly decreased SBP by 13mmHg 
Significantly decreased MAP by 8mmHg 
88% anecdotal reports by nurses of hypotension 
Senior ICU nurses claim haemodynamic stability for 
preference for enteral administration 

Number of participants unspecified – 
determined the incidence of hypotension 
through anecdotal reports from doses of 
paracetamol 
Not defined as randomized, blinded or having a 
placebo group 
Reported the incidence of hypotension 
compared to that from enteral administration 
Retrospective 

de Maat et al., 2010126  
4x1 g dose IV 
paracetamol 
(Perfalgan) 

15 minutes 

ICU and MCU  

Primarily postoperative 
patients 
N=36 

Significant decrease in SBP 15 minutes after infusion by 
7mmHg and 30 minutes after infusion by 13mmHg 
compared to baseline.  
33% patients had clinically relevant reduction in SBP 
26% patients required intervention to correct blood 
pressure.  

Small number of participants 
Use of vasopressor (noradrenalin) to maintain  
Non-blinded 
Non-randomized 
No placebo group 

 

Boyle et al., 2010125 

Oral paracetamol 
tablets and  
Intravenous 
paracetamol 
Dose range: 500 
mg to 1 g 

Not specified 
Critically ill with fever 
N=29 

Significant decrease in SBP 15, 30, 60 and 120 minutes 
after infusion vs. baseline 

Clinically significant decrease in SBP (≥15%) in 59% 
patients within 60 minutes 
Hypotension treated with vasoactive drug 
33% required more vasoactive drug 

Small number of participants  
Use of vasopressor 
Haemodynamic results include both IV and oral 
modes of paracetamol 
Biased patient selection (only ICU and cardiac 
surgery postoperative patients) 
Non-randomized 
Non-blinded 
No placebo group 

 

 

 

 

 



 

52 

Table 3  Differences between each formulation of intravenous (IV) 

paracetamol sold by four major pharmaceutical companies 

 
Perfalgan™ 

Bristol-Myers 
Squibb 

OFIRMEV 
Cadence 

Pharmaceuticals 

IV 
Paracetamol 

Actavis 

IV 
Paracetamol 

Pfizer® 

Paracetamol 
(mg/100 mL) 1000 1000 1000 1000 

Mannitol (mg) 
3850 3850 3910 NIL 

Cysteine 
hydrochlorid
e 
monohydrate 

   NIL 

Dibasic 
dehydrate 
sodium 
phosphate 

   NIL 

Sodium 
hydroxide     

Hydrochloric 
acid     

Water for 
injections     

Glucose 
NIL NIL NIL  

Acetic acid 
NIL NIL NIL  

Sodium 
acetate 
trihydrate 

NIL NIL NIL  

Sodium 
citrate 

NIL NIL NIL  

 
Trade names are in italics. 
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Table 4  The clinical uses of mannitol including dosage suggestions using 

information from Osmitrol™ (mannitol infusion) produced by Baxter 

Healthcare 

Treatment Recommended dosage 
Equivalent dosage/15 

minutes 

Diuretic/Treatment of 
Oliguria 

50-100 g over 24 hours 0.52 -1.04 g 

Prevention of Oliguria 10 g over 24 hours 0.625 g 

Reduction of 
Intracranial Pressure 

0.25-2 g/kg over 2-4 
hours 

2.19-8.75 g* 

Reduction of Intraocular 
Pressure 

0.25-2 g/kg over 30-60 
minutes 

8.75-35.0 g* 

Severe Oliguria/ 
Excretion of Toxic 
Substances 

Test dose: 14 g over 3 
minutes 

70 g** 

 

Equivalent dosage per 15 minutes is estimated for comparison with IV paracetamol. 

*estimated dosage for a 70kg person. **exceeds dosage limit of 50 g/dose 
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Figure 4  Overview of study design (healthy volunteer study) 
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Abstract 

Introduction: Intravenous paracetamol is ubiquitously used in hospitals as an 

antipyretic and analgesic worldwide. It is administered to a wide array of patients 

including those undergoing major surgeries and the critically ill due to its minimal side 

effect profile. However, recent studies have provided compelling evidence for the re-

evaluation of paracetamol use in this setting as it has been found to cause hypotension 

in intensive care patients. Importantly, there is a paucity of guidance regarding its 

haemodynamic safety in surgical and critically ill patients. This may be due to a lack of 

double-blinded, Randomised controlled trials in these settings as well as in healthy 

patient cohorts for comparative studies. In addition, a previous study found that oral 

effervescent paracetamol tablets produced hypertension in patients which study 

investigators linked to the high sodium content in the effervescent formulation. It is 

therefore important to acknowledge that excipients (pharmacologically inactive 

compounds that act as vehicles for the active compound in the drug) may affect blood 

pressure. There is no existing literature that has addressed the potential for the high 

mannitol content of intravenous paracetamol to produce haemodynamic effects.  

Study aims: The aims of this study to test whether IV paracetamol (1 g paracetamol + 

3.91 g mannitol per 100 mL) and/or IV mannitol (3.91 g per 100 mL) will have adverse 

effects on blood pressure in healthy volunteers compared to IV 0.9% normal saline (100 

mL). 

Methods:  The Austin Health Human Research and Ethics Committee approved this 

double-blinded, triple crossover study. Twenty four (24) healthy human volunteers were 

invited to participate in this study. All participants gave written, informed consent. 

Participants were required to fast prior to the study for 6 hours from solid food and 2 

hours from clear liquids. A 22-gauge IV cannula was placed in either the cubital fossa 

of the non-dominant arm or the back of the hand of the non-dominant hand. Baseline 

haemodynamics were measured and recorded via non-invasive haemodynamic 

monitoring. Participants were Randomised in a 1:1:1 fashion via a computer-generated 

Randomisation program to receive one (1) treatment from each of the treatment arms 

on separate occasions. Participants received IV paracetamol (1 g paracetamol + 3.91 

g mannitol per 100 mL), IV mannitol (3.91 g per 100 mL) and IV 0.9% normal saline 

(100 mL). Repeated measurements were recorded via non-invasive haemodynamic 

monitoring measured pre-infusion, during a 15 minute infusion period and over a 45 



 

66 

minute observation period. Composite primary endpoints included changes in mean 

arterial pressure (MAP), systolic blood pressure (SBP) and diastolic blood pressure 

(DBP). Systemic vascular resistance (SVRI) and cardiac index were measured at the 

same time points.  

Results: Infusion of IV paracetamol induced a transient, yet significant decrease in 

blood pressure from pre-infusion values (MAP –1.85 mmHg, 95% CI –2.6, –1.1, SBP –

0.54 mmHg, 95% CI –1.7, 0.6 and DBP –1.92 mmHg, 95% CI –2.6, –1.2, P < 0.0001), 

associated with a transient reduction in SVRI and an increase in cardiac index. Changes 

were observed, but to a lesser extent with 0.9% normal saline (MAP –0.15 mmHg, SBP 

+1.44 mmHg, DBP –0.73 mmHg, P < 0.0001), but not with mannitol (MAP +1.47 mmHg, 

SBP +4.03 mmHg, DBP +0.48 mmHg, P < 0.0001) 

Conclusion: IV paracetamol caused a transient decrease in blood pressure 

immediately after infusion. These effects were not seen with mannitol or 0.9% normal 

saline. The physiological mechanism was consistent with vasodilatation. This study 

provides plausible physiological data in a healthy volunteer setting, supporting transient 

changes in haemodynamic variables with IV paracetamol and justifies controlled studies 

in the perioperative and critical care setting. 
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Methodology 

Study rationale 

Paracetamol, also known as acetaminophen, is ubiquitously used in hospitals as an 

antipyretic and analgesic. It is frequently administered intravenously (IV) to patients 

undergoing major surgery and to critically ill patients, where oral intake and rectal 

suppositories may not be possible.127 Paracetamol has negligible solubility in aqueous 

solutions. Mannitol on the other hand, is commonly used in IV paracetamol 

formulations as a stabilizing compound. The inclusion of mannitol in IV paracetamol is 

not widely appreciated. IV paracetamol formulations that are manufactured by major 

pharmaceutical companies contain as much as 3.91 g of mannitol per dose of 1 g (100 

mL) IV paracetamol. Bristol-Myers Squibb, Cadence Pharmaceuticals and Actavis 

Pharmaceuticals use mannitol as a stabilizing compound, while Pfizer has produced, 

to our knowledge, the only non-mannitol containing formulation currently available on 

the market. Table 3 (Chapter 3) summarises the differences between each of the 

formulations of IV paracetamol by its four leading pharmaceutical manufacturers. 

IV paracetamol is widely believed to be safe and free of adverse effects. However, with 

growing use, concerns have developed in critical care literature, which suggests that 

IV formulations may be associated with transient hypotension.125-134 Additionally, 

studies examining the haemodynamic effects of IV paracetamol are notably limited by 

their retrospective design, small patient numbers, and lack of Randomisation and 

blinding. No studies have investigated these putative adverse effects in the absence 

of disease-related confounders in a healthy volunteer setting or tested whether its main 

excipient (mannitol) contributes to such effects. Before studying the haemodynamic 

effects of IV paracetamol in the clinical setting, it first needs to be investigated in 

healthy normotensive cohort to determine its effects on participants without pre-

existing conditions that cause haemodynamic instability. This will be examined through 

a randomised controlled clinical triple crossover study to determine if the IV 

paracetamol formulation (mannitol containing) will lower blood pressure compared to 

a formulation with an equivalent dosage of mannitol only and/or a formulation of IV 

0.9% normal saline (placebo). 

Figure 4, located at the beginning of this chapter, provides a summarised overview of 

the study design.  
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Research question 

Does the administration of IV paracetamol cause any acute decreases in blood 

pressure in a healthy participant cohort? 

Hypothesis 

This study tests the hypothesis that the IV paracetamol formulation (1 g paracetamol 

+ 3.91 g mannitol per 100 mL) would lower blood pressure in healthy volunteers when 

compared with IV mannitol (3.91 g per 100 mL) or IV 0.9% normal saline (100 mL) 

(placebo).   

Study aims  

The haemodynamic effects of IV paracetamol have not been systematically 

investigated. We compared the physiological effects of IV mannitol-containing 

paracetamol with equivalent dosage of mannitol, and IV 0.9% normal saline in healthy 

volunteers to determine if IV paracetamol alone produces any decreases in blood 

pressure, or if the inclusion of mannitol in IV paracetamol contributes to such effects. 

Clinical significance  

A finding that IV paracetamol causes a decrease in blood pressure in a healthy 

normotensive volunteer cohort may influence the use of IV paracetamol in the clinical 

setting. Careful consideration would be especially important in patient subgroups that 

are susceptible to haemodynamic alterations, such as the critically ill or patients 

undergoing and/or recovering from surgery. Whilst IV paracetamol has been proposed 

to induce hypotension, no studies have investigated whether its main excipient 

(mannitol) contributes this effect. Differences between the mannitol-containing IV 

paracetamol group and the IV mannitol only group would suggest that hypotension is 

paracetamol-induced. Similarities between the groups would indicate the potential for 

mannitol-induced hypotension. If such findings occur, it would be of clinical importance 

to re-evaluate the haemodynamic effects of any drugs containing mannitol as an 

excipient.  
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Ethics approval 

The Austin Health Research and Ethics Committee approved the ethical aspects of 

this research study (number 05005/2013). All participants gave written informed 

consent. The study was conducted between October 2013 and April 2014. Prior to the 

commencement of this study, the study design and methodology underwent critical 

peer review by the both the heads of the Department of Anaesthesia and the 

Department of Intensive Care as well as specialist staff members within these fields. 

Additionally, a National Ethics Application Form, Participant Information and Consent 

Form, and a Site-Specific document was completed to fulfil the complete ethical 

requirements as per hospital protocol at Austin Health. Ethics and regulatory approvals 

were obtained in accordance with the National and Medical Research Council of 

Australia guidelines. The study was conducted in accordance with the National 

Statement on Ethics Conduct in Research Involving Humans, the Helsinki Declaration 

and its subsequent amendments, the International Conference on Harmonization and 

World Health Organization Good Clinical Practice standards. 

The detailed study budget is summarised in Table 5.  

Registration with Australian and New Zealand Clinical Trials Registry 

This clinical trial has been registered with the Australian New Zealand Clinical Trials 

Registry.  

Australian New Zealand Clinical Trials Registry number: 12 615 000 533 594. 

Power analysis 

Sample size for the study was calculated based on our pilot data evaluating patients 

undergoing cardiac surgery at Austin hospital. The open source calculator OpenEpi 

(http://www.openepi.com/OE2.3/SampleSize/SSMean.htm) was used to determine 

the power calculations. With an average blood pressure of 120 mmHg, and a SD of 10 

mmHg, in order to demonstrate a mean difference between the paracetamol group and 

control group of 5 mmHg, with a power value of 90%, a minimum of 11 participants 

would be required to be recruited into each group. 

We therefore recruited 12 participants in each arm, a total of 24 participants. 

http://www.openepi.com/OE2.3/SampleSize/SSMean.htm
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Inclusion criteria: 

• Adult patients age between 18 and 60 years old; 

• Healthy normotensive volunteers; 

• Requiring no daily medication except the contraceptive pill. 

Exclusion criteria: 

• Paracetamol or NSAID use 24 hours prior to the study (in paracetamol only or in 

combination therapy); 

• Pregnancy; 

• Intellectual disability; 

• Known liver impairment (ALT > 200 IU/L); 

• Chronic renal impairment (250 umol/L); 

• Morbid obesity (BMI > 35 kg/m2); 

• Known allergic reaction to any of the study drugs; 

• Consumption of caffeine (e.g. coffee or energy drinks) ≤ 12 hours prior to 

participation. 

Consent process and participant competence 

Written informed consent was an eligibility requirement for this study. Between October 

2013 and April 2014 participants were recruited by word of mouth from perioperative 

medical personnel at the Austin Hospital, a large University-affiliated, metropolitan 

hospital in Melbourne, Australia. 

A thorough assessment of the participant’s competence and capacity to make a valid 

informed decision was made by one of the study investigators prior to the participant 

being recruited. All participants were deemed competent if they: 

1. Were able to comprehend and retain information relevant to making the decision; 

 

2. Understood the information and implications of the decision; 

 

3. Were able to weigh the information in the balance and arrive at a decision. 
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Once competence was established, the participant was presented with a Patient 

Information and Consent Form (PICF) (APPENDIX 2). This form explained the study 

protocol as well as other study-related information in plain-language. Participants read 

the PICF and were invited to ask any questions pertaining to the study. It was made 

clear to the participant that participating in the study was on a completely voluntary 

basis and withdrawal or refusal to participate in the study would not affect the 

relationship the participant had with the study doctors or Austin Health. Participants 

were given the PICF to take home with them and were encouraged to use the contact 

information provided on the PICF should they have any questions or wish to 

subsequently withdraw from the study. Participants were informed that no financial or 

other benefits would be offered to participants or study doctors in relation to this study.  

Randomisation and allocation of the randomisation code 

This study was conducted as double-blinded, triple crossover trial. Prior to the 

commencement of the study, an independent research nurse randomized the 

participants using a computer-generated random number allocation system. After 

randomization, a hard copy of the results containing all the randomization codes was 

individually sealed in an opaque envelope. This envelope was only opened after 

statistical analysis was completed. Participants were randomized to an initial group 

(intravenous paracetamol group OR mannitol group OR control group) for their first 

treatment arm. Randomization for the second treatment arm was such that the 

participant did not receive the same treatment that was administered in the first 

treatment arm. Similarly, randomization for the third treatment arm was such that the 

participant received only the treatment group that had not previously been 

administered in the first and second treatment arms. Thus, participants were 

randomized to receive each treatment arm in a 1:1:1 fashion.  

Participants were randomized to receive: 

1. Intravenous paracetamol group: to receive 100 mL Actavis IV paracetamol (1 g 

paracetamol + 3.91 g mannitol); 

2. Mannitol group: to receive 100 mL IV mannitol (3.91 g mannitol); 

3. Control group: to receive 100 mL IV 0.9% normal saline. 

The possible combinations in which the participants were randomized in are 

summarized in Table 6. 
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Participants received their own unique randomization code using a computer-

generated randomization program (www.randomization.com). Random permutations 

of treatments for each subject were created using the Randomization program second 

generator application (seed number: 203), and entering ‘Paracetamol’, ‘Mannitol’ and 

‘Normal Saline’ as the treatment labels. The group allocation of each participant was 

printed and sealed in individual envelopes. Each participant had a total of three 

envelopes for this study, one for each treatment arm. The envelopes were only opened 

by the independent, dedicated research nurse during the preparation of the trial arm 

bottles. Prior to completion of statistical analysis, only the independent research nurse 

knew the exact identity of the group allocation of the participants.  

Participant 1 had the randomization code: PHV1A (PHV denoted paracetamol healthy 

volunteers, 1 denoted the participant number and A denoted the first trial arm). As 

there were three trial arms, the second and third trial arms were respectively listed as 

‘B’ and ‘C’ in each randomization code. Each randomization code was located at the 

bottom right hand corner of the trial drug label. Conventionally, a single randomization 

code is allocated to either study drug. Bypassing this ensured that the identity of the 

trial drugs was not compromised if it became necessary to “unblind” the bottles during 

the study period. 

Blinding 

The trial was conducted in a double blinded fashion. As such, all study investigators 

and participants were blinded to the trial fluid intervention. Treatment allocation was 

only revealed after data analysis was performed. Independent hospital pharmacy staff 

provided the solutions in identical unmarked blinded vials. The study required the use 

of 100 mL blinded fluid vials. The vials looked identical for all treatment arms and 

labelled as per Figure 5.  

Primary outcome measure 

1. Changes in blood pressure: mean arterial pressure (MAP), systolic blood pressure 

(SBP) and diastolic blood pressure (SBP). 

Secondary outcome measure 

1. Changes in cardiac index; 

http://www.randomization.com/
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2. Changes in systemic vascular resistance index (SVRI); 

3. Changes in stroke volume index (SVI); 

4. Changes in heart rate (HR). 

Other data collected 

1. Plasma osmolality; 

2. Adverse events. 

Patient demographics collected 

• Age; 

• Gender; 

• Body mass index. 

Normal reference ranges 

Normal reference values for these end points were MAP 70-105 mmHg, SBP 100-140 

mmHg, DBP 60-90 mmHg, SVRI 1970-2395 mmHg/L/min/m2, cardiac index 2.5–4.0 

L/min/m2, SVI 33-47 mL/m2/beat, HR 60-90 beats/min, plasma osmolality 275-295 

mOsm/kg. 

Data entry and protocol 

Data collection measurements of the primary outcome and secondary outcomes, as 

well as patient demographics were electronically recorded and stored on the Nexfin 

non-invasive haemodynamic monitoring device. Plasma osmolality and reported 

adverse events were recorded on prepared printed data collection forms.  

Preparation of trial drug vials 

For the purposes of this study, 3 trial bottles were required – one for each treatment 

arm. Only one bottle was prepared per visit so as not to confuse the treatment arms. 

The bottle corresponding to the allocated treatment arm was prepared upon arrival of 

the participants to the Anaesthesia Laboratory. To ensure blinding protocol was 

followed, an independent pharmacology staff member affixed one label with the 

participant’s unique randomization code onto one empty trial bottle per visit. The 

envelope containing the participant’s individual group allocation was opened and the 
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designated trial drug was transferred to the prepared bottle. This method ensured that 

the participant would receive only the study drug that corresponded to their group 

allocation per treatment arm. 

Analytical methodology 

All continuous beat-to-beat haemodynamic variables were measured with the fourth 

generation non-invasive Edwards Lifesciences Nexfin™ system, which uses the 

volume clamp method146 to continuously measure blood pressure (MAP, SBP and 

DBP), and the physiocal method147 for initial and continuous calibration. Real-time 

reconstruction of the blood pressure waveform allowed computation of stroke volume, 

cardiac output, systemic vascular resistance, and dP/dt using a pulse contour method. 

Blood pressure measurements with NexfinTM technology has been reported as being 

more accurate than traditional upper arm blood pressure cuff.148,149 NexfinTM 

technology is approved by the Association for the Advancement of Medical 

Instrumentation criteria,1 and is validated against intermittent non-invasive150 and 

continuous invasive methods.151 

Standardisation of study setting 

Participants attended on 3 separate trial days with a washout period between trial days 

of between 24 hours and 1 week. All participants were fasted for solid foods for 6 hours 

and 2 hours for clear liquids prior to each experiment. On arrival, participants were 

encouraged to empty their bladders to avoid discomfort during the study. The study 

was conducted in a dedicated research laboratory with standardized of illumination 

intensity and noise, and with ambient air temperature set to 21°C to avoid distractions 

that may alter haemodynamics during the continuous measurements.  

Participants were placed in a supine position on a standard hospital bed with their 

heads raised at 45º and resting on a pillow for comfort. The finger cuff of the Nexfin™ 

was placed on the middle phalanx of the index finger of the dominant hand (Figure 6). 

Stable baseline measurements were observed prior to each study arm in pre-study 

monitoring over a period of 10 minutes. A 22-gauge Introcan Safety® intravenous 

cannula (Braun, Melsungen, Germany) was placed either in the peripheral veins 

located on the back of the non-dominant hand or the cubital fossa of the non-dominant 

arm. A Safsite® injection site safety connector was fitted for the IV infusion set and 

blood sampling. After the insertion of the cannula, blood pressure was allowed to 
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stabilize to baseline values over a further 10 minute period. At the end of this time 

period, continuous haemodynamics were recorded for a period of 2 minutes to capture 

stable baseline haemodynamic variables. Participants then received IV paracetamol 

(1 g paracetamol +3.91 g mannitol 100 mL) (Actavis Australia, The Rocks, NSW, 

Australia), IV mannitol (3.91 g mannitol per 100 mL) (Baxter Healthcare, Toongabbie, 

NSW, Australia) or IV 0.9% normal saline (100 mL) as placebo (Baxter Healthcare, 

Toongabbie, NSW, Australia). The composition of 100 mL Actavis formulation of IV 

paracetamol includes paracetamol 1000 mg, mannitol 3910 mg in the following 

stabilizers - cysteine hydrochloride monohydrate, dibasic dehydrate sodium 

phosphate, sodium hydroxide, hydrochloric acid and water for injection. Study drugs 

were infused at room temperature via a volumetric pump (Alaris® GP, Cardinal Health, 

Seven Hills, NSW, Australia) (Figure 7) over 15 minutes. To ensure that all 100 mL of 

the study drug had been infused, a second bolus of 100 mL 0.9% normal saline was 

administered via volumetric pump (Alaris® GP, Cardinal Health, Seven Hills, NSW, 

Australia). The cannula and Edwards Lifesciences Nexfin™ finger cuff were removed 

at the end of the study period. Participants were assigned to receive all three 

treatments in randomly allocated orders via a computer-generated randomization 

program without blocking, stratification or other restrictions. 

Reporting adverse events 

During and after the study period, participants were encouraged to disclose if they had 

experienced or were experiencing any adverse effects following treatment with any of 

the study trial arms. At the end of each treatment arm and during post-study follow up 

(24 hours after the study period), participants were asked if they experienced any of 

the following side effects: dizziness, headaches, vomiting or nausea, fatigue, fever, 

difficulty breathing, chest pains. In addition to the expected side effects, other 

participant-reported adverse events were documented.   

Protocol for the assessment and treatment of hypotension and other adverse 
events 

In this study, in order to avoid any safety concerns with adverse haemodynamic 

effects: if a clinically significant decrease in blood pressure was observed (i.e. > 20% 

from baseline blood pressure), protocol dictated that it would be managed as per 

conventional treatment for any hypotensive patient. The study drug would be 

immediately stopped. As per standard anaesthetic protocol, hypotension would be 
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treated firstly by tilting the bed head down to increase flow of blood to the heart. If 

blood pressure failed to normalize after 1 minute of this treatment, the study doctor 

would administer a conventional drug (metaraminol) to increase blood pressure. If 

paracetamol was required for medical reasons e.g. severe fever, the study drug would 

be unblinded and participants would still be able to receive paracetamol if clinically 

required.  

Statistical Methodology 

In order to determine a difference in MAP of 5 mmHg between the groups, given a 

baseline MAP of 90 mmHg, with an adjusted significance level of 0.025, a standard 

deviation of 3 mmHg and a power of 0.9, twenty four (24) participants were recruited. 

Repeated measures analysis of variance modelling was performed by fitting the main 

effects for treatment (i.e. paracetamol, mannitol, 0.9% normal saline) and time and an 

interaction between treatment and time to determine if the three treatments behaved 

differently over time. Within each variable, analysis was stratified by period (pre-

infusion, infusion, observation) so there were three sets of analysis for each variable. 

Because there were three groups, the overall P value for a group effect simply 

answered the question ‘were these three groups significantly different from each other 

overall’. It did not inform us specifically where the differences were. For this 

assessment, we performed post hoc analyses, looking for specific pairwise 

comparisons (paracetamol vs. Mannitol, paracetamol vs. 0.9% normal saline, mannitol 

vs. 0.9% normal saline). 
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Measurement and data collection 

Collection of haemodynamic variables 

Haemodynamic variables including systolic blood pressure, diastolic blood pressure, 

mean arterial pressure, systemic vascular resistance index, cardiac index, stroke 

volume index and heart rate were measured and collected continuously via the 

Nexfin™ completely non-invasive haemodynamic monitoring device.  

Measurement and analysis of plasma osmolality levels 

All blood samples were transported in accordance with Austin Health's collection and 

transport protocols to Austin Pathology where they were centrifuged and stored in the 

-80oC freezer until analysis. All samples were analyzed in accordance with Austin 

Health’s laboratory processes and protocols. Currently there exists no assay to 

determine the level of mannitol in the plasma or serum level and no indicator as to the 

potential haemodynamic effects of mannitol. The only alternative available is by review 

of plasma osmolality levels, whereby mannitol is expected to cause an increase in 

plasma osmolality. Currently there exists no assay to determine the level of mannitol 

in the plasma or serum level and no indicator as to the potential haemodynamics 

effects of mannitol. The only alternative available is by review of plasma osmolality 

levels, whereby mannitol is expected to cause an increase in plasma osmolality.  

Plasma osmolality was measured by placing a tourniquet on the arm for blood 

sampling: 5 mL of blood was taken and discarded, followed by a 3.0 mL sample for 

plasma osmolality in a 6 mL lithium-heparin blood Vacuette® (Greigner bio-one, 

Kremsmünster, Austria). Plasma osmolality was measured with an Advanced® Model 

3300 Micro-Osmometer (Advanced Instruments, Inc., Norwood, Massachusetts, 

United States of America). This device calculates osmolality via Freezing Point 

Depression Osmometry by measuring the total molar concentration of dissolved solids 

in any solution. 

Data collection 

All haemodynamic data was measured and stored on the Nexfin™ completely non-

invasive haemodynamic monitoring device, as well as participant demographics. At 

the end of each study arm, the data was retrieved and transcribed in electronic 

spreadsheet format. The use of individual randomisation codes per participant per 
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study arm ensured participant anonymity. Participant information such as full name 

and date of birth, or any other identifying personal information was omitted from any 

publication.  

Haemodynamic data, plasma osmolality and reported adverse events were recorded 

on prepared printed data collection forms (Table 7).    

Safe data storage 

All data, whether retrieved from the Information from the Nexfin™ completely non-

invasive haemodynamic monitoring device or from the patient data collection were 

transcribed to electronic form in spreadsheet format. Only the principal investigators 

had access to the electronic databases.  

Information in electronic form was contained in a password-protected database on a 

dedicated hard drive in the Department of Anaesthesia. Data remains password 

protected on a dedicated storage file set up by the Information Technology department 

at Austin Hospital. Only the principle investigators will have access to this electronic 

database. Any paper data remains locked in dedicated research storage drawers in 

the Department of Anaesthesia. 

All data records both electronic and paper will be retained for 15 years prior to 

destruction/shredding in accordance with Good Clinical Practice for clinical trials. 

Information will be disposed of securely by shredding of paper documents and 

permanent erasure of electronic data. Any back up in the form of CD discs or DVD's 

will be destroyed. 
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Results 

CONSORT diagram 

Twenty five participants (25) were screened for eligibility for the trial. All participants 

were deemed eligible to participate in the trial after pre-study monitoring by senior 

study doctors. One participant withdrew due to the time commitments required for the 

study. Withdrawal was prior to randomization. Twenty four (24) healthy volunteers 

consented for this study and were randomized to receive three treatment arms in a 

randomly allocated order. All participants completed all interventions, and there were 

no breaches in the trial protocol. In total, 24 participants completed the study and their 

data was analyzed. The CONSORT flow diagram demonstrating the progression of 

the study through its different trial phases is presented in Figure 8. 

Key dates 

 

Date of Ethics Approval:    June 2013 

Date of first patient recruited:   October 2013 

Date of last patient recruited:   April 2014 

 

Demographic data: pre-study variables 

The median (IQR) for age was 36.5 years (28-40.3 years). The median (IQR) for body 

mass index was 23.3 kg/m2 (22.0-25.4 kg/m2). Baseline haemodynamic values 

together with the standard error of difference from the baseline are summarized in 

Table 8.    

Primary end points: SBP, DBP, and MAP 

The three groups were different when averaged across the infusion period and 

observation periods (p<0.001). Changes in mean SBP, DBP and, MAP during the 

infusions of paracetamol, mannitol and NS are graphically summarized in Figures 9-

11.  

There were no decreases in blood pressure with the infusions of mannitol and NS, but 

the infusion of paracetamol induced transient and significant decreases in SBP, MAP, 

and DBP with a nadir at 15 minutes (end of infusion). Compared to the baseline values, 
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the mean SBP decreased by 0.5 mmHg (95% CI: -1.6 to 0.6), MAP decreased by 1.9 

mmHg (95% CI: -2.6 to -1.1), and DBP decreased by 1.9 mmHg (95% CI: -2.6 to -1.2). 

These changes in blood pressure were not observed with mannitol which showed a 

steady increase in blood pressure during and after infusion with an overall increase at 

60 minutes in SBP by 5.9 mmHg (95% CI: 4.3 to 7.5), MAP by 1.5 mmHg (95% CI: 0.8 

to 3.1) and DBP by 0.8 mmHg (95% CI: -0.2 to 1.7). NS, however decreased at 15 

minutes for MAP by 0.2 mmHg (95% CI: -0.9 to 0.6) and DBP by 0.73 mmHg (95% CI: 

-1.4 to 0.0), however produced the greatest increase in blood pressure by the study 

end (MAP: +4.31 mmHg (95% CI: 3.2 to 5.5)). In the paracetamol group, the SBP, 

MAP, and DBP blood pressure variables remained significantly lower than the mannitol 

and 0.9% normal saline groups (p<0.0001) for the first 30 minutes. At the end of the 

60 minute observation period, these changes were no longer present.  

Secondary end points: SVRI, CI, HR, and SVI 

For all the secondary endpoints, there was statistical evidence to suggest that the three 

groups were different when averaged across the infusion period and observation 

periods (p<0.001). In the paracetamol group there was a significant reduction in SVRI 

(Figure 12) decreasing by 88.3 mmHg/L/min/m2 (95% CI: -147.4 to -29.2) immediately 

after the infusion (p<0.001), which was similar to 0.9% normal saline which decreased 

by 124 mmHg/L/min/m2 (95% CI: -64.9 to -183.1). Approximately 25-30 minutes post 

infusion, the SVRI in the paracetamol group returned to pre-infusion values and then 

remained above than baseline values until completion. SVRI for the paracetamol group 

peaked at 55 minutes after infusion with a total increase of 83.5 mmHg/L/min/m2 (95% 

CI: 21.4 to 145.5). This post-infusion effect was significantly different from the mannitol 

and 0.9% normal saline groups, with both groups increasing towards baseline 20 

minutes after infusion.  

In the mannitol group, compared with baseline values there was a transient increase 

in SVRI by 114.3 mmHg/L/min/m2 (95% CI: 55.14 to 173.5), a finding not observed 

with the other two solutions. At the end of the study, SVRI for 0.9% normal saline and 

mannitol were comparable (-31.5 mmHg/L/min/ m2 (95% CI: -93.5 to 30.5) vs. -39.3 

mmHg/L/min/m2 (95% CI: -101.3 to 22.7). Post hoc analysis of changes in SVRI 

between the three infusions over the duration of the study were primarily driven by 

paracetamol, i.e. there was no statistical difference observed between mannitol and 

0.9% normal saline (P = 0.87). 
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IV paracetamol induced a significant increase in cardiac index (Figure 13), during the 

infusion to a peak of 0.9 L/min/m2 (95% CI: 0.03 to 0.1), (p<0.001) at 15 minutes. This 

effect was maintained until the 20 minute time point. 0.9% normal saline produced a 

similar increase in cardiac index by 0.08 L/min/m2 (95% CI: 0.0 to 0.1) during infusion. 

However cardiac index continued to increase immediately after to a peak of 0.13 

L/min/m2 (95% CI: 0.0 to 0.2) at the 20 minute time point. Mannitol induced a transient 

decrease in cardiac index during infusion with a nadir of -0.06 L/min/m2 (95% CI: -0.1 

to 0.0) at the 5 minute infusion time. Thereafter, cardiac index returned to pre-infusion 

values by the end of the observation period. Post hoc analysis of cardiac index 

between the three infusions over the duration of the study showed changes in cardiac 

index between the three infusions were primarily driven by paracetamol as evident by 

the lack of statistical difference observed between mannitol and 0.9% normal saline (P 

= 0.13).  

During the infusion, the HR decreased significantly (p<0.0001) in all three groups 

(Figure 14) and remained below baseline during the observation period. The decrease 

in HR was greatest in the mannitol group with an overall decrease at the end of the 

study in HR by 2.7 beats/min (95% CI: -3.9 to -1.6) at 30 minutes compared with 

paracetamol which decreased HR by 2.5 beats/min (95% CI: -3.5 to -1.2) and 0.9% 

normal saline which decreased HR by 1.4 beats/min (95% CI: -2.4 to -0.2) at 30 

minutes.  

During the infusion of all three interventions, there were significant increases in SVI 

compared to pre-infusion values (Figure 15). SVI remained increased in all three 

groups throughout the observation period compared to pre-infusion values with a study 

end increase of 1.8 mL/m2 (95% CI: 1.2 to 2.6) in the paracetamol group, 2.8 mL/m2 

(95% CI: 2.1 to 3.5) in the NS group and 2.9 mL/m2 (95% CI: 2.1 to 3.6) in the mannitol 

group with paracetamol increasing by 1.9 mL/m2 (95% CI: 1.2 to 2.6), NS increasing 

by 2.8 mL/m2 (95% CI: 201 to 3.5) and mannitol increasing by 2.9 mL/m2 (95% CI: 2.1 

to 3.6). 

A summary of the changes in haemodynamics is presented in Table 9.  
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Changes in plasma osmolality 

Plasma osmolality levels remained within the normal reference range (275-295 

mOsm/kg) in all groups throughout the study (Table 10). There were no statistical 

differences between the groups.  

Adverse events:  

No serious adverse events were reported throughout the study period. One participant 

in the 0.9% normal saline group, and three in the mannitol group expressed a need to 

void urine after completion of the study.  The volume of urine voided was not 

documented. 
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Discussion 

Key study findings 

We conducted a double-blinded, randomized, triple crossover study in healthy 

volunteers to compare intravenous paracetamol infusion (1 g paracetamol + 3.91 g 

mannitol per 100 mL) with an equivalent administration of its excipient (mannitol) or 

placebo (0.9% normal saline). Our aim was to test the hypothesis of whether 

paracetamol itself is responsible for lowering arterial blood pressure. This healthy 

volunteer study provides plausible physiological data that IV paracetamol causes a 

transient decrease in blood pressure immediately after infusion. These changes were 

not observed with mannitol or 0.9% normal saline infusions suggesting that the 

adverse haemodynamic effects of paracetamol appear to be a function of the 

paracetamol itself, rather than that of its excipient – mannitol. Furthermore, the 

mechanism of this transient decrease in blood pressure appears to be secondary to a 

transient reduction in SVRI and not due to a reduction in cardiac index as previously 

reported.  

Relationship to previous studies 

Recently, in the context of critical illness, clinical studies have suggested that IV 

paracetamol may cause hypotension.125-134 Most of these studies did not report on the 

possible mechanism for the hypotension observed.125-130,132-134 In addition, all studies 

identified in our literature search were non-randomized, non-blinded, and uncontrolled, 

making it difficult to draw firm conclusions about this potential effect of IV paracetamol. 

One study reported anecdotal data127 and others used small patient 

numbers.125,126,129,131,134 Moreover, use of vasopressors could have also masked the 

magnitude of the adverse haemodynamic effects of paracetamol observed.125,126,128,133 

Recently, Krajcova et al. performed a non-blinded, non-randomized study on six 

intensive care patients who received 48 paracetamol and 35 control drug 

administrations.131 These authors reported that IV paracetamol decreased CI. In 

contrast to these findings, we observed a small increase in CI after the infusion of 

paracetamol. Consistent with this increase in CI, we also observed an increase in SVI. 

The transient blood pressure changes observed in our study were associated with a 

reduction in SVRI. In the present study, we also investigated the effects of 3.91g of 

mannitol over a 15 minute infusion time. Sabharwal et al. studied 11 participants who 

were administered IV mannitol (1g/kg) over a 10 minute period and reported a 
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decrease in blood pressure post infusion.152 In contrast, we observed an increase in 

blood pressure during and post infusion of mannitol, albeit it at a much lower dose 

(1/20th). From the results of our study, it is unlikely that the mannitol component present 

in the IV paracetamol formulation contributes to the haemodynamic effects we 

observed with the paracetamol infusion.  

Study implications 

The clinical implication of our findings in this healthy volunteer study is that IV 

paracetamol transiently lowers arterial blood pressure. The effects of paracetamol on 

haemodynamics could be considered clinically insignificant. However, these 

haemodynamic derangements may have different intensities and durations in patients 

who are already haemodynamic compromised. The mechanism of paracetamol-

induced hypotension has previously been reported to be secondary to a reduction in 

cardiac index in a non-randomized non-blinded study. In contrast, we observed that 

the decrease is blood pressure was due to a reduction in SVRI, and not cardiac index. 

Of particular importance was the increase in SVRI with mannitol observed shortly after 

its infusion. Taking into consideration the mannitol content of the IV paracetamol 

formulation, the true value of the observed reduction in SVRI may have been further 

masked by the effects of mannitol. Further studies may be required to examine these 

effects in a non-mannitol containing IV paracetamol formulation. Nevertheless, the 

observed reduction in SVRI may have clinically important implications when 

considering the administration of paracetamol to patients with low SVR states e.g. 

septic shock or postoperative inflammatory vasodilatation.  

Strengths and limitations 

This study has several methodological strengths. It was blinded and randomized, thus 

minimizing selection and assessment bias and increasing internal validity. It was a 

triple crossover study, which reduced the influence of confounding covariates. The 

concealment of the intervention further decreased selection bias. Comprehensive 

electronic data collection using continuous beat-to-beat measurements of 

haemodynamic variables of the Edwards Lifesciences Nexfin™ enabled detailed 

quantitative comparisons. Furthermore, SBP, DBP, MAP and HR were all objective 

variables not amenable to ascertainment bias or manipulation, and our findings were 

further strengthened by measurements of derived physiological haemodynamic data 

such as cardiac index and SVRI. Finally, to date this is the first study to 
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comprehensively compare IV paracetamol (1 g paracetamol + 3.91 g  mannitol per 100 

mL), its excipient - mannitol (3.91g mannitol/100 mL) and placebo (0.9% normal saline) 

over a 60 minute period.  

There are also several limitations to our study. First, the changes in blood pressure 

observed were small and could be considered clinically insignificant. Similarly, the 

increase in SVRI seen with mannitol at the 15 minute time point should also be 

interpreted with caution. Given that SVRI has a wide normal range between 1970-2396 

mmHg/L/min/m2, changes observed in SVRI could also be considered to be within 

normal limits and not of clinical importance. Secondly, the trial was small and only 

powered to demonstrate composite changes in blood pressure, and not changes in 

SVRI or cardiac index, which are derived variables.  

Whilst the use of the NexfinTM non-invasive haemodynamic monitoring device is well 

validated in many clinical studies, and validated against both the sphygmomanometer 

and arterial line, measurement of central venous pressure via a central venous 

catheter would have been useful in identifying the effects of the paracetamol on 

preload and in more accurately calculating SVRI. The use of a central venous catheter 

and other invasive haemodynamic monitoring tools, e.g. arterial line, pulmonary artery 

catheter, were considered too invasive in a healthy volunteer population. Although we 

did not use invasive techniques to measure arterial blood pressure and cardiac output, 

the accuracy of the NexfinTM cardiac output technology has been validated against 

pulmonary thermodilution,153 transpulmonary thermodilution,154 transoesophageal and 

transthoracic echocardiography,155,156 and inert gas rebreathing.157 Percentage errors 

range from 23% to 39%, comparable to more invasive methods.153,157 Larger errors 

have been reported, but these are in the setting of critically ill patients where 

compromised flow to the finger may affect NexfinTM performance.158 This is clearly not 

applicable in a healthy volunteer setting making it very likely that the NexfinTM 

technology used was able to reliably track changes in cardiac index, a finding 

supported by other studies.153,154,159 Use of transthoracic echocardiography would have 

allowed valuable non-invasive and focused estimations of cardiac function and fluid 

responsiveness. However, its continuous use over the entire duration of each 

experiment was not pragmatic and lack of availability of a dedicated TTE machine and 

a skillful operator for all experiments unfortunately precluded its use. Finally, whilst the 

carrier solution in IV paracetamol is sterile water, we used NS as the placebo solution 
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as 100 mL infusion of either solution over a 15 minute period would have little, if any 

effect, on haemodynamic differences.  
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Summary 

In summary, in a randomized double-blinded, triple crossover healthy volunteer study, 

we found evidence that mannitol-containing IV paracetamol caused a transient 

decrease in blood pressure after infusion when compared to its excipient (mannitol) 

and placebo (0.9% normal saline). The reduction in blood pressure was most notable 

at the end of the 15 minute infusion period but returned to baseline values within 30 

minutes. These findings appeared to be a function of the paracetamol itself, rather than 

that of the excipient, mannitol. The primary physiological mechanism of these 

haemodynamic changes was transient systemic vasodilation, rather than a reduction 

in cardiac index. This study provides plausible physiological data in a healthy volunteer 

setting, which supports the recently reported adverse haemodynamic effects of IV 

paracetamol in the critical care setting. The study findings validate the need for the 

haemodynamic effects of intravenous paracetamol be examined in similar double-blind 

randomized controlled trials in other patient subgroups. The next trial to be examined 

for the purposes of this thesis will be the haemodynamic effects of IV paracetamol in 

preoperative cardiac surgery patients with pre-existing cardiac disease. 
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Table 5  Detailed study budget (healthy volunteer study) 

Study drugs 

 

Item Year 1 

Cost of intravenous paracetamol 
100 mL Actavis IV paracetamol 
Cost: $1.00 per unit 

$22.00 

Cost of IV 0.9% normal saline 
100 mL 0.9% normal saline 
Cost: $0.50 per unit 

$22.00 

Cost of IV 20% mannitol 
100 mL 20% mannitol 
Cost: $1.00 per unit 

$22.00 

 
Maintenance  

 

Item Year 1 

Computer consumables (printing, paper, ink) $500.00 

Professional statistical consultation $2000.00 

 

Other items 

Item Year 1 

Fee to Human Research Ethics Committees: Investigator initiated $200.00 

 

TOTAL (AUD) $2766.00 
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8
9
 

Table 6  Possible participant randomisation combinations 

 Combination 1 Combination 2 Combination 3 Combination 4 Combination 5 Combination 6 

T1 Paracetamol Paracetamol 0.9% normal saline 0.9% normal saline 20% mannitol 20% mannitol 

T2 0.9% normal saline 20% mannitol Paracetamol 20% mannitol 0.9% normal saline Paracetamol 

T3 20% mannitol 0.9% normal saline 20% mannitol Paracetamol Paracetamol 0.9% normal saline 

 

 Where T1 denotes the first treatment arm, T2 denotes the second and T3 denotes the final treatment arm.  
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Table 7  Data collection form (healthy volunteer study) 

Data Collection Form (Page 1 of 5) 
Haemodynamic Effects of Intravenous Paracetamol in Healthy 

Volunteers 

 
 
 

DEMOGRAPHICS 
 

 
Patient Study Number:       ……………………         
 
Hospital UR number:       ……………………           
   
         
DEMOGRAPHICS:  

Gender (fill one circle ●):     ○ M  
○ F 

    
Age (years):       ………....... 
Height (cm):       ………....... 
Weight (kg):      ………....... 
 
Site of cannula insertion:    ………....... 
Size of cannula:     ………....... 
Site of Nexfin™ finger cuff:    ………....... 
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Data Collection Form (Page 2 of 4) 
Haemodynamic Effects of Intravenous Paracetamol in Healthy 

Volunteers 
 
 
 
 
 
 
 
 

STUDY-RELATED ADVERSE EVENTS/COMMENTS 
 

Did you notice anything abnormal with the infusion of fluids? ○ Y ○ N 
 
………………………………………………………………………………………… 
 
………………………………………………………………………………………… 
         
………………………………………………………………………………………… 

 
Adverse events 
Dizziness/light-headedness?     ○ Y ○ N  
Feeling unwell?       ○ Y ○ N  
Nausea?        ○ Y ○ N  
Vomiting?        ○ Y ○ N  
Abnormally rapid heart rate?     ○ Y ○ N  
Skin rash/allergic reaction/flushing/itching/redness/bruising? ○ Y ○ N  
Other complication       ○ Y ○ N 

 
(Please specify) ….…………………………...….……...…....  

 
 
Other comments 
 
………………………………………………………………………………………… 
 
………………………………………………………………………………………… 
         
………………………………………………………………………………………… 
 

24 hour follow-up 
 
………………………………………………………………………………………… 
 
………………………………………………………………………………………… 
         
………………………………………………………………………………………… 

 

TRIAL ARM #1 
 

 

Date: __________ 
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Data Collection Form (Page 3 of 4) 
Haemodynamic Effects of Intravenous Paracetamol in Healthy 

Volunteers 
 
 
 
 
 
 
 
 

STUDY-RELATED ADVERSE EVENTS/COMMENTS 
 

Did you notice anything abnormal with the infusion of fluids? ○ Y ○ N 
 
………………………………………………………………………………………… 
 
………………………………………………………………………………………… 
         
………………………………………………………………………………………… 

 
Adverse events 
Dizziness/light-headedness?     ○ Y ○ N  
Feeling unwell?       ○ Y ○ N  
Nausea?        ○ Y ○ N  
Vomiting?        ○ Y ○ N  
Abnormally rapid heart rate?     ○ Y ○ N  
Skin rash/allergic reaction/flushing/itching/redness/bruising? ○ Y ○ N  
Other complication       ○ Y ○ N 

 
(Please specify) ….…………………………...….……...…....  

 
 
Other comments 
 
………………………………………………………………………………………… 
 
………………………………………………………………………………………… 
         
………………………………………………………………………………………… 
 

24 hour follow-up 
 
………………………………………………………………………………………… 
 
………………………………………………………………………………………… 
         
………………………………………………………………………………………… 

 

TRIAL ARM #2 
 

 

Date: __________ 
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Data Collection Form (Page 4 of 4) 
Haemodynamic Effects of Intravenous Paracetamol in Healthy 

Volunteers 
 
 
 
 
 
 
 
 

STUDY-RELATED ADVERSE EVENTS/COMMENTS 
 

Did you notice anything abnormal with the infusion of fluids? ○ Y ○ N 
 
………………………………………………………………………………………… 
 
………………………………………………………………………………………… 
         
………………………………………………………………………………………… 

 
Adverse events 
Dizziness/light-headedness?     ○ Y ○ N  
Feeling unwell?       ○ Y ○ N  
Nausea?        ○ Y ○ N  
Vomiting?        ○ Y ○ N  
Abnormally rapid heart rate?     ○ Y ○ N  
Skin rash/allergic reaction/flushing/itching/redness/bruising? ○ Y ○ N  
Other complication       ○ Y ○ N 

 
(Please specify) ….…………………………...….……...…....  

 
 
Other comments 
 
………………………………………………………………………………………… 
 
………………………………………………………………………………………… 
         
………………………………………………………………………………………… 
 

24 hour follow-up 
 
………………………………………………………………………………………… 
 
………………………………………………………………………………………… 
          

 

TRIAL ARM #3 
 

 

Date: __________ 
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Table 8  Baseline haemodynamic demographics (healthy volunteer study) 

Baseline variable Treatment Mean (SE) Reference range 

SBP 
(mmHg) 

Paracetamol 121.1 (1.7) 

100-140 mmHg 0.9% normal saline 123.6 (1.7) 

20% mannitol 122.4 (1.7) 

DBP 
(mmHg) 

Paracetamol 72.2 (0.97) 

60-90 mmHg 0.9% normal saline 74.4 (0.97) 

20% mannitol 73.2 (0.97) 

MAP 
(mmHg) 

Paracetamol 91.6 (1.3) 

70-105 mmHg 0.9% normal saline 94.0 (1.3) 

20% mannitol 92.7 (1.3) 

SVRI 
(mmHg/L/min/m2) 

Paracetamol 2285 (100.5) 

1970-2390 
mmHg/L/min/m2 

0.9% normal saline 2450 (100.4) 

20% mannitol 2342 (100.5) 

CI 
(L/min/m2) 

Paracetamol 3.4 (0.17) 

2.5-4.0 L/min/m2 0.9% normal saline 3.3 (0.17) 

20% mannitol 3.4 (0.17) 

HR 
(beats/min) 

Paracetamol 64.4 (2.2) 

60-100 beats/min 0.9% normal saline 69 (2.2) 

20% mannitol 65.5 (2.2) 

SVI 
(mL/m2/beat) 

Paracetamol 52.5 (1.1) 

33-47 (mL/m2/beat) 0.9% normal saline 51.3 (1.1) 

20% mannitol 52.1 (1.1) 

 

Shown as absolute values ± standard error of difference between trial arms 
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Shown as difference from the baseline ± standard error of difference from baseline (*Repeated measures one-way ANOVA) 

Table 9  Haemodynamic changes during and post infusion of the study drugs (healthy volunteer study) 

 Group 15 minutes 30 minutes 45 minutes 60 minutes *p Values 

SBP 
(mmHg) 

Paracetamol -0.5 ± 0.6  4.0 ± 0.8 5.8 ± 0.8  5.2 ± 0.8  

 
p<0.001 0.9% normal saline 1.4 ± 0.6  5.4 ± 0.8  7.2 ± 0.8  8.9 ± 0.8  

20% mannitol 4.0 ± 0.6  4.3 ± 0.8  6.0 ± 0.8  5.9 ± 0.8  

DBP 
(mmHg) 

Paracetamol -1.9 ± 0.4  0.6 ± 0.5  1.5 ± 0.5  1.0 ± 0.5  

p<0.001 
 

0.9% normal saline -0.7 ± 0.4  0.9 ± 0.5  1.7 ± 0.5  2.3 ± 0.5  

20% mannitol 0.5 ± 0.4  0.0 ± 0.5  0.9 ± 0.5  0.8 ± 0.5  

MAP 
(mmHg) 

Paracetamol -1.9 ± 0.4  1.6 ± 0.6  2.5 ± 0.6  1.7 ± 0.6   

p<0.001 

0.9% normal saline -0.2 ± 0.4  2.2 ± 0.6  3.3 ± 0.6  4.3 ± 0.6  

20% mannitol 1.5 ± 0.4  1.1 ± 0.6  2.2 ± 0.6  2.0 ± 0.6  

SVRI 
(mmHg/L/min/m2) 

Paracetamol -88.3 ± 30.2  15.8 ± 31.6  67.4 ± 31.7  38.7 ± 31.7  

p<0.001 0.9% normal saline -124 ± 30.7  -69.40 ± 31.6  -49.30 ± 31.6  -31.50 ± 31.6  

20% mannitol 114.30 ± 30.2  -39.20 ± 31.6  -32.70 ± 31.6  -39.30 ± 31.6  

CI 
(L/min/m2) 

Paracetamol 0.1 ± 0.0  0.0 ± 0.0  -0.0 ± 0.0  -0.0 ± 0.0  

p<0.001 0.9% normal saline 0.1 ± 0.0  0.1 ± 0.0  0.1 ± 0.0  0.1 ± 0.0  

20% mannitol 0 ± 0.0 0.0 ± 0.0  0.0 ± 0.0  0.0 ± 0.0  

HR 
(beats/min) 

Paracetamol -0.9 ± 0.4  -1.8 ± 0.6  -2.3 ± 0.6 -2.4 ± 0.6  

p<0.001 0.9% normal saline -1.2 ± 0.4  -1.4 ± 0.6  -1.5 ± 0.6  -1.3 ± 0.6  

20% mannitol -2.1 ± 0.4  -2.8 ± 0.6  -2.4 ± 0.6  -2.7 ± 0.6  

SVI 
(mL/m2/beat) 

Paracetamol 1.9 ± 0.3  1.8 ± 0.4  1.5 ± 0.4  1.9 ± 0.4  

p<0.001 0.9% normal saline 2.1 ± 0.3  2.4 ± 0.4  2.5 ± 0.4  2.8 ± 0.4  

20% mannitol 2.3 ± 0.3  2.8 ± 0.4  2.6 ± 0.4  2.9 ± 0.4  
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Table 10  Plasma osmolality levels during and post infusion of study drugs 

 
Paracetamol 
(mOsm//kg) 

0.9% normal saline 
(mOsm/kg) 

20% mannitol 
(mOsm/kg) 

*p value Reference range 

Baseline 292.2 290.7 293.6 

p = 0.07 275-299 mOsm/kg T15 290.8 290.4 293.6 

T60 290.7 292 292.4 
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Figure 5  Example of labelling on blinded trial solution (healthy volunteer 

study) 
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Figure 6 Example of Nexfin™ finger cuff placement 

 

 

 

Figure 7 Alaris® GP volumetric pump 
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Figure 8 CONSORT diagram (healthy volunteer study) 
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Figure 9 Changes in systolic blood pressure (SBP) (healthy volunteer study) 

 

Including standard error bars from baseline pre-infusion (Pre), during a 15 minute 

infusion period (Inf), and 60 minute post-infusion period (Obs) of paracetamol, mannitol 

and 0.9% normal saline. (Repeated measures one-way ANOVA, p<0.001)  
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Figure 10  Changes in diastolic blood pressure (DBP) (healthy volunteer study)  

 

Including standard error bars from baseline pre-infusion (Pre), during a 15 minute 

infusion period (Inf), and 60 minute post-infusion period (Obs) of paracetamol, 

mannitol and 0.9% normal saline. (Repeated measures one-way ANOVA, p<0.001)  
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Figure 11 Changes in mean arterial pressure (MAP) (healthy volunteer study) 

 

Including standard error bars from baseline pre-infusion (Pre), during a 15 minute 

infusion period (Inf), and 60 minute post-infusion period (Obs) of paracetamol, mannitol 

and 0.9% normal saline. (Repeated measures one-way ANOVA, p<0.001)  
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Figure 12  Changes in systemic vascular resistance index (SVRI) (healthy 

volunteer study)  

 

Including standard error bars from baseline pre-infusion (Pre), during a 15 minute 

infusion period (Inf), and 60 minute post-infusion period (Obs) of paracetamol, mannitol 

and 0.9% normal saline. (Repeated measures one-way ANOVA, p<0.001)  
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Figure 13 Changes in mean cardiac index (CI) (healthy volunteer study) 

Including standard error bars from baseline pre-infusion (Pre), during a 15 minute 

infusion period (Inf), and 60 minute post-infusion period (Obs) of paracetamol, mannitol 

and 0.9% normal saline. (Repeated measures one-way ANOVA, p<0.001)  

 

 

 

 

 

 

 

 

 

 



 

105 
 

Figure 14 Changes in heart rate (HR) (healthy volunteer study) 

Including standard error bars from baseline pre-infusion (Pre), during a 15 minute 

infusion period (Inf), and 60 minute post-infusion period (Obs) of paracetamol, mannitol 

and 0.9% normal saline. (Repeated measures one-way ANOVA, p<0.001)  
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Figure 15 Changes in stroke volume index (SVI) (healthy volunteer study) 

Including standard error bars from baseline pre-infusion (Pre), during a 15 minute 

infusion period (Inf), and 60 minute post-infusion period (Obs) of paracetamol, mannitol 

and 0.9% normal saline. (Repeated measures one-way ANOVA, p<0.001)  
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Figure 16 Overview of study design (preoperative cardiac surgery study) 
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Figure 16  Overview of study design (preoperative cardiac surgery study) 
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Abstract 

Introduction: The haemodynamic effects of intravenous (IV) paracetamol in patients 

undergoing elective cardiac surgery are unknown.   

Study aims: The aims of this study to test whether IV paracetamol (1 g paracetamol + 

3.91 g mannitol per 100 mL) will have adverse effects on blood pressure in preoperative 

cardiac surgery patients compared to IV 0.9% normal saline (100 mL). 

Methods:  The Austin Health Human Research and Ethics Committee approved this 

double-blinded clinical research trial in adult patients undergoing elective cardiac 

surgery. All participants gave written, informed consent. Participants were required to 

fast prior to the study for 6 hours from solid food and 2 hours from clear liquids as per 

standard preoperative fasting guidelines. Participants received IV paracetamol (1 g 

paracetamol + 3.91 g mannitol per 100 mL) or placebo (0.9% normal saline 100 mL) 

preoperatively. The primary end point was the absolute change in systolic (SBP) 30 

minutes after the preoperative infusion, analyzed using an ANCOVA model. Secondary 

end points included absolute changes in mean arterial pressure (MAP) and diastolic 

blood pressure (DPB), and other key haemodynamic variables after each infusion. All 

other end points were analyzed using random effect generalized least squares 

regression modelling with individual patients treated as random effects.  

Results: Fifty participants were randomly assigned to receive paracetamol (N=25) or 

placebo (N=25). Post preoperative infusion, paracetamol decreased SBP by a mean 

(SD) of 13 (18) mmHg, p=0.02, compared to a mean (SD) of 1 (11) mmHg with 0.9% 

normal saline. Paracetamol decreased MAP and DBP by a mean (SD) of 9 (12) mmHg 

and 8 (9) mmHg (p=0.01 and 0.02), respectively, compared to a mean (SD) of 1 (8) 

mmHg and 0 (6) mmHg with placebo. 

Conclusion: This study provides high quality evidence that the administration of IV 

paracetamol in patients undergoing elective cardiac surgery causes a transient 

decrease in blood pressure when administered before surgery. 
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Methodology 

Study rationale 

In both a healthy volunteer setting,160 and in critically ill patients,125-134 clinical data 

suggests that IV paracetamol may cause hypotension. This may have important 

clinical implications for patients undergoing cardiac surgery where perioperative 

haemodynamic instability and hypotension are common. Three of the four formulations 

of IV paracetamol made by major pharmaceutical manufacturers contain a high 

mannitol content (up to 3.91g mannitol per 100 mL IV paracetamol). It was initially 

postulated that this may contribute to the haemodynamic effects of IV paracetamol. 

However, a crossover study in healthy volunteers, where a mannitol-containing IV 

paracetamol formulation was compared with an equivalent dosage of mannitol and a 

placebo (0.9% normal saline), showed that the haemodynamic effects of IV 

paracetamol was more likely to be driven by paracetamol itself.160  

Preoperative cardiac surgery patients often have distinct baseline haemodynamics. It 

is not uncommon for this subgroup to be in a state of hypertension, with a lowered 

cardiac index, accompanied by a normal systemic vascular resistance index. To date, 

two studies have postulated the possible mechanism of hypotension associated with 

the administration of IV paracetamol. Krajcova et al., suggested that a reduction in both 

CI and SVRI was responsible for the decrease in blood pressure. However, this study 

had many methodological flaws, most notably being the six recruited study 

participants, and the fact that it was neither randomised, nor blinded, or placebo 

controlled. The study investigating the haemodynamic effects of IV paracetamol in 

healthy volunteers, detailed in the previous chapter, concurred that a reduction in SVRI 

is associated with decreases in SBP, DBP and MAP. In light of this, the haemodynamic 

effects of IV paracetamol should be examined in the context of altered baseline 

haemodynamics.  

Despite the growing concern that IV paracetamol has the propensity to cause 

hypotension, no studies have evaluated the haemodynamic effects of IV paracetamol 

in the context of cardiac surgery. Therefore, we conducted a double-blind, randomized 

controlled study to test the hypothesis that IV paracetamol lowers blood pressure in 

cardiac surgical patients when compared to placebo. It is hoped that this study will add 
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to a growing body of evidence evaluating the safety and efficacy of paracetamol use 

in patients undergoing elective cardiac surgery. 

Figure 16, located at the beginning of this chapter, provides a summarised overview 

of the study design.  

Research question 

Does the administration of IV paracetamol cause any acute decreases in blood 

pressure when given preoperatively to elective cardiac surgery patients? 

Hypothesis 

This study tests the hypothesis that the IV paracetamol formulation (1 g paracetamol 

+ 3.91 g mannitol per 100 mL) would lower blood pressure in healthy volunteers when 

compared with IV mannitol (3.91 g per 100 mL) or IV 0.9% normal saline (100 mL) 

(placebo).   

Study aims  

This study tests the hypothesis that the IV paracetamol formulation (1 g paracetamol 

+ 3.91 g mannitol per 100 mL) would lower blood pressure when administered 

preoperatively to elective cardiac surgery patients when compared with IV 0.9% 

normal saline (100 mL) (placebo). 

Clinical significance  

A finding that IV paracetamol causes a decrease in blood pressure after preoperative 

administration in elective cardiac surgery patients may influence its use in the clinical 

setting. Physicians would need to take the haemodynamic effects of IV paracetamol 

into consideration prior to its administration in patient subgroups that are susceptible 

to haemodynamic alterations. As this study was conducted in the setting of elective 

cardiac surgeries, should it be found that IV paracetamol causes a decrease in blood 

pressure, it would be advised to avoid its use in non-elective, emergency or high-risk 

cardiac surgery cases where the risk of haemodynamic instability is greater. Similarly, 

its use in the context of critically ill patients as well as surgical patients may need to be 

reconsidered.  
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Ethics approval 

The Austin Health Research and Ethics Committee approved the ethical aspects of 

this research study (number 05006/2013). All participants gave written informed 

consent. The study was conducted between July 2013 and October 2014. Prior to the 

commencement of this study, the study design and methodology underwent critical 

peer review by the both the heads of the Department of Anaesthesia and the 

Department of Intensive Care as well as specialist staff members within these fields. 

Additionally, a National Ethics Application Form, Participant Information and Consent 

Form, and a Site-Specific document was completed to fulfil the complete ethical 

requirements as per hospital protocol at Austin Health. Ethics and regulatory approvals 

were obtained in accordance with the National and Medical Research Council of 

Australia guidelines. The study was conducted in accordance with the National 

Statement on Ethics Conduct in Research Involving Humans, the Helsinki Declaration 

and its subsequent amendments, the International Conference on Harmonization and 

World Health Organization Good Clinical Practice standards. 

The detailed study budget is summarised in Table 11.  

Registration with Australian and New Zealand Clinical Trials Registry 

This clinical trial has been registered with the Australian New Zealand Clinical Trials 

Registry.  

Australian New Zealand Clinical Trials Registry number: 12 615 001 099 516. 

Power analysis 

Sample size for the study was calculated based on our pilot data evaluating patients 

undergoing cardiac surgery at Austin hospital. The open source calculator OpenEpi 

(http://www.openepi.com/OE2.3/SampleSize/SSMean.htm) was used to determine 

the power calculations. With an average blood pressure of 120 mmHg, and a SD of 10 

mmHg, in order to demonstrate a mean difference between the paracetamol group and 

control group of 10 mmHg, with a power value of 80%, a minimum of 18 participants 

would be required to be recruited into each group. 

http://www.openepi.com/OE2.3/SampleSize/SSMean.htm
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To allow for violations or breaches in study protocol, it was planned for 25 participants 

to be recruited in each arm, a total of 50 participants. 

Inclusion criteria: 

• All elective cardiac surgery patients > 18 years old 

• Elective cardiac surgery (coronary artery bypass graft and/or valve replacement 

or valve repair) requiring cardiopulmonary bypass. 

Exclusion criteria: 

• Paracetamol or NSAID use 24 hours prior to the study (in paracetamol only or 

in combination therapy); 

• Pregnancy; 

• Intellectual disability; 

• Known liver impairment (ALT > 200 IU/L); 

• Chronic renal impairment (250 umol/L); 

• Morbid obesity (BMI > 35 kg/m2); 

• Known allergic reaction to any of the study drugs; 

• Consumption of caffeine (e.g. coffee or energy drinks) ≤ 12 hours prior to 

participation. 

Consent process and participant competence 

Between July 2013 and October 2014, all patients undergoing cardiac surgery with the 

requirement of cardiopulmonary bypass were evaluated preoperatively at the 

anaesthesia pre-admissions clinic at least 1-2 weeks prior to surgery. Participants were 

identified for study entry by either study investigators or an anaesthetist acting on 

behalf of the principle investigators by surveillance of patients in the pre-admissions 

clinic. Participants were identified from their preoperative medical records and surgical 

notes. Written informed consent was an eligibility requirement for this study. 

A thorough assessment of the participant’s competence and capacity to make a valid 

informed decision was made by one of the study investigators prior to the participant 

being recruited. All participants were deemed competent if they: 

1. Were able to comprehend and retain information relevant to making the decision; 
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2. Understood the information and implications of the decision; 

3. Were able to weigh the information in the balance and arrive at a decision. 

Once competence was established, the participant was presented with a Patient 

Information and Consent Form (PICF) (APPENDIX 3). This form explained the study 

protocol as well as other study-related information in plain-language. Participants read 

the PICF and were invited to ask any questions pertaining to the study. It was made 

clear to the participant that participating in the study was on a completely voluntary 

basis and withdrawal or refusal to participate in the study would not affect the 

relationship the participant had with the study doctors or Austin Health. Participants 

were informed that withdrawal or refusal to participate in the study would in no way 

compromise the standard of care for any participant undergoing their procedure. 

Participants were reassured that both groups of participants would receive 

anaesthetic, perfusion and surgical treatment that is standard of care at Austin Health 

for all patients undergoing cardiac surgery involving the cardiopulmonary bypass 

machine. Participants were given the PICF to take home with them and were 

encouraged to use the contact information provided on the PICF should they have any 

further questions or wish to subsequently withdraw from the study. Participants were 

informed that no financial or other benefits would be offered to participants or study 

doctors in relation to this study. 

Randomisation and allocation of the randomisation code 

This study was conducted as double-blinded, placebo-controlled randomized clinical 

trial. Prior to the commencement of the study, an independent research nurse 

randomized the participants using a computer-generated random number allocation 

system. This randomization process generated a computerized sequence of fifty (50) 

allocation codes, 25 for each group via 5 randomly permuted blocks of 10 participants.  

Participants were randomized to receive either: 

1. Intravenous paracetamol group: to receive 100 mL Actavis IV paracetamol (1 g 

paracetamol + 3.91 g mannitol); 

2. Control group: to receive 100 mL IV 0.9% normal saline. 

Participants received their own unique randomization code using a computer-

generated Randomization program (www.randomization.com). Random permutations 

http://www.randomization.com/
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of treatments for each subject were created using the Randomization program second 

generator application (seed number: 21481), and entering ‘Paracetamol’, and ‘Normal 

Saline’ as the treatment labels. After randomization, a hard copy of the results 

containing all 50 randomization codes was individually sealed in an opaque envelope. 

This envelope was only opened by principle investigators after statistical analysis was 

completed. The group allocation of each participant was printed and sealed in 

individual envelopes. Each participant had a total of one envelope for this study, one 

for their assigned treatment arm. Independent pharmacy staff received the 

randomization order and prepared all study drugs along with sealed allocation codes 

in sequentially numbered opaque envelopes. Prior to completion of statistical analysis, 

only the independent pharmacy staff member knew the exact identity of the group 

allocation of the participants. All study participants and researchers were blinded to 

these codes until the end of data collection.   

The randomization code was located on the bottom right hand corner of the trial vial. 

Each participant received their own unique randomization code. The randomization 

code allocated to each participant matched their participant number in the trial i.e. 

Participant 1 had the randomization code: PCT1 (PCT denoted paracetamol cardiac 

trial, 1 denoted the participant number). Conventionally, a single randomization code 

is allocated to either study drug. Bypassing this ensured that the identity of the trial 

drugs was not compromised if it became necessary to “unblind” the bottles during the 

study period. 

Blinding 

The trial was conducted in a double blinded fashion. Study participants, surgeons, 

anaesthetists, nurses and all perioperative staff were blinded to treatment 

assignments. The randomization sequence was decoded only after data analysis. 

Treatment allocation was only revealed after data analysis was performed. 

Independent hospital pharmacy staff provided the solutions in identical unmarked 

blinded vials. The study required the use of 100 mL blinded fluid vials. The vials looked 

identical for both treatment arms and labelled as per Figure 17.  

Primary outcome measure 

1. Changes in systolic blood pressure 30 minutes after infusion. 
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Secondary outcome measure 

1. Changes in diastolic blood pressure and mean arterial pressure; 

2. Changes in pulmonary artery pressures (PAPs); 

3. Changes in central venous pressure (CVP); 

4. Changes in cardiac index; 

5. Changes in systemic vascular resistance index (SVRI); 

6. Changes in heart rate (HR). 

Other data collected 

1. Type of surgery; 

2. Cardiopulmonary bypass time; 

3. Surgery duration; 

4. Intraoperative fluid use; 

5. Intraoperative noradrenalin use; 

6. Adverse events. 

Patient demographics collected 

• Age; 

• Gender; 

• Body mass index; 

• Coexisting conditions. 

Normal reference ranges 

Normal reference values for these end points were MAP 70-105 mmHg, SBP 100-140 

mmHg, DBP 60-90 mmHg, SVRI 1970-2395 mmHg/L/min/m2, cardiac index 2.5–4.0 

L/min/m2, HR 60-90 beats/min. 

Data entry and protocol 

Prepared paper data collection forms were used for data entry to ensure 

comprehensive and identical collection of data at all the prescribed time points. 

Participant demographics were collected from preoperative medical records and 

surgical notes found in electronic medical records at the Austin Hospital. All data was 

entered on the day of surgery on the paper forms.  
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Preparation of trial drug vials 

For the purposes of this study, one (1) trial bottle was required per participant. The 

bottle corresponding to the allocated treatment arm was prepared after the participated 

were admitted to the Surgery and Endoscopy Centre preoperative admissions unit. To 

ensure that blinding protocol was followed, the independent pharmacy staff member 

affixed one label with the participant’s unique randomization code onto one empty trial 

bottle. The envelope containing the participant’s individual group allocation was then 

opened and the designated trial drug was transferred to the prepared bottle. This 

method ensured that the participant would receive only the study drug that corresponds 

to their group allocation. 

Analytical methodology 

The arterial line (Leardale, Vygon, UK) inserted in the non-dominant hand of the 

participant was used to measure systolic blood pressure, diastolic blood pressure. The 

continuous cardiac output pulmonary artery catheter (CCombo, Edwards Lifesciences, 

North Ride, NSW) inserted via the right internal jugular vein was used to measure 

continuous cardiac output, central venous (CVP) and pulmonary artery pressure 

measurements   

Measurements were recorded at the following time points: Baseline, 5 mins, 8 mins, 

15 mins and 30 mins after the start of the preoperative infusion. Other data collected 

included baseline patient characteristics, intraoperative use of fluids and noradrenalin 

medications.  

Standardisation of study setting 

All patients were fasted two hours for clear fluids and six hours for a light meal. 

Preoperative data collection was conducted in a dedicated anaesthesia monitoring 

room, with standardized illumination intensity and noise, and with an ambient air 

temperature set to 21oC. Participants were placed in a supine position on a standard 

hospital bed with their heads raised at 45º and resting on a pillow for comfort. On the 

day of surgery, an independent clinical pharmacist prepared three 100 mL IV infusions, 

one of which would be used for this preoperative study and two were used for a 

subsequent postoperative study. All trial drug bottles contained paracetamol (1 g 

paracetamol + 3.91 g mannitol/100 mL) (Actavis Australia, The Rocks, NSW, 
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Australia), or 0.9% normal saline (100 mL) (placebo) (Baxter Healthcare, Toongabbie, 

NSW, Australia) as a control. On arrival, participants were placed on a standard 

operating table and administered midazolam IV 0.025 mg/kg and fentanyl IV 0.5 ug/kg 

for mild preoperative sedation. Local anaesthesia solution was used for the insertion 

of all invasive lines. Using a standardized technique and following standardized 

anaesthesia protocol for patients undergoing cardiac surgery at Austin Health, all 

patients had a 15cm 20G arterial line (Leardale, Vygon, UK) (Figure 18) inserted into 

their non-dominant brachial artery, and a continuous cardiac output pulmonary artery 

catheter (CCombo, Edwards Lifesciences, North Ride, NSW) (Figure 19) inserted via 

the right internal jugular vein. After the insertion of invasive lines, participants were 

placed 15-degree head up, with their head resting on a pillow for comfort. The use of 

a forced air warming device, IV fluids, or any other medications, were prohibited to 

avoid confounders.   

Participants were given a 15 minutes stabilization period before baseline 

haemodynamic measurements were recorded. After the stabilization period, the study 

drug was infused at room temperature over 15 minutes. To ensure that all 100 mL of 

the study drug had been infused, a second bolus of 100 mL 0.9% normal saline was 

administered. After a 30 minute observation period participants were then transferred 

into the operating room and underwent anaesthesia and surgery as per standard 

anaesthesia and surgical care. 

Reporting adverse events 

During the study period, participants were encouraged to disclose if they had 

experienced or were experiencing any adverse effects as a result of the administration 

of the trial drug. As it would be difficult to inquire about adverse effects following 

surgery, any adverse events were reported on the prepared data collection form. The 

prepared data collection forms contained an identical list of likely adverse events 

following cardiac surgery as well as an option to detail any other postoperative adverse 

events. Postoperative adverse events were collected via postoperative medical and 

surgery records during the study period while the patient remained in the intensive care 

unit.   
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Protocol for the assessment and treatment of hypotension and other adverse 
events 

In this study, in order to avoid any safety concerns with adverse haemodynamic 

effects: if a clinically significant decrease in blood pressure was observed (i.e. > 20% 

from baseline blood pressure), protocol dictated that it would be managed as per 

conventional treatment for any hypotensive patient. The study drug will be immediately 

stopped. As per standard anaesthetic protocol, hypotension would be treated firstly by 

tilting the bed head down to increase flow of blood to the heart. If blood pressure failed 

to normalize after 1 minute of this treatment, the study doctor would administer a 

conventional drug (metaraminol) to increase blood pressure. If paracetamol was 

required for medical reasons e.g. severe fever, the study drug would be unblinded and 

participants would still be able to receive paracetamol if clinically required.  

Statistical methodology 

Statistical analysis was performed using commercial statistical software STATA/IC 

v.13 with a p value of 0.05 to indicate statistical significance. The analysis population 

was defined as intention to treat. During data collection, there were no missing 

observations. The primary endpoint (absolute change in SBP from the baseline to 30 

min) was analyzed using an ANCOVA model with the SBP value at 30 min as an 

outcome, the treatment group as a factor, and the baseline SBP value as a treatment 

covariate. All other endpoints were analyzed using random effect generalized least 

squares regression modelling (GLS) due to the repeated measures nature of the data. 

Both the effect of treatment adjusted for time and treatment-by-time interaction were 

estimated using respective GLS models.  We tested two separate questions: “what is 

the average difference in the outcome between the groups (adjusting for time)?” - this 

is the group effect, and “is the rate of increase/decrease in outcome over time similar 

or different between two groups?” - this is the time-by-treatment interaction. The p-

value for treatment is the measure of evidence against the null hypothesis of no 

difference between the groups assuming an arbitrary time point – in clinical terms, what 

we are saying is that assuming similar timing, there is little difference between two 

groups on a specific outcome; the p-value for treatment-by-time interaction is the 

measure of evidence against the null hypothesis of two groups having the same slope 

in the change of a given outcome over time – in clinical terms, we are saying that the 

way a specific outcome changes over time is different in two groups, i.e. we are looking 

at a difference (between groups) in differences (in values of an outcome over time). 
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Model adjustments for patient’s age, body mass index (BMI), gender and Euroscore II 

were performed to estimate the robustness of the results.  

No changes to the methods or outcomes measured were required after trial 

commencement. No interim analysis was conducted. 
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Measurement and data collection 

Collection of haemodynamic variables 

Haemodynamic variables including systolic blood pressure, diastolic blood pressure, 

mean arterial pressure, systemic vascular resistance index, cardiac index, stroke 

volume index and heart rate were measured and collected continuously via either the 

arterial line or the continuous cardiac output pulmonary artery catheter as described 

previously.  

Data collection 

All haemodynamic data, as well as participant demographics and other study data was 

collected and transcribed onto a prepared paper data collection form. At the end of the 

study period, the data was retrieved and transcribed in electronic spreadsheet format. 

The use of individual randomization codes per participant ensured participant 

anonymity. Participant information such as full name and date of birth, home address, 

telephone number or any other identifying personal information was omitted from any 

publication.  

The haemodynamic effects of intravenous paracetamol and reported adverse events 

were recorded on prepared printed data collection forms (Table 12).    

Safe data storage 

All data from the patient data collection form was transcribed to electronic form in 

spreadsheet format. Only the principal investigators had access to the electronic 

databases.  

Information in electronic form was contained in a password-protected database on a 

dedicated hard drive in the Department of Anaesthesia. Data remains password 

protected on a dedicated storage file set up by the Information Technology department 

at Austin Hospital. Only the principle investigators will have access to this electronic 

database. Any paper data remains locked in dedicated research storage drawers in 

the Department of Anaesthesia. 
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All data records both electronic and paper will be retained for 15 years prior to 

destruction/shredding in accordance with Good Clinical Practice for clinical trials. 

Information will be disposed of securely by shredding of paper documents and 

permanent erasure of electronic data. Any back up in the form of CD discs or DVD's 

will be destroyed. 
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Results 

CONSORT diagram 

Sixty one participants (61) were screened for eligibility for the trial at the anaesthesia 

pre-admissions clinic at least 1-2 weeks prior to surgery. Eight (8) patients required 

more complex cardiac operations and were withdrawn. Three (3) patients had surgery 

cancelled. Withdrawal was prior to randomization. Fifty (50) participants consented for 

this study and were randomized to receive either IV paracetamol or 0.9% normal saline 

in a randomly allocated order. All participants completed their study intervention, and 

there were no breaches in the trial protocol. In total, 50 participants completed the 

study and their data was analyzed. The CONSORT flow diagram demonstrating the 

progression of the study through its different trial phases is presented in Figure 20. 

Key dates 

 

Date of Ethics Approval:    June 2013 

Date of first patient recruited:   July 2013 

Date of last patient recruited:   October 2014 

 

Demographic data: preoperative and intraoperative variables 

The mean (standard deviation) for age was in the paracetamol group was 66.9 years 

(11.9) and 67.8 years (10.4) in the 0.9% normal saline group. The mean (standard 

deviation) for height was in the paracetamol group was 172.2 cm (10.2) and 172.3 cm 

(9.7) in the 0.9% normal saline group. The mean (standard deviation) for weight was 

in the paracetamol group was 82.3 kg (16.6) and 88.9 kg (17.8) in the 0.9% normal 

saline group. There were 20 male participants (80%) in the paracetamol group and 22 

male participants (88%) in the 0.9% normal saline group. A summary of preoperative 

and intraoperative patient demographics is found in Table 13.    

Primary end points: SBP 

Changes in SBP, DBP and MAP after the preoperative dose from baseline to the 30 

minute (T30) endpoint are summarized in Figures 21, 22 and 23 respectively. Absolute 

changes in haemodynamic variables at baseline and 30 minutes after the preoperative 

infusions are summarized in Table 14.  Changes in preoperative haemodynamics after 
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the administration of IV paracetamol are summarized in Table 15. All results are 

reported in terms of mean (SD).  

Paracetamol was infused over a period of 15 minutes. Thirty minutes after the start of 

infusion, SBP decreased from 136 (21) mmHg to a nadir of 124 (26) mmHg in the 

paracetamol group. This resulted in an absolute decrease of 13 (18) mmHg from the 

baseline. In contrast, 30 minutes after infusion the 0.9% normal saline group, SBP 

decreased marginally from 130 (24) mmHg to 129 (23) mmHg. This resulted in an 

absolute decrease of 1 (11) mmHg. The p value adjusted between-group difference 

was listed as p = 0.02 indicating a significant difference between the two groups.  

Secondary end points: DBP, and MAP 

Over the 30 minute study period there was a decrease in DBP in the paracetamol 

group from 67 (10) mmHg to 61 (14) mmHg with an absolute decrease of -8 (9) mmHg. 

Consistent with the changes in SBP, 0.9% normal saline caused a decrease of 61 (10) 

mmHg to 59 (16) mmHg. The overall absolute change from the baseline was reported 

as 0 mmHg. The p value adjusted between-group difference was listed as p = 0.01 

indicating a significant difference between the two groups. 

Finally, paracetamol also decreased MAP by 90 (12) mmHg to a nadir of 82 (14) mmHg 

over the 30 minute study period with an absolute decrease of 9 (12) mmHg. Again, 

there was a slight decrease in MAP in the 0.9% normal saline group from 87 (17) 

mmHg to 86 (17) mmHg, resulting in an absolute decrease of -1 (8) mmHg. The p 

value adjusted between-group difference was listed as p = 0.02 indicating a significant 

difference between the two groups. 

Secondary end points: SVRI, CI, PAPs, CVP, and HR 

SVRI decreased by 332 dynes/sec/cm-5/m2 in the paracetamol group compared to 166 

dynes/sec/cm-5/m2 in the 0.9% saline group (p=0.20). Analyses of cardiac index, PAPs 

– systolic pulmonary artery pressure (sPAP), diastolic pulmonary artery pressure 

(dPAP) and mean pulmonary artery pressure (mPAP), as well as CVP, and HR showed 

no statistical significance in their interaction between the treatments over time. There 

were no significant changes in blood pressure between the groups after adjustments 

for age, BMI, gender and Euroscore II.  



 

138 
 

Adverse events 

Of the 50 participants, there was a total of 14 events (14 in the paracetamol group and 

0 in the saline group) where there was a reduction of ≥ 20% in preoperative SBP. 

Throughout the study period there were no deaths.  
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Discussion 

Key study findings 

We performed a randomized blinded controlled trial comparing the effects of IV 

paracetamol and placebo (0.9% normal saline) on haemodynamics in preoperative 

cardiac surgery patients. Paracetamol has been advocated as a first line analgesic for 

patients with coronary artery disease on the assumption of its greater cardiovascular 

safety.161 Current guidelines have recommended paracetamol as a safe and 

efficacious analgesic for patients including undergoing high-risk surgeries including 

cardiac surgery.42-44 However, there have been few prospective studies on the 

analgesic efficacy during and after cardiac surgery.162 Furthermore, in this patient 

setting there have been no studies examining the preoperative effects of paracetamol 

on haemodynamics. Despite this, paracetamol is routinely used in the context of 

cardiac surgery, either for prophylactic pain management26 or in to treat postoperative 

pain. To date this is the first study providing plausible physiological evidence that the 

preoperative administration of 1 gram IV paracetamol in patients undergoing elective 

cardiac surgery causes a transient decrease in preoperative blood pressure 30 

minutes after the start of infusion.  

Relationship to previous studies 

Recently, the use of IV paracetamol in the context of cardiac surgery has been 

examined. Douzjian and Kulik provided a systemic review of the literature including 

results from the pro-drug, propacetamol.162 However, were unable to form a meta-

analysis of the studies given the lack of similarities between the 9 cardiac surgery trials 

they investigated. Despite this and the conflicting results of the studies, the authors 

concluded that IV paracetamol provided minimal clinical benefit to patients and 

encouraged clinicians to consider limiting their use of IV paracetamol in cardiac 

surgical patients. Mamoun et al. tested the efficacy of the analgesic effect of IV 

paracetamol vs a placebo (0.9% normal saline) in cardiac surgery patients.163 They 

concluded that IV paracetamol reduced postoperative pain, however failed to reduce 

postoperative opioid use. However, there is a paucity of data studying the 

haemodynamic effects of IV paracetamol in cardiac surgery patients in the current 

literature.            



 

140 
 

In the context of critical illness, multiple clinical studies have suggested that IV 

paracetamol may cause hypotension.125-134 Most of these studies, however, have been 

limited by their retrospective design, small patient numbers, and lack of randomization 

and blinding. In addition, as many of these studies were conducted in critically ill patient 

cohorts, use of vasopressors may have masked the magnitude of the 

hypotension.125,126,128,133 More recent investigations of the haemodynamic effects of IV 

paracetamol have yielded results that suggest that paracetamol is unlikely to induce 

clinically significant haemodynamic changes.130,160 Needleman et al. studied the effects 

of a rapid infusion of IV paracetamol in ambulatory surgical patients and monitored 

blood pressure during and after a rapid infusion.130 Whilst, the administration of 

paracetamol caused a decrease in blood pressure, these alterations were considered 

not to be clinically significant. A major limitation of this study, however, was a short 

observation period of 5 minutes, which may not accurately represent the full period of 

time when hypotension may occur. 

In contrast, in the context of critical illness, Krajcova et al., found IV paracetamol 

produced a reduction of MAP. However, there were only 6 patients in this study.131 

More recently the haemodynamic effects of IV paracetamol was examined in the 

context of a healthy volunteer setting.160 In a blinded, randomized, crossover study, IV 

paracetamol was infused over a 15 minute infusion time followed by a 45 minute 

observation period. Similar to the results of Needleman et al.,130 paracetamol caused 

a significant decrease in blood pressure immediately after infusion. The possible 

trigger for the decreased blood pressure was vasodilatation with a decrease in SVRI 

with no significant changes to cardiac index. These haemodynamic effects were 

transient, of limited magnitude, and of questionable clinical significance. We postulated 

that these effects might have a different intensity and duration in patients who are 

prone to hypotension, such as patients undergoing cardiac surgery.  

The findings in this present study, demonstrated findings similar to that presented in 

the previous chapter160 and those of Krajcova et al.,131 IV paracetamol causes a 

transient decrease in blood pressure with an accompanying decrease in SVRI during 

the preoperative infusion period. These findings are of particular interest given that we 

were able to replicate our findings in a cardiac surgical setting, with greater magnitude 

of change, possibly a reflection of using more accurate and continuous invasive 

haemodynamic measurements from the arterial line, central venous catheter, and 

pulmonary artery catheter, compared to the non-invasive haemodynamic technology 
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used in the previous healthy volunteer study.160 Importantly the results from this 

present study have also demonstrated that, in contrast to the findings of Krajcova et 

al,130 the administration of paracetamol failed to have any significant effect on cardiac 

index as measured by the pulmonary artery catheter.  

Study implications 

The clinical implication of our findings in this study is that a preoperative dose of IV 

paracetamol transiently lowers systolic blood pressure, diastolic blood pressure and 

mean arterial pressure after administration in patients undergoing cardiac surgery. In 

the previous chapter, the study found that IV paracetamol causes transient decreases 

in blood pressure in a healthy volunteer population. It was postulated that these 

haemodynamic effects may be of different intensities and durations in the clinical 

setting. In the present study, the preoperative haemodynamic effects of IV paracetamol 

in the context of elective cardiac surgery was investigated. It was found that the 

transient hypotension observed was accompanied by a decrease in SVRI. This is 

consistent with two other studies in separate patient subgroups – healthy volunteers 

and in critically ill patients. Our study adds to a growing body of evidence that IV 

paracetamol not only has the propensity to cause transient hypotension, but it is likely 

and an additional effect of decreasing SVRI as evidenced by this finding being 

replicated in three unique patient populations. In light of this, we recommend caution 

when considering the use of IV paracetamol before cardiac surgery and in other 

surgical settings where these effects may be similar or potentially magnified. Careful 

consideration should also be applied in patient subgroups with low SVR states e.g. 

septic shock or postoperative inflammatory vasodilatation.  

Strengths and limitations 

Our study has several methodological strengths compared to previous studies. It is 

blinded and randomized, thus minimizing allocation, selection and assessment bias 

and increasing internal validity. All haemodynamic variables measured were assessed 

invasively and were not amenable to ascertainment bias or derivation. The 

concealment of the intervention to all clinicians further decreased bias. The 

standardization of study setting during the preoperative period was strictly adhered to 

in all patients, ensuring accuracy of haemodynamic data in the absence of analgesic, 

anaesthetic, vasoactive drugs and IV fluids, all of which could confound the 

measurements of blood pressure. Finally, we used robust statistical methods to adjust 
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for important variables that frequently impact on blood pressure in a cardiac surgical 

setting.  

There are also some limitations to our study. We do not know whether our results are 

applicable to more complex cardiac surgery, other scheduled (or emergency) types of 

operations, or to older, sicker or morbidly obese patients. However, it seems likely that 

if effects are seen with elective coronary artery surgery similar or even greater effects 

might be seen with other types of surgery. We also cannot extrapolate our paracetamol 

infusion results to different combinations of rate, duration or route. However, the dose 

and speed of administration in our patients reflect clinical practice and 

recommendations. The findings with IV paracetamol are likely not relevant to oral or 

per-rectum paracetamol, where the absorption is slower and any haemodynamic 

effects that might exist are attenuated. We cannot provide information on the 

mechanism of paracetamol-associated hypotension. However, we have previously 

demonstrated in volunteers that the hypotensive effect does not appear related to the 

mannitol present in the IV solution as excipient 
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Summary 

In a double-blinded randomized study, mannitol-containing IV paracetamol was found 

to reduce blood pressure after infusion in preoperative cardiac surgery patients. The 

results of that study prompted further investigation into the topic of whether IV 

paracetamol reduced blood pressure in other patient subgroups, especially those 

vulnerable to haemodynamic instability. For the purposes of expanding on the 

available literature, a two-part study was devised to examine these effects in cardiac 

surgery patients, both in the preoperative and postoperative settings. In a 

randomized blinded trial comparing the effects of IV paracetamol and placebo (0.9% 

normal saline) on haemodynamics before cardiac surgery, we found that the 

preoperative administration of paracetamol caused a transient decrease in systolic 

blood pressure, diastolic blood pressure, and mean arterial pressure. Our findings 

provide plausible physiological evidence that the administration of IV paracetamol 

should be used cautiously before cardiac surgery. These findings supported the need 

for examination of the postoperative haemodynamic effects of IV paracetamol. 
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Table 11 Detailed study budget (preoperative cardiac surgery study) 

Study Drugs 
 

Item Year 1 

Cost of intravenous paracetamol 

100 mL Actavis IV paracetamol: 
Cost: $1.00 per unit 

 

$25.00 

Cost of 0.9% normal saline 

100 mL 0.9% normal saline 

Cost: $0.50 per unit 

 

$12.50 

 
Maintenance  
 

Item Year 1 

Computer consumables (printing, paper, ink) 500 

Professional statistical consultation  2,000 

Other Items 

Item Year 1 

Fee to Human Research Ethics Committees: Investigator initiated   $200 

 

Total (AUD) 
$2735.50 
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Table 12 Data collection form (preoperative cardiac surgery study) 

 

Data Collection Form (Page 1 of 9) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (preoperative) 

 
 
 

DEMOGRAPHICS 
 

 
Patient Study Number:       ……………………         
 
Hospital UR number:       ……………………           
   
         
DEMOGRAPHICS:  

Gender (fill one circle ●):     ○ M  
○ F 

    
Age (years):       ………....... 
Height (cm):       ………....... 
Weight (kg):      ………....... 
 

 
PRE-EXISTING MAJOR MEDICAL CONDITIONS:  
(fill one circle ● for each line)  
 

Hypertension ?     ○ Y ○ N  
Peripheral vascular disease?   ○ Y ○ N  

  Diabetes      ○ Y ○ N 
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Data Collection Form (Page 2 of 9) 
Haemodynamic Effects of Intravenous Paracetamol in Patients Undergoing Cardiac Surgery 

(preoperative) 

 

GENERAL OVERVIEW OF DATA COLLECTION TIME POINTS 
 

 Haemodynamic parameters Baseline 5 mins 8 mins 10 mins 15 mins 30 mins 

M
e

a
s

u
re

m
e

n
ts

 

 

Systolic blood pressure       

Diastolic blood pressure       

Mean arterial pressure       

Pulmonary artery pressure       

Central venous pressure       

Systemic vascular resistance       

Heart rate       

Cardiac output       

Cardiac index       
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Data Collection Form (Page 3 of 9) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (preoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

BASELINE  
 

 

Date: __________ 
 

 

Time: __________ 
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Data Collection Form (Page 4 of 9) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (preoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

 

 

 

 

 

 

5 MINS POST START OF 
INFUSION 

 

 

Date: __________ 
 

 

Time: __________ 
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Data Collection Form (Page 5 of 9) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (preoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

8 MINS POST START OF 
INFUSION 
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Data Collection Form (Page 6 of 9) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (preoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

 

 

 

 

 

 

Date: __________ 
 

 

Time: __________ 
 

 

10 MINS POST START 
OF INFUSION 
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Data Collection Form (Page 7 of 9)  
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (preoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

15 MINS POST START 
OF INFUSION 
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Data Collection Form (Page 8 of 9) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (preoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

30 MINS POST START 
OF INFUSION 
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Data Collection Form (Page 9 of 9) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (preoperative) 

 
 
 

FINAL DATA 
 

Total intraoperative fluids used (mL)  

Total noradrenalin used (mL)  

CPB time (mins)  

Surgery duration (mins)  

Duration of ICU stay (hours)  

Duration of hospital stay (hours)  

 

ADVERSE EVENTS (in hospital) 
 

Hypotension      ○ Y ○ N  
Myocardial infarction    ○ Y ○ N  

  Arrythmia      ○ Y ○ N 
Pulmonary oedema     ○ Y ○ N  
Cerebra vascular event    ○ Y ○ N  

  Pulmonary embolus     ○ Y ○ N 
Pneumonia      ○ Y ○ N  
Would infection     ○ Y ○ N  

  Return to theatre     ○ Y ○ N 
In hospital death     ○ Y ○ N  
Need for blood transfusion    ○ Y ○ N  

  MET call      ○ Y ○ N 
 
  REASON FOR MET CALL ________________________ 
 
  Other complication (please specify)  ○ Y ○ N 
 
  Other complication ______________________________ 
 
 
  Other complication (please specify)  ○ Y ○ N 
 
  Other complication _____________________________ 
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Table 13  Summary of participant demographics (preoperative cardiac surgery 

study) 

Preoperative characteristics 
Paracetamol 

(N=25) 
0.9% normal 

saline (N=25) 

Age (years)  66.9 (11.9) 67.8 (10.4) 

Male gender 20 (80%)  22 (88%) 

Weight (kg) 82.3 (16.6) 88.9 (17.8) 

Height (cm) 172.2 ± 10.2 172.3 ± 9.7 

BMI (kg/m2) 27.7 (4.7) 29.9 (5.0) 

Type of Surgery 
Paracetamol 

(N=25) 
0.9% normal 

saline (N=25) 

Coronary artery bypass graft 16 (64%) 15 (60%) 

Aortic valve replacement 5 (20%) 8 (32%) 

Mitral valve repair 4 (16%) 2 (8%) 

Coexisting conditions 
Paracetamol 

(N=25) 
0.9% normal 

saline (N=25) 

Diabetes (Type II) 15 (60%) 16 (64%) 

Peripheral arterial vascular disease 18 (72%) 20 (80%) 

Hypertension 21 (84%) 19 (76%) 

Chronic obstructive pulmonary disease 10 (40%)  9 (36%) 

Chronic renal impairment 10 (40%) 11 (44%) 

Euroscore II (0.6) 1.5 (1.4) 

 

Intraoperative characteristics 
Paracetamol 

(N=25) 
0.9% normal 
saline (N=25) 

p 
value 

Surgery duration (mins)  252.9 (48.9) 257.1 
(54.1) 

0.8 

Cardiopulmonary bypass time (mins)  92.6 (21.9) 99.4 
(35.7) 

0.4 

Intra-operative fluid (mL) 50498 (802)  52592 
(992) 

0.4 

Intra-operative noradrenalin (ug) 2145 (140) 4788 
(323) 

0.5 

 

Data is mean (standard deviation) or number (proportion in percentage)
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1
5
5
 

Data are mean (standard deviation) and 95% confidence intervals (95% CI) 

 

Table 14   Absolute changes in preoperative haemodynamics measured 30 minutes after an infusion of intravenous paracetamol 

 Saline Paracetamol 

 Baseline 
Absolute 
Change 

Baseline 
Absolute 
Change 

Mean between-group 
difference in 

absolute change at 
30 min adjusted for 
the baseline values 

95% CI 
p value 

(adjusted between-group 
difference) 

SBP 
(mmHg) 

130 (24) -1 (11) 136 (21) -13 (18) -11 -20 to -2 0.02 

DBP 
(mmHg) 

61 (10) 0 (6) 67 (11) -8 (9) -6 -11 to -2 0.01 

MAP 
(mmHg) 

87 (17) -1 (8) 90 (12) -9 (12) -7 -12 to -1 0.02 

sPAP 
(mmHg) 

31 (11) 1 (7) 27 (9) 2 (7) 1 -3 to 5 0.65 

dPAP 
(mmHg) 

14 (7) 1 (5) 15 (6) 1 (5) 0 -3 to 3 0.99 

mPAP 
(mmHg) 

23 (13) -1 (5) 19 (8) 1 (5) -0.3 -3 to 3 0.83 

CVP 
(mmHg) 

7 (5) 1 (3) 9 (5) -1 (5) -1.5 -4 to 1 0.16 

Cardiac index 
(L/min/m2) 

66 (12) -2 (7) 72 (13) -1 (6) 2 -1 to 6 0.21 

HR 
(beats/min) 

2.49 (1.00) 0 (1) 2.72 (1.02) 0 (1) 0.1 -0.2 to 0.5 0.41 

SVRI 
(dynes/sec/cm-

5/m2) 

2746 (680) -166 (493) 2695 (1027) -332 (617) -182 -465 to 102 0.20 
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1
5
6
 

Data are mean (standard deviation) and 95% confidence intervals (95% CI) 

 

Table 15   Changes in preoperative haemodynamics before, during and after a 15 minute infusion of intravenous paracetamol 

  Baseline 5 mins 8 mins 10 mins 15 mins 30 mins Mean difference 
95% CI 

p value (treatment) 
p value (treatment-by-time-

interaction) 

SBP 
(mmHg) 

Paracetamol 136 (21) 130 (28) 127 (24) 129 (26) 126 (27) 124 (26) 
0.75 -12 to 14 0.91 0.002 

0.9% normal 
saline 

130 (24) 126 (22) 128 (22) 128 (23) 126 (23) 129 (23) 

DBP 
(mmHg) 

Paracetamol 67 (10) 63 (13) 62 (12) 61 (11) 60 (12) 61 (14) 
2.14 -4 to 8 0.47 <0.001 

0.9% normal 
saline 

61 (10) 60 (12) 60 (11) 60 (11) 58 (10) 59 (16) 

MAP 
(mmHg) 

Paracetamol 90 (12) 83 (21) 85 (15) 85 (15) 84 (16) 82 (14) 
0.19 -8 to 8 0.96 0.15 

0.9% normal 
saline 

87 (17) 83 (16) 85 (15) 85 (16) 83 (15) 86 (17) 

sPAP 
(mmHg) 

Paracetamol 27 (9) 28 (11) 29 (11) 29 (10) 30 (10) 29 (11) 
-2.49 -8 to 4 0.42 0.88 0.9% normal 

saline 
31 (11) 30 (13) 31 (13) 32 (12) 32 (11) 32 (13) 

dPAP 
(mmHg) 

Paracetamol 15 (6) 14 (7) 15 (7) 14 (6) 16 (7) 15 (7) 
0.18 -3 to 4 0.92 0.94 0.9% normal 

saline 
14 (7) 14 (9) 15 (8) 15 (7) 15 (7) 15 (8) 

mPAP 
(mmHg) 

Paracetamol 19 (8) 20 (8) 21 (9) 21 (7) 22 (8) 21 (8) 
-0.58 -5 to 3 0.80 0.94 0.9% normal 

saline 
23 (13) 20 (10) 21 (10) 21 (9) 22 (9) 22 (10) 

CVP 
(mmHg) 

Paracetamol 9 (5) 7 (5) 8 (5) 7 (4) 9 (6) 8 (5) 
-0.49 -3 to 2 0.74 0.12 0.9% normal 

saline 
7 (5) 9 (7) 9 (7) 9 (6) 9 (7) 8 (6) 

HR 
(beats/min) 

Paracetamol 72 (13) 71 (13) 72 (13) 70 (13) 71 (13) 71 (13) 
6.94 

0.40 to 
13 

0.04 0.4 0.9% normal 
saline 

66 (12) 64 (11) 64 (11) 64 (11) 65 (11) 64 (12) 

Cardiac index 
(L/min/m2) 

Paracetamol 
2.72 

(1.02) 
not 

measured 
2.72 (0.96) 

not 
measured 

2.58 (0.68) 2.72 (0.79) 

0.27 
-0.10 to 

0.64 
0.15 0.92 

0.9% normal 
saline 

2.49 
(1.00) 

not 
measured 

2.36 (0.57) 
not 

measured 
2.45 (0.56) 2.49 (0.64) 

SVRI 
(dynes/sec/cm-5/m2) 

Paracetamol 
2695 

(1027) 
not 

measured 
2476 (805) 

not 
measured 

2459 (680) 2363 (911) 

-137 
-508 to 

233 
0.47 0.68 

0.9% normal 
saline 

2746 
(680) 

not 
measured 

2678 (580) 
not 

measured 
2501 (615) 2580 (629) 
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Figure 17  Example of labelling on blinded trial solution (preoperative cardiac 

surgery study) 
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Figure 18  Example of a 15 cm 20-gauge arterial line (Leardale, Vygon, UK) 

 

 

Figure 19  Example of a continuous cardiac output pulmonary artery catheter 

(CCombo, Edwards Lifesciences, North Ride, NSW) 
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Figure 20  CONSORT diagram (preoperative cardiac surgery study) 
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Figure 21  Changes in systolic blood pressure (preoperative cardiac surgery 

study) 

 

 

Values are mean (SD) 
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Figure 22  Changes in diastolic blood pressure (preoperative cardiac surgery 

study) 

 

 

Values are mean (SD) 
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Figure 23  Changes in mean blood pressure (preoperative cardiac surgery 

study) 

 

Values are mean (SD) 
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Chapter 6  

The haemodynamic 
effects of intravenous 

paracetamol in 
postoperative cardiac 

surgery patients 
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Figure 24 Overview of study design (postoperative cardiac surgery study) 
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Abstract 

Introduction: Postoperative pain is severe and complex. Untreated postoperative pain 

secondary to cardiac surgery is a risk factor for cardiac complications. The complexity 

of postoperative pain often requires multimodal analgesic management. Opioids are 

preferentially used to treat postoperative pain. However, IV paracetamol is often used 

as a practical component of multimodal postoperative pain management.  In the 

context of cardiothoracic medicine, paracetamol has been recommended as a safe 

analgesic and is frequently prescribed due to its assumed safety profile. Recently, IV 

paracetamol has been found to cause transient hypotension in preoperative cardiac 

surgery patients. The haemodynamic effects of IV paracetamol in postoperative 

cardiac surgery patients should therefore be evaluated.   

Study aims: The aims of this study to test whether IV paracetamol (1 g paracetamol 

+ 3.91 g mannitol per 100 mL) will have adverse effects on blood pressure in 

postoperative cardiac surgery patients compared to IV 0.9% normal saline (100 mL). 

Methods: The Austin Health Human Research and Ethics Committee approved this 

double-blinded clinical research trial in adult patients undergoing elective cardiac 

surgery. All participants gave written, informed consent. Participants were required to 

fast prior to the study for 6 hours from solid food and 2 hours from clear liquids as per 

standard preoperative fasting guidelines. Participants received IV paracetamol (1 g 

paracetamol + 3.91 g mannitol per 100 mL) or placebo (0.9% normal saline 100 mL) 

preoperatively. Participants received standard surgical and anaesthestic care. 

Postoperatively, participants were transferred for postoperative monitoring and care to 

the Intensive Care Unit has per standard protocol at Austin Health. During their post-

cardiac surgery intensive care stay, participants were given two boluses of the same 

study drug they were assigned to in the preoperative study. Study drugs were 

administered over a 15 minute infusion period, 6 hours apart. The primary end point 

was a change in systolic (SBP) 30 minutes after two postoperative infusion, analyzed 

using an ANCOVA model. Secondary end points included changes in mean arterial 

pressure (MAP) and diastolic blood pressure (DPB), and other key haemodynamic 

variables after each infusion. All other end points were analyzed using random effect 

generalized least squares regression modelling with individual patients treated as 

random effects. 
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Results: Fifty participants were randomly assigned to receive two boluses of either 

paracetamol (N=25) or placebo (N=25) postoperatively after cardiac surgery. 

Postoperatively, there were no significant differences in blood pressure or flow based 

haemodynamic parameters in both groups.  

Conclusion: This study provides high quality evidence that the administration of IV 

paracetamol in postoperative cardiac surgery setting does not result in any adverse 

haemodynamic effects. 
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Methodology 

Study rationale 

The early postoperative period following cardiac surgery often presents with 

challenges in managing and maintaining pain as well as haemodynamic stability. 

Postoperative hypotension can occur in up to 75% of patients following cardiac surgery 

with mean arterial pressure being the most dynamic parameter during this time.164 

Other likely changes to other haemodynamic parameters after cardiac surgery include 

lowered systemic blood pressure, cardiac output and systemic vascular resistance. 

These haemodynamic changes are characteristic of vasoplegia syndrome, a common 

postoperative complication after cardiac surgery requiring cardiopulmonary bypass.165  

Additionally, another well-recognized haemodynamic phenomenon in the early hours 

following cardiac surgery is cardiac stunning166, which, like vasoplegia syndrome, 

causes reductions in systemic vascular resistance due to loss of vasomotor control, 

along with a decreased mean arterial pressure.167 Hypotensive events are associated 

with increased intensive care unit stay, hospital stay and morbidity and should 

therefore be avoided. 135 

IV paracetamol is a common component of multimodal postoperative pain 

management after cardiac surgery. However, recent studies have found that IV 

paracetamol may have the propensity to cause hypotension upon administration in the 

critically ill and postoperative surgical patient cohorts.125-134  In the previous studies 

described in this thesis, IV paracetamol caused statistically significant decreases in 

systemic blood pressure in healthy volunteers160 and preoperative cardiac surgery 

patients.168  Additionally, in the healthy volunteers study, the administration of IV 

paracetamol also resulted in a statistically significant decrease in systemic vascular 

resistance index. In light of this, the study recommended investigation as to the effects 

of IV paracetamol in patients with lowered systemic vascular resistance states. The 

haemodynamic effects of IV paracetamol has not been examined in the postoperative 

setting of cardiac surgery. It is anticipated that the effects drawn from the previous 

studies would be exaggerated in this study population given its increased risk for 

haemodynamic instability. Importantly, IV paracetamol is often a component of 

postoperative multimodal pain management. The results of this study would add to a 

corpus of literature surrounding the safety and efficacy of IV paracetamol in patients 



 

169 
 

following major cardiac surgery, and critically ill patients with similar haemodynamic 

conditions.  

Figure 24, located at the beginning of this chapter, provides a summarised overview 

of the study design.  

Research question 

Does the administration of IV paracetamol cause any acute decreases in blood 

pressure when given postoperatively to elective cardiac surgery patients? 

Hypothesis 

This study tests the hypothesis that the IV paracetamol formulation (1 g paracetamol 

+ 3.91 g mannitol per 100 mL) would lower blood pressure when administered 

postoperatively to elective cardiac surgery patients when compared with IV 0.9% 

normal saline (100 mL) (placebo).   

Study aims  

The haemodynamic effects of IV paracetamol have not been investigated in the context 

of postoperative elective cardiac surgery patients. We compared the physiological 

effects of IV mannitol-containing paracetamol with IV 0.9% normal saline in 

postoperative elective cardiac surgery patients to determine if IV paracetamol 

produces any decreases in blood pressure. 

Clinical significance  

IV paracetamol is routinely used as an adjunct in multimodal postoperative pain 

management therapy. It is considered an attractive alternative to opioid and NSAID 

use given its good safety profile and since it has been found to have opioid-sparing 

properties. However, recently, it was found to cause transient hypotension in 

preoperative elective cardiac surgery patients. A finding that IV paracetamol continues 

to cause hypotension in the postoperative cardiac surgical setting may influence its 

ubiquitous use in hospitals and specifically in all patients at risk of haemodynamic 

instability.  
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Ethics approval 

The Austin Health Research and Ethics Committee approved the ethical aspects of 

this research study (number 05006/2013). All participants gave written informed 

consent. The study was conducted between July 2013 and October 2014. Prior to the 

commencement of this study, the study design and methodology underwent critical 

peer review by the both the heads of the Department of Anaesthesia and the 

Department of Intensive Care as well as specialist staff members within these fields. 

Additionally, a National Ethics Application Form, Participant Information and Consent 

Form, and a Site-Specific document was completed to fulfil the complete ethical 

requirements as per hospital protocol at Austin Health. Ethics and regulatory approvals 

were obtained in accordance with the National and Medical Research Council of 

Australia guidelines. The study was conducted in accordance with the National 

Statement on Ethics Conduct in Research Involving Humans, the Helsinki Declaration 

and its subsequent amendments, the International Conference on Harmonization and 

World Health Organization Good Clinical Practice standards. 

The detailed study budget is summarised in Table 16.  

Registration with Australian and New Zealand Clinical Trials Registry 

This clinical trial has been registered with the Australian New Zealand Clinical Trials 

Registry.  

Australian New Zealand Clinical Trials Registry number: 12 615 001 099 516. 

Power analysis 

Sample size for the study was calculated based on our pilot data evaluating patients 

undergoing cardiac surgery at Austin hospital. The open source calculator OpenEpi 

(http://www.openepi.com/OE2.3/SampleSize/SSMean.htm) was used to determine 

the power calculations. With an average blood pressure of 120 mmHg, and a SD of 10 

mmHg, in order to demonstrate a mean difference between the paracetamol group and 

control group of 10 mmHg, with a power value of 80%, a minimum of 18 participants 

would be required to be recruited into each group. 

http://www.openepi.com/OE2.3/SampleSize/SSMean.htm
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To allow for violations or breaches in study protocol, it was planned for 25 participants 

to be recruited in each arm, a total of 50 participants. 

Inclusion criteria: 

• All elective cardiac surgery patients > 18 years old 

• Undergone elective cardiac surgery (coronary artery bypass graft and/or valve 

replacement or valve repair) requiring cardiopulmonary bypass. 

• Postoperative Intensive Care Unit stay 

Exclusion criteria: 

• Paracetamol or NSAID use 24 hours prior to the study (in paracetamol only or 

in combination therapy); 

• Pregnancy; 

• Intellectual disability; 

• Known liver impairment (ALT > 200 IU/L); 

• Chronic renal impairment (250 umol/L); 

• Morbid obesity (BMI > 35 kg/m2); 

• Known allergic reaction to any of the study drugs; 

• Consumption of caffeine (e.g. coffee or energy drinks) ≤ 12 hours prior to 

participation. 

Consent process and participant competence 

Between July 2013 and October 2014, all patients undergoing cardiac surgery with the 

requirement of cardiopulmonary bypass were evaluated preoperatively at the 

anaesthesia pre-admissions clinic at least 1-2 weeks prior to surgery. Participants were 

identified for study entry by either study investigators or an anaesthetist acting on 

behalf of the principle investigators by surveillance of patients in the pre-admissions 

clinic. Participants were identified from their preoperative medical records and surgical 

notes. Written informed consent was an eligibility requirement for this study. 

A thorough assessment of the participant’s competence and capacity to make a valid 

informed decision was made by one of the study investigators prior to the participant 

being recruited. All participants were deemed competent if they: 
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1. Were able to comprehend and retain information relevant to making the decision; 

2. Understood the information and implications of the decision 

3. Were able to weigh the information in the balance and arrive at a decision 

Once competence was established, the participant was presented with a Patient 

Information and Consent Form (PICF) (APPENDIX 3). This form explained the study 

protocol as well as other study-related information in plain-language. Participants read 

the PICF and were invited to ask any questions pertaining to the study. It was made 

clear to the participant that participating in the study was on a completely voluntary 

basis and withdrawal or refusal to participate in the study would not affect the 

relationship the participant had with the study doctors or Austin Health. Participants 

were informed that withdrawal or refusal to participate in the study would in no way 

compromise the standard of care for any participant undergoing their procedure. 

Participants were reassured that both groups of participants would receive 

anaesthetic, perfusion and surgical treatment that is standard of care at Austin Health 

for all patients undergoing cardiac surgery involving the cardiopulmonary bypass 

machine. Participants were given the PICF to take home with them and were 

encouraged to use the contact information provided on the PICF should they have any 

further questions or wish to subsequently withdraw from the study. Participants were 

informed that no financial or other benefits would be offered to participants or study 

doctors in relation to this study.  

Randomisation and allocation of the randomisation code 

This study was conducted as double-blinded, placebo-controlled randomized clinical 

trial. Prior to the commencement of the study, an independent research nurse 

randomized the participants using a computer-generated random number allocation 

system. This randomization process generated a computerized sequence of fifty (50) 

allocation codes, 25 for each group via 5 randomly permuted blocks of 10 participants.  

Participants were randomized to receive either: 

1. Intravenous paracetamol group: to receive 100 mL Actavis IV paracetamol (1 g 

paracetamol + 3.91 g mannitol); 

2. Control group: to receive 100 mL IV 0.9% normal saline. 

Participants received their own unique randomization code using a computer-
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generated Randomization program (www.randomization.com). Random permutations 

of treatments for each subject were created using the Randomization program second 

generator application (seed number: 21481), and entering ‘Paracetamol’, and ‘Normal 

Saline’ as the treatment labels. After randomization, a hard copy of the results 

containing all 50 randomization codes was individually sealed in an opaque envelope. 

This envelope was only opened by principle investigators after statistical analysis was 

completed. The group allocation of each participant was printed and sealed in 

individual envelopes. Each participant had a total of one envelope for this study, one 

for their assigned treatment arm. Independent pharmacy staff received the 

randomization order and prepared all study drugs along with sealed allocation codes 

in sequentially numbered opaque envelopes. Prior to completion of statistical analysis, 

only the independent pharmacy staff member knew the exact identity of the group 

allocation of the participants. All study participants and researchers were blinded to 

these codes until the end of data collection.   

The randomization code was located on the bottom right hand corner of the trial vial. 

Each participant received their own unique randomization code. The randomization 

code allocated to each participant matched their participant number in the trial i.e. 

Participant 1 had the randomization code: PCT1 (PCT denoted paracetamol cardiac 

trial, 1 denoted the participant number). Given that both trial fluid bottles contained the 

exact same study drug, both trial fluid bottles shared the same randomization code. 

Conventionally, a single randomization code is allocated to either study drug. 

Bypassing this ensured that the identity of the trial drugs was not compromised if it 

became necessary to “unblind” the bottles during the study period. 

Blinding 

The trial was conducted in a double blinded fashion. As such, all study investigators 

and participants were blinded to the trial fluid intervention. Treatment allocation was 

only revealed after data analysis was performed. Independent hospital pharmacy staff 

provided the solutions in identical unmarked blinded vials. The study required the use 

of 100 mL blinded fluid vials. The vials looked identical for all treatment arms and 

labelled as per Figure 25.  

 

http://www.randomization.com/
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Primary outcome measure 

1. Changes in systolic blood pressure 30 minutes after infusion. 

Secondary outcome measure 

1. Changes in diastolic blood pressure and mean arterial pressure; 

2. Changes in pulmonary artery pressures (PAPs); 

3. Changes in central venous pressure (CVP); 

4. Changes in cardiac index; 

5. Changes in systemic vascular resistance index (SVRI); 

6. Changes in heart rate (HR). 

Other data collected 

1. Postoperative fluid used; 

2. Postoperative noradrenalin used; 

3. Adverse events. 

Patient demographics collected 

• Age; 

• Gender; 

• Body mass index; 

• Coexisting conditions. 

Normal reference ranges 

Normal reference values for these end points were MAP 70-105 mmHg, SBP 100-140 

mmHg, DBP 60-90 mmHg, SVRI 1970-2395 mmHg/L/min/m2, cardiac index 2.5–4.0 

L/min/m2, HR 60-90 beats/min. 

Data entry and protocol 

Prepared paper data collection forms were used for data entry to ensure 

comprehensive and identical collection of data at all the prescribed time points. 

Participant demographics were collected from preoperative medical records and 

surgical notes found in electronic medical records at the Austin Hospital. Postoperative 
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haemodynamic variables were retrieved and printed directly from stored data on the 

Philips® Intellivue MP50 patient bedside monitor (Philips, Andover, MA). Cardiac index 

was documented by an independent Intensive Care Unit nurse who was in charge of 

the postoperative care of the participant. All haemodynamic variables were manually 

entered onto the prepared paper data collection form on completion of the study.  

Preparation of trial drug vials 

For the purposes of this study, two (2) trial bottles were required per participant. The 

bottles corresponding to the allocated treatment arm was prepared after the 

participated were admitted to the Surgery and Endoscopy Centre preoperative 

admissions unit. To ensure that blinding protocol was followed, the independent 

pharmacy staff member affixed one label with the participant’s unique randomization 

code onto one empty trial bottle. The envelope containing the participant’s individual 

group allocation was then opened and the designated trial drug was transferred to the 

prepared bottle. The group allocation of these two bottles for this postoperative study 

was identical to the bottle prepared for the same participant in the previously reported 

preoperative study. This method ensured that the participant would receive only the 

study drug that corresponded to their group allocation. 

Analytical methodology 

The arterial line (Leardale, Vygon, UK) inserted in the non-dominant hand of the 

participant was used to measure systolic blood pressure, diastolic blood pressure. The 

continuous cardiac output pulmonary artery catheter (CCombo, Edwards Lifesciences, 

North Ride, NSW) inserted via the right internal jugular vein was used to measure 

continuous cardiac output, central venous (CVP) and pulmonary artery pressure 

measurements   

Measurements were recorded at the following time points: baseline, 15 mins and 30 

mins after the start of the postoperative infusions, with hourly measurements for six 

consecutive hours. Other data collected included baseline patient characteristics, 

postoperative use of fluids and noradrenalin medications and adverse events. 
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Standardisation of study setting 

All patients were fasted two hours for clear fluids and six hours for a light meal. 

Preoperative data collection was conducted. On the day of surgery, an independent 

clinical pharmacist prepared three 100 mL IV infusions for the purposes, one for the 

previous preoperative study and two for this postoperative study. All trial drug bottles 

contained paracetamol (1 g paracetamol + 3.91 g mannitol/100 mL) (Actavis Australia, 

The Rocks, NSW, Australia), or saline 0.9% (100 mL) (placebo) (Baxter Healthcare, 

Toongabbie, NSW, Australia) as a control.  

Using a standardized technique and following standardized anaesthesia protocol for 

patients undergoing cardiac surgery at Austin Health, all patients had a 15cm 20G 

arterial line (Leardale, Vygon, UK) (Figure 18) inserted into their non-dominant brachial 

artery, and a continuous cardiac output pulmonary artery catheter (CCombo, Edwards 

Lifesciences, North Ride, NSW) (Figure 19) inserted via the right internal jugular vein. 

Following the insertion of these invasive haemodynamic monitoring methods, 

participants were administered the first dose of the study drug. The study drug was 

infused at room temperature over 15 minutes. To ensure that all 100 mL of the study 

drug had been infused, a second bolus of 100 mL normal saline was administered. 

The time for the start of infusion was recorded. After a 30 minute observation period 

participants were then transferred into the operating room and underwent anaesthesia 

and surgery as per standard anaesthesia and surgical care. 

Postoperatively, participants were placed in a supine position on a standard hospital 

bed with their heads raised at 45º and resting on a pillow for comfort and were 

transferred to the Intensive Care Unit (ICU) for standardized postoperative monitoring 

and care. As part of routine postoperative care, the use of the arterial line and the 

CCombo pulmonary artery catheter inserted preoperatively was preserved to ensure 

continuous and comprehensive haemodynamic monitoring. During their post-cardiac 

surgery ICU stay, participants received a second dose of IV paracetamol (henceforth 

referred as the first postoperative dose) six (6) hours after receiving the first, 

preoperative dose of trial drug. A second postoperative trial drug administration was 

infused 6 hours after receiving the first postoperative dose of the trial drug. 
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Reporting adverse events 

During the study period, participants were encouraged to disclose if they had 

experienced or were experiencing any adverse effects as a result of the administration 

of the trial drug. As it would be difficult to inquire about adverse effects following 

surgery, any adverse events were reported on the prepared data collection form. The 

prepared data collection forms contained an identical list of likely adverse events 

following cardiac surgery as well as an option to detail any other postoperative adverse 

events. Postoperative adverse events were collected via postoperative medical and 

surgery records during the study period while the patient remained in the intensive care 

unit.   

Protocol for the assessment and treatment of hypotension and other adverse 
events 

In this study, in order to avoid any safety concerns with adverse haemodynamic 

effects: if a clinically significant decrease in blood pressure was observed (i.e. > 20% 

from baseline blood pressure), protocol dictated that it would be managed as per 

conventional treatment for any hypotensive patient. The study drug will be immediately 

stopped. As per standard anaesthetic protocol, hypotension would be treated firstly by 

tilting the bed head down to increase flow of blood to the heart. If blood pressure failed 

to normalize after 1 minute of this treatment, the study doctor would administer a 

conventional drug (metaraminol) to increase blood pressure. If paracetamol was 

required for medical reasons e.g. severe fever, the study drug would be unblinded and 

participants would still be able to receive paracetamol if clinically required.  

Statistical Methodology 

Statistical analysis was performed using commercial statistical software STATA/IC 

v.13 with a p value of 0.05 to indicate statistical significance. The analysis population 

was defined as intention to treat. During data collection, there were no missing 

observations. The primary endpoint (change in SBP from the baseline to 30 min) was 

analyzed using an ANCOVA model with the SBP value at 30 min as an outcome, the 

treatment group as a factor, and the baseline SBP value as a treatment covariate. All 

other endpoints were analyzed using random effect generalized least squares 

regression modelling (GLS) due to the repeated measures nature of the data. Both the 

effect of treatment adjusted for time and treatment-by-time interaction were estimated 

using respective GLS models.  We tested two separate questions: “what is the average 
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difference in the outcome between the groups (adjusting for time)?” - this is the group 

effect, and “is the rate of increase/decrease in outcome over time similar or different 

between two groups?” - this is the time-by-treatment interaction. The p-value for 

treatment is the measure of evidence against the null hypothesis of no difference 

between the groups assuming an arbitrary time point – in clinical terms, what we are 

saying is that assuming similar timing, there is little difference between two groups on 

a specific outcome; the p-value for treatment-by-time interaction is the measure of 

evidence against the null hypothesis of two groups having the same slope in the 

change of a given outcome over time – in clinical terms, we are saying that the way a 

specific outcome changes over time is different in two groups, i.e. we are looking at a 

difference (between groups) in differences (in values of an outcome over time). Model 

adjustments for patient’s age, body mass index (BMI), gender and Euroscore II, 

surgery duration, cardiopulmonary bypass, postoperative fluid intervention and 

postoperative noradrenalin use were performed to estimate the robustness of the 

results.  

No changes to the methods or outcomes measured were required after trial 

commencement. No interim analysis was conducted. 
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Measurement and data collection 

Collection of haemodynamic variables 

Haemodynamic variables including systolic blood pressure, diastolic blood pressure, 

mean arterial pressure, systemic vascular resistance index, cardiac index, stroke 

volume index and heart rate were measured and collected continuously via either the 

arterial line or the continuous cardiac output pulmonary artery catheter as described 

previously.  

Data collection 

All haemodynamic data, as well as participant demographics and other study data was 

collected and transcribed onto a prepared paper data collection form (Table 17). At the 

end of the study period, the data was transcribed in electronic spreadsheet format. The 

use of individual randomisation codes per participant ensured participant anonymity. 

Participant information such as full name and date of birth, home address, telephone 

number or any other identifying personal information was omitted from any publication.    

Safe data storage 

All data from the patient data collection form was transcribed to electronic form in 

spreadsheet format. Only the principal investigators had access to the electronic 

databases.  

Information in electronic form was contained in a password-protected database on a 

dedicated hard drive in the Department of Anaesthesia. Data remains password 

protected on a dedicated storage file set up by the Information Technology department 

at Austin Hospital. Only the principle investigators will have access to this electronic 

database. Any paper data remains locked in dedicated research storage drawers in 

the Department of Anaesthesia. 

All data records both electronic and paper will be retained for 15 years prior to 

destruction/shredding in accordance with Good Clinical Practice for clinical trials. 

Information will be disposed of securely by shredding of paper documents and 

permanent erasure of electronic data. Any back up in the form of CD discs or DVD's 

will be destroyed. 
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Results 

CONSORT diagram 

Sixty one participants (61) were screened for eligibility for the trial at the anaesthesia 

pre-admissions clinic at least 1-2 weeks prior to surgery. Eight (8) patients required 

more complex cardiac operations and were withdrawn. Three (3) patients had surgery 

cancelled. Withdrawal was prior to randomization. Fifty (50) participants consented for 

this study and were randomized to receive either IV paracetamol or normal saline in a 

randomly allocated order. All participants completed their study intervention, and there 

were no breaches in the trial protocol. In total, 50 participants completed the study and 

their data was analyzed. The CONSORT flow diagram demonstrating the progression 

of the study through its different trial phases is presented in Figure 26. 

Key dates 

 

Date of Ethics Approval:    June 2013 

Date of first patient recruited:   July 2013 

Date of last patient recruited:   October 2014 

 

Demographic data: participant demographics 

A summary of postoperative fluid and noradrenalin use as well as patient 

demographics is found in Table 18. The mean (SD) ventilation time was 2822 (1346) 

mins in the paracetamol group and 5069 (8621) mins in the normal saline group. The 

length of ICU stay was 47.0 (22.4) hours in the paracetamol group and 43.8 (26.7) 

hours in the normal saline group (p=0.13). Duration of hospital stay was 8.8 (4.1) days 

in the paracetamol group vs. 10.4 (6.9) days in the normal saline group (p=0.03).    

Primary end point: SBP 

After the two postoperative infusions of paracetamol there was no significant difference 

in systolic blood pressure compared to normal saline (Tables 19 and 20 and Figure 

27). After adjustments for age, BMI, gender, Euroscore, ventilation time, surgery 

duration, cardiopulmonary bypass time, use of postoperative fluids and noradrenalin, 

there were still no haemodynamic differences between the groups.  
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Secondary end point: DBP, and MAP 

After the two postoperative infusions of paracetamol there was no significant difference 

in diastolic blood pressure or mean arterial pressure compared to normal saline 

(Tables 19 and 20 and Figures 28 and 29). After adjustments for age, BMI, gender, 

Euroscore II, surgery duration, cardiopulmonary bypass time, ventilation time, use of 

fluids and noradrenaline, there were still no haemodynamic differences between the 

groups. 

Secondary end points: SVRI, CI, PAPs, CVP, and HR 

Analyses of cardiac index, PAPs – systolic pulmonary artery pressure (sPAP), diastolic 

pulmonary artery pressure (dPAP) and mean pulmonary artery pressure (mPAP), as 

well as CVP, and HR showed no statistical significance in their interaction between 

paracetamol and normal saline. There were no significant changes in blood pressure 

between the groups after adjustments for age, BMI, gender and Euroscore II, 

ventilation time, surgery duration, cardiopulmonary bypass time, use of postoperative 

fluids and noradrenalin. (Tables 19 and 20).  

Adverse events:  

There were no reported adverse events associated with the use of the trial drugs. 

There were no deaths throughout the study period. 
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Discussion 

Key study findings 

We performed a randomized blinded controlled trial comparing the haemodynamic 

effects of IV paracetamol and placebo (saline) in patients during their postoperative 

cardiac surgery intensive care stay. The early intense pain following major surgeries, 

including cardiac surgery is complex due to placement of the endotracheal tube, wound 

drains and pain at the incision site. Postoperatively, IV paracetamol administration is 

preferred over oral and rectal formulations due to its reliable absorption, faster time to 

achieve clinically relevant plasma concentrations and pre-existing cannula. 

Paracetamol has been advocated as a first line analgesic for patients with coronary 

artery disease on the assumption of its greater cardiovascular safety.74 Current 

guidelines have recommended paracetamol as a safe and efficacious analgesic for 

patients including undergoing high-risk surgeries including cardiac surgery.74-76 

However, recently the use of IV paracetamol has been linked with the occurrence of 

transient hypotension in healthy volunteers, critically ill patients and in preoperative 

cardiac surgery patients. To date this is the first study to investigate haemodynamic 

effects of two separate postoperative administrations of 1 gram IV paracetamol in 

patients who have undergone elective cardiac surgery. Our findings showed no 

statistical or clinical change in blood pressure and flow parameters following both 

administrations.  

Relationship to previous studies 

Emerging clinical data has suggested that IV paracetamol has a propensity to cause 

hypotension in critically ill patients.125-134 Of these studies, three examined the 

antipyretic effects of IV paracetamol in the context of intensive care and medium care 

patients. Boyle et al. investigated the changes of skin blood flow and blood pressure 

on administration of paracetamol.125 The study found that paracetamol may produce 

reduced blood pressure, however was unable to determine whether the enteral, 

intravenous or either formulation was responsible for these effects. Additionally, the 

dosages of paracetamol ranged from 500 mg to 1 g. The haemodynamic effects of 

intravenous paracetamol was compared with two NSAIDs (metamizole and 

dexketoprofen) in critically ill patients.128 IV paracetamol was found to cause a 

significant decreases in mean blood pressure 30 minutes after infusion to 120 minutes 

after infusion. Of note was the lack of placebo and that all three drugs exhibited 
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hypotensive effects on patients. Both of these studies investigated a general intensive 

care population and did not consider whether certain subgroups within this population 

might be at greater risk of hypotension following the administration of IV paracetamol. 

Conversely, Picetti et al. was the first study to look specifically at the haemodynamic 

effects of IV paracetamol in a neuro-intensive care unit.129 IV paracetamol was deemed 

an efficacious antipyretic, however caused a clinically significant reduction in blood 

pressure with requirements for norepinephrine administration for haemodynamic 

stabilization. The need for rescue fluids and use of vasopressors to correct 

haemodynamic alterations following administration of IV paracetamol has been 

documented.125,126 The mannitol-containing formulation Perfalgan was used in this 

study and may have played a role in the observed hypotension considering its high 

mannitol content and the likely concomitant use of mannitol in this patient cohort. As 

an analgesic, when administered to mostly haemodynamically stable postoperative 

intensive and medium care patients, IV paracetamol caused clinically significant 

reductions in blood pressure.126 Importantly, these studies were limited by the small 

patient numbers, lack of randomization and blinding, lack of placebo, retrospective 

design and/or anecdotal nature.  

Krajcova et al., proposed a possible mechanism for hypotension following IV 

paracetamol administration to be vasodilation, due to a reduction in systemic vascular 

resistance.131 This theory was supported by a healthy volunteer study; however, these 

results were not replicated in preoperative cardiac surgery patients. It was suggested 

that these effects should be examined in patients with lowered SVR states, such as 

postoperative cardiac surgery patients. 

The present study identified the effects of IV paracetamol on haemodynamics 

specifically in postoperative cardiac surgery patients during their intensive care stay. 

Maintenance of stable haemodynamics in postoperative cardiac surgical patients is 

critical and the use of fluids and vasoactive drugs is often required. Unlike the previous 

studies, there were no statistically, nor clinically significant reductions in blood pressure 

observed during intensive care stay.  

Study implications 

Our findings may be relevant beyond cardiac surgery itself. Appreciation of the 

haemodynamic effects of paracetamol should be of greater importance to physicians 
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as use of IV paracetamol is ubiquitous in the hospital setting, where it is widely used 

as both an analgesic and antipyretic.1 In this regard, knowledge of the likely effects of 

IV paracetamol on blood pressure should permit better choice of timing of infusion and 

correct assessment when considering its use in patient subgroups that are already 

haemodynamically compromised. Whilst the proposed hypotensive effect of IV 

paracetamol has largely been documented in the intensive care population, the 

aetiology of haemodynamic derangements in this setting is varied.  

The clinical significance of this study is two consecutive postoperative doses of IV 

paracetamol did not negatively alter haemodynamics. MAP tends to be lowered during 

the first hours of the postoperative intensive care stay and can often be highly dynamic. 

As such, it was initially predicted that the use of a drug such as IV paracetamol, which 

has previously been reported to reduce MAP, should be carefully considered. Whilst a 

preoperative dosage of IV paracetamol caused a significant decrease in MAP, SBP 

and DBP, postoperatively its use appears to be safe. This may be due to the restorative 

nature of CABG and valvular surgeries. Future larger scale studies would be required 

to support this theory.  

Strengths and limitations 

Our study has several methodological strengths compared to previous studies. It is 

blinded and randomized, thus minimizing allocation, selection and assessment bias 

and increasing internal validity. All haemodynamic variables measured were assessed 

invasively and were not amenable to ascertainment bias or derivation. The 

concealment of the intervention to all clinicians further decreased bias. Finally, we used 

robust statistical methods to adjust for important variables that frequently impact on 

blood pressure in a cardiac surgical setting.  

There are also some limitations to our study. We do not know whether our results are 

applicable to more complex cardiac surgery, other scheduled (or emergency) types of 

operations, or to older, sicker or morbidly obese patients. However, it seems likely that 

if effects are seen with elective coronary artery surgery, similar or even greater effects 

might be seen with other types of surgery. We also cannot extrapolate our paracetamol 

infusion results to different combinations of rate, duration or route. However, the dose 

and speed of administration in our patients reflect clinical practice and 

recommendations. The findings with IV paracetamol are likely not relevant to oral or 

per-rectum paracetamol, where the absorption is slower and any haemodynamic 



 

185 
 

effects that might exist are attenuated. We cannot provide information on the 

mechanism of paracetamol-associated hypotension. However, we have previously 

demonstrated in volunteers that the hypotensive effect does not appear related to the 

mannitol present in the IV solution as excipient.  
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Summary 

In summary, in a randomized blinded trial comparing the effects of IV paracetamol and 

placebo (saline) on haemodynamics before and after cardiac surgery, we found that 

the postoperative administration of mannitol-containing IV paracetamol caused no 

significant decreases in blood pressure. Our findings provide plausible physiological 

evidence that the administration of IV paracetamol should be used cautiously before 

cardiac surgery. 
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Table 16 Detailed study budget (postoperative cardiac surgery study) 

Study Drugs 
 

Item Year 1 

Cost of intravenous paracetamol 

100 mL Actavis IV paracetamol: 
Cost: $1.00 per unit 

 

$50.00 

Cost of 0.9% normal saline 

100 mL 0.9% normal saline 

Cost: $0.50 per unit 

 

$25.00 

 
Maintenance  
 

Item Year 1 

Computer consumables (printing, paper, ink) 500 

Professional statistical consultation  2,000 

Other Items 

Item Year 1 

Fee to Human Research Ethics Committees: Investigator initiated   $200 

 

Total (AUD) 
$2775.00 
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Table 17 Data collection form (postoperative cardiac surgery study) 

 

Data Collection Form (Page 1 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 

DEMOGRAPHICS 
 

 
Patient Study Number:       ……………………         
 
Hospital UR number:       ……………………           
   
         
DEMOGRAPHICS:  

Gender (fill one circle ●):     ○ M  
○ F 

    
Age (years):       ………....... 
Height (cm):       ………....... 
Weight (kg):      ………....... 
 

 
PRE-EXISTING MAJOR MEDICAL CONDITIONS:  
(fill one circle ● for each line)  
 

Hypertension ?     ○ Y ○ N  
Peripheral vascular disease?   ○ Y ○ N  

  Diabetes      ○ Y ○ N 
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Data Collection Form (Page 2 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in Patients Undergoing Cardiac Surgery 

(postoperative) 

 

GENERAL OVERVIEW OF DATA COLLECTION TIME POINTS 
 

 Haemodynamic parameters Baseline 15 mins 30 mins 1 hr 2 hr 3hr 4 hr 5 hr 6 hr 

M
e

a
s

u
re

m
e

n
ts

 

(1
s
t  
a

d
m

in
is

tr
a
ti

o
n

) Systolic blood pressure          

Diastolic blood pressure          

Mean arterial pressure          

Pulmonary artery pressure          

Central venous pressure          

Systemic vascular resistance          

Heart rate          

Cardiac output          

Cardiac index          

 

 Haemodynamic parameters Baseline 15 mins 30 mins 1 hr 2 hr 3hr 4 hr 5 hr 6 hr 

M
e

a
s

u
re

m
e

n
ts

 

(2
n

d
 a

d
m

in
is

tr
a
ti

o
n

) Systolic blood pressure          

Diastolic blood pressure          

Mean arterial pressure          

Pulmonary artery pressure          

Central venous pressure          

Systemic vascular resistance          

Heart rate          

Cardiac output          

Cardiac index          
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Data Collection Form (Page 3 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

BASELINE (1) 
 

 

Date: __________ 
 

 

Time: __________ 
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Data Collection Form (Page 4 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

15 MINUTES POST 
START OF INFUSION (1) 

 

 

Date: __________ 
 

 

Time: __________ 
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Data Collection Form (Page 5 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

30 MINUTES POST 
START OF INFUSION (1) 
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Data Collection Form (Page 6 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

1 HOUR POST START 
OF INFUSION (1) 
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Data Collection Form (Page 7 of 21)  
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

2 HOURS POST START 
OF INFUSION (1) 
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Data Collection Form (Page 8 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

3 HOURS POST START 
OF INFUSION (1) 
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Data Collection Form (Page 9 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

4 HOURS POST START 
OF INFUSION (1) 
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Data Collection Form (Page 10 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

5 HOURS POST START 
OF INFUSION (1) 
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Data Collection Form (Page 11 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

6 HOURS POST START 
OF INFUSION (1) 
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Data Collection Form (Page 12 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

BASELINE (2) 
 

 

Date: __________ 
 

 

Time: __________ 
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Data Collection Form (Page 13 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

15 MINUTES POST 
START OF INFUSION (2) 

 

 

Date: __________ 
 

 

Time: __________ 
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Data Collection Form (Page 14 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

30 MINUTES POST 
START OF INFUSION (2) 
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Data Collection Form (Page 15 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

1 HOUR POST START 
OF INFUSION (2) 
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Data Collection Form (Page 16 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

2 HOURS POST START 
OF INFUSION (2) 
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Data Collection Form (Page 17 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

3 HOURS POST START 
OF INFUSION (2) 
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Data Collection Form (Page 18 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

4 HOURS POST START 
OF INFUSION (2) 
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Data Collection Form (Page 19 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

 

Date: __________ 
 

 

Time: __________ 
 

 

5 HOURS POST START 
OF INFUSION (2) 
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Data Collection Form (Page 20 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

Date: __________ 
 

 

Time: __________ 
 

 

6 HOURS POST START 
OF INFUSION (2) 
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Data Collection Form (Page 21 of 21) 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients Undergoing Cardiac Surgery (postoperative) 

 
 
 

FINAL DATA 
 

Total postop fluids used (mL)  

Total postop noradrenalin used (mL)  

Surgery duration (mins)  

Duration of ICU stay (hours)  

Duration of hospital stay (hours)  

 

ADVERSE EVENTS (in hospital) 
 

Hypotension      ○ Y ○ N  
Myocardial infarction    ○ Y ○ N  

  Arrythmia      ○ Y ○ N 
Pulmonary oedema     ○ Y ○ N  
Cerebra vascular event    ○ Y ○ N  

  Pulmonary embolus     ○ Y ○ N 
Pneumonia      ○ Y ○ N  
Would infection     ○ Y ○ N  

  Return to theatre     ○ Y ○ N 
In hospital death     ○ Y ○ N  
Need for blood transfusion    ○ Y ○ N  

  MET call      ○ Y ○ N 
 
  REASON FOR MET CALL ________________________ 
 
  Other complication (please specify)  ○ Y ○ N 
 
  Other complication ______________________________ 
 
 
  Other complication (please specify)  ○ Y ○ N 
 
  Other complication _____________________________ 
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Table 18  Summary of participant demographics (postoperative cardiac 

surgery study) 

Preoperative characteristics 
Paracetamol 

(N=25) 
0.9% normal 
saline (N=25) 

Age (years)  66.9 (11.9) 67.8 
(10.4) 

Male gender 20 (80%)  22 
(88%) 

Weight (kg) 82.3 (16.6) 88.9 
(17.8) 

Height (cm) 172.2 ± 10.2 172.3 
± 9.7 

Coexisting conditions    

Euroscore II (0.6) 1.5 
(1.4) 

 

Postoperative characteristics 
Paracetamol 

(N=25) 
0.9% normal 
saline (N=25) 

p 
value 

Postoperative fluid (mL) 3284 (1078) 2894 
(1051) 

0.2 

Postoperative noradrenalin (mcg) 1288 (2070) 1682 
(2470) 

0.5 

Ventilator time (mins) 2822 (1346) 5069 
(8621) 

0.2 

Duration of ICU stay (hours) 47.0 (22.4) 43.8 
(26.7) 

0.1 

Duration of hospital stay (days) 8.8 (4.1) 10.4 
(6.9) 

0.03 

 

Data is mean (standard deviation) or number (proportion in percentage)
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Data are mean (standard deviation) and 95% confidence intervals (95% CI) 

Table 19   Changes in postoperative haemodynamics in patients receiving IV paracetamol administered immediately after cardiac 
surgery  

  Baseline 15 mins 30 mins 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr 
Mean 

difference 
95% CI p value 

(treatment) 
p value (treatment-
by-time-interaction) 

SBP 
(mmHg) 

Paracetamol 103 (11) 103 (11) 107 (16) 102 (11) 
104 
(13) 

110 
(21) 

108 
(13) 

112 
(12) 

109 
(11) 

-9.99 -22 to 2 0.1 0.006 
0.9% normal 

saline 
115 (21) 117 (26) 113 (25) 116 (22) 

157 
(27) 

106 
(20) 

107 
(18) 

105 
(16) 

108 
(12) 

DBP 
(mmHg) 

Paracetamol 56 (9) 56 (9) 57 (9) 55 (8) 55 (8) 59 (12) 57 (10) 59 (10) 57 (10) 
-0.43 -6 to 5 0.87 0.018 

0.9% normal 
saline 

61 (18) 60 (17) 60 (18) 59 (14) 58 (11) 55 (10) 56 (10) 54 (10) 58 (12) 

MAP 
(mmHg) 

Paracetamol 72 (9) 72 (9) 74 (11) 71 (8) 72 (8) 76 (13) 75 (9) 77 (9) 75 (9) 
-0.15 -5 to 5 0.96 0.006 

0.9% normal 
saline 

79 (17) 79 (21) 76 (23) 78 (18) 76 (14) 76 (22) 73 (12) 71 (12) 74 (11) 

sPAP 
(mmHg) 

Paracetamol 35 (11) 35 (10) 37 (11) 36 (10) 37 (10) 39 (12) 37 (11) 37 (10) 35 (10) 
0.75 -4 to 5 0.75 0.53 0.9% normal 

saline 
35 (9) 35 (10) 35 (10) 35 (7) 36 (7) 37 (7) 38 (6) 35 (8) 35 (7) 

dPAP 
(mmHg) 

Paracetamol 18 (5) 18 (5) 18 (6) 18 (5) 18 (5) 20 (6) 19 (5) 18 (5) 17 (5) 
0.53 -2 to 3 0.64 0.74 0.9% normal 

saline 
18 (7) 18 (7) 18 (6) 18 (5) 18 (4) 18 (4) 18 (3) 17 (4) 17 (4) 

mPAP 
(mmHg) 

Paracetamol 24 (7) 24 (6) 25 (7) 25 (6) 25 (6) 27 (8) 26 (7) 26 (6) 24 (7) 
0.76 -2 to 4 0.59 0.69 0.9% normal 

saline 
24 (7) 25 (7) 24 (7) 25 (5) 24 (7) 25 (4) 25 (4) 24 (5) 24 (4) 

CVP 
(mmHg) 

Paracetamol 12 (4) 13 (6) 13 (8) 13 (4) 12 (4) 14 (5) 13 (4) 13 (4) 12 (4) 
0.36 -1 to 2 0.7 0.33 0.9% normal 

saline 
13 (5) 12 (5) 13 (5) 12 (5) 12 (4) 13 (4) 12 (4) 11 (5) 13 (3) 

HR 
(beats/min) 

Paracetamol 90 (12) 90 (12) 91 (11) 90 (11) 90 (14) 91 (16) 91 (14) 91 (13) 90 (14) 
2.23 -3 to 8 0.43 0.69 0.9% normal 

saline 
88 (8) 87 (8) 87 (9) 87 (7) 90 (8) 89 (9) 89 (10) 88 (9) 87 (8) 

Cardiac index 
(L/min/m2) 

Paracetamol 2.49 (0.48) 2.58 (0.56) 2.68 (0.52) 2.59 (0.44) 
2.67 

(0.60) 
2.73 
(0.59) 

2.79 
(0.73) 

2.77 
(0.64) 

2.78 
(0.61) 

-0.07 
-0.3 to 
0.18 

0.57 0.005 
0.9% normal 

saline 
2.57 (0.58) 2.54 (0.55) 2.57 (0.57) 2.65 (0.58) 

2.69 
(0.53) 

2.81 
(0.48) 

2.89 
(0.64) 

3.09 
(0.98) 

2.92 
(0.79) 

SVRI 
(dynes/sec/cm-5/m2) 

Paracetamol 2016 (496) 1911 (528) 1895 (599) 1860 (431) 
1858 
(433) 

1891 
(521) 

1878 
(511) 

1967 
(502) 

1920 
(460) 

0.64 
-114 to 

162 
0.72 0.72 

0.9% normal 
saline 

2169 (718) 
2280 

(1186) 
2103 

(1001) 
2118 (803) 

1974 
(624) 

1556 
(785) 

1766 
(522) 

1688 
(628) 

1836 
(636) 
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Data are mean (standard deviation) and 95% confidence intervals (95% CI)

Table 20   Changes in postoperative haemodynamics in patients receiving IV paracetamol administered 6 hours after cardiac surgery  

  Baseline 15 mins 30 mins 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr 
Mean 

difference 
95% CI p value 

(treatment) 
p value (treatment-by-

time-interaction) 

SBP 
(mmHg) 

Paracetamol 109 (11) 108 (11) 107 (11) 109 (13) 
111 
(11) 

112 
(13) 

113 
(15) 

115 
(14) 

117 
(16) 

3.26 -7 to 13 0.53 0.15 
0.9% normal 

saline 
109 (12) 108 (17) 109 (17) 110 (17) 

111 
(15) 

114 
(13) 

114 
(15) 

114 
(19) 

117 
(21) 

DBP 
(mmHg) 

Paracetamol 57 (10) 57 (10) 57 (9) 57 (10) 57 (10) 59 (11) 57 (11) 57 (9) 58 (10) 
1.37 -3 to 6 0.57 0.4 

0.9% normal 
saline 

58 (12) 56 (10) 56 (9) 57 (9) 56 (9) 57 (7) 56 (9) 55 (10) 56 (9) 

MAP 
(mmHg) 

Paracetamol 75 (9) 75 (9) 75 (8) 76 (9) 76 (8) 78 (9) 77 (10) 77 (9) 78 (8) 
2.12 -2 to 7 0.36 0.025 

0.9% normal 
saline 

75 (11) 74 (12) 73 (11) 75 (11) 74 (12) 75 (8) 74 (9) 74 (11) 76 (11) 

sPAP 
(mmHg) 

Paracetamol 35 (10) 35 (10) 35 (10) 35 (11) 34 (10) 35 (10) 36 (11) 35 (10) 36 (10) 
-0.37 -5 to 4 0.87 0.59 0.9% normal 

saline 
35 (7) 33 (7) 34 (5) 35 (7) 35 (8) 36 (10) 36 (9) 36 (9) 36 (10) 

dPAP 
(mmHg) 

Paracetamol 17 (5) 17 (5) 17 (5) 17 (6) 16 (5) 17 (5) 17 (6) 16 (5) 17 (5) 
-0.18 -2 to 2 0.87 0.1 0.9% normal 

saline 
17 (4) 16 (4) 17 (3) 18 (4) 17 (5) 17 (5) 15 (4) 16 (4) 17 (4) 

mPAP 
(mmHg) 

Paracetamol 24 (6) 24 (6) 24 (6) 24 (7) 23 (6) 24 (6) 24 (7) 24 (6) 24 (6) 
-0.2 -3 to 3 0.88 0.66 0.9% normal 

saline 
24 (4) 22 (6) 23 (3) 24 (4) 24 (6) 24 (6) 24 (5) 23 (5) 24 (6) 

CVP 
(mmHg) 

Paracetamol 12 (4) 13 (3) 14 (8) 12 (4) 11 (5) 12 (4) 12 (5) 13 (6) 12 (4) 
0.03 -2 to 2 0.98 0.99 0.9% normal 

saline 
13 (3) 12 (4) 12 (3) 12 (4) 12 (4) 12 (6) 11 (4) 12 (4) 13 (4) 

HR 
(beats/min) 

Paracetamol 90 (14) 89 (15) 88 (13) 88 (12) 87 (13) 87 (13) 87 (13) 87 (13) 87 (13) 
1.7 -4 to 7 0.55 0.1 0.9% normal 

saline 
88 (8) 87 (7) 88 (8) 87 (8) 88 (12) 86 (8) 85 (8) 84 (8) 83 (7) 

Cardiac index 
(L/min/m2) 

Paracetamol 2.76 (0.62) 2.77 (0.55) 2.82 (0.63) 2.88 (0.62) 
2.83 

(0.60) 
2.84 
(0.62) 

2.85 
(0.68) 

2.79 
(0.64) 

2.75 
(0.49) 

-0.03 
-0.33 to 

0.26 
0.81 0.36 

0.9% normal 
saline 

2.91 (0.80) 2.90 (0.72) 2.97 (0.68) 2.99 (0.57) 
2.83 

(0.55) 
2.90 
(0.61) 

2.89 
(0.51) 

2.94 
(0.61) 

3.01 
(0.67) 

SVRI 
(dynes/sec/cm-5/m2) 

Paracetamol 1919 (448) 1842 (425) 1740 (435) 1840 (401) 
1891 
(364) 

1908 
(403) 

1891 
(422) 

1926 
(519) 

1951 
(358) 

0.64 
-114 to 

162 
0.72 0.72 

0.9% normal 
saline 

1847 (636) 1862 (739) 1788 (646) 1749 (492) 
1845 
(529) 

1804 
(449) 

1794 
(398) 

1749 
(511) 

1754 
(507) 
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Figure 25  Example of labelling on blinded trial solution (postoperative cardiac 

surgery study) 
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Figure 26  CONSORT diagram (postoperative cardiac surgery study) 
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Figure 27  Changes in systolic blood pressure over 2 consecutive study drug 

boluses 

 

 

Values are mean (SD) 
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Figure 28  Changes in diastolic blood pressure over 2 consecutive study drug 

boluses 

 

 

Values are mean (SD) 
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Figure 29  Changes in mean arterial pressure over 2 consecutive study drug 

boluses 

 

Values are mean (SD) 
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Chapter 7  

The haemodynamic 
effects of intravenous 

paracetamol in patients 
with chronic liver 

disease undergoing 
liver transplantation 
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Figure 30  Overview of study design (chronic liver disease study) 

 

  



 

 

220 
 

Abstract 

Introduction: Patients with chronic liver disease are particularly susceptible to 

haemodynamic derangements. Lowered systemic vascular resistance (SVR) and 

blood pressure is common in patients with liver cirrhosis. The current literature 

suggests that the administration of Intravenous (IV) Paracetamol may cause 

hypotension in critically ill and postoperative surgical patients. However, the majority 

of these studies have been small, non-randomized, non-controlled trials. The resulting 

IV paracetamol associated hypotension has been linked with a reduction in systemic 

vascular resistance. This may be clinically important when considering its use in this 

particular patient population as well as patients with pre-existing lowered SVR states, 

such as septic shock patients. The haemodynamic effects of IV paracetamol in patients 

undergoing elective liver transplantation are unknown.  

Study aims: The aims of this study to test whether IV paracetamol (1 g paracetamol 

+ 3.91 g mannitol per 100 mL) will have adverse effects on blood pressure in patients 

undergoing elective liver transplantation surgery compared to IV 0.9% normal saline 

(100 mL). 

Methods:  The Austin Health Human Research and Ethics Committee approved this 

double-blinded clinical research trial in adult patients undergoing elective liver 

transplant. All participants gave written, informed consent. Participants were required 

to fast prior to the study for 6 hours from solid food and 2 hours from clear liquids as 

per standard preoperative fasting guidelines. Participants received IV paracetamol (1 

g paracetamol + 3.91 g mannitol per 100 mL) or placebo (0.9% normal saline 100 mL) 

preoperatively. The primary end point was the change in systolic (SBP) 30 minutes 

after the preoperative infusion, analyzed using an ANCOVA model. Secondary end 

points included changes in mean arterial pressure (MAP) and diastolic blood pressure 

(DPB), and other key haemodynamic variables after each infusion. All other end points 

were analyzed using random effect generalized least squares regression modelling 

with individual patients treated as random effects.  

Results: Twenty Four participants were randomly assigned to receive a single bolus 

of IV paracetamol (1g paracetamol + 3.91g mannitol per 100 mL) (n=12) or placebo 
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(0.9% normal saline 100 mL) (n=12). There were no significant differences in blood 

pressure or flow based haemodynamic parameters in both groups. 

Conclusions: This study provides high quality evidence that the preoperative 

administration of IV paracetamol in patients with chronic liver disease who are 

undergoing liver transplantation does not result in any adverse haemodynamic effects. 
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Methodology 

Study rationale 

Paracetamol (also known as acetaminophen) is a commonly used drug in the hospital 

setting to treat fever and mild to moderate pain. In cases where administration of its 

oral formulations and rectal suppositories are not possible, the IV formulation is an 

attractive alternative. As such, it is routinely used in surgical patients and the critically 

ill. In the context of patients with liver disease, physicians routinely advise against its 

use due to the correlation between massive paracetamol overdose and hepatotoxic 

effects. Despite paracetamol’s reputation as the leading cause of drug-induced liver 

injury in the developed world, several studies support its use in the cirrhotic patient. 

When administered at the recommended daily dosage (maximum 4 g per day), 

paracetamol appears to be well-tolerated in all etiologies of liver disease including 

alcoholic cirrhosis1,114 and hepatitis C.1,115 Paracetamol is not associated with 

increased gastrointestinal bleeding or platelet impairment as seen with the use of non-

steroidal anti-inflammatory drugs (NSAIDs). Additionally, it is not associated with 

postoperative nausea and vomiting as seen with the use of opioids. With its good 

safety profile, it is considered a safe and efficacious form of analgesia in surgical 

patients. 

However, recent studies have identified a previously undocumented, although 

clinically relevant, side effect of IV paracetamol. It has been suggested in clinical 

research trials that IV paracetamol may cause hypotension in healthy volunteers160, 

the critically ill125-134  and, in preoperative cardiac surgery patients.168 Whilst its effects 

on cardiac index was varied between the studies, IV paracetamol did reduce blood 

pressure and systemic vascular resistance in these patient cohorts.131,160,168  Patients 

with chronic liver disease who require liver transplantation surgery possess 

significantly altered haemodynamics. This condition, sometimes referred to as 

hyperdynamic circulation, stems from the altered hepatic vascular morphology 

associated with end-stage liver disease. In this patient cohort both blood pressure and 

systemic vascular resistance is expected to be functioning below the normal range, 

while cardiac index is generally unchanged or slightly elevated. In light of this, the 

previously reported haemodynamic effects of IV paracetamol may be further magnified 

in patients with chronic liver disease undergoing liver transplantation. Therefore, this 
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study was conducted as a double-blind, randomized controlled study to test the 

hypothesis that IV paracetamol lowers blood pressure in elective liver transplantation 

surgery patients when compared to placebo. It is hoped that this study will add to a 

growing body of evidence evaluating the safety and efficacy of paracetamol use in 

patients with chronic liver disease undergoing elective liver transplantation surgery. 

Figure 30, located at the beginning of this chapter, provides a summarised overview 

of the study design.  

Research question 

Does the administration of IV paracetamol cause any acute decreases in blood 

pressure when given preoperatively to patients with chronic liver disease, undergoing 

elective liver transplantation surgery? 

Hypothesis 

This study tests the hypothesis that the IV paracetamol formulation (1 g paracetamol 

+ 3.91 g mannitol per 100 mL) would lower blood pressure when administered 

preoperatively to patients with chronic liver disease, undergoing liver transplantation 

surgery when compared with IV 0.9% normal saline (100 mL) (placebo).   

Study aims  

The haemodynamic effects of IV paracetamol have not been systematically 

investigated. We compared the physiological effects of IV mannitol-containing 

paracetamol with IV 0.9% normal saline in preoperative elective liver transplantation 

patients to determine if IV paracetamol would produce any decreases in blood 

pressure. 

Clinical significance  

A finding that IV paracetamol causes a decrease in blood pressure after preoperative 

administration in elective liver transplantation surgery patients may influence its use in 

the clinical setting. Physicians would need to take the haemodynamic effects of IV 

paracetamol into consideration prior to its administration in patient subgroups that are 

susceptible to haemodynamic alterations. As this study was conducted in the setting 
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of elective liver transplantation surgeries, should it be found that IV paracetamol 

causes a decrease in blood pressure, it would be advised to avoid its use in patients 

with chronic liver disease where hyperdynamic circulation exists. In addition, a 

cautionary approach should be considered in cases of endotoxic shock and in non-

elective, emergency or high-risk surgery cases where the risk of haemodynamic 

instability is greater, and patients with lowered systemic vascular resistance states. Its 

use in the context of critically ill patients as well as surgical patients may also need to 

be reconsidered.  

Ethics approval 

The Austin Health Research and Ethics Committee approved the ethical aspects of 

this research study (number 05007/2013). All participants gave written informed 

consent. The study was conducted between November 2013 and March 2017. Prior 

to the commencement of this study, the study design and methodology underwent 

critical peer review by the both the heads of the Department of Anaesthesia and the 

Department of Intensive Care as well as specialist staff members within these fields. 

Additionally, a National Ethics Application Form, Participant Information and Consent 

Form, and a Site-Specific document was completed to fulfil the complete ethical 

requirements as per hospital protocol at Austin Health. Ethics and regulatory approvals 

were obtained in accordance with the National and Medical Research Council of 

Australia guidelines. The study was conducted in accordance with the National 

Statement on Ethics Conduct in Research Involving Humans, the Helsinki Declaration 

and its subsequent amendments, the International Conference on Harmonization and 

World Health Organization Good Clinical Practice standards. 

The detailed study budget is summarised in Table 21.  

Registration with Australian and New Zealand Clinical Trials Registry 

This clinical trial has been registered with the Australian New Zealand Clinical Trials 

Registry.  

Australian New Zealand Clinical Trials Registry number: 12 615 001 132 538. 
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Power analysis 

Sample size for the study was calculated based on our pilot data evaluating patients 

undergoing liver transplantation surgery at Austin hospital. In contrast to patients 

undergoing cardiac surgery, patients with chronic liver disease have a mean blood 

pressure that is about 10-20 mmHg lower than general cardiac surgical patients. This 

is attributable to the “hyperdynamic syndrome” reported to occur in more than 30% of 

cirrhotic patients, increased cardiac output, increased heart rate and increased 

vascular volume, and reduced arterial pressure, reduced systemic vascular resistance 

and impaired renal and enhanced visceral perfusion. 

The hyperdynamic circulatory consequences of this syndrome can lead to morphologic 

alterations in the heart to include right atrial and right ventricular dilatation. Left atrial 

dilatation has been reported also but left ventricular dilatation does not occur 

presumably as a consequence of the reduced systemic vascular resistance. However, 

further investigation has uncovered multiple problems in cardiac performance that 

place patients at risk of heart failure. Patients with liver disease have defects in both 

systolic and diastolic function that only become obvious with physiologic stress such 

as liver transplantation. There are additional defects in the electromechanical coupling 

of the heart that can have significant clinical consequences. These collective 

pathologic changes are termed "cirrhotic cardiomyopathy" and occur to some degree 

in all patients with liver disease. The open source calculator OpenEpi 

(http://www.openepi.com/OE2.3/SampleSize/SSMean.htm) was used to determine 

the power calculations. With an average blood pressure of 110 mmHg, and a SD of 10 

mmHg, in order to demonstrate a mean difference between the paracetamol group and 

control group of 10 mmHg, with a power value of 90%, a minimum of 11 participants 

would be required to be recruited into each group. Thus, a total of 22 study participants.  

To allow for violations or breaches in study protocol, it was planned for 12 participants 

to be recruited in each arm, a total of 24 participants. 

Inclusion criteria: 

• Adult patients age > 18 years old; 

• Patients with chronic liver disease undergoing elective liver transplantation 

surgery 

http://www.openepi.com/OE2.3/SampleSize/SSMean.htm
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Exclusion criteria: 

• Paracetamol or NSAID use 24 hours prior to the study (in paracetamol only or in 

combination therapy); 

• Pregnancy; 

• Intellectual disability; 

• Known liver impairment (ALT > 200 IU/L); 

• Chronic renal impairment (250 umol/L); 

• Morbid obesity (BMI > 35 kg/m2); 

• Known allergic reaction to any of the study drugs; 

• Consumption of caffeine (e.g. coffee or energy drinks) ≤ 12 hours prior to 

participation. 

Consent process and participant competence 

Between November 2013 and March 2017, patients undergoing elective liver 

transplantation surgery were evaluated preoperatively at the anaesthesia pre-

admissions clinic at least 1-2 weeks prior to surgery. Participants were identified for 

study entry by either study investigators or an anaesthetist acting on behalf of the 

principle investigators by surveillance of patients in the pre-admissions clinic. 

Participants were identified from their preoperative medical records and surgical notes. 

Written informed consent was an eligibility requirement for this study. 

A thorough assessment of the participant’s competence and capacity to make a valid 

informed decision was made by one of the study investigators prior to the participant 

being recruited. All participants were deemed competent if they: 

1. Were able to comprehend and retain information relevant to making the decision; 

2. Understood the information and implications of the decision; 

3. Were able to weigh the information in the balance and arrive at a decision. 

Once competence was established, the participant was presented with a Patient 

Information and Consent Form (PICF) (APPENDIX 4). This form explained the study 

protocol as well as other study-related information in plain-language. Participants read 

the PICF and were invited to ask any questions pertaining to the study. It was made 



 

 

227 
 

clear to the participant that participating in the study was on a completely voluntary 

basis and withdrawal or refusal to participate in the study would not affect the 

relationship the participant had with the study doctors or Austin Health. Participants 

were informed that withdrawal or refusal to participate in the study would in no way 

compromise the standard of care for any participant undergoing their procedure. 

Participants were reassured that both groups of participants would receive 

anaesthetic, perfusion and surgical treatment that is standard of care at Austin Health 

for all patients undergoing cardiac surgery involving the cardiopulmonary bypass 

machine. Participants were given the PICF to take home with them and were 

encouraged to use the contact information provided on the PICF should they have any 

further questions or wish to subsequently withdraw from the study. Participants were 

informed that no financial or other benefits would be offered to participants or study 

doctors in relation to this study.  

Randomisation and allocation of the randomisation code 

This study was conducted as double-blinded, placebo-controlled randomized clinical 

trial. Prior to the commencement of the study, an independent research nurse 

randomized the participants using a computer-generated random number allocation 

system. This randomization process generated a computerized sequence of twenty 

four (24) allocation codes, 12 for each group via 3 randomly permuted blocks of 8 

participants.  

Participants were randomized to receive either: 

1. Intravenous paracetamol group: to receive 100 mL Actavis IV paracetamol (1 g 

paracetamol + 3.91 g mannitol); 

2. Control group: to receive 100 mL IV 0.9% normal saline. 

Participants received their own unique randomization code using a computer-

generated Randomization program (www.randomization.com). Random permutations 

of treatments for each subject were created using the Randomization program second 

generator application (seed number: 24541), and entering ‘Paracetamol’, and ‘Normal 

Saline’ as the treatment labels. After randomization, a hard copy of the results 

containing all 24 randomization codes was individually sealed in an opaque envelope. 

http://www.randomization.com/
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This envelope was only opened by principle investigators after statistical analysis was 

completed. The group allocation of each participant was printed and sealed in 

individual envelopes. Each participant had a total of one envelope for this study, one 

for their assigned treatment arm. Independent pharmacy staff received the 

randomization order and prepared all study drugs along with sealed allocation codes 

in sequentially numbered opaque envelopes. Prior to completion of statistical analysis, 

only the independent pharmacy staff member knew the exact identity of the group 

allocation of the participants. All study participants and researchers were blinded to 

these codes until the end of data collection.  

The randomization code was located on the bottom right hand corner of the trial vial. 

Each participant received their own unique randomization code. The randomization 

code allocated to each participant matched their participant number in the trial i.e. 

Participant 1 had the randomization code: PLT1 (PLT denoted paracetamol liver trial, 

1 denoted the participant number). Conventionally, a single randomization code is 

allocated to either study drug. Bypassing this ensured that the identity of the trial drugs 

was not compromised if it became necessary to “unblind” the bottles during the study 

period. 

Blinding 

The trial was conducted in a double blinded fashion. Study participants, surgeons, 

anaesthetists, nurses and all perioperative staff were blinded to treatment 

assignments. The randomization sequence was decoded only after data analysis. 

Treatment allocation was only revealed after data analysis was performed. 

Independent hospital pharmacy staff provided the solutions in identical unmarked 

blinded vials. The study required the use of 100 mL blinded fluid vials. The vials looked 

identical for both treatment arms and labelled as per Figure 31.  

Primary outcome measure 

1. Changes in systolic blood pressure 30 minutes after infusion. 

Secondary outcome measure 

1. Changes in diastolic blood pressure and mean arterial pressure; 
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2. Changes in cardiac index; 

3. Changes in systemic vascular resistance index (SVRI); 

4. Changes in stroke volume index (SVI); 

5. Changes in heart rate (HR). 

Other data collected 

1. Surgery duration; 

2. Intraoperative fluid use; 

3. Intraoperative noradrenalin use; 

4. Adverse events. 

Adverse events. 

Patient demographics collected 

• Age; 

• Gender; 

• Height; 

• Weight; 

• Coexisting conditions. 

Normal reference ranges 

Normal reference values for these end points were MAP 70-105 mmHg, SBP 100-140 

mmHg, DBP 60-90 mmHg, SVRI 1970-2395 mmHg/L/min/m2, cardiac index 2.5–4.0 

L/min/m2, SVI 33-47 mL/m2/beat, HR 60-90 beats/min, plasma osmolality 275-295 

mOsm/kg 

Data entry and protocol 

Prepared paper data collection forms were used for data entry to ensure 

comprehensive and identical collection of data at all the prescribed time points. 

Participant demographics were collected from pre-operative medical records and 

surgical notes found in electronic medical records at the Austin Hospital. All data was 

entered on the day of surgery on the paper forms.  
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Preparation of trial drug vials 

For the purposes of this study, one (1) trial bottle was required per participant. The 

bottle corresponding to the allocated treatment arm was prepared after the participated 

were admitted to the Surgery and Endoscopy Centre preoperative admissions unit. To 

ensure that blinding protocol was followed, the independent pharmacy staff member 

affixed one label with the participant’s unique randomization code onto one empty trial 

bottle. The envelope containing the participant’s individual group allocation was then 

opened and the designated trial drug was transferred to the prepared bottle. This 

method ensured that the participant would receive only the study drug that 

corresponds to their group allocation. 

Analytical methodology 

The arterial line (Leardale, Vygon, UK) inserted in the non-dominant hand of the 

participant was used to measure systolic blood pressure, diastolic blood pressure. The 

continuous cardiac output pulmonary artery catheter (CCombo, Edwards Lifesciences, 

North Ride, NSW) inserted via the right internal jugular vein was used to measure 

continuous cardiac output, central venous (CVP) and pulmonary artery pressure 

measurements.   

Measurements were recorded at the following time points: Baseline, 5 mins, 8 mins, 

15 mins, 30 mins and 60 mins after the start of the preoperative infusion. Other data 

collected included baseline patient characteristics, preoperative use of fluids and 

noradrenaline medications.  

Standardisation of study setting 

As per the standardized preoperative guidelines at our institution all participants were 

required to fast for two hours for clear fluids and six hours for a light meal. On the day 

of surgery, an independent clinical pharmacist prepared one 100 mL IV infusion. All 

trial drug bottles contained paracetamol (1 g paracetamol + 3.91 g mannitol/100 mL) 

(Actavis Australia, The Rocks, NSW, Australia), or saline 0.9% (100 mL) (placebo) 

(Baxter Healthcare, Toongabbie, NSW, Australia) as a control. Preoperative data 

collection was conducted after induction of anaesthesia. On arrival, participants were 

placed on a standard operating table. General anaesthesia was induced via a 
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balanced technique with a titration of fentanyl (1-3 mcg/kg), Propofol (1-2 mg/kg), and 

rocuronium (1 mg/kg). Anaesthesia was maintained with isoflurane (0.5-1.5 MAC) in 

O2/air mixture (FiO2 = 0.5) and intravenous fentanyl (2-5 mcg/kg/hr). All participants 

had an 18 cm 18-gauge arterial line (Leardale, Vygon, UK) (Figure 18) inserted into 

their non-dominant brachial artery and femoral artery. A continuous cardiac output 

pulmonary artery catheter (CCombo, Edwards Lifesciences, North Ride, NSW) (Figure 

19) was inserted via the right internal jugular vein. After the insertion of invasive lines, 

participants were placed 45-degree head up, with their head resting on a pillow for 

comfort. The use of a forced air warming device was prohibited to avoid confounders. 

IV fluids, or any other medications were avoided unless clinically required.  

Participants were given a 15 minute stabilization period before baseline 

haemodynamic measurements were recorded. After the stabilization period, the study 

drug was infused at room temperature over 15 minutes. To ensure that all 100 mL of 

the study drug had been infused, a second bolus of 100 mL normal saline was 

administered. After a 60 minute observation period participants underwent surgery as 

per standard surgical care. 

Reporting adverse events 

Adverse events during the study period were unreported due to the induction and 

maintenance of anaesthesia. As it would be difficult to inquire about adverse effects 

following surgery, any adverse events were reported on the prepared data collection 

form. The prepared data collection forms contained an identical list of likely adverse 

events following liver transplantation surgery as well as an option to detail any other 

postoperative adverse events. Postoperative adverse events were collected via 

postoperative medical and surgery records while the patient remained in the intensive 

care unit.   

Protocol for the assessment and treatment of hypotension and other adverse 
events 

In this study, in order to avoid any safety concerns with adverse haemodynamic 

effects: if a clinically significant decrease in blood pressure was observed (i.e. > 20% 

from baseline blood pressure), protocol dictated that it would be managed as per 

conventional treatment for any hypotensive patient. The study drug will be immediately 
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stopped. As per standard anaesthetic protocol, hypotension would be treated firstly by 

tilting the bed head down to increase flow of blood to the heart. If blood pressure failed 

to normalize after 1 minute of this treatment, the study doctor would administer a 

conventional drug (metaraminol) to increase blood pressure. If paracetamol was 

required for medical reasons e.g. severe fever, the study drug would be unblinded and 

participants allocated to receive the control drug would still be able to receive 

paracetamol if clinically required.  

Statistical Methodology 

Statistical analysis was performed using commercial statistical software STATA/IC 

v.13 with a p value of 0.05 to indicate statistical significance. The analysis population 

was defined as intention to treat. During data collection, there were no missing 

observations. The primary endpoint (absolute change in SBP from the baseline to 30 

min) was analyzed using an ANCOVA model with the SBP value at 30 min as an 

outcome, the treatment group as a factor, and the baseline SBP value as a treatment 

covariate. All other endpoints were analyzed using random effect generalized least 

squares regression modelling (GLS) due to the repeated measures nature of the data. 

Both the effect of treatment adjusted for time and treatment-by-time interaction were 

estimated using respective GLS models.  We tested two separate questions: “what is 

the average difference in the outcome between the groups (adjusting for time)?” - this 

is the group effect, and “is the rate of increase/decrease in outcome over time similar 

or different between two groups?” - this is the time-by-treatment interaction. The p-

value for treatment is the measure of evidence against the null hypothesis of no 

difference between the groups assuming an arbitrary time point – in clinical terms, 

what we are saying is that assuming similar timing, there is little difference between 

two groups on a specific outcome; the p-value for treatment-by-time interaction is the 

measure of evidence against the null hypothesis of two groups having the same slope 

in the change of a given outcome over time – in clinical terms, we are saying that the 

way a specific outcome changes over time is different in two groups, i.e. we are looking 

at a difference (between groups) in differences (in values of an outcome over time). 

Model adjustments for patient’s age, body mass index (BMI) and gender were 

performed to estimate the robustness of the results. 
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No changes to the methods or outcomes measured were required after trial 

commencement. No interim analysis was conducted. 
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Measurement and data collection 

Collection of haemodynamic variables 

Systolic blood pressure, diastolic blood pressure, mean arterial pressure were 

measured and continuously collected via the arterial line. Systemic vascular resistance 

index, cardiac index, stroke volume index and heart rate were measured and collected 

continuously via either the continuous cardiac output pulmonary artery catheter as 

described previously.  

Data collection 

All haemodynamic data, as well as participant demographics and other study data was 

collected and transcribed onto a prepared paper data collection form. At the end of the 

study period, the data was retrieved and transcribed in electronic spreadsheet format. 

The use of individual randomisation codes per participant ensured participant 

anonymity. Participant information such as full name and date of birth, home address, 

telephone number or any other identifying personal information was omitted from any 

publication.     

Safe data storage 

All data from the patient data collection form was transcribed to electronic form in 

spreadsheet format. Only the principal investigators had access to the electronic 

databases.  

Information in electronic form was contained in a password-protected database on a 

dedicated hard drive in the Department of Anaesthesia. Data remains password 

protected on a dedicated storage file set up by the Information Technology department 

at Austin Hospital. Only the principle investigators will have access to this electronic 

database. Any paper data remains locked in dedicated research storage drawers in 

the Department of Anaesthesia. 

All data records both electronic and paper will be retained for 15 years prior to 

destruction/shredding in accordance with Good Clinical Practice for clinical trials. 

Information will be disposed of securely by shredding of paper documents and 
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permanent erasure of electronic data. Any back up in the form of CD discs or DVD's 

will be destroyed. 
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Results 

CONSORT diagram 

Forty six participants (46) were screened for eligibility for the trial at the anaesthesia 

pre-admissions clinic at least 1-2 weeks prior to surgery. Twenty two (22) patients had 

surgery cancelled. Withdrawal was prior to randomization. Twenty four (24) 

participants consented for this study and were randomized to receive either IV 

paracetamol or normal saline in a randomly allocated order. All participants completed 

their study intervention, and there were no breaches in the trial protocol. In total, 24 

participants completed the study and their data was analyzed. The CONSORT flow 

diagram demonstrating the progression of the study through its different trial phases is 

presented in Figure 32. 

Key dates 

 

Date of Ethics Approval:    June 2013 

Date of first patient recruited:   November 2013 

Date of last patient recruited:   March 2017 

 

Demographic data: pre-study variables 

The mean (standard deviation) for age was in the paracetamol group was 56.9 years 

(8.5) and 59.0 years (7.0) in the normal saline group. The mean (standard deviation) 

for height was in the paracetamol group was 167.8 cm (9.3) and 171.3 cm (10.2) in the 

normal saline group. The mean (standard deviation) for weight was in the paracetamol 

group was 83.5 kg (36.8) and 96.1 kg (41.3) in the normal saline group. There were 5 

male participants (42%) in the paracetamol group and 9 male participants (75%) in the 

normal saline group. A summary of preoperative patient demographics is found in 

Table 23.    

Primary end points: SBP 

Changes in SBP after the preoperative dose from baseline to the 30 minute (T30) 

endpoint are summarized in Figure 33. Results are reported in terms of mean (SD).  
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Paracetamol was infused over a period of 15 minutes. Fifteen minutes after the start 

of infusion, SBP decreased from 114 (11) mmHg to a nadir of 98 (13) mmHg in the 

paracetamol group, representing a decrease of 14.03% from the baseline. Conversely, 

15 minutes after infusion the normal saline group, SBP decreased from 122 (29) mmHg 

to 109 (22) mmHg. This resulted in a decrease of 10.66% from the baseline. The p 

value adjusted for treatment-by-time interaction was listed as p = 0.57 indicating no 

statistical significance between the two groups. Changes in haemodynamic variables 

during and after the infusion of IV paracetamol are summarized in Table 24. 

Secondary end points: DBP and MAP 

Changes in DBP and MAP after the preoperative dose from baseline to the 60 minute 

(T60) endpoint are summarized in Figures 34 and 35. Results are reported in terms of 

mean (SD).  

Over the 60 minute study period there was a no statistically significant or clinically 

significant decrease in DBP observed between the two groups. DBP dropped from 55 

(12) mmHg to a nadir of 47 (10) mmHg) in the paracetamol group, representing a 12% 

decrease from the baseline 30 minutes after infusion. Normal saline had a nadir 9.09% 

decrease from the baseline 30 minutes after infusion. The p value adjusted for 

treatment-by-time interaction was listed as 0.54. 

Finally, paracetamol also decreased MAP from 76 (12) mmHg to a nadir of 63 (11) 

mmHg over the 60 minute study period, with a decrease of 17.11% from baseline. This 

was seen to a lesser extent in the normal saline group with an overall decrease of 

8.97% from baseline 60 minutes after infusion. The p value adjusted for treatment-by-

time interaction was listed as 0.61 

Secondary end points: SVRI, CI, PAPs, CVP, and HR 

Analyses of SVRI, cardiac index, PAPs – systolic pulmonary artery pressure (sPAP), 

diastolic pulmonary artery pressure (dPAP) and mean pulmonary artery pressure 

(mPAP), as well as CVP, and HR showed no statistical significance in their interaction 

between the treatments over time. There were no significant changes in blood 

pressure between the groups after adjustments for age, BMI, gender and Euroscore 

II.  
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Adverse events:  

No serious adverse events were reported throughout the study period. 

 

 

  



 

 

239 
 

Discussion 

Key study findings 

We performed a randomized blinded controlled trial comparing the effects of a 

preoperative administration of IV paracetamol and placebo (saline) on 

haemodynamics patients with chronic liver disease undergoing liver transplantation. 

Major paracetamol overdose is synonymous with hepatotoxicity and liver failure. As 

such, its use in patients with chronic liver disease is often approached with caution. A 

reduced dosage of 2-3 g per day is recommended when considering long term use of 

paracetamol. However, when administered in the correct dosages, it provides 

therapeutic analgesia in patients with liver cirrhosis. With its limited side effect profile, 

it is considered a safer choice compared with both NSAIDs and opioids. Intravenous 

paracetamol provides increased bioavailability and a faster time to peak plasma 

paracetamol levels compared with the oral and rectal formulations. Despite these 

benefits, an underappreciated, albeit clinically significant side effect has been 

increasingly reported. In healthy volunteers, the critically ill and in cardiac surgery 

patients, the administration of IV paracetamol has been linked with the potential to 

cause transient hypotension. To date this is the first study providing plausible 

physiological evidence that preoperative administration of 1 gram of IV paracetamol in 

patients with chronic liver disease undergoing liver transplantation causes no changes 

in blood pressure when compared with a placebo.  

Relationship to previous studies 

Recently, in the context of critical illness, clinical studies have suggested that IV 

paracetamol may cause hypotension.125-134,160,168 Most of these studies did not report 

on the possible mechanism for the hypotension observed.125-130,132-134 In addition, all 

studies identified in our literature search were non-randomized, non-blinded, and 

uncontrolled, making it difficult to draw firm conclusions about this potential effect of IV 

paracetamol. One study reported anecdotal data127 and others used small patient 

numbers.125,126,129,131,132,134 Moreover, use of vasopressors could have also masked the 

magnitude of the adverse haemodynamic effects of paracetamol observed.125,126,128,133  
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The use of paracetamol in the context of liver disease is often avoided. As such, the 

efficacy and safety of IV paracetamol in this patient subgroup needs further 

investigation. It has been suggested that the hesitance towards use of paracetamol in 

patients with liver disease is due to a lack of knowledge of the metabolism of 

paracetamol in patients with cirrhosis.1 In a study of 401 patients, Saab et al. found 

that 57.4% of participants believed that paracetamol should not be consumed safely 

under any circumstances.169 Under normal conditions and with recommended 

dosages, paracetamol is metabolized by glutathione into the non-toxic metabolites: 

mercapturic acid and cysteine. During overdose, glutathione levels are depleted and 

the CYP2E1 pathway is activated producing the hepatotoxic metabolite N-acetyl-p-

benzoquinone imine (NAPQI). This has resulted in manufacturers recommending 

against the use of IV paracetamol in cases of severe hepatic impairment and/or severe 

active liver disease. In patients with cirrhosis, glutathione levels are sufficient and the 

CYP pathway activity is not upregulated upon administration of the maximum 4 g per 

day dosage.112 Thus use of the recommended dosages of paracetamol in this 

population should be considered safe. However, there are no studies to date 

examining the haemodynamic effects of IV paracetamol in patients with chronic liver 

disease in the current literature.  

The haemodynamic effects of IV paracetamol have largely centered around results 

from studies conducted in critically ill patients. Whilst these studies suggest IV 

paracetamol may have the propensity to cause hypotension, many are limited by small 

patient numbers, retrospective design, lack of randomization and blinding or being 

anecdotal in nature. The clinical significance of the proposed haeomodynamic effects 

of IV paracetamol in other patient subgroups is yet to be established. Needleman et 

al. found that a rapid infusion of IV paracetamol in ambulatory surgical patients (ASA 

Class I-III) produced a statistically significant decrease in blood pressure over a short 

5 minute observation period. These results were not supported by a clinically 

significant change in blood pressure.130 The study did not provide any information on 

the baseline haemodynamics, instead authors chose to report differences between pre 

and post infusion vital signs. As such, the baseline haemodynamic status of the patient 

cohort is unknown. The study also failed to follow up on haemodynamic changes after 

the short observation period. It is possible that the short duration of the observation 

period may have resulted in the inability to identify and report the subsequent 

occurrence of any hypotensive episodes.   
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Krajcova et al. found that repeated administrations of IV paracetamol reduced MAP in 

6 critically ill patients.131 This was accompanied by a reduction in SVRI and cardiac 

index. Similar findings were replicated in a randomized, blinded, controlled crossover 

trial where IV paracetamol caused a significant decrease in blood pressure and 

SVRI.160 The latter study showed no changes in cardiac index upon infusion of 

paracetamol, however both studies suggested that vasodilation may be a mechanism 

of the IV paracetamol-induced hypotension. It was originally postulated that the 

haemodynamic effects of IV paracetamol may be of a different magnitude and intensity 

in other patients, specifically those vulnerable to hypotension and lowered SVR states 

e.g. in septic shock.       

Patients undergoing liver transplantation often have reduced blood pressure, and SVRI 

with increased or unchanged cardiac index due to the haemodynamic alterations 

associated with the hyperdynamic circulatory state of end-stage liver disease. In 

contrast to the above-mentioned studies, with the exception of the study conducted by 

Needleman et al., the present study demonstrated no clinical or statistical changes in 

blood pressure after the administration in patients with chronic liver disease 

undergoing elective liver transplantation surgery.  

Study implications 

The clinical implication of our findings in this study is that a preoperative dose of IV 

paracetamol does not affect either pressure or flow parameters in patients with chronic 

liver disease undergoing liver transplantation surgery. In the previous study, we found 

that IV paracetamol causes transient decreases in blood pressure in both the healthy 

volunteer and preoperative cardiac surgery populations. We postulated that these 

haemodynamic effects may be of different intensities and durations in other clinical 

settings, especially those prone to haemodynamic derangements. In both studies, the 

transient hypotension was accompanied by a decrease in SVRI. This was replicated 

in another study examining the haemodynamic effects of IV paracetamol in critically ill 

patients. Despite the potential risk for magnified results in patients with lowered SVRI 

states, such as liver transplant patients, we were unable to produce similar results. As 

our study was only a pilot study and we had limited patient numbers, we would suggest 

future investigation on a larger scale before we recommend its safe use in all patients 
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with lowered SVR states e.g. septic shock or postoperative inflammatory 

vasodilatation.  

Strengths and limitations 

Our study has several methodological strengths compared to previous studies. It is 

blinded and randomized, thus minimizing allocation, selection and assessment bias 

and increasing internal validity. All haemodynamic variables measured were assessed 

invasively and were not amenable to ascertainment bias or derivation. The 

concealment of the intervention to all clinicians further decreased bias.  

There are also come limitations to our study. Whilst it was postulated that the results 

of our study would detect further reductions in systemic vascular resistance in liver 

transplantation patients, a limitation to this pilot study was the small patient cohort and 

as such may not be replicable in larger studies. Our study was able to provide insight 

on a limited and small patient cohort. We would therefore recommend further analysis 

on a larger scale to corroborate our findings. We also cannot extrapolate our 

paracetamol infusion results to different combinations of rate, duration or route. 

However, the dose and speed of administration in our patients reflect clinical practice 

and recommendations. The insertion of invasive haemodynamic monitoring devices in 

this patient cohort was performed after the induction of anaesthesia. As a result, the 

effects of vasoactive drugs may have masked any transient paracetamol-induced 

hypotensive episodes. The findings with IV paracetamol are likely not relevant to oral 

or per-rectum paracetamol, where the absorption is slower and any haemodynamic 

effects that might exist are attenuated. We cannot provide information on the 

mechanism of paracetamol-associated hypotension. However, we have previously 

demonstrated in volunteers that the hypotensive effect does not appear related to the 

mannitol present in the IV solution as excipient.  
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Summary 

In summary, in a randomized blinded trial comparing the haemodynamic effects of 

mannitol-containing IV paracetamol and placebo (saline) in patients with chronic liver 

disease undergoing liver transplantation, we found that the preoperatively 

administration of paracetamol caused no change in blood pressure when compared to 

the placebo. Our findings support that within recommended dosages, IV paracetamol 

does not cause either statistical or clinical haemodynamic alterations in the context of 

adult patients with chronic liver disease. 
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Table 21  Detailed study budget (chronic liver disease study) 

Study drugs 

Item Year 1 

Cost of intravenous paracetamol 
100 mL Actavis IV paracetamol 
Cost: $1.00 per unit 

$12.00 

Cost of IV 0.9% normal saline 
100 mL 0.9% normal saline 
Cost: $0.50 per unit 

$6.00 

 
Maintenance  

Item Year 1 

Computer consumables (printing, paper, ink) $500.00 

Professional statistical consultation $2000.00 

 

Other items 

Item Year 1 

Fee to Human Research Ethics Committees: Investigator initiated $200.00 

 

TOTAL (AUD) $2718.00 
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Table 22 Data collection form (chronic liver disease study) 

 

Data Collection Form (Page 1 of 10) 
Haemodynamic Effects of Intravenous Paracetamol in 

Patients with Chronic Liver Disease 

 
 
 

DEMOGRAPHICS 
 

 
Patient Study Number:       ……………………         
 
Hospital UR number:       ……………………           
   
         
DEMOGRAPHICS:  

Gender (fill one circle ●):     ○ M  
○ F 

    
Age (years):       ………....... 
Height (cm):       ………....... 
Weight (kg):      ………....... 
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Data Collection Form (Page 2 of 10) 
Haemodynamic Effects of Intravenous Paracetamol in Patients with Chronic Liver Disease 

 

GENERAL OVERVIEW OF DATA COLLECTION TIME POINTS 
 

 Haemodynamic parameters Baseline 5 mins 8 mins 10 mins 15 mins 30 mins 60 mins 

M
e

a
s

u
re

m
e

n
ts

 

Systolic blood pressure        

Diastolic blood pressure        

Mean arterial pressure        

Pulmonary artery pressure        

Central venous pressure        

Systemic vascular resistance        

Heart rate        

Cardiac output        

Cardiac index        
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Data Collection Form (Page 3 of 10) 
Haemodynamic Effects of Intravenous Paracetamol in 

Patients with Chronic Liver Disease 

 
 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

Time: __________ 
 

 

Date: __________ 
 

 

BASELINE 
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Data Collection Form (Page 4 of 10) 
Haemodynamic Effects of Intravenous Paracetamol in 

Patients with Chronic Liver Disease 

 
 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

Time: __________ 
 

 

Date: __________ 
 

 

5 MINUTES POST START 
OF INFUSION 
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Data Collection Form (Page 5 of 10) 
Haemodynamic Effects of Intravenous Paracetamol in 

Patients with Chronic Liver Disease 

 
 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

Time: __________ 
 

 

Date: __________ 
 

 

8 MINUTES POST START 
OF INFUSION 
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Data Collection Form (Page 6 of 10) 
Haemodynamic Effects of Intravenous Paracetamol in 

Patients with Chronic Liver Disease 

 
 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

Time: __________ 
 

 

Date: __________ 
 

 

10 MINUTES POST 
START OF INFUSION 
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Data Collection Form (Page 7 of 10) 
Haemodynamic Effects of Intravenous Paracetamol in 

Patients with Chronic Liver Disease 

 
 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

Time: __________ 
 

 

Date: __________ 
 

 

15 MINUTES POST 
START OF INFUSION 
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Data Collection Form (Page 8 of 10) 
Haemodynamic Effects of Intravenous Paracetamol in 

Patients with Chronic Liver Disease 

 
 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

Time: __________ 
 

 

Date: __________ 
 

 

30 MINUTES POST 
START OF INFUSION 
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Data Collection Form (Page 9 of 10) 
Haemodynamic Effects of Intravenous Paracetamol in 

Patients with Chronic Liver Disease 

 
 
 
 
 
 
 
 
 
 
 

RESULTS: HAEMODYNAMIC MEASUREMENTS 
 

Outcome Value 

Systolic blood pressure (mmHg)  

Diastolic blood pressure (mmHg)  

Mean arterial pressure (mmHg)  

Systolic pulmonary artery pressure (mmHg)  

Diastolic pulmonary artery pressure (mmHg)  

Mean pulmonary artery pressure (mmHg)  

Central venous pressure (mmHg)  

Heart rate (beats/min)  

Systemic vascular resistance (mmHg/L/min)  

Cardiac index (L/min/m2)  

Cardiac output (L/min)  

 

Time: __________ 
 

 

Date: __________ 
 

 

60 MINUTES POST 
START OF INFUSION 
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Data Collection Form (Page 10 of 10) 
Haemodynamic Effects of Intravenous Paracetamol in 

Patients with Chronic Liver Disease 

 
 
 

FINAL DATA 
 

Total intraoperative fluids used (mL)  

Type intraoperative fluids used   

Duration of ICU stay (hours)  

Duration of hospital stay (hours)  

 

ADVERSE EVENTS (in hospital) 
 

Hypotension      ○ Y ○ N  
Myocardial infarction    ○ Y ○ N  

  Arrythmia      ○ Y ○ N 
Pulmonary oedema     ○ Y ○ N  
Cerebra vascular event    ○ Y ○ N  

  Pulmonary embolus     ○ Y ○ N 
Pneumonia      ○ Y ○ N  
Would infection     ○ Y ○ N  

  Return to theatre     ○ Y ○ N 
In hospital death     ○ Y ○ N  
Need for blood transfusion    ○ Y ○ N  

  MET call      ○ Y ○ N 
 
  REASON FOR MET CALL ________________________ 
 
  Other complication (please specify)  ○ Y ○ N 
 
  Other complication ______________________________ 
 
 
  Other complication (please specify)  ○ Y ○ N 
 
  Other complication _____________________________ 
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Table 23 Summary of participant demographics (chronic liver disease study) 

Preoperative characteristics  Paracetamol 
(N=12) 

Saline 
 (N=12) 

Age (years)  56.9 (8.5) 59.0 (7.0) 

Male gender 5 (42%)  9 (75%) 

Weight (kg) 83.5 (36.8) 96.1 (41.3) 

Height (cm) 167.8 ± 9.3 171.3 ± 10.2 

BMI 21.6 (11.3) 23.2 (10.4) 

 
Reason for liver transplant  

Paracetamol 
(N=12) 

Saline 
 (N=12) 

Hepatitis C  1 (8%) 4 (33%) 

Hepatitis C + Hepatocellular carcinoma 5 (42%) 3 (25%) 

Hepatitis B 0 (0%) 2 (17%) 

Hepatitis B + Hepatocellular carcinoma 1 (8%) 0 (0%) 

Primary sclerosing cholangitis 2 (17%) 1 (8%) 

Non-cirrhotic portal hypertension 2 (17%) 1 (8%) 

Alcohol induced liver failure 1 (8%) 0 (0%) 

Non-alcoholic steatohepatitis 0 (0%) 1 (8%) 

 
Coexisting conditions  

Paracetamol 
(N=12) 

Saline 
 (N=12) 

MELD Score 20.1 (6.8) 14.9 (4.7) 

Intraoperative variables Paracetamol 
(N=12) 

Saline 
 (N=12) 

P 
value 

Surgery duration (mins)  475.7 (105.0) 446.5 (47.9) 0.4 

Intraoperative fluid (mL) 6387 (3273)  6234 (2771) 1.0 

Intraoperative noradrenalin (mcg) 1775 (1932) 1868 (1407) 0.7 

Data is mean (standard deviation) or number (proportion in percentage).   
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2
5
6
 

Data are mean (standard deviation) and 95% confidence intervals (95% CI) 

 

Table 24   Changes in preoperative haemodynamics in patients with chronic liver disease undergoing liver transplantation after 
administration of IV paracetamol  

  Baseline 5 mins 8 mins 10 mins 15 mins 30 mins 60 mins 
Mean 

difference 
95% CI 

p value (treatment) 
p value (treatment-by-time-

interaction) 

SBP 
(mmHg) 

Paracetamol 114 (11) 106 (20) 104 (18) 105 (20) 98 (13) 100 (20) 94 (13) 
-10.80 -25 to 4 0.16 0.57 

0.9% normal 
saline 

122 (29) 112 (30) 115 (32) 115 (27) 109 (22) 113 (29) 111 (24) 

DBP 
(mmHg) 

Paracetamol 55 (12) 50 (9) 50 (10) 50 (11) 47 (10) 48 (12) 45 (9) 
-3.85 -11 to 4 0.32 0.54 

0.9% normal 
saline 

55 (13) 57 (17) 54 (16) 55 (12) 50 (11) 51 (15) 50 (13) 

MAP 
(mmHg) 

Paracetamol 76 (12) 69 (13) 69 (14) 68 (16) 65 (12) 66 (15) 63 (11) 
-6.43 -17 to 5 0.96 0.61 

0.9% normal 
saline 

78 (21) 74 (22) 77 (23) 75 (19) 72 (16) 73 (22) 71 (20) 

sPAP 
(mmHg) 

Paracetamol 31 (11) 41 (32) 31 (11) 32 (12) 40 (28) 28 (11) 29 (10) 
0.07 -10 to 10 0.99 0.60 0.9% normal 

saline 
34 (13) 32 (14) 34 (13) 34 (12) 34 (12) 33 (15) 31 (13) 

dPAP 
(mmHg) 

Paracetamol 14 (4) 19 (17) 13 (5) 14 (5) 15 (14) 12 (4) 11 (4) 
0.86 -3 to 5 0.70 0.45 0.9% normal 

saline 
15 (7) 13 (8) 13 (6) 13 (5) 13 (5) 13 (5) 12 (4) 

mPAP 
(mmHg) 

Paracetamol 21 (7) 28 (21) 21 (7) 22 (7) 25 (17) 19 (7) 19 (7) 
0.76 -2 to 4 0.59 0.69 0.9% normal 

saline 
21 (8) 20 (9) 20 (9) 22 (7) 22 (7) 21 (9) 20 (7) 

CVP 
(mmHg) 

Paracetamol 11 (6) 11 (7) 10 (5) 11 (6) 10 (6) 9 (5) 8 (5) 
0.02 -3 to 3 0.99 0.78 0.9% normal 

saline 
11 (4) 10 (4) 10 (3) 10 (3) 10 (3) 9 (4) 9 (4) 

HR 
(beats/min) 

Paracetamol 82 (11) 80 (14) 79 (12) 78 (13) 76 (13) 77 (15) 77 (13) 
0.80 -8 to 10 0.87 0.83 0.9% normal 

saline 
79 (15) 77 (12) 77 (11) 77 (12) 78 (13) 77 (13) 79 (13) 

Cardiac index 
(L/min/m2) 

Paracetamol 3.90 (0.87) 3.82 (0.93) 3.92 (0.97) 4.11 (0.89) 4.00 (0.89) 4.16 (1.11) 4.22 (0.97) 
-0.02 

-0.80 to 
0.76 

0.96 0.79 0.9% normal 
saline 

4.10 (1.26) 3.97 (1.33)  3.95 (1.17) 3.96 (1.17) 4.01 (0.92) 4.13 (1.11) 4.14 (1.25) 

SVRI 
(dynes/sec/cm-5/m2) 

Paracetamol 1429 (561) 1275 (476) 1305 (526) 1181 (389) 1162 (428) 1135 (347) 1078 (321) 
-178 -582 to 226 0.39 0.75 0.9% normal 

saline 
1436 (700) 1441 (679) 1504 (763) 1462 (661) 1311 (569) 1356 (677) 1304 (564) 
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Figure 31 Example of labelling on blinded trial solution (chronic liver disease 

study) 
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Figure 32 CONSORT diagram (chronic liver disease study) 
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Figure 33 Changes in systolic blood pressure (chronic liver disease study) 

 

 

Values are mean (SD) 
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Figure 34 Changes in diastolic blood pressure (chronic liver disease study) 

 

Values are mean (SD) 
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Figure 35 Changes in mean arterial pressure (chronic liver disease study) 

 

Values are mean (SD) 
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Chapter 8 

Conclusion 
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Conclusion  

Since its introduction in 2001, IV paracetamol has become one of the most commonly 

ordered medications for both surgical and critically ill patients. With a limited side effect 

profile, and 100% bioavailability, it is considered a safe and efficacious drug for the 

treatment of mild to moderate fever and pain relief in the hospital setting. However, 

recent studies have exposed a potentially underappreciated side effect of IV 

paracetamol which formed the basis for this thesis. After completing an extensive 

literature review, ten studies were identified as matching the inclusion criteria.125-134 Of 

these ten studies involving adult patients, all found that IV paracetamol may have the 

propensity to cause hypotension following administration. These studies suggested 

that this effect may be prevalent in the surgical and critically ill population in numbers 

larger than what is portrayed in the product information pamphlets provided by the 

pharmaceutical manufacturers of IV paracetamol.  

Of the four leading pharmaceutical brands producing IV paracetamol, three outline 

hypotension as a rare side effect affecting either ≥1% (OFIRMEV™) or >0.0001%, 

<0.001% (Perfalgan and Pfizer®) of their study participants when compared to 

placebo. Importantly, these study populations consisted of healthy adults who firstly, 

would not normally be candidates for IV paracetamol administration, and secondly, 

would more than likely have sufficient homeostatic mechanisms to circumvent any 

haemodynamic effects of IV paracetamol. The company, Actavis, did not list 

hypotension as a possible adverse effect. Yet, in 2010, Boyle et al. reported a clinically 

significant reduction in SBP in 59% of intensive care patients within 60 minutes of IV 

paracetamol administration. Only one study, by Krajcova et al., has postulated a 

possible mechanism for the observed hypotension: vasodilation due to decreased 

SVRI.125 Despite the growing body of evidence surrounding the haemodynamic safety 

of IV paracetamol, nine out of the ten studies examined in the literature review were 

unblinded, non-randomised and not compared with a placebo group.  

In light of this, the goal of this thesis was to add a comprehensive literature review and 

four methodically robust and statistically supported studies to the current knowledge 

base to either support or refute the hypothesis that IV paracetamol causes hypotension 

in critically ill and surgical patients. To achieve this, a comprehensive program was 

purposefully designed to investigate the haemodynamic effects of IV paracetamol in 

patient populations of varying baseline haemodynamic stabilities. To address the 
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specific need for higher quality analysis of the treatment outcome and to provide 

methodically valid clinical data, each of the clinical studies in this thesis was carried 

out as a prospective randomised controlled trial.  

The comprehensive paracetamol haemodynamic program involved 4 core studies to: 

1. Understand the effects of IV paracetamol in model of healthy volunteers. 

2. Understand the effects of IV paracetamol in a model pre-existing cardiac 

disease prior to surgery. 

3. Understand the effects of IV paracetamol in patients following major surgery 

(cardiac surgery) who were at greater risk of haemodynamic instability. 

4. Understand the effects of IV paracetamol in patients with chronic end-stage 

liver disease. This patient population had pre-existing derangements of their 

systemic vascular system, similar to stroke.  

 

The first of the RCTs was a blinded, randomised, triple-crossover study assessing the 

haemodynamic effect of IV paracetamol (1g paracetamol, 3.91g mannitol per 100 mL) 

compared with IV mannitol (3.91g mannitol per 100 mL) and IV 0.9% normal saline 

(100 mL) in 24 healthy adult volunteers. The was achieved through collection of beat-

to-beat continuous haemodynamic data via a completely non-invasive, state-of-the-art 

haemodynamic monitoring device, that has been validated against intermittent non-

invasive and continuous invasive methods. To my knowledge this was the first 

randomised controlled trial to date to examine such effects. Consistent with the study 

hypothesis, IV paracetamol was found to cause statistically significant decreases in 

blood pressure immediately after infusion. Additionally, a decrease in SVRI and an 

increase in CI was observed only in the IV paracetamol group. The study replicated 

results in the report by Krajcova et al. in that IV paracetamol caused a statistically 

significant decrease in both SBP and SVRI. The increase in CI was a novel finding in 

the present study, however, it may be attributed to the compensatory mechanisms in 

healthy volunteers in response to the observed reduction in SVRI. Clinically, the 

decreases in haemodynamic parameters were insignificant. Given the normotensive 

study population, it was anticipated that any haemodynamic effect observed would be 

minimal at best. The findings of statistical significance, however, supported a need for 

further research into the potential hypotensive effects of IV paracetamol in patient 

populations at risk of haemodynamic instability. Furthermore, the majority of IV 

paracetamol formulations available contain nearly 4% mannitol, which may contribute 
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to the observed paracetamol-induced hypotension. However, the present study found 

no statistical difference in blood pressure in the 0.9% normal saline and mannitol 

groups when compared to IV paracetamol. Considering this, it is likely that any 

haemodynamic effects are related to the paracetamol component of IV paracetamol 

only, rather than the mannitol itself.  

The second of the RCTs was a double blinded, randomised trial evaluating the effects 

of IV paracetamol (1g paracetamol per 100 mL) compared with IV 0.9% normal saline 

(100 mL) in 50 preoperative cardiac surgery patients, just prior to an elective CABG or 

valve replacement surgery. This study population was chosen due to its characteristic 

haemodynamic profile: elevated blood pressure, normal/reduced cardiac index and 

normal SVRI. To my knowledge this was the first randomised controlled trial to date to 

examine such effects. Haemodynamic data was collected via invasive haemodynamic 

monitoring devices: the arterial line and pulmonary artery catheter as per the standard 

of care for any patient undergoing cardiac surgery. Similar to the healthy volunteer 

study, IV paracetamol caused a decrease in blood pressure and SVRI. Statistically 

significant reductions were observed in SBP, DBP, MAP and SVRI 30 minutes post 

infusion. Whilst these reductions in haemodynamic parameters were more apparent in 

this patient population compared to the healthy volunteer study, they were not clinically 

significant, did not require corrective intervention, and were transient in nature. 

However, this was the third study to date to support the possible mechanism of IV 

paracetamol-induced hypotension as vasodilation due to a reduction in SVRI. The 

study results prompted recommendations for further studies into the effects of IV 

paracetamol in patient subgroups with low SVR states e.g. patients with postoperative 

inflammatory vasodilatation or septic shock patients. These patient populations would 

account for the third and final studies in this thesis.    

The third of the RCTs was a double blinded, randomised trial evaluating the effects of 

IV paracetamol (1g paracetamol per 100 mL) compared with IV 0.9% normal saline 

(100 mL) in 50 postoperative cardiac surgery patients. To my knowledge this was the 

first randomised controlled trial to date to examine such effects. Following an elective 

CABG or valve replacement surgery, study participants were administered two 

consecutive doses of the assigned study drug at 6 hour intervals as recommended by 

the pharmaceutical manufacturers of IV paracetamol. Vasodilation with a reduction in 

SVR and MAP is a common phenomenon in the early postoperative stages of cardiac 

surgery. Following cardiac surgery, patients are also at risk of low cardiac output 
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syndrome. This patient cohort was chosen due to its increased risk of haemodynamic 

instability, distinguished by reduced blood pressure, reduced SVRI and 

reduced/normal CI. Given the results from the study by Krajcova et al., and in 

conjunction with the previous studies described in the thesis, it was expected that IV 

paracetamol would produce post-administration hypotension of greater magnitude 

within this patient cohort. Surprisingly, and conversely to the previous studies, this 

postoperative cardiac surgery population yielded neither statistical nor clinical 

differences between the IV paracetamol and placebo groups in either blood pressure 

or flow based haemodynamic parameters. It was the first study to disprove the 

hypothesis that IV paracetamol causes hypotension in critically ill and/or postoperative 

patients. 

The fourth, and final of the RCTs was a double blinded, randomised trial evaluating 

the effects of IV paracetamol (1 g paracetamol per 100 mL) compared with IV 0.9% 

normal saline (100 mL) in 24 patients with chronic liver disease just prior to receiving 

orthoptic liver transplantation surgery. To my knowledge this was the first randomised 

controlled trial to date to examine such effects. This patient subgroup has significantly 

altered haemodynamics. These derangements are caused by hyperdynamic 

circulation, a condition unique to patients with chronic liver disease and shock patients. 

It is indicated by normal blood pressure, elevated CI and reduced SVRI.  Similar to the 

postoperative cardiac surgery study, it too was anticipated to have a more pronounced 

hypotensive effect following IV paracetamol administration due to the baseline lowered 

SVR states of the patient cohort. However, the study did not find any statistical or 

clinical differences between the treatment and placebo groups, despite such altered 

baseline haemodynamics.  

In summary, the corpus of research from this thesis has shown that whilst hypotension 

was a possible outcome of IV paracetamol administration in healthy volunteers and 

preoperative cardiac surgery patients, our results did not yield any alterations that were 

clinically significant. Further this thesis has shown that in patient cohorts at greater risk 

of haemodynamic instability, such as postoperative cardiac surgery patients and 

patients with chronic liver disease requiring liver transplantation, IV paracetamol did 

not cause any statistically or clinically significant reductions in blood pressure or flow 

parameters. With no necessity for clinical intervention in the four studies presented in 

this thesis, the haemodynamic effects of IV paracetamol appear negligible in these 
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patient cohorts. Larger scale, multi-centre studies may be required to support this 

theory. 
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Appendix 1 

Haemodynamic-related 
side effects from 

Product Information 
sheets from Actavis 

pharmaceuticals, 
OFIRMEV™, 

PERFALGAN and 
Pfizer® 
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Appendix 2 
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Participant Information Sheet/Consent Form 

Interventional Study - Adult providing own consent 

Austin Health 

 
 

 

 

Title 
Haemodynamic Effects of Intravenous 

Paracetamol in Healthy Volunteers 

Protocol Number Version 1.1 

 

 
Project Sponsor Department of Intensive Care, Austin Health 

Principal Investigators 

Professor Rinaldo Bellomo: Department of 
Intensive Care, Austin Health 
 
Dr Laurence Weinberg: Department of 
Anaesthesia, Austin Health   
 
Elizabeth Chiam: Department of Surgery, 
University of Melbourne, Austin Health 

Location Austin Health, Heidelberg, Victoria, Australia 
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Part 1 What does my participation involve? 

1 INTRODUCTION 

You are invited to take part in this research project. This is because you are a 

healthy volunteer. The research project is testing the effects of intravenous 

paracetamol. Intravenous paracetamol is a commonly used analgesic (pain relief 

medication) and antipyretic (fever reducing medication). 

Paracetamol is one of the most commonly used medications in the world. Each year, 
over 200 million paracetamol-containing prescriptions are filled in the USA, making it 
the most commonly dispensed drug in the world. Paracetamol seems to possess 
effective antipyretic (fever reducing) and analgesic (pain relief) effects with an 
excellent safety profile. While paracetamol is a leading over-the-counter medicine, its 
use in hospitals is also well-established.  

This Participant Information Sheet/Consent Form tells you about the research 
project. It explains the tests and treatments involved. Knowing what is involved will 
help you decide if you want to take part in the research. 

Please read this information carefully. Ask questions about anything that you don’t 
understand or want to know more about. Before deciding whether or not to take part, 
you might want to talk about it with a relative, friend or your local doctor. 

Participation in this research is entirely voluntary. If you don’t wish to take part, you 
don’t have to. You will receive the best possible care whether or not you take part. 
You can end your participation at any time without any consequences to you or your 
future relationship with Austin Health.  

If you decide you want to take part in the research project, you will be asked to sign 
the consent section. By signing it you are telling us that you: 

• Understand what you have read 

• Consent to take part in the research project 

• Consent to have the tests and treatments that are described 

• Consent to the use of your personal and health information as described. 
 

You will be given a copy of this Participant Information and Consent Form to keep.  

  



 

  

Participant Information Sheet/Consent Form v1.1 1st May 2013 Page 3 of 15 
Haemodynamic Effects Of Intravenous Paracetamol In Healthy Volunteers 

 

 
283 

 

U.R Number  ……………………………………….. 
 
Surname  ……………………………………………… 
 
Given Name(s) ……………………………………….. 
 
Date of Birth  ..…………………………………..……. 

AFFIX PATIENT LABEL HERE 

 

P
a

rtic
ip

a
n

t In
fo

rm
a

tio
n

 a
n

d
 C

o
n

s
e

n
t F

o
rm

 

 

Participant Information and Consent Form 

Version: 1.1 Dated: 1st May 2013 

 

 
 
2  WHAT IS THE PURPOSE OF THIS RESEARCH? 
Medications, drugs and devices have to be approved for use by the Australian Federal 
Government. Intravenous paracetamol is approved in Australia and in other countries 
such as USA, UK and Canada to treat fever and pain. Normal saline, which will be 
administered to the non-treatment group it is used to maintain fluid balance and reduce 
dehydration. Normal saline is approved in Australia and in other countries such as USA, 
UK and Canada. 
 
Intravenous paracetamol is commonly administered to many patients including those 
undergoing major surgery and the critically ill due to its minimal side effect profile. 
However, recent studies have provided compelling evidence for a re-evaluation of 
paracetamol use in this setting as it has been found to cause low blood pressure in 
intensive care patients. Importantly, there is a lack of information regarding its effect on 
blood pressure these patient demographics. This may be due to a lack of double-blinded, 
randomized controlled trials in these settings as well as in healthy patient cohorts for 
comparative studies. In addition, a previous study found that a type of oral paracetamol 
tablets produced high blood pressure in patients. The study investigators believed that 
the high blood pressure was due a high sodium content found in the tablets. It is 
therefore important to acknowledge that non-active ingredients in medicines may affect 
blood pressure.  
 
All patients undergoing major surgery require medications to control postoperative pain. 
Paracetamol is one of the most commonly used medications worldwide. In patients 
undergoing major surgery, it is usually administered intravenously (directly into the 
patient’s vein) via a cannula (tube) as part of normal hospital care. There are many 
different types of drugs that relieve pain including drugs classed as opioids (e.g. 
morphine) and non-steroidal anti-inflammatory drugs. However, these drugs are known to 
cause severe side effects including respiratory depression (a reduced breathing rate that 
causes decreased oxygen levels in the blood) and postoperative bleeding complications. 
Paracetamol use is therefore popular in surgical and critically ill patients due to its 
minimal side effect profile.  
 
There are very few published studies examining the effects of paracetamol on blood 
pressure in surgical and critically ill patients. However, in order to evaluate findings in 
these settings, it is important to first conduct a study on healthy volunteers to establish 
baseline data for future comparison. There are currently no studies that have directly 
evaluated the effects of IV paracetamol on blood pressure in healthy human volunteers. 
In addition, there is no existing literature that has addressed the potential for the high 
mannitol content of intravenous paracetamol to alter blood pressure. 
 
We plan to formally examine the effects of paracetamol in healthy volunteers. 
 
Clinical significance: A finding that paracetamol is safe and causes little effect on your 
blood pressure may influence whether it is routinely used in patients undergoing open 
heart surgery.  
 
If you participate in this study, you will receive all of the treatments being studied. You will 
be randomly allocated to one of three groups. By random, we mean that the choice which 
group a participant enters is by chance, a bit like tossing a coin. One group will receive 
an infusion of paracetamol; another group will receive an infusion of normal saline (a 
commonly used  
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fluid for surgical patients to assist in maintaining fluid balance and reducing 
dehydration) and the other group will receive an infusion of 20% mannitol (a 
commonly used diuretic – a medicine that promotes the production of urine). Each 
participant will receive the other study drugs in a crossover study design on separate 
occasions at least one day after the first treatment is received, but within one week. 
This is the most scientific way of doing this research.  
 
The results of this research will be used by the principal investigator, Elizabeth 
Chiam who is a student associated with the Department of Surgery, University of 
Melbourne, Austin Health to obtain a Doctor of Philosophy (PhD) degree.  
 
This research has been initiated by the principal investigator, Professor Rinaldo 
Bellomo.  

3 WHAT DOES PARTICIPATION IN THIS RESEARCH INVOLVE? 

This Participant Information Sheet/Consent Form is 15 pages long. Please make 
sure you have read all the pages. It explains the treatments and tests involved. 
Knowing what is involved will help you decide if you want to take part in the research. 
Ask questions about anything that you don’t understand or want to know more about. 
 
This study is a research project. Participation is entirely voluntary. You can end your 
participation at any time without any consequences to you or your relationship with 
Austin Health.  
 
Are you eligible? 
You will be eligible to take part in this study if you are: 

• Over the age of 18 

• Healthy volunteer 
 
What is this type of trial called? 
At present we do not know whether the use of intravenous paracetamol is best for 
treating postoperative pain. To find out we need to compare different treatments. 
This study is known as a double-blinded randomized controlled cross over trial.  

When a study is: 
“Double blinded”, it means that neither you nor your study doctors will know which 
treatment you are receiving. However, in certain circumstances, your study doctor 
can find out which treatment you are receiving.  
 
“Randomized”, it means that you will be allocated into groups. Each group will 
receive a different treatment. In our study there will be two treatment groups. The 
results between the two treatments will be compared to see if one is better. To try to 
make sure the groups are the same, each participant will be put into a group by 
chance (random), a bit like tossing a coin.   
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“Controlled”, it means that one of the groups will be receiving a placebo drug. A placebo 
drug is a medication with no active ingredients. It looks like the real thing but is not. This is the 
most scientific way of doing research 
 
“Cross-over”. It means that the groups each have the different treatments in turn. This 
means for this study, you will be administered 1 dose of paracetamol, 1 dose of mannitol and 
1 dose of normal saline at separate times.  

What does participation involve? 
Participation in this research is voluntary. If you agree to participate in this research, you will 
be asked to give written consent. This consent form will be signed prior to any study 
assessments being performed. The study is being conducted at the Austin Hospital only. 
 
Participants will be required to fast for 10 hours for caffeine (e.g. coffee or energy drink), 6 
hours for solid foods and 2 hours for clear fluids prior to the study. On arrival participants will 
be encouraged to void urine to empty their bladders thereby avoiding discomfort during the 
study. Participants will have an intravenous cannula (drip) placed a vein in their arm by a 
study doctor. Before the study drug is infused, blood pressure and blood flow measurements 
will be taken via non-invasive haemodynamic (blood flow) monitoring.   
 
Participants will receive an infusion for 15 minutes of the first study drug that they were 
randomized to. Participants will be seated and provided with a selection of magazines. During 
this time, blood pressure and blood flow measurements such as cardiac output will be taken. 
These parameters will be measured through a non-invasive haemodynamic device. 
Measurements will occur 5 minutes, 10 minutes, 15 minutes and 30 minutes from the start of 
the infusion time. At the end of the study, the infusion line will be disconnected, and 
participants will be offered a light snack and refreshments.  
 
As stated above, participants will receive a total of 3 treatment arms. This means that the 
study will require participants to visit the hospital three times. After the first treatment arm, 
participants are invited to return to the hospital for the second treatment arm at least 1 day 
after the first treatment but the gap in which participants must return to receive the second 
treatment must not exceed 1 week. This time frame is repeated for the third and final visit and 
treatment.  
NB: parking and transport costs will be provided if applicable. 

How much paracetamol will be given? 
You will receive the standard and recommended amount of paracetamol which is 1 gram per 
dose. This is one quarter of the maximum dosage from the recommended guidelines.  
 
If you are allocated to the mannitol group, you will receive the equivalent amount of fluid as 
the paracetamol group. That is, you will receive 100mL of mannitol.  
 
If you are allocated to the normal saline group, you will receive the equivalent amount of fluid 
as the paracetamol group. That is, you will receive 100mL of normal saline.  
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How will blood pressure be measured? 
We will monitor your blood pressure through a totally non-invasive device. This means that 
this device will not require any additional tubes being placed in your veins.  This device 
attaches to your wrist via a Velcro cuff similar to the arm cuff your doctor normally uses to 
measure your blood pressure. It is also attached via a smaller Velcro cuff to your middle 
finger (as shown in the picture below). The green reading device shown on the wrist cuff 
sends your blood pressure information to a display screen. 

 

Figure 1. Noninvasive blood pressure monitoring device.  

This research project has been designed to make sure the researchers interpret the results in 
a fair and appropriate way and avoids study doctors or participants jumping to conclusions.  

There are no additional costs associated with participating in this research project, nor will 
you be paid. All medication, tests and medical care required as part of the research project 
will be provided to you free of charge. 

 
4 WHAT DO I HAVE TO DO? 
Before you participate 

• Fast caffeine for at least 10 hours this includes coffee and energy drinks 

• Fast solid foods for at least 6 hours 

• Fast clear liquids for at least 2 hours 

• Empty bladder to avoid discomfort during the study 
 

5 OTHER RELEVANT INFORMATION ABOUT THE RESEARCH PROJECT 
How many people will be taking part in this study? A total of 24 participants will be invited 
to take part in this study.  

6 DO I HAVE TO TAKE PART IN THIS RESEARCH PROJECT? 
Participation in any research project is voluntary. If you do not wish to take part, you do not 
have to. If you decide to take part and later change your mind, you are free to withdraw from 
the project at any stage. If you do decide to take part, you will be given this Participant  
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Information and Consent Form to sign and you will be given a copy to keep. Your decision 
whether to take part or not to take part, or to take part and then withdraw, will not affect your 
routine treatment, your relationship with those treating you or your relationship with Austin 
Health during this admission and in the future 

7 WHAT ARE THE ALTERNATIVES TO PARTICIPATION?  
As this study is for healthy volunteers only there are no alternatives to participation as the trial 
drugs are not designed to treat any personal medical conditions. As stated above, if you feel 
uncomfortable participating in this study, you are free to withdraw at any time.   

8 WHAT ARE THE POSSIBLE BENEFITS OF TAKING PART? 
There may be no direct benefits to you for participating in this study. There will be no 
compensation for participants. 

9 WHAT ARE THE POSSIBLE RISKS AND DISADVANTAGES OF TAKING PART? 
This study may involve unknown or unforeseen side effects. Medical treatments often cause 
side effects. You may have none, some or all of the effects listed below, and they may be 
mild, moderate or severe. If you have any of these side effects, or are worried about them, 
talk with your study doctor. Your study doctor will also be looking out for side effects. Many 
side effects go away shortly after treatment ends. However, sometimes side effects can be 
serious, long lasting or permanent. If a severe side effect or reaction occurs, your study 
doctor may need to stop your treatment. Your study doctor will discuss the best way of 
managing any side effects with you. 
 
There may be side effects that the researchers do not expect or do not know about and that 
may be serious. Tell your study doctor immediately about any new or unusual symptoms that 
you get. 
 
You should not participant in this study if you have reason to believe you may be pregnant or 
are trying to become pregnant. 

Side effects from paracetamol are very rare but may include the following:  
From a study of 10, 000 the following may occur 

Side Effect How often is it likely to occur? 

A drop in blood pressure 1 in 10 

Feeling generally unwell and run down 1 in 10 

Serious skin rash or allergic reaction, skin 
redness, flushing, itching, bruising and 
abnormally rapid heart rate or pain on injection 

Less than 1 in 10,000 

 
Side effects from mannitol are very rare but may include the following:  

Side Effect 

Nausea, vomiting, fever and headache 

Fluid and electrolyte imbalances 

Low blood pressure due to dehydration 
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100mLs of normal saline is considered harmless. There are no reported side 
effects from this amount of normal saline.  

As this study requires participants to fast, there is a risk of withdrawal headaches 
when participating in this study. If you experience a withdrawal headache during this 
study, please inform your study doctor. If you have concerns regarding this side 
effect, please consult your study doctor prior to participating in this study.  

SAFETY PRECAUTIONS 
In this pilot study, in order to avoid any safety concerns with low blood 
pressure, if a significant drop in blood pressure (>20% from your baseline 
value) is observed, your doctor will treat this immediately as per conventional 
treatment for any patient with low blood pressure. As per standard anaesthetic 
protocol, hypotension will be treated firstly by resting you on a bed and tilting 
the bed head down to increase flow of blood to the heart. If blood pressure 
fails to normalize after 1 minute of this treatment, your anaesthetist will 
administer a conventional drug (metaraminol) to increase blood pressure. In 
addition, the study drug will be immediately stopped.  Likewise, if your doctor 
needs to give you paracetamol for medical reasons e.g. severe fever, the study 
drug will be unblinded and you will still be able to receive paracetamol if 
clinically required.   
 
The effects of intravenous paracetamol on the unborn child and on the newborn baby 
are not known. Because of this, it is important that research project participants are 
not pregnant or breast-feeding and do not become pregnant during the course of the 
research project. You must not participate in the research if you are pregnant or 
trying to become pregnant, or breast-feeding. If you are female and childbearing is a 
possibility, you will be required to undergo a pregnancy test prior to commencing the 
research project.  
 
Having a drug injected may cause some discomfort, bruising, minor infection or 
bleeding.  If this happens, it can be easily treated 

What happens if I am injured as a result of participating? 

If you suffer any injuries or complications as a result of this research project, you 
should contact the study team as soon as possible and you will be assisted with 
arranging appropriate medical treatment. If you are eligible for Medicare, you can 
receive any medical treatment required to treat the injury or complication, free of 
charge, as a public patient in any Australian public hospital. 

Neither the hospital nor the study doctors guarantee that payment for other loss or 
injury will be available to you (such as loss of income from workdays missed or 
health costs not covered by public health services). However, by signing the consent 
form, you have not given up any legal or other rights to seek compensation, including 
legal rights for neglect or other causes of action.   



 

  

Participant Information Sheet/Consent Form v1.1 1st May 2013 Page 9 of 15 
Haemodynamic Effects Of Intravenous Paracetamol In Healthy Volunteers 

 

289 
 

U.R Number  ……………………………………….. 
 
Surname  ……………………………………………… 
 
Given Name(s) ……………………………………….. 
 
Date of Birth  ..…………………………………..……. 

AFFIX PATIENT LABEL HERE 

 

P
a

rtic
ip

a
n

t In
fo

rm
a

tio
n

 a
n

d
 C

o
n

s
e

n
t F

o
rm

 

 

Participant Information and Consent Form 

Version: 1.1 Dated: 1st May 2013 

 

 
 
11 WHAT IF NEW INFORMATION ARISES DURING THIS RESEARCH 
PROJECT? 
Sometimes during the course of a research project, new information becomes 
available about the treatment that is being studied. If this happens, your study doctor 
will tell you about it and discuss with you whether you want to continue in the 
research project. If you decide to withdraw, your study doctor will make 
arrangements for your regular health care to continue. If you decide to continue in 
the research project you will be asked to sign an updated consent form. 
 
Also, on receiving new information, your study doctor might consider it to be in your 
best interests to withdraw you from the research project. If this happens, he/ she will 
explain the reasons and arrange for your regular health care to continue. 

12 CAN I HAVE OTHER TREATMENTS DURING THIS RESEARCH 
PROJECT? 
Participation in this study limits the medications you can take. As the study is strictly 
for healthy volunteers, we have limited the study to participants who are not currently 
on any other medication other than the contraceptive pill. 
 
It may also be necessary for you to take medication during or after the research 
project to address side effects or symptoms that you may have.  Due to the minimal 
side effect profile as mentioned above, we predict this will be an extremely rare 
occurrence. However, you may need to pay for these medications and so it is 
important that you ask your doctor about this possibility. 

13 WHAT IF I WITHDRAW FROM THIS RESEARCH PROJECT? 
If you decide to withdraw from the project, please notify a member of the research 
team before you withdraw. There will be no risks or special requirements linked to 
withdrawing. If you decide to leave the project, the researchers would not keep any 
health information about you that had been collected. 

14 COULD THIS RESEARCH PROJECT BE STOPPED UNEXPECTEDLY? 
No other research projects investigating the effects of paracetamol, normal saline or 
osmitrol in major surgery have been stopped as a result of direct complications from 
its use. This research project may however be stopped if there are unacceptable side 
effects described above. 

 
This research project may be stopped unexpectedly for a variety of reasons. These 
may include reasons such as: 

•       Unacceptable side effects 

•       The drug/treatment being shown not to be effective 

•       The drug/treatment being shown to work and not need further testing 
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15 WHAT HAPPENS WHEN THE RESEARCH PROJECT ENDS? 
There will be no additional participation required from you after the study ends. You will not 
be contacted for any further surveys or questionnaires, and you will not require any further 
blood tests. A summary of the results will be posted to you after the project is complete. This 
will take about 12 months.  

Part 2 How is the research project being conducted? 

16 WHAT WILL HAPPEN TO INFORMATION ABOUT ME? 
By signing the consent form you consent to the study doctor and relevant research staff 
collecting and using personal information about you for the research project. Any information 
obtained in connection with this research project that can identify you will remain confidential 
and will only be used for the purpose of this research project. It will only be disclosed with 
your permission, except as required by law.  
 
Your health records and any information obtained during the study are subject to inspection 
(for the purpose of verifying the procedures and the data) by the relevant authorities and this 
organization at this Hospital or as required by law. By signing the consent section, you 
authorize release of, or access to, this confidential information to the relevant study personnel 
and regulatory authorities as noted above.  
 
If any publication and/or presentation results from this research, information will be provided 
in such a way that you cannot be identified. No personal details will be disclosed in any way 
or form. Only information relating to the main study end points e.g. blood pressure will be 
presented. Furthermore, this project does not involve the establishment of a databank where 
other information or additional ongoing information will be continued to be collected. 
 
Data will be managed according to the requirements of the Austin Health Human Research 
Ethics Committee and the State and Commonwealth privacy laws. It may be necessary for 
representatives of research regulatory agencies such as the Austin Health Human Research 
Ethics Committee to access and use personal information written in your medical records in 
order to confirm clinical trial procedures and/or data. 
 
In all cases when dealing with your personal information we are required to comply with the 
various State and Commonwealth privacy laws. Data collected will be coded. This means that 
it can be linked back to you. However, your participation in the study will be treated as private 
and confidential, that is, any personally identifiable information will be stored and kept under 
secure conditions within the Department of Anaesthesia.  
 
It is anticipated that the results of this research project will be published and/or presented in a 
variety of forums. In any publication and/or presentation, information will be provided in such 
a way that you cannot be identified, except with your permission.   

 
You will not be referred to by name, nor will your identity be made apparent in any report of 
the study made available to the public. Your identity will not be revealed to any person, 
except for the purposes described above, in the event of a medical emergency or as allowed  
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or required by law. The data relating to you is given a unique identification number 
and other wise de-identified by removing any direct reference to you including your 
name.  In that way you cannot be identified from the data. At the conclusion of the 
study, study documentation will be stored for a period of 15 years in accordance with 
the regulations. Information about your participation in this research project may be 
recorded in your health records.  
 
By signing the consent form, you have not given up any of the legal rights that you 
otherwise would have as a participant in a research study, including your right to 
access information kept about you. You have the right of access to, and to request 
correction of, information held about you by Austin Health in accordance with the 
Freedom of Information Act 1982 (Vic).  
 

HOW CAN I ACCESS MY INFORMATION? 
In accordance with relevant Australian and/or Victorian privacy and other relevant 
laws, you have the right to request access to your information collected and stored 
by the research team. You also have the right to request that any information with 
which you disagree be corrected. Please contact the study team member named at 
the end of this document if you would like to access your information. 
 
Information about you may be obtained from your health records held at this and 
other health services for the purpose of this research. By signing the consent form, 
you agree to the study team accessing health records if they are relevant to your 
participation in this research project. 

IS THIS RESEARCH PROJECT APPROVED? 
The Austin Health Human Research Ethics Committee has approved the ethical 
aspects of this research project. This project will be carried out according to the 
National Statement on Ethical Conduct in Human Research (2007) produced by the 
National Health and Medical Research Council of Australia. This statement has been 
developed to protect the interests of people who agree to participate in human 
research studies. 
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17 COMPLAINTS AND COMPENSATION 
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about being a research participant in general, then you 
may contact: 
 
Name: Dr Sianna Panagiotopoulos, Research Ethics Unit, Austin Health. (Phone: 03 
9496 5088) 
 
In the event of loss or injury, the parties involved in this research project have agreed 
that hospital care and treatment will be provided by the public health service at no 
extra cost to you if you elect to be treated as a public patient. 

18 WHO IS ORGANISING AND FUNDING THE RESEARCH? 
This research project is being conducted by researchers affiliated with the following 
departments at Austin Health: 

Department of Intensive Care 
Department of Anaesthesia 
Department of Surgery, University of Melbourne 
 
This project will be funded by the Department of Intensive Care, Austin Health.  

19 WHO HAS REVIEWED THE RESEARCH PROJECT? 
All research in Australia involving humans is reviewed by an independent group of 
people called a Human Research Ethics Committee (HREC).  The ethical aspects of 
this research project have been approved by the HREC of Austin Health.  
 
This project will be carried out according to the National Statement on Ethical 
Conduct in Human Research (2007). This statement has been developed to protect 
the interests of people who agree to participate in human research studies. 
 
Approval of this project by the Austin Health HREC was issued on insert date. 
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20 FURTHER INFORMATION AND WHO TO CONTACT 
The person you may need to contact will depend on the nature of your query. 
 
If you want any further information concerning this project or if you have any medical 
problems which may be related to your involvement in the project (for example, any 
side effects), you can contact the principal study doctor on 03 9496 5000 or any of 
the following people: 

 Clinical contact person 

 
For matters relating to research at the site at which you are participating, the details 
of the local site complaints person are: 

Complaints contact person 

 
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about being a research participant in general, then you 
may contact: 

Reviewing HREC approving this research and HREC Executive Officer details 

 

Local HREC Office contact (Single Site - Research Governance Officer) 

 

  

Name Dr Laurence Weinberg 
Position Staff Anaesthetist 
Telephone 03 9496 5000 
Email Laurence.Weinberg@austin.org.au 

Name Dr Sianna Panagiotopoulos 
Position Manager, Office for Research, Austin LifeSciences 
Telephone 03 9496 5088 
Email research@austin.org.au 

Reviewing HREC name Austin Health Human Research Ethics Committee 
HREC Executive Officer Professor David Taylor 
Telephone 03 9496 4090 
Email research@austin.org.au 

Name Dr Sianna Panagiotopoulos 
Position Manager, Office for Research, Austin LifeSciences 
Telephone 03 9496 5088 
Email research@austin.org.au 

mailto:Laurence.Weinberg@austin.org.au
mailto:research@austin.org.au
mailto:research@austin.org.au
mailto:research@austin.org.au
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Consent Form - Adult providing own consent 

 
Declaration by Participant 

I have read the Participant Information Sheet or someone has read it to me in a language that 
I understand. 
 
I understand the purposes, procedures and risks of the research described in the project. 
 
I give permission for my doctors, other health professionals, hospitals or laboratories outside 
this hospital to release information to Austin Health concerning my disease and treatment for 
the purposes of this project. I understand that such information will remain confidential.  
 
I have had an opportunity to ask questions and I am satisfied with the answers I have 
received. 
 
I freely agree to participate in this research project as described and understand that I am 
free to withdraw at any time during the study without affecting my future health care.  

I understand that I will be given a signed copy of this document to keep. 

 
 Name of Participant (please print)     

 
 Signature   Date   

 
 
 Name of Witness* to 

Participant’s Signature (please print) 
  

  Signature   Date   

 
* Witness is not to be the investigator, a member of the study team or their delegate.  In the event that 

an interpreter is used, the interpreter may not act as a witness to the consent process.  Witness must 
be 18 years or older. 
 

Note: All parties signing the consent section must date their own signature.  
 
  

Title 
Haemodynamic Effects of Intravenous 
Paracetamol in Healthy Volunteers 

Protocol Number V1.1 

Project Sponsor Department of Intensive Care, Austin Health 

Coordinating Principal Investigator/ 

Principal Investigator 

Professor Rinaldo Bellomo 
Dr Laurence Weinberg 
Ms. Elizabeth Chiam 

Location Austin Health 
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Declaration by Study Doctor/Senior Researcher† 

 

I have given a verbal explanation of the research project; its procedures and risks and 

I believe that the participant has understood that explanation. 

 
 Name of Study Doctor/ 

Senior Researcher† (please print) 

  

   Signature   Date   

 
† A senior member of the research team must provide the explanation of, and information concerning, the 

research project.  

 

Note: All parties signing the consent section must date their own signature. 
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Appendix 3 

Patient Information 
Informed Consent Form  
(cardiac surgery study)  
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Participant Information Sheet/Consent Form 

Interventional Study - Adult providing own consent 

Austin Health 

 
 

 

 

Title 
Haemodynamic Effects of Intravenous 
Paracetamol During and After Cardiac 
Surgery 

Protocol Number 
Version 1.1 
 
 

Project Sponsor 
Department of Intensive Care, Austin 
Health 

Principal Investigators 

Professor Rinaldo Bellomo: 
Department of Intensive Care, Austin 
Health 
 
Dr Laurence Weinberg: Department of 
Anaesthesia, Austin Health   
 
Elizabeth Chiam: Department of 
Surgery, University of Melbourne, 
Austin Health 

Location Austin Health, Heidelberg, Victoria, 
Australia 
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Part 1 What does my participation involve? 

1 INTRODUCTION 

You are invited to take part in this research project. This is because you require cardiac 
surgery with the use of the cardiopulmonary bypass machine. The research project is testing 
the effects of intravenous paracetamol. Intravenous paracetamol is a commonly used 
analgesic (pain relief medication) and antipyretic (fever reducing medication) in patients 
undergoing cardiac surgery. This will be administered during and after surgery to assist with 
the treatment of postoperative pain. 

 

Paracetamol is one of the most commonly used medications in the world. Each year, over 
200 million paracetamol-containing prescriptions are filled in the USA, making it the most 
commonly dispensed drug in the world. Paracetamol seems to possess effective antipyretic 
(fever reducing) and analgesic (pain relief) effects with an excellent safety profile. While 
paracetamol is a leading over-the-counter medicine, its use in hospitals is also well-
established.  
 

This Participant Information Sheet/Consent Form tells you about the research project. It 
explains the tests and treatments involved. Knowing what is involved will help you decide if 
you want to take part in the research. 

 

Please read this information carefully. Ask questions about anything that you don’t 
understand or want to know more about. Before deciding whether or not to take part, you 
might want to talk about it with a relative, friend or your local doctor. 

 

Participation in this research is entirely voluntary. If you don’t wish to take part, you don’t have 
to. You will receive the best possible care whether or not you take part. You can end your 
participation at any time without any consequences to you or your future relationship with 
Austin Health.  
 

If you decide you want to take part in the research project, you will be asked to sign the 
consent section. By signing it you are telling us that you: 

• Understand what you have read 

• Consent to take part in the research project 

• Consent to have the tests and treatments that are described 

• Consent to the use of your personal and health information as described. 
 

You will be given a copy of this Participant Information and Consent Form to keep.  

2  WHAT IS THE PURPOSE OF THIS RESEARCH? 
Medications, drugs and devices have to be approved for use by the Australian Federal 
Government. Intravenous paracetamol is approved in Australia and in other countries such as 
USA, UK and Canada to treat fever and pain. Normal saline, which will be administered to the 
non-treatment group it is used to maintain fluid balance and reduce dehydration. Normal 
saline is approved in Australia and in other countries such as USA, UK and Canada.  
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Paracetamol is commonly administered to many patients undergoing major surgery, including 
cardiac surgery due to its minimal side effect profile. However, recent studies have provided 
evidence that paracetamol may cause low blood pressure in critically ill patients, which may 
have important clinical implications for patients undergoing surgery. The mechanism for this 
low blood pressure is unknown but may be due to one of the stabilizing compounds found in 
the formulation. The lack of clinical research in this setting justifies the need for further 
investigation into the safety of paracetamol during and after cardiac surgery. 
 
All patients undergoing open-heart surgery require medications to control postoperative pain. 
Paracetamol is one of the most commonly used medications worldwide. In patients 
undergoing major surgery, it is usually administered intravenously (directly into the patient’s 
vein) via a cannula (tube) as part of normal hospital care. There are many different types of 
drugs that provide pain relief including drugs classified as opioids (e.g. morphine) and non-
steroidal anti-inflammatory drugs (e.g. aspirin). However, these drugs are known to cause 
severe side effects including respiratory depression (a reduced breathing rate that causes 
decreased oxygen levels in the blood) and postoperative bleeding complications. 
Paracetamol use is therefore popular in surgical and critically ill patients due to its minimal 
side effect profile. 
 
There are very few published studies examining the effects of paracetamol in cardiac surgery 
patients undergoing cardiopulmonary bypass. The studies that have been done have been 
small and often with major limits in study design. Larger studies need to be done to identify 
whether paracetamol has an adverse or beneficial effect in patients undergoing cardiac 
surgery. 
 
We plan to formally investigate the effects of paracetamol on your blood pressure. We will 
conduct a research study to ask the question: Does paracetamol have adverse effects on 
your blood pressure during and after cardiac surgery? 
 
Clinical significance: A finding that paracetamol is safe and causes little effect on your 
blood pressure may influence whether it is routinely used in patients undergoing open heart 
surgery. 
 
The results of this research will be used by the principal investigator, Elizabeth Chiam to 
obtain a doctor of philosophy (PhD) degree in association with the Department of Surgery, 
University of Melbourne, Austin Health.  
 
This research has been initiated by the principal investigator, Professor Rinaldo Bellomo.  

3 WHAT DOES PARTICIPATION IN THIS RESEARCH INVOLVE? 
This Participant Information Sheet/Consent Form is 16 pages long. Please make sure you 
have read all the pages. It explains the treatments and tests involved. Knowing what is 
involved will help you decide if you want to take part in the research. Ask questions about 
anything that you don’t understand or want to know more about.  

This study is a research project. Participation is entirely voluntary. You can end your 
participation at any time without any consequences to you or your relationship with Austin 
Health.  
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Are you eligible? 
You will be eligible to take part in this study if you are: 

• Over the age of 18 

• Undergoing either coronary artery bypass graft surgery or valve surgery with the use 
of the cardiopulmonary bypass machine  

 
What is this type of trial called? 

At present we do not know whether the use of intravenous paracetamol is best for treating 
postoperative pain. To find out we need to compare different treatments. This study is known 
as a double-blinded randomized controlled trial.  

When a study is: 
“Double blinded”, it means that neither you nor your study doctors will know which 
treatment you are receiving. However, in certain circumstances, your study doctor can find 
out which treatment you are receiving.  
 
“Randomized”, it means that you will be allocated into groups. Each group will receive a 
different treatment. In our study there will be two treatment groups. The results between the 
two treatments will be compared to see if one is better. To try to make sure the groups are the 
same, each participant will be put into a group by chance (random), a bit like tossing a coin. 
 
“Controlled”, it means that one of the groups will be receiving a placebo drug. A placebo 
drug is a medication with no active ingredients. It looks like the real thing but is not. This is the 
most scientific way of doing research 
 
What does participation involve? 
Participation in this research is voluntary. If you agree to participate in this research, you will 
be asked to give written consent. This consent form will be signed prior to any study 
assessments being performed. The study is being conducted at the Austin Hospital only. 
 
The anaesthetic and surgery will be exactly the same as for any person having this 
operation who is not taking part in this study. At the beginning of the operation, you will 
be allocated to one of two groups. One group will be receiving an infusion of paracetamol;  
the other group will receive an infusion of normal saline (a commonly used fluid for surgical 
patients to maintaining fluid balance and reduce dehydration). After the operation is complete, 
you will be taken to the Intensive Care Unit (ICU) for ongoing routine postoperative care. 

In addition to the blood and urine samples that are collected as part of your routine hospital 
care, by consenting to take part in this study you also consent to the collection of three 
additional samples of blood and two additional samples of urine as outlined below. The blood 
samples will be used to check blood-paracetamol levels while the urine samples are to check 
liver and kidney function. 

How much paracetamol will be given? 
If you are allocated to the paracetamol group, you will receive the standard and 
recommended amount of paracetamol which is 1 gram per 100mL dose. This will be given 
immediately before your surgery commences, and then twice in the intensive care unit. The 
dose in intensive care will be 1 gram and as per recommended dosing guidelines, it will be 

given at least 6 hours apart.  
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If you are allocated to the control (placebo) group, you will receive the equivalent amount of 
fluid as the paracetamol group. That is, you will receive 100mL of normal saline. In addition to 
this, you will also have access to intravenous morphine via a patient controlled analgesia 
(PCA) device. This PCA device will be made available to all participants, including those in 
the paracetamol group, for postoperative pain relief during the stay in the ICU 

How much blood and urine will be taken? 
There will be three additional samples of blood taken for this study and two samples of urine. 
Each sample of blood will be 7mL and each sample of urine will be 5mL. A total of 21mL of 
blood and 10mL of urine will therefore be collected from you during the study. The amount of 
extra blood and urine being collected is very small and is about equivalent to 2 tablespoons.  

The study will examine the effects of paracetamol on your blood pressure. The additional 
samples that will be taken for this study are as follows: 

 Blood sample (7mL each) Urine sample (5mL each) 

Before drug administration X X 

15 minutes after drug 
administration 

X  

30 minutes after drug 
administration 

X  

At the end of the surgery  X 

 
Where will the blood and urine be taken from? 
The samples of blood required for this study will be taken directly from the arterial line or the 
cardiopulmonary bypass machine. Therefore, there will be no discomfort from the sampling of 
blood as we will not insert any additional catheters for collection. The urine samples will be 
taken from a urinary tube that is inserted into your bladder by the surgeons when you are 
asleep for your operation. This is part of routine care. There will be no discomfort from the 
sampling.  

What will the blood and urine samples be used for? 
Your blood and urine samples will be tested to measure chemical balance of your body and 
how your body reacts to the paracetamol. Blood and urine samples will be analyzed then 
immediately destroyed as per department/hospital protocols. 

Are there any risks or inconveniences involved from taking the additional blood and 
urine samples? 
The samples of blood required for this study will be taken from the arterial line and 
cardiopulmonary bypass machine. The urine samples are sampled from a urinary catheter 
which is a small tube inserted into your bladder by the surgeons when you are asleep. As this 
study will be using lines and catheters that are necessary for your surgery, we anticipate no 
risks or inconveniences from the additional sampling. However, it is important to remember 
that having a drug injected or blood taken may cause some discomfort, bruising, minor 
infection or bleeding.  If this happens, it can be easily treated.  
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How will blood pressure be measured? 

Before your surgery, your anaesthetist will put you to sleep. After this, a series of cannulae 
(tubes) and lines will be placed to administer anaesthetic drugs and monitor your vital signs. 
A special catheter is placed in your arm and will follow the blood flow from an artery in your 
arm that leads to your heart. This allows your anaesthetist to directly monitor the blood 
pressure in your heart during your surgery. This is standard practice for all cardiac surgeries 
at our institution. 

After your surgery, you will be transferred to the ICU. We will then monitor your blood 
pressure through a totally non-invasive device. This means that this device will not require 
any additional tubes being placed in your veins.  This device attaches to your wrist via a 
Velcro cuff similar to the arm cuff your doctor normally uses to measure your blood pressure. 
It is also attached via a smaller Velcro cuff to your middle finger (as shown in the picture 
below). The green reading device shown on the wrist cuff sends your blood pressure 
information to a display screen. 

 

Figure 1. Non invasive blood pressure monitoring device.  

This research project has been designed to make sure the researchers interpret the results in 
a fair and appropriate way and avoids study doctors or participants jumping to conclusions.  

There are no additional costs associated with participating in this research project, nor will 
you be paid. All medication, tests and medical care required as part of the research project 
will be provided to you free of charge. 

 
4 WHAT DO I HAVE TO DO? 

Before your surgery 

At least 1-2 weeks prior to your surgery, you will have had a routine appointment with an 
anaesthetist at the anaesthesia pre-admissions clinic. During this appointment, you will be 
informed of the fasting protocols that are in place at Austin Health. While it is recommended 
that you fast from clear fluids at least 2 hours prior to your surgery, we ask that participants 
also refrain from consuming caffeine (e.g. coffee or energy drinks) at least 10 hours 
prior to your surgery. This is the most scientific way of monitoring the effects of the 
paracetamol on your blood pressure. If you have had any caffeine 10 hours before your 
surgery, you will be excluded from the trial. 
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5 OTHER RELEVANT INFORMATION ABOUT THE RESEARCH PROJECT 

How many people will be taking part in this study? 
A total of 50 participants will be invited to take part in this study. As mentioned, participants 
will be allocated to one of two groups. This means that a total of 25 participants will be in the 
paracetamol treatment group and a total of 25 participants will be in the placebo group. This 
study will be conducted exclusively at the Austin Hospital. 
 
Will I be at a disadvantage if I am allocated to the placebo group? 
 
All study participants, even those that are allocated to receive the placebo drug (normal 
saline) will be given a dose of morphine at the end of their surgery and will receive 
intravenous morphine for pain relief during their stay in the ICU this is standard practice at the 
Austin Hospital. In additional, fluid volumes of the participants will be monitored and adjusted 
at the discretion of the treating physician, this is standard practice at the Austin Hospital. This 
way no participant is at an advantage or disadvantage in terms of pain relief or fluid 
maintenance treatment. 

6 DO I HAVE TO TAKE PART IN THIS RESEARCH PROJECT? 
Participation in any research project is voluntary. If you do not wish to take part, you do not 
have to. If you decide to take part and later change your mind, you are free to withdraw from 
the project at any stage. If you do decide to take part, you will be given this Participant 
Information and Consent Form to sign and you will be given a copy to keep. Your decision 
whether to take part or not to take part, or to take part and then withdraw, will not affect your 
routine treatment, your relationship with those treating you or your relationship with Austin 
Health during this admission and in the future 

7 WHAT ARE THE ALTERNATIVES TO PARTICIPATION?  
You do not have to take part in this research project to receive treatment at this hospital. 
However, since intravenous paracetamol is commonly used for the treatment of postoperative 
pain, it is likely that it will be administered even if you choose not to take part in this study. 
 
If you choose not to participate in this study, alternative postoperative pain relief medications 
may also be administered including opioids (e.g. morphine) or non-steroidal anti- 
inflammatory drugs (e.g. ibuprofen) at the discretion of your treating physician or if you have a 
known allergy to intravenous paracetamol in accordance with routine hospital practice. Your 
study doctor will discuss these options with you before you decide whether or not to take part 
in this research project.  You can also discuss the options with your local doctor. 

8 WHAT ARE THE POSSIBLE BENEFITS OF TAKING PART? 
There may be no direct benefits to you for participating in this study. There will be no 
compensation for participants. 

9 WHAT ARE THE POSSIBLE RISKS AND DISADVANTAGES OF TAKING PART? 
This study may involve unknown or unforeseen side effects. Medical treatments often cause 
side effects. You may have none, some or all of the effects listed below, and they may be 
mild, moderate or severe. If you have any of these side effects, or are worried about them, 
talk with your study doctor.   
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Your study doctor will also be looking out for side effects. Many side effects go away shortly 
after treatment ends. However, sometimes side effects can be serious, long lasting or 
permanent. If a severe side effect or reaction occurs, your study doctor may need to stop your 
treatment. Your study doctor will discuss the best way of managing any side effects with you. 
 
There may be side effects that the researchers do not expect or do not know about and that 
may be serious. Tell your study doctor immediately about any new or unusual symptoms that 
you get.  
 
You should not participant in this study if you have reason to believe you may be pregnant or 
are trying to become pregnant. 

Side effects from paracetamol are very rare but may include the following:  
From a study of 10, 000 the following may occur  

Side Effect How often is it likely to occur? 

A drop in blood pressure 1 in 10 

Feeling generally unwell and run down 1 in 10 

Serious skin rash or allergic reaction, skin redness, flushing, 
itching and abnormally rapid heart rate or pain on injection 

Less than 1 in 10,000 

 
100mLs of normal saline is considered harmless. There are no reported side effects 
from this amount of normal saline.  

SAFETY PRECAUTIONS: 

In this pilot study, in order to avoid any safety concerns with low blood pressure, if a 
significant drop in blood pressure (>20% from your baseline value) is observed, your 
doctor will treat this immediately as per conventional treatment for any patient with low 
blood pressure. As per standard anaesthetic protocol, intraoperative and 
postoperative hypotension will be treated firstly by tilting the bed head down to 
increase flow of blood to the heart. If blood pressure fails to normalize after 1 minute of 
this, your anaesthetist will administer a conventional drug (metaraminol) to increase 
blood pressure. In addition, the study drug will be immediately stopped.  Likewise, if 
your doctor needs to give you paracetamol for medical reasons e.g. severe fever, the 
study drug will be unblinded and you will still be able to receive paracetamol if 
clinically required.   

The effects of intravenous paracetamol on the unborn child and on the newborn baby are not 
known. Because of this, it is important that research project participants are not pregnant or 
breast-feeding and do not become pregnant during the course of the research project. You 
must not participate in the research if you are pregnant or trying to become pregnant, or 
breast-feeding. If you are female and childbearing is a possibility, you will be required to 
undergo a pregnancy test prior to commencing the research project.  

Having a drug injected or blood (or tissue sample) taken may cause some discomfort, 
bruising, minor infection or bleeding.  If this happens, it can be easily treated 
 
These days, whilst anaesthesia is generally very safe there are some risks associated with 
anaesthesia.  The most common problems associated with anaesthesia are feeling unwell or 
vomiting, bruising at the site of injections, sore throat or hoarse voice. Most patients do not 
have
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these problems. If these problems do happen, they usually get better very quickly.  Damage 
to teeth may occur, but this is rare.  The risk of brain damage or death due to anaesthesia is 
very rare.  
 
The risk of problems from anaesthesia increases for patients who are having more major 
surgery, those with medical problems and those that require difficult anaesthetic procedures. 
If you have any concerns about these issues, you should discuss them with the study team. 

What happens if I am injured as a result of participating? 
If you suffer any injuries or complications as a result of this research project, you should 
contact the study team as soon as possible and you will be assisted with arranging 
appropriate medical treatment. If you are eligible for Medicare, you can receive any medical 
treatment required to treat the injury or complication, free of charge, as a public patient in any 
Australian public hospital. 
 
Neither the hospital nor the study doctors guarantee that payment for other loss or injury will 
be available to you (such as loss of income from work days missed or health costs not 
covered by public health services). However, by signing the consent form, you have not given 
up any legal or other rights to seek compensation, including legal rights for neglect or other 
causes of action.  
 

10 WHAT WILL HAPPEN TO MY TEST SAMPLES? 
Your blood and urine samples will be tested to measure chemical balance of your body and 
how your body reacts to the paracetamol. Blood and urine samples will be analyzed and 
then immediately destroyed as per department/hospital protocols.  
 
No tests other than the ones described above will be performed. Under no circumstances will 
any other tests be performed. The privacy/confidentiality of the sample results will be 
maintained at all times.  
 
Only a number will identify the blood and urine samples. Only Austin Health laboratory 
personnel will have access to these samples ensuring privacy and total confidentiality of the 
stored samples.  In order to maintain this confidentiality, only the study doctor conducting this 
study will hold the key to the code that will allow identification of the samples.  
 

11 WHAT IF NEW INFORMATION ARISES DURING THIS RESEARCH PROJECT? 
Sometimes during the course of a research project, new information becomes available about 
the treatment that is being studied. If this happens, your study doctor will tell you about it and 
discuss with you whether you want to continue in the research project. If you decide to 
withdraw, your study doctor will make arrangements for your regular health care to continue. 
If you decide to continue in the research project you will be asked to sign an updated consent 
form. 
 
Also, on receiving new information, your study doctor might consider it to be in your best 
interests to withdraw you from the research project. If this happens, he/ she will explain the 
reasons and arrange for your regular health care to continue. 
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12 CAN I HAVE OTHER TREATMENTS DURING THIS RESEARCH 
PROJECT? 
The use of either fluid solution will not affect any other treatments you may be 
receiving or have any effect on other medications you may be taking, including over-
the-counter medications, vitamins or herbal remedies, acupuncture or other 
alternative treatments. 
 
It may also be necessary for you to take medication during or after the research 
project to address side effects or symptoms that you may have.  Due to the minimal 
side effect profile as mentioned above, we predict this will be an extremely rare 
occurrence. However, you may need to pay for these medications and so it is 
important that you ask your doctor about this possibility. 

 
13 WHAT IF I WITHDRAW FROM THIS RESEARCH PROJECT? 
If you decide to withdraw from the project, please notify a member of the research 
team before you withdraw. There will be no risks or special requirements linked to 
withdrawing. If you decide to leave the project, the researchers would not keep any 
health information about you that had been collected. 

 
14 COULD THIS RESEARCH PROJECT BE STOPPED UNEXPECTEDLY? 
No other research projects investigating the effects of paracetamol solution in non-
cardiac surgery have been stopped as a result of direct complications from its use. 
 
This research project may be stopped unexpectedly for a variety of reasons. These 
may include reasons such as: 

•       Unacceptable side effects 

•       The drug/treatment being shown not to be effective 

•       The drug/treatment being shown to work and not need further testing 

 

15 WHAT HAPPENS WHEN THE RESEARCH PROJECT ENDS? 
There will be no additional participation required from you after the study ends. This 
study is specifically interested in the effects of intravenous paracetamol as a 
medicine for pain relief for acute postoperative pain (i.e. the pain that is experienced 
in the first 12 hours after surgery). After you have received paracetamol around 12 
hours after your operation, we will not be administering any additional paracetamol 
for the purposes of the study. This is when your participation in this study will come 
to an end. Pain will be treated as part of routine hospital care after this time.  

You will not be contacted for any further surveys or questionnaires, and you will not 
require any further blood tests. A summary of the results will be posted to you after 
the project is complete. This will take about 12 months.  
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Part 2 How is the research project being conducted? 

16 WHAT WILL HAPPEN TO INFORMATION ABOUT ME? 
By signing the consent form you consent to the study doctor and relevant research 
staff collecting and using personal information about you for the research project. 
Any information obtained in connection with this research project that can identify 
you will remain confidential and will only be used for the purpose of this research 
project. It will only be disclosed with your permission, except as required by law.  
 
Your health records and any information obtained during the study are subject to 
inspection (for the purpose of verifying the procedures and the data) by the relevant 
authorities and this organization at this Hospital or as required by law. By signing the 
consent section, you authorize release of, or access to, this confidential information 
to the relevant study personnel and regulatory authorities as noted above.  
 
If any publication and/or presentation results from this research, information will be 
provided in such a way that you cannot be identified. No personal details will be 
disclosed in any way or form. Only information relating to the main study end points 
e.g. blood pressure will be presented. Furthermore, this project does not involve the 
establishment of a databank where other information or additional ongoing 
information will be continued to be collected. 
 
Data will be managed according to the requirements of the Austin Health Human 
Research Ethics Committee and the State and Commonwealth privacy laws. It may 
be necessary for representatives of research regulatory agencies such as the Austin 
Health Human Research Ethics Committee to access and use personal information 
written in your medical records in order to confirm clinical trial procedures and/or 
data. 
 
In all cases when dealing with your personal information we are required to comply 
with the various State and Commonwealth privacy laws. Data collected will be coded. 
This means that it can be linked back to you. However, your participation in the study 
will be treated as private and confidential, that is, any personally identifiable 
information will be stored and kept under secure conditions within the Department of 
Anaesthesia.  
 
It is anticipated that the results of this research project will be published and/or 
presented in a variety of forums. In any publication and/or presentation, information 
will be provided in such a way that you cannot be identified, except with your 
permission.   
 
You will not be referred to by name, nor will your identity be made apparent in any 
report of the study made available to the public. Your identity will not be revealed to 
any person, except for the purposes described above, in the event of a medical 
emergency or as allowed or required by law. The data relating to you is given a 
unique identification number and other wise de-identified by removing any direct 
reference to you including your name.  In that way you cannot be identified from the 
data.  
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At the conclusion of the study, study documentation will be stored for a period of 15 years in 
accordance with the regulations. Information about your participation in this research project 
may be recorded in your health records. 
 
By signing the consent form you have not given up any of the legal rights that you otherwise 
would have as a participant in a research study, including your right to access information 
kept about you. You have the right of access to, and to request correction of, information held 
about you by Austin Health in accordance with the Freedom of Information Act 1982 (Vic).  

HOW CAN I ACCESS MY INFORMATION? 
In accordance with relevant Australian and/or Victorian privacy and other relevant laws, you 
have the right to request access to your information collected and stored by the research 
team. You also have the right to request that any information with which you disagree be 
corrected. Please contact the study team member named at the end of this document if you 
would like to access your information. 
 
Information about you may be obtained from your health records held at this and other health 
services for the purpose of this research. By signing the consent form you agree to the study 
team accessing health records if they are relevant to your participation in this research 
project. 
 
If you suffer any injuries or complications as a result of this research project, you should 
contact the study team as soon as possible and you will be assisted with arranging 
appropriate medical treatment. If you are eligible for Medicare, you can receive any medical 
treatment required to treat the injury or complication, free of charge, as a public patient in any 
Australian public hospital. 
 
Neither the hospital nor the study doctors guarantee that payment for other loss or injury will 
be available to you (such as loss of income from work days missed or health costs not 
covered by public health services). However, by signing the consent form, you have not given 
up any legal or other rights to seek compensation, including legal rights for neglect or other 
causes of action.  

IS THIS RESEARCH PROJECT APPROVED? 
The Austin Health Human Research Ethics Committee has approved the ethical aspects of 
this research project. This project will be carried out according to the National Statement on 
Ethical Conduct in Human Research (2007) produced by the National Health and Medical 
Research Council of Australia. This statement has been developed to protect the interests of 
people who agree to participate in human research studies. 

17 COMPLAINTS AND COMPENSATION 

If you have any complaints about any aspect of the project, the way it is being conducted or 
any questions about being a research participant in general, then you may contact: 

Name: Dr Sianna Panagiotopoulos, Research Ethics Unit, Austin Health. (Phone: 03 9496 
5088) 

In the event of loss or injury, the parties involved in this research project have agreed that 
hospital care and treatment will be provided by the public health service at no extra cost to 
you if you elect to be treated as a public patient. 
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18 WHO IS ORGANISING AND FUNDING THE RESEARCH? 
This research project is being conducted by researchers affiliated with the following 
departments at Austin Health: 

Department of Intensive Care 
Department of Anaesthesia 
Department of Surgery, University of Melbourne 

This project will be funded by the Department of Intensive Care, Austin Health.  

19 WHO HAS REVIEWED THE RESEARCH PROJECT? 
All research in Australia involving humans is reviewed by an independent group of 
people called a Human Research Ethics Committee (HREC).  The ethical aspects of 
this research project have been approved by the HREC of Austin Health.  

This project will be carried out according to the National Statement on Ethical 
Conduct in Human Research (2007). This statement has been developed to protect 
the interests of people who agree to participate in human research studies. 

Approval of this project by the Austin Health HREC was issued on insert date. 

20 FURTHER INFORMATION AND WHO TO CONTACT 
The person you may need to contact will depend on the nature of your query. 
 
If you want any further information concerning this project or if you have any medical 
problems which may be related to your involvement in the project (for example, any 
side effects), you can contact the principal study doctor on 03 9496 5000 or any of 
the following people: 

 Clinical contact person 
 

 

For matters relating to research at the site at which you are participating, the details 
of the local site complaints person are: 

Complaints contact person 

  

Name Dr Laurence Weinberg 
Position Staff Anaesthetist 
Telephone 03 9496 5000 
Email Laurence.Weinberg@austin.org.au 

Name Dr Sianna Panagiotopoulos 
Position Manager, Office for Research, Austin LifeSciences 
Telephone 03 9496 5088 
Email research@austin.org.au 

mailto:research@austin.org.au


 

  

Participant Information Sheet/Consent Form v1.1 1st May 2013 Page 14 of 16 
Haemodynamic Effects Of Intravenous Paracetamol During and After Cardiac Surgery 

 

311 
 

U.R Number  ……………………………………….. 
 
Surname  ……………………………………………… 
 
Given Name(s) ……………………………………….. 
 
Date of Birth  ..…………………………………..……. 

AFFIX PATIENT LABEL HERE 

 

P
a

rtic
ip

a
n

t In
fo

rm
a

tio
n

 a
n

d
 C

o
n

s
e

n
t F

o
rm

 

 

Participant Information and Consent Form 

Version: 1.1 Dated: 1st May 2013 

 

 

If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about being a research participant in general, then you 
may contact: 

 

Reviewing HREC approving this research and HREC Executive Officer details 

 

Local HREC Office contact (Single Site - Research Governance Officer) 

 

 
 
  

Reviewing HREC name Austin Health Human Research Ethics Committee 
HREC Executive Officer Professor David Taylor 
Telephone 03 9496 4090 
Email research@austin.org.au 

 

Name Dr Sianna Panagiotopoulos 
Position Manager, Office for Research, Austin LifeSciences 
Telephone 03 9496 5088 
Email research@austin.org.au 

mailto:research@austin.org.au
mailto:research@austin.org.au
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Consent Form - Adult providing own consent 

 
Declaration by Participant 
I have read the Participant Information Sheet or someone has read it to me in a 
language that I understand. 
 
I understand the purposes, procedures and risks of the research described in the 
project. 
 
I give permission for my doctors, other health professionals, hospitals or laboratories 
outside this hospital to release information to Austin Health concerning my disease and 
treatment for the purposes of this project. I understand that such information will remain 
confidential.  
 
I have had an opportunity to ask questions and I am satisfied with the answers I have 
received. 
 
I freely agree to participate in this research project as described and understand that I 
am free to withdraw at any time during the study without affecting my future health 
care.  
 
I understand that I will be given a signed copy of this document to keep. 

 
 Name of Participant (please 

print) 
    

 

 Signature   Date   

 
 

 
 Name of Witness* to Participant’s 

Signature (please print) 
  

 

 Signature   Date   

 
* Witness is not to be the investigator, a member of the study team or their delegate.  In 

the event that an interpreter is used, the interpreter may not act as a witness to the 
consent process.  Witness must be 18 years or older. 

Title 
Haemodynamic Effects of Intravenous 
Paracetamol During and After Cardiac Surgery 

Protocol Number V1.1 

Project Sponsor Department of Intensive Care, Austin Health 

Coordinating Principal 
Investigator/ 

Principal Investigator 

Professor Rinaldo Bellomo 
Dr Laurence Weinberg 
Ms. Elizabeth Chiam 

Location Austin Health 
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Declaration by Study Doctor/Senior Researcher† 

I have given a verbal explanation of the research project; its procedures and risks and I 
believe that the participant has understood that explanation. 

 
 Name of Study Doctor/ 

Senior Researcher† (please print) 

  

  

 Signature   Date   

 
† A senior member of the research team must provide the explanation of, and information 
concerning, the research project.  
Note: All parties signing the consent section must date their own signature. 

I consent to the storage and use of blood and tissue samples taken from me for use, as 
described in the relevant section of the Participant Information Sheet, for: 

• This specific research projects 

• Other research that is closely related to this research project 

• Any future research.  

 
 Name of Participant (please print)   

 

 Signature   Date   

 
 

 
 Name of Witness* to Participant’s 

Signature (please print) 
  

 

 Signature   Date   

 
* Witness is not to be the investigator, a member of the study team or their delegate.  In the 

event that an interpreter is used, the interpreter may not act as a witness to the consent 
process.  Witness must be 18 years or older. 

 
 Name of Study Doctor/ 

Senior Researcher† (please print) 

  

  

 Signature   Date   

 
† A senior member of the research team must provide the explanation of and information 
concerning the research project.  
Note: All parties signing the consent section must date their own signature.
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Participant Information Sheet/Consent Form 

Interventional Study - Adult providing own consent 

Austin Health 

 
 

 

 

Title 

Haemodynamic Effects of Intravenous 
Paracetamol in Patients with Chronic Liver 
Disease Undergoing Liver Transplantation: 
A Pilot Study 

Protocol Number 
Version 1.1 
 
 

Project Sponsor 
Department of Intensive Care, Austin 
Health 

Principal Investigators 

Professor Rinaldo Bellomo: 
Department of Intensive Care, Austin 
Health 
 
Dr Laurence Weinberg: Department of 
Anaesthesia, Austin Health   
 
Elizabeth Chiam: Department of 
Surgery, University of Melbourne, 
Austin Health 

Location Austin Health, Heidelberg, Victoria, 
Australia 



 

  

Participant Information Sheet/Consent Form v1.1 1st May 2013 Page 2 of 16 
Haemodynamic Effects Of Intravenous Paracetamol in Patients with Chronic Liver Disease Undergoing 

Liver Transplantation 
 
 

 
317 

 

U.R Number  ……………………………………….. 
 
Surname  ……………………………………………… 
 
Given Name(s) ……………………………………….. 
 
Date of Birth  ..…………………………………..……. 

AFFIX PATIENT LABEL HERE 

 

P
a

rtic
ip

a
n

t In
fo

rm
a

tio
n

 a
n

d
 C

o
n

s
e

n
t F

o
rm

 

 

Participant Information and Consent Form 

Version: 1.1 Dated: 1st May 2013 

 

 

Part 1 What does my participation involve? 

1 INTRODUCTION 

You are invited to take part in this research project. This is because you require liver 
transplantation surgery due to chronic liver disease. The research project is testing 
the effects of intravenous paracetamol. Intravenous paracetamol is a commonly used 
analgesic (pain relief medication) and antipyretic (fever reducing medication) in 
patients undergoing major surgery. This will be administered during your surgery to 
assist with the treatment of postoperative pain. 
 
Paracetamol is one of the most commonly used medications in the world. Each year, 
over 200 million paracetamol-containing prescriptions are filled in the USA, making it 
the most commonly dispensed drug in the world. Paracetamol seems to possess 
effective antipyretic (fever reducing) and analgesic (pain relief) effects with an 
excellent safety profile. While paracetamol is a leading over-the-counter medicine, its 
use in hospitals is also well-established.  
 
This Participant Information Sheet/Consent Form tells you about the research 
project. It explains the tests and treatments involved. Knowing what is involved will 
help you decide if you want to take part in the research. 
 
Please read this information carefully. Ask questions about anything that you don’t 
understand or want to know more about. Before deciding whether or not to take part, 
you might want to talk about it with a relative, friend or your local doctor. 
 
Participation in this research is entirely voluntary. If you don’t wish to take part, you 
don’t have to. You will receive the best possible care whether or not you take part. 
You can end your participation at any time without any consequences to you or your 
future relationship with Austin Health.  
 
If you decide you want to take part in the research project, you will be asked to sign 
the consent section. By signing it you are telling us that you: 

• Understand what you have read 

• Consent to take part in the research project 

• Consent to have the tests and treatments that are described 

• Consent to the use of your personal and health information as described. 

You will be given a copy of this Participant Information and Consent Form to keep. 
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2  WHAT IS THE PURPOSE OF THIS RESEARCH? 
Medications, drugs and devices have to be approved for use by the Australian 
Federal Government. Intravenous paracetamol is approved in Australia and in other 
countries such as USA, UK and Canada to treat fever and pain. Normal saline, which 
will be administered to the non-treatment group it is used to maintain fluid balance 
and reduce dehydration. Normal saline is approved in Australia and in other 
countries such as USA, UK and Canada. 
 
Paracetamol is commonly administered to many patients undergoing major surgery, 
including liver surgery due to its minimal side effect profile. However, recent studies 
have provided evidence that paracetamol may cause low blood pressure in critically 
ill patients, which may have important clinical implications for patients undergoing 
surgery. The mechanism for this low blood pressure is unknown but may be due to 
one of the stabilizing compounds found in the formulation. The lack of clinical 
research in this setting justifies the need for further investigation into the safety of 
paracetamol during and after liver transplantation. 
 
All patients undergoing liver transplantation require medications to control 
postoperative pain. Paracetamol is one of the most commonly used medications 
worldwide. In patients undergoing major surgery, it is usually administered 
intravenously (directly into the patient’s vein) via a cannula (tube) as part of normal 
hospital care. There are many different types of drugs that relieve pain including 
drugs classed as opioids (e.g. morphine) and non-steroidal anti-inflammatory drugs. 
However, paracetamol use is popular in surgical and critically ill patients due to its 
minimal side effect profile.  
 
Several studies support the safe use of paracetamol even in patients with liver 
disease. Even in a longer 13 day study, where patients with chronic liver disease 
were treated with the maximum dosage of 4 grams of paracetamol per day, no toxic 
liver damaging effects were found. However, there are currently no studies 
examining the potential effects on blood pressure that paracetamol may have in 
patients with chronic liver disease who are undergoing liver transplantation surgery.  
 
We plan to formally investigate the effects of a single dose of paracetamol on your 
blood pressure. We will conduct a research study to ask the question:  Does 
paracetamol have adverse effects on your blood pressure in patients with chronic 
liver disease undergoing liver transplantation surgery?  
 
Clinical significance: A finding that paracetamol is safe and causes little effect on 
your blood pressure may influence whether it is routinely used in patients with 
chronic liver disease who are undergoing liver transplantation surgery.  
 
The results of this research will be used by the principal investigator, Elizabeth 
Chiam to obtain a Doctor of Philosophy (PhD) degree in association with the 
Department of Surgery, University of Melbourne, Austin Health.  
This research has been initiated by the principal investigator, Professor Rinaldo 
Bellomo.   
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3 WHAT DOES PARTICIPATION IN THIS RESEARCH INVOLVE? 
This Participant Information Sheet/Consent Form is 16 pages long. Please make sure you 
have read all the pages. It explains the treatments and tests involved. Knowing what is 
involved will help you decide if you want to take part in the research. Ask questions about 
anything that you don’t understand or want to know more about.  
 
This study is a research project. Participation is entirely voluntary. You can end your 
participation at any time without any consequences to you or your relationship with Austin 
Health.  

Are you eligible? 

You will be eligible to take part in this study if you are: 

• Over the age of 18 

• Undergoing liver transplantation surgery 

What is this type of trial called? 
At present we do not know whether the use of intravenous paracetamol is best for treating 
postoperative pain. To find out we need to compare different treatments. This study is known 
as a double-blinded randomized controlled trial.  
 
When a study is: 
 
“Double blinded”, it means that neither you nor your study doctors will know which 
treatment you are receiving. However, in certain circumstances, your study doctor can find 
out which treatment you are receiving.  
 
“Randomized”, it means that you will be allocated into groups. Each group will receive a 
different treatment. In our study there will be two treatment groups. The results between the 
two treatments will be compared to see if one is better. To try to make sure the groups are the 
same, each participant will be put into a group by chance (random), a bit like tossing a coin.  
 
“Controlled”, it means that one of the groups will be receiving a placebo drug. A placebo 
drug is a medication with no active ingredients. It looks like the real thing but is not. This is the 
most scientific way of doing research 

What does participation involve? 
Participation in this research is voluntary. If you agree to participate in this research, you will 
be asked to give written consent. This consent form will be signed prior to any study 
assessments being performed. The study is being conducted at the Austin Hospital only. 

The anaesthetic and surgery will be exactly the same as for any person having this 
operation who is not taking part. At the beginning of the operation you will be allocated to one 
of the two groups mentioned above. After the operation is complete, you will be taken to the 
Intensive Care Unit for ongoing routine postoperative care.   
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In addition to the blood and urine samples that are collected as part of your routine hospital care, 
by consenting to take part in this study you also consent to the collection of three additional 
samples of blood and two additional samples of urine as outlined below. The blood and urine 
samples will be used to check blood-paracetamol levels and liver and kidney function.  

How much paracetamol will be given? 
You will receive the standard and recommended amount of paracetamol which is 1 gram per 
dose. This will be given immediately before your surgery commences. There will be no 
additional paracetamol treatments. It is recommended that a maximum of 2 grams of 
paracetamol is administered to patients with chronic liver disease. However, this study is 
taking a highly conservative approach to ensure absolute safety for participants involved. The 
maximum amount of paracetamol you will receive for the purposes of this study will be 1 gram 
only.  
 
If you are allocated to the control (placebo) group, you will receive the equivalent amount of 
fluid as the paracetamol group. That is, you will receive 100mL of normal saline. In addition to 
this, you will also have access to intravenous morphine via a patient controlled analgesia 
(PCA) device. This PCA device will be made available to all participants, including those in 
the paracetamol group, for postoperative pain relief during the stay in the ICU. 

How much blood and urine will be taken? 
There will be three additional samples of blood taken for this study and two samples of urine. 
Each sample of blood will be 7mL and each sample of urine will be 5mL. A total of 21mL of 
blood and 10mL of urine will therefore be collected from you during the study. The amount of 
extra blood and urine being collected is very small and is about equivalent to 2 tablespoons. 
 
The study will examine the effects of paracetamol on your blood pressure. The additional 
samples that will be taken for this study are as follows: 

 Blood sample (7mL each) Urine sample (5mL each) 

Before drug administration X X 

15 minutes after drug 
administration 

X  

30 minutes after drug 
administration 

X  

At the end of the surgery  X 

 
Where will the blood and urine be taken from? 
The samples of blood required for this study will be taken directly from the arterial line. 
Therefore, there will be no discomfort from the sampling of blood as we will not insert 
any additional catheters for collection. The urine samples will be taken from a urinary tube 
that is inserted into your bladder by the surgeons when you are asleep for your operation. 
This is part of routine care. There will be no discomfort from the sampling.   
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What will the blood and urine samples be used for? 
Your blood and urine samples will be tested to measure chemical balance of your body and 
how your body reacts to the paracetamol. Blood and urine samples will be analyzed then 
immediately destroyed as per department/hospital protocols. 

Are there any risks or inconveniences involved from taking the additional blood and 
urine samples? 
The samples of blood required for this study will be taken from the arterial line. The urine 
samples are sampled from a urinary catheter which is a small tube inserted into your bladder 
by the surgeons when you are asleep. As this study will be using lines and catheters that are 
necessary for your surgery, we anticipate no risks or inconveniences from the additional 
sampling. However, it is important to remember that having a drug injected or blood taken 
may cause some discomfort, bruising, minor infection or bleeding.  If this happens, it can be 
easily treated. 

How will blood pressure be measured? 
Before your surgery, your anaesthetist will put you to sleep. After this, a series of cannulae 
(tubes) and lines will be placed to administer anaesthetic drugs and monitor your vital signs. 
A special catheter is placed in your arm and will follow the blood flow from an artery in your 
arm that leads to your heart. This allows your anaesthetist to directly monitor the blood 
pressure in your heart during your surgery. This is standard practice for liver surgery at our 
institution. 
 
After your surgery, you will be transferred to the ICU. We will then monitor your blood 
pressure through a totally non-invasive device. This means that this device will not require 
any additional tubes being placed in your veins.  This device attaches to your wrist via a 
Velcro cuff similar to the arm cuff your doctor normally uses to measure your blood pressure. 
It is also attached via a smaller Velcro cuff to your middle finger (as shown in the picture 
below). The green reading device shown on the wrist cuff sends your blood pressure 
information to a display screen. 

 

Figure 1. Non invasive blood pressure monitoring device.  

This research project has been designed to make sure the researchers interpret the results in 
a fair and appropriate way and avoids study doctors or participants jumping to conclusions.  
 
There are no additional costs associated with participating in this research project, nor will 
you be paid. All medication, tests and medical care required as part of the research project 
will be provided to you free of charge.  
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4 WHAT DO I HAVE TO DO? 

Before your surgery 

At least 1-2 weeks prior to your surgery, you will have had a routine appointment with 
an anaesthetist at the anaesthesia pre-admissions clinic. During this appointment, 
you will be informed of the fasting protocols that are in place at Austin Health. While 
it is recommended that you fast from clear fluids at least 2 hours prior to your 
surgery, we ask that participants also refrain from consuming caffeine (e.g. coffee 
or energy drinks) at least 10 hours prior to your surgery. This is the most 
scientific way of monitoring the effects of the paracetamol on your blood pressure. If 
you have had any caffeine 10 hours before your surgery, you will be excluded from 
the trial. 

 
5 OTHER RELEVANT INFORMATION ABOUT THE RESEARCH PROJECT 
How many people will be taking part in this study? 
A total of 24 participants will be invited to take part in this study. As mentioned, 
participants will be allocated to one of two groups. This means that a total of 12 
participants will be in the paracetamol treatment group and a total of 12 participants 
will be in the placebo group. This study will be conducted exclusively at the Austin 
Hospital. 

Will I be at a disadvantage if I am allocated to the placebo group? 
All study participants, even those that are allocated to receive the placebo drug 
(normal saline) will be given a dose of morphine at the end of their surgery and will 
receive intravenous morphine for pain relief during their stay in the ICU this is 
standard practice at the Austin Hospital. In additional, fluid volumes of the 
participants will be monitored and adjusted at the discretion of the treating physician, 
this is standard practice at the Austin Hospital. This way no participant is at an 
advantage or disadvantage in terms of pain relief or fluid maintenance treatment. 

 
6 DO I HAVE TO TAKE PART IN THIS RESEARCH PROJECT? 
Participation in any research project is voluntary. If you do not wish to take part, you 
do not have to. If you decide to take part and later change your mind, you are free to 
withdraw from the project at any stage. If you do decide to take part, you will be given 
this Participant Information and Consent Form to sign and you will be given a copy to 
keep. Your decision whether to take part or not to take part, or to take part and then 
withdraw, will not affect your routine treatment, your relationship with those treating 
you or your relationship with Austin Health during this admission and in the future 

 
7 WHAT ARE THE ALTERNATIVES TO PARTICIPATION?  
You do not have to take part in this research project to receive treatment at this 
hospital. However, since intravenous paracetamol is commonly used for the 
treatment of postoperative pain, it is likely that it will be administered even if you 
choose not to take part in this study.   
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If you choose not to participate in this study, alternative postoperative pain relief medications 
may also be administered including opioids (e.g. morphine) or non-steroidal anti- 
inflammatory drugs (e.g. ibuprofen) at the discretion of your treating physician or if you have a 
known allergy to intravenous paracetamol in accordance with routine hospital practice. Your 
study doctor will discuss these options with you before you decide whether or not to take part 
in this research project.  You can also discuss the options with your local doctor. 

8 WHAT ARE THE POSSIBLE BENEFITS OF TAKING PART? 
There may be no direct benefits to you for participating in this study. There will be no 
compensation for participants. 

9 WHAT ARE THE POSSIBLE RISKS AND DISADVANTAGES OF TAKING PART? 
This study may involve unknown or unforeseen side effects. Medical treatments often cause 
side effects. You may have none, some or all of the effects listed below, and they may be 
mild, moderate or severe. If you have any of these side effects, or are worried about them, 
talk with your study doctor. Your study doctor will also be looking out for side effects. Many 
side effects go away shortly after treatment ends. However, sometimes side effects can be 
serious, long lasting or permanent. If a severe side effect or reaction occurs, your study 
doctor may need to stop your treatment. Your study doctor will discuss the best way of 
managing any side effects with you. 
 
There may be side effects that the researchers do not expect or do not know about and that 
may be serious. Tell your study doctor immediately about any new or unusual symptoms that 
you get.  
 
You should not participant in this study if you have reason to believe you may be pregnant or 
are trying to become pregnant. 

Side effects from paracetamol are very rare but may include the following:  
From a study of 10, 000 the following may occur  

Side Effect 
How often is it likely to 
occur? 

A drop in blood pressure 1 in 10 

Feeling generally unwell and run down 1 in 10 

Serious skin rash or allergic reaction, skin redness, flushing, 
itching and abnormally rapid heart rate or pain on injection 

Less than 1 in 10,000 

 
100mLs of normal saline is considered harmless. There are no reported side effects 
from this amount of normal saline.  

SAFETY PRECAUTIONS 

In this pilot study, in order to avoid any safety concerns with low blood pressure, if a 
significant drop in blood pressure (>20% from your baseline value) is observed, your 
doctor will treat this immediately as per conventional treatment for any patient with low 
blood pressure. As per standard anaesthetic protocol, intraoperative and  
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postoperative hypotension will be treated firstly by tilting the bed head down to 
increase flow of blood to the heart. If blood pressure fails to normalize after 1 
minute of this treatment, your anaesthetist will administer a conventional drug 
(metaraminol) to increase blood pressure. In addition, the study drug will be 
immediately stopped.  Likewise, if your doctor needs to give you paracetamol for 
medical reasons e.g. severe fever, the study drug will be unblinded and you will 
still be able to receive paracetamol if clinically required.   
 
The effects of intravenous paracetamol on the unborn child and on the newborn baby are 
not known. Because of this, it is important that research project participants are not 
pregnant or breast-feeding and do not become pregnant during the course of the 
research project. You must not participate in the research if you are pregnant or trying to 
become pregnant, or breast-feeding. If you are female and childbearing is a possibility, 
you will be required to undergo a pregnancy test prior to commencing the research 
project.  
 
Having a drug injected or blood (or tissue sample) taken may cause some discomfort, 
bruising, minor infection or bleeding.  If this happens, it can be easily treated 
 
These days, whilst anaesthesia is generally very safe there are some risks associated 
with anaesthesia.  The most common problems associated with anaesthesia are feeling 
unwell or vomiting, bruising at the site of injections, sore throat or hoarse voice. Most 
patients do not have these problems. If these problems do happen, they usually get 
better very quickly.  Damage to teeth may occur, but this is rare.  The risk of brain 
damage or death due to anaesthesia is very rare.  
 
The risk of problems from anaesthesia increases for patients who are having more major 
surgery, those with medical problems and those that require difficult anaesthetic 
procedures. If you have any concerns about these issues, you should discuss them with 
the study team. 

What happens if I am injured as a result of participating? 
If you suffer any injuries or complications as a result of this research project, you should 
contact the study team as soon as possible and you will be assisted with arranging 
appropriate medical treatment. If you are eligible for Medicare, you can receive any 
medical treatment required to treat the injury or complication, free of charge, as a public 
patient in any Australian public hospital. 
 
Neither the hospital nor the study doctors guarantee that payment for other loss or injury 
will be available to you (such as loss of income from work days missed or health costs 
not covered by public health services). However, by signing the consent form, you have 
not given up any legal or other rights to seek compensation, including legal rights for 
neglect or other causes of action.  

10 WHAT WILL HAPPEN TO MY TEST SAMPLES? 
Your blood and urine samples will be tested to measure chemical balance of your body 
and how your body reacts to the paracetamol. Blood and urine samples will be 
analyzed and then immediately destroyed as per department/hospital protocols.   
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No tests other than the ones described above will be performed. Under no 
circumstances will any other tests be performed. The privacy/confidentiality of the 
sample results will be maintained at all times.  
 

Only a number will identify the blood and urine samples. Only Austin Health 
laboratory personnel will have access to these samples ensuring privacy and total 
confidentiality of the stored samples.  In order to maintain this confidentiality, only the 
study doctor conducting this study will hold the key to the code that will allow 
identification of the samples.  

11 WHAT IF NEW INFORMATION ARISES DURING THIS RESEARCH 
PROJECT? 
Sometimes during the course of a research project, new information becomes 
available about the treatment that is being studied. If this happens, your study doctor 
will tell you about it and discuss with you whether you want to continue in the 
research project. If you decide to withdraw, your study doctor will make 
arrangements for your regular health care to continue. If you decide to continue in 
the research project you will be asked to sign an updated consent form. 
 
Also, on receiving new information, your study doctor might consider it to be in your 
best interests to withdraw you from the research project. If this happens, he/ she will 
explain the reasons and arrange for your regular health care to continue. 

12 CAN I HAVE OTHER TREATMENTS DURING THIS RESEARCH 
PROJECT? 
The use of either fluid solution will not affect any other treatments you may be 
receiving or have any effect on other medications you may be taking, including over-
the-counter medications, vitamins or herbal remedies, acupuncture or other 
alternative treatments. 
 
It may also be necessary for you to take medication during or after the research 
project to address side effects or symptoms that you may have.  Due to the minimal 
side effect profile as mentioned above, we predict this will be an extremely rare 
occurrence. However, you may need to pay for these medications and so it is 
important that you ask your doctor about this possibility. 

13 WHAT IF I WITHDRAW FROM THIS RESEARCH PROJECT? 
If you decide to withdraw from the project, please notify a member of the research 
team before you withdraw. There will be no risks or special requirements linked to 
withdrawing. If you decide to leave the project, the researchers would not keep any 
health information about you that had been collected. 

 
14 COULD THIS RESEARCH PROJECT BE STOPPED UNEXPECTEDLY? 
No other research projects investigating the effects of paracetamol solution in non-
cardiac surgery have been stopped as a result of direct complications from its use.   
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This research project may be stopped unexpectedly for a variety of reasons. These may 
include reasons such as: 

•       Unacceptable side effects 

•       The drug/treatment being shown not to be effective 

•       The drug/treatment being shown to work and not need further testing 

 
15 WHAT HAPPENS WHEN THE RESEARCH PROJECT ENDS? 
There will be no additional participation required from you after the study ends. You will 
not be contacted for any further surveys or questionnaires, and you will not require any 
further blood tests. A summary of the results will be posted to you after the project is 
complete. This will take about 12 months.  

Part 2 How is the research project being conducted? 

16 WHAT WILL HAPPEN TO INFORMATION ABOUT ME? 
By signing the consent form you consent to the study doctor and relevant research staff 
collecting and using personal information about you for the research project. Any 
information obtained in connection with this research project that can identify you will 
remain confidential and will only be used for the purpose of this research project. It will 
only be disclosed with your permission, except as required by law.  
 
Your health records and any information obtained during the study are subject to 
inspection (for the purpose of verifying the procedures and the data) by the relevant 
authorities and this organization at this Hospital or as required by law. By signing the 
consent section, you authorize release of, or access to, this confidential information to 
the relevant study personnel and regulatory authorities as noted above.  
 
If any publication and/or presentation results from this research, information will be 
provided in such a way that you cannot be identified. No personal details will be 
disclosed in any way or form. Only information relating to the main study end points e.g. 
blood pressure will be presented. Furthermore, this project does not involve the 
establishment of a databank where other information or additional ongoing information 
will be continued to be collected. 
 
Data will be managed according to the requirements of the Austin Health Human 
Research Ethics Committee and the State and Commonwealth privacy laws. It may be 
necessary for representatives of research regulatory agencies such as the Austin Health 
Human Research Ethics Committee to access and use personal information written in 
your medical records in order to confirm clinical trial procedures and/or data. 
 
In all cases when dealing with your personal information we are required to comply with 
the various State and Commonwealth privacy laws. Data collected will be coded. This 
means that it can be linked back to you. However, your participation in the study will be 
treated as private and confidential, that is, any personally identifiable information will be 
stored and kept under secure conditions within the Department of Anaesthesia.  
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It is anticipated that the results of this research project will be published and/or 
presented in a variety of forums. In any publication and/or presentation, information 
will be provided in such a way that you cannot be identified, except with your 
permission.   
 
You will not be referred to by name, nor will your identity be made apparent in any 
report of the study made available to the public. Your identity will not be revealed to 
any person, except for the purposes described above, in the event of a medical 
emergency or as allowed or required by law. The data relating to you is given a 
unique identification number and other wise de-identified by removing any direct 
reference to you including your name.  In that way you cannot be identified from the 
data.  
 
At the conclusion of the study, study documentation will be stored for a period of 15 
years in accordance with the regulations. Information about your participation in this 
research project may be recorded in your health records.  
 
By signing the consent form, you have not given up any of the legal rights that you 
otherwise would have as a participant in a research study, including your right to 
access information kept about you. You have the right of access to, and to request 
correction of, information held about you by Austin Health in accordance with the 
Freedom of Information Act 1982 (Vic).  

HOW CAN I ACCESS MY INFORMATION? 
In accordance with relevant Australian and/or Victorian privacy and other relevant 
laws, you have the right to request access to your information collected and stored 
by the research team. You also have the right to request that any information with 
which you disagree be corrected. Please contact the study team member named at 
the end of this document if you would like to access your information. 
 
Information about you may be obtained from your health records held at this and 
other health services for the purpose of this research. By signing the consent form, 
you agree to the study team accessing health records if they are relevant to your 
participation in this research project. 

IS THIS RESEARCH PROJECT APPROVED? 

The Austin Health Human Research Ethics Committee has approved the ethical 
aspects of this research project. This project will be carried out according to the 
National Statement on Ethical Conduct in Human Research (2007) produced by the 
National Health and Medical Research Council of Australia. This statement has been 
developed to protect the interests of people who agree to participate in human 
research studies. 
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17 COMPLAINTS AND COMPENSATION 
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about being a research participant in general, then you 
may contact: 

Name: Dr Sianna Panagiotopoulos, Research Ethics Unit, Austin Health. (Phone: 03 
9496 5088) 

In the event of loss or injury, the parties involved in this research project have agreed 
that hospital care and treatment will be provided by the public health service at no 
extra cost to you if you elect to be treated as a public patient. 

18 WHO IS ORGANISING AND FUNDING THE RESEARCH? 

This research project is being conducted by researchers affiliated with the following 
departments at Austin Health: 

Department of Intensive Care 
Department of Anaesthesia 
Department of Surgery, University of Melbourne 

This project will be funded by the Department of Intensive Care, Austin Health.  

19 WHO HAS REVIEWED THE RESEARCH PROJECT? 
All research in Australia involving humans is reviewed by an independent group of 
people called a Human Research Ethics Committee (HREC).  The ethical aspects of 
this research project have been approved by the HREC of Austin Health.  
 
This project will be carried out according to the National Statement on Ethical 
Conduct in Human Research (2007). This statement has been developed to protect 
the interests of people who agree to participate in human research studies. 

Approval of this project by the Austin Health HREC was issued on insert date. 
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20   FURTHER INFORMATION AND WHO TO CONTACT 
The person you may need to contact will depend on the nature of your query. 

If you want any further information concerning this project or if you have any medical 
problems which may be related to your involvement in the project (for example, any 
side effects), you can contact the principal study doctor on 03 9496 5000 or any of 
the following people: 

 Clinical contact person 

 
For matters relating to research at the site at which you are participating, the details 
of the local site complaints person are: 

Complaints contact person 

 
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about being a research participant in general, then you 
may contact: 

Reviewing HREC approving this research and HREC Executive Officer details 

 

Local HREC Office contact (Single Site - Research Governance Officer) 

 

  

Name Dr Laurence Weinberg 
Position Staff Anaesthetist 
Telephone 03 9496 5000 
Email Laurence.Weinberg@austin.org.au 

Name Dr Sianna Panagiotopoulos 
Position Manager, Office for Research, Austin LifeSciences 
Telephone 03 9496 5088 
Email research@austin.org.au 

Reviewing HREC name Austin Health Human Research Ethics Committee 
HREC Executive Officer Professor David Taylor 
Telephone 03 9496 4090 
Email research@austin.org.au 

Name Dr Sianna Panagiotopoulos 
Position Manager, Office for Research, Austin LifeSciences 
Telephone 03 9496 5088 
Email research@austin.org.au 

mailto:Laurence.Weinberg@austin.org.au
mailto:research@austin.org.au
mailto:research@austin.org.au
mailto:research@austin.org.au
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Consent Form - Adult providing own consent 

 
Declaration by Participant 

I have read the Participant Information Sheet, or someone has read it to me in a language that I 
understand. 

I understand the purposes, procedures and risks of the research described in the project. 

I give permission for my doctors, other health professionals, hospitals or laboratories outside this 
hospital to release information to Austin Health concerning my disease and treatment for the purposes 
of this project. I understand that such information will remain confidential. 

I have had an opportunity to ask questions and I am satisfied with the answers I have received. 

I freely agree to participate in this research project as described and understand that I am free to 
withdraw at any time during the study without affecting my future health care. 

I understand that I will be given a signed copy of this document to keep. 

 
 Name of Participant (please print)     

 

 Signature  Date   

 
 

 
 Name of Witness* to Participant’s 

Signature (please print) 
  

 

 Signature  Date   

 

* Witness is not to be the investigator, a member of the study team or their delegate.  In the event that 
an interpreter is used, the interpreter may not act as a witness to the consent process.  Witness must 
be 18 years or older. 

Note: All parties signing the consent section must date their own signature.  

Title 
Haemodynamic Effects of Intravenous Paracetamol in 
Patients with Chronic Liver Disease Undergoing Liver 
Transplantation: A Pilot Study 

Protocol Number V1.1 

Project Sponsor Department of Intensive Care, Austin Health 

Coordinating Principal Investigator/ 

Principal Investigator 

Professor Rinaldo Bellomo 
Dr Laurence Weinberg 
Ms. Elizabeth Chiam 

Location Austin Health 
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Declaration by Study Doctor/Senior Researcher† 

I have given a verbal explanation of the research project; its procedures and risks and I believe that the 
participant has understood that explanation. 

 
 Name of Study Doctor/ 

Senior Researcher† (please print) 

  

  

 Signature   Date   

 
† A senior member of the research team must provide the explanation of, and information concerning, the 
research project.  

Note: All parties signing the consent section must date their own signature. 

I consent to the storage and use of blood and tissue samples taken from me for use, as described in the 
relevant section of the Participant Information Sheet, for: 

• This specific research projects 

• Other research that is closely related to this research project 

• Any future research.  

 
 Name of Participant (please print)   

 

 Signature   Date   

 
 

 
 Name of Witness* to Participant’s 

Signature (please print) 
  

 

 Signature   Date   

 

* Witness is not to be the investigator, a member of the study team or their delegate.  In the event that an 
interpreter is used, the interpreter may not act as a witness to the consent process.  Witness must be 18 
years or older. 

 
 Name of Study Doctor/ 

Senior Researcher† (please print) 

  

  

 Signature   Date   

 
† A senior member of the research team must provide the explanation of and information concerning the 
research project.  

Note: All parties signing the consent section must date their own signature. 
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