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Abstract 

Major colorectal surgery leads to a significant physiological stress response that is associated with 

postoperative morbidity and prolonged patient recovery. Statins are a widely used class of cholesterol-

lowering drugs with useful pleiotropic effects that are relevant to abdominal surgery. Despite 

considerable experimental evidence, the clinical evidence of their benefits in the setting of abdominal 

surgery is limited to retrospective and observational studies. The aims of this thesis was to examine the 

correlation of the surgical stress response to postoperative morbidity following major colorectal surgery 

and explore the novel concept of whether statins can attenuate this response and improve clinical 

outcomes after surgery. 

Chapter one discusses the basis of the surgical stress response, introduces the concept of statins and 

presents the evidence demonstrating their surgically relevant benefits. Chapter two explores the 

association between postoperative inflammation and morbidity after colorectal surgery by presenting a 

meta-analysis which shows C-reactive protein levels in the early postoperative period correlate with the 

development of anastomotic leakage and have a useful negative predictive value. Chapter three 

presents a retrospective study which demonstrates the relationship between patient-reported functional 

recovery and morbidity following colonic surgery using the surgical recovery score questionnaire and 

shows it closely correlates with postoperative complications and their severity. In chapter four, a 

retrospective review of patients undergoing elective colectomy is presented and shows patients on 

statins during the perioperative period achieved equivalent outcomes for complications and functional 

recovery despite significantly higher perioperative risk and had a significantly lower rate of anastomotic 

leak. Chapter five is a systematic review which critically appraises the available clinical studies on the 

use of statins in abdominal surgery and shows the various benefits demonstrated, particularly for 

inflammatory and infective outcomes. This leads to a placebo-controlled, randomised clinical trial 

presented in chapter six which shows that perioperative oral simvastatin therapy in patients undergoing 

major elective colorectal surgery leads to a significant reduction in inflammatory markers in the early 

postoperative period but no difference in complications or functional recovery. Therefore, the addition of 

perioperative simvastatin therapy cannot be recommended as a routine for patients undergoing major 

elective colorectal surgery. 
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1. Introduction 

Major colorectal operations are among the most commonly performed major surgical procedures 

globally. This is owing to the high incidence of colorectal cancer which remains the third most common 

malignancy worldwide and the fourth most common cause of cancer death.1 This is particularly important 

in New Zealand which has among the highest incidence rates of colorectal cancer in the world with at 

least 3066 new cases registered in 2013 at an age-standardised rate of 43 per 100,000.2 In addition to 

being a potentially curative treatment for colorectal malignancy, surgery also has an important role in the 

management of diverticular disease, ulcerative colitis and Crohn’s disease. Whilst surgery can provide 

obvious benefits in the treatment of such conditions, it is at the expense of a period of short-term 

morbidity and a considerable risk of developing significant complications postoperatively. The 

physiological response to surgery has an important bearing on this period of surgical morbidity and 

subsequent patient recovery.  

1.1 The surgical stress response 

Surgical trauma triggers a state of physiological stress leading to a series of alterations aimed at 

preserving homeostasis and maximising healing potential.3,4 This physiological stress response involves 

a profound inflammatory reaction and associated changes in metabolic, endocrine and immunological 

function which collectively constitute the surgical stress response. This has been described as a biphasic 

response with an initial ebb or hypometabolic phase followed by the flow or hypermetabolic phase 

(Figure 1). 

The initial ebb phase involves mechanisms aimed at immediate survival by shunting blood and substrate 

to vital organs and decreasing energy requirements. It occurs within minutes of the injury and lasts 

approximately 24 hours.5 It includes peripheral vasoconstriction, conservation of salt and water, and 

hypothermia. In elective surgery, this phase of shock is triggered by anaesthetic induction agents, which 

cause vasodilatation and decrease venous return, and is further exacerbated by intraoperative fluid 

losses. 

After surviving this initial insult, there is a gradual transition to the second hypermetabolic phase aimed at 

repair by mobilising substrate and delivering it to areas of injury. This phase is proportional to the degree 

of initial injury and lasts for days to weeks, depending on injury severity. Catabolism of muscle and 

adipose tissue releases amino acids and free fatty acids into the circulation providing substrate for 
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gluconeogenesis and protein synthesis. This is reflected in the loss of total body protein which comes 

mainly from skeletal muscle in the first week following injury and later from non-muscle tissues.6 

Increased substrate mobilisation is coupled with circulatory changes that facilitate increased cardiac 

output and regional vasodilation to improve delivery of substrate to essential visceral organs, and 

increased renal blood flow and glomerular filtration to enable excretion of waste products. 

Figure 1: Stress response to injury 

 

1.1.1 Mediators of the surgical stress response 

The mediators of the surgical stress response reflect a neuroendocrine cascade consisting of neural 

signals and circulatory factors.7 Afferent nerve input, both somatic and autonomic, allows rapid 

communication of noxious stimuli from the site of trauma or injury to the central nervous system leading 

to activation of the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system. This 

leads to the release of catabolic hormones such as cortisol, catecholamines and growth hormone 

whereas anabolic hormones such as insulin are suppressed. Interrupting these afferent neural signals by 

nerve transection decreases this response.8,9 In abdominal surgery, this can be achieved through the use 

of spinal and epidural anaesthesia which interrupts the afferent pathway and has been shown to 

attenuate the endocrine response to surgery.10 

However, despite blockade of afferent neural signals through local or regional anaesthesia, or 

denervation of the injured area, a stress response is still observed. This response is instigated and 

propagated by factors arising from the wound, such as cytokines, complement products, arachidonic acid 

metabolites and various others. These factors aim to initially enhance local wound healing but with 

increasing injury, diffuse into the circulation to distant tissues and organs and have systemic effects. 

Time (days) 

Physiological parameters 
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Despite variability in the intensity of the stress response, almost all mediators of inflammation and 

metabolism peak at day two to three after injury.4 

1.1.1.1 Hormones 

Activation of the HPA axis in response to surgical stress leads to the release of a number of important 

hormones which initiate and augment the stress response. The overall metabolic effect of these 

hormonal changes is increased catabolism in order to provide energy sources and mechanisms to 

maintain fluid volume and cardiovascular homeostasis. 

Cortisol is a key stress hormone that is produced by the adrenal cortex in response to stimulation by 

adrenocorticotropic hormone (ACTH) released by the anterior pituitary, which in turn is produced in 

response to the release of corticotropin releasing hormone (CRH) by the hypothalamus. It is a catabolic 

glucocorticoid leading to the elevation of blood glucose providing tissues with the necessary substrate for 

increased metabolic demands. It promotes protein breakdown, lipolysis, gluconeogenesis in the liver, 

and reduces peripheral glucose utilisation by an anti-insulin effect. It also has anti-inflammatory activity 

and inhibits the recruitment of neutrophils and macrophages to areas of inflammation and inhibits the 

synthesis of proinflammatory mediators, such as leukotrienes and prostaglandins. Cortisol secretion 

increases rapidly after surgery reaching peak values within four to six hours. It can remain elevated for a 

variable time afterwards with the magnitude and duration of the cortisol response reflecting the severity 

of surgical trauma and the occurrence of complications.11 

Growth hormone releasing hormone (GHRH) from the hypothalamus stimulates the anterior pituitary to 

release growth hormone. Growth hormone has mixed catabolic and anabolic effects and increased 

secretion after surgery has only a minor physiological role.12 Many of its actions are mediated through 

small protein hormones, called insulin-like growth factors (IGFs), notably IGF-1. Like cortisol, growth 

hormone has a hyperglycaemic effect by promoting glycogenolysis in the liver while inhibiting glucose 

uptake and utilisation by cells. It also promotes lipolysis, and reduces protein catabolism which may have 

an important role in helping prevent muscle protein breakdown. 

Insulin is a key anabolic hormone produced by pancreatic β cells. It increases glucose uptake into 

muscle and adipose tissue and promotes glycogen synthesis while inhibiting protein catabolism and 

lipolysis. During surgical stress, there is a failure of insulin secretion to match the catabolic 

hyperglycaemic response and inhibition of the usual cellular response to insulin leading to a state insulin 
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resistance. The degree of reduction in insulin sensitivity is related to the magnitude of the operation and 

correlates with hospital length of stay after abdominal surgery.13 

Glucagon is produced by α cells of the pancreas and promotes hepatic glycogenolysis and 

gluconeogenesis. Although plasma glucagon concentrations increase transiently after major surgery, this 

does not make a major contribution to the hyperglycaemic response.14 

Activation of the sympathetic nervous system leads to the release of catecholamines, adrenaline and 

noradrenaline, from the adrenal medulla. These produce diverse physiological effects through their 

interaction with a large family of adrenergic receptors. These include increased heart rate and 

contractility, vasoconstriction with redistribution of blood from the viscera and skin to the vital organs, 

bronchodilation, and decreased intestinal mobility. They also have effects on endocrine and metabolic 

pathways such as increasing glucose levels by stimulating glycogenolysis and gluconeogenesis, 

promoting lipolysis in adipose cells, and ketogenesis in the liver. Furthermore, they have a suppressive 

effect on insulin secretion and stimulatory effect on the secretion of growth hormone, glucagon, and 

renin. 

The sympathetic stress response is closely linked to activation of the HPA axis with the synthesis of 

catecholamines dependent on ACTH which activates the enzyme tyrosine hydroxylase that controls the 

rate-limiting step in catecholamine biosynthesis.15 Furthermore, the enzyme phenylethanolamine-N-

methyltransferase (PMNT), which is present in the adrenal medulla and responsible for the conversion of 

noradrenaline to adrenaline, is induced by the high concentration of cortisol draining from the adrenal 

cortex to the medulla. 

Important hormonal changes also occur to influence salt and water metabolism in order to preserve 

adequate body fluid volumes after surgery. The release of renin from the kidney activates the renin-

angiotensin-aldosterone axis which leads to the release of aldosterone from the adrenal cortex which 

increases salt and water reabsorption from distal tubules in the kidney. Anti-diuretic hormone (ADH) is 

released from the posterior pituitary and promotes water retention and production of concentrated urine 

by direct action on the kidney. High ADH secretion can continue for three to five days after surgery, 

depending on the degree of surgical injury and development of complications.14 

1.1.1.2 Cytokines 

A host of cytokines, such as interleukin (IL) 1, IL-6, IL-8, IL-10, and tumour necrosis factor alpha (TNFα), 

are involved in the stress response to surgery and have synergistic effects. They can be produced by 
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many cells throughout the body in response to injury, but most importantly immune cells and leucocytes 

recruited to the site of injury. 

IL-1 molecules comprise a major proinflammatory family of cytokines of which IL-1α and IL-1β are the 

two main agonistic molecules.16 IL-1α is constitutively present in most cells of healthy subjects while IL-

1β is a product of monocytes, macrophages and dendritic cells and not present in significant levels in 

health.17 IL-1α is released upon cell necrosis and initiates sterile inflammation by inducing recruitment of 

neutrophils whereas IL-1β propagates the inflammatory response and recruits macrophages. 

IL-6 is a key inflammatory cytokine with a variety of effects, principally in the mediation of the acute 

phase response to injury. It is the principal regulator of most acute phase protein genes and synthesis of 

hepatic acute phase reactants such as C-reactive protein (CRP). It is produced by a wide variety of 

immune and nonimmune cells, especially macrophages, dendritic cells, endothelial cells and 

fibroblasts.18 IL-6 is elevated in critical illness and sepsis, and higher levels correlate with the severity of 

injury, organ dysfunction and adverse outcome. Following abdominal surgery, IL-6 concentration is 

proportional to the magnitude of tissue trauma and correlates with the development of postoperative 

complications.19-21  

IL-8 is a potent chemokine that attracts neutrophils to the site of injury and stimulates their activation and 

degranulation.22 It is produced by various cells, including neutrophils, macrophages, endothelial cells and 

fibroblasts. Higher concentrations of IL-8 following trauma and burn injury correlate with poorer outcomes 

with increased rates of organ dysfunction, sepsis, and mortality.23,24 

IL-10 is a potent anti-inflammatory cytokine that inhibits production of proinflammatory cytokines by type 

1 T-helper cells.25 It is expressed and secreted by a variety of cell types, particularly type 2 T-helper cells 

and macrophages. A major stimulus for its production is inflammation itself creating a negative feedback 

loop to limit inflammatory processes. The balance of IL-10 to proinflammatory cytokines, such as TNFα, 

correlates with the occurrence of postoperative complications after major abdominal surgery and poorer 

outcomes in patients with sepsis.26,27 

TNFα is a pleiotropic cytokine and a key mediator in the host response to acute inflammation and 

infection. Macrophages allow for TNFα production in almost every organ with the liver and spleen being 

the major sources due to their large macrophage population. Early studies showed that TNFα is released 

from macrophages in response to endotoxin. However, it can also be produced by other cells in 

response to a variety of other conditions, including ischaemia and trauma.28,29 It has important systemic 
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effects, particularly on the cardiovascular system with decreased myocardial contractility, decreased 

systemic vascular resistance and hypotension. It is also associated with renal and hepatic ischaemia-

reperfusion injury, and neural damage following brain injury. Higher concentrations of TNFα in peritoneal 

fluid following abdominal surgery have been shown to accompany or precede the development of intra-

abdominal complications, such as anastomotic leak after colorectal resection.30-32 

1.2 Systemic inflammatory response syndrome 

An American College of Chest Physicians/Society of Critical Care Medicine (ACCP/SCCM) Consensus 

Conference held in 1991 termed the systemic response to injury as the systemic inflammatory response 

syndrome (SIRS).33 This response can occur after a wide variety of insults, even in the absence of 

infection, and is defined as two or more of the following clinical manifestations: body temperature >38°C 

or <36°C, heart rate >90 beats/min, respiratory rate >20 breaths/min or PaCO2 <4.3 kPa (32 mmHg), 

and WBC >12.0 x 109/L or <4.0 x 109/L or >10% immature neutrophils (band forms), where these 

changes represent an acute alteration from baseline in the absence of other known causes for such 

abnormalities. When this response is the result of a confirmed infectious process, it is termed sepsis. 

While the definition of SIRS was developed in order to more clearly define sepsis, it also reflects the 

clinical manifestations that can occur with a ‘normal’ surgical stress response. Hence, patients after 

surgery may exhibit a fever, tachycardia, tachypnoea and leucocytosis as part of the physiological stress 

response. A significant proportion of patients admitted to surgical wards and surgical intensive care units 

meet the criteria for SIRS yet not all have or subsequently develop confirmed sepsis.34 The key 

difference between the normal stress response to surgery and SIRS is its duration, with SIRS lasting 

longer and reflecting persistent hypermetabolism (Figure 2).4 Importantly, this difference reflects changes 

at the cellular level where persistent SIRS is associated with alterations in cell responses and leads to a 

hormonal milieu which promotes continued inflammation and organ dysfunction. 
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Figure 2: Stress response curve in postoperative SIRS 

 

1.2.1 Immune incompetence 

While the initial response to surgery leads to activation of the immune system through release of 

proinflammatory mediators, persistent SIRS leads to a state of depressed immune function with an 

inability to clear infection and predisposition to nosocomial infections.35 In surgical patients, these 

commonly include pneumonia, urinary tract infections, acalculous cholecystitis, and bacteraemia from 

intravenous lines. This state of immune incompetence is associated with a transition from type 1 T-helper 

cell response (proinflammatory) to a type 2 T-helper cell phenotype (anti-inflammatory) with changes in 

the pattern on cytokine release and expression of surface antigens.36,37 It also includes apoptosis of 

immune cells, which has an immunosuppressive effect, and T-cell anergy in which lymphocytes fail to 

release cytokines in response to antigen stimulation and this has been shown to correlate with mortality 

in patients with intraabdominal infection.38,39 Most deaths in critically ill and septic patients occur during 

the immunosuppressed phase. 

1.3 Factors influencing the surgical stress response 

A range of factors influence the intensity of the surgical stress response and predispose surgical patients 

to persistent SIRS and the likelihood of the stress response evolving to sepsis. This includes the severity 

of injury, pre-existing physiological dysfunction, genetic factors, and perioperative management. 

The magnitude of surgical trauma and tissue damage, which is related to the type of surgical procedure 

and extent of surgical dissection, is proportional to the severity of surgical stress. This is also influenced 

by the extent of pathology requiring operative intervention. Major abdominal surgery requiring colonic or 

rectal resection involves significant surgical trauma due to substantial tissue dissection, particularly in 

Time (days) 

Physiological parameters 
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cases of malignancy where a wider oncological resection is required.40 The physiological changes after 

major colorectal surgery are of a greater magnitude when compared to other surgical procedures of 

similar duration.41,42 Furthermore, the lower gastrointestinal tract represents a contaminated cavity and 

colorectal operations can lead to an additional microbial burden from intraoperative contamination or 

bacterial translocation. The operative approach also influences the surgical stress response with 

laparoscopic colorectal surgery associated with a less intense inflammatory response compared to open 

surgery.43 

Pre-existing medical diseases can affect the ability to mount an appropriate stress response and can 

impair physiological reserve predisposing to organ dysfunction at times of surgical stress. Major 

colorectal surgery is most commonly performed in elderly patients due to colorectal malignancy being 

more common with age. In 2013, 72% of new colorectal cancer registrations in New Zealand were in 

patients aged 65 years and older.2 Hence, medical comorbidities such as coronary artery disease, 

diabetes and renal failure, are common in elderly patients undergoing major colorectal surgery and these 

are associated with significant postoperative morbidity and prolonged recovery.44,45 

Genetic factors are increasingly recognised as important determinants of the variation in the response to 

surgical trauma.46 Polymorphisms in genes important in the innate immune response, such as toll-like 

receptor (TLR) 4, IL-6 and TNFα, have been shown to correlate with the severity of the inflammatory 

response and the risk of developing sepsis after trauma.47-49 Such variability is thought to partly explain 

why some patients exhibit an exaggerated stress response to a surgical insult and develop post-

operative complications while others do not, despite the same injury severity scores and similar risk 

factors. 

Several aspects of perioperative management, particularly the anaesthetic management of parameters 

such as ventilation, fluid resuscitation, and pain relief; influence the level of surgical stress. Modern 

perioperative care in colorectal surgery aims to decrease the surgical stress response and limit 

physiological dysfunction thereby helping reduce postoperative morbidity and accelerating recovery. This 

involves a coordinated approach to perioperative care through multimodal programs employing 

evidence-based strategies with regards to preoperative optimisation, anaesthetic management, surgical 

technique, fluid management, analgesia, nutrition and postoperative rehabilitation.50,51 This concept, 

termed Fast-track Surgery or Enhanced Recovery After Surgery (ERAS), is packaged into protocols with 

the aim of standardising perioperative care and ensuring implementation remains homogenous. 
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1.4 Morbidity following colorectal surgery 

Morbidity is a state of illness or lack of health that includes physical, mental, or emotional disability.52 In 

the surgical setting, morbidity is the temporary or permanent disability observed during or after an 

operation. Surgical intervention is associated with an expected morbidity and a generally predictable 

course of recovery. This can be modified by events that lead to a prevention or delay of such recovery. A 

complication is an occurrence that is a departure from the expected and desired course of events and 

can be associated with the surgical intervention or the disease process.52,53 

Major colorectal surgery is associated with significant morbidity and complications can be classified in a 

number of ways, including infective or non-infective, location and type (Table 1). In addition to the 

specific complication type, its severity is an important determinant of the degree of morbidity. The 

Clavien-Dindo classification of surgical complications is a commonly used system of grading 

complications according to severity based on the level of intervention required to manage the 

complication (Table 2).53,54  

Infectious complications represent the majority of morbidity following colorectal surgery, occurring in 20-

40% of cases.55-58 Most cases involve surgical site infections (SSI) although respiratory and urinary tract 

infections are also common. The occurrence of septic complications correlates with the duration and 

intensity of the postoperative inflammatory response.59 Hence, several inflammatory markers, such as IL-

6 and CRP, have been evaluated as predictors of infectious complications following colorectal 

surgery.19,21,60 In addition to the negative impact of complications on short-term patient recovery, they 

also have a detrimental impact on long-term outcomes following colorectal surgery with infective and 

more severe complications associated with significantly lower disease-free and overall survival.61 

Another significant aspect of postoperative morbidity is the debilitating fatigue patients experience after 

surgery. This postoperative fatigue (POF) may persist for up to three months after major uncomplicated 

gastrointestinal surgery.62,63 It adversely impacts on patients’ quality of life and functional independence, 

preventing their return to work and normal functioning.64,65 The extent of POF correlates with the severity 

of operative trauma and a higher degree of POF is associated with worse emotional, physical, and 

functional outcomes.41,42,66 The development of complications after surgery can further amplify the 

burden of POF and prolong functional recovery. 
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Table 1: Types of complications 

Category Location Type Definition 

Infective Surgical site 
infection 

Wound infection Erythema, swelling or purulent drainage 
from the superficial or deep incision 
requiring antibiotic treatment and/or the 
wound to be deliberately opened. 

Anastomotic leak Anastomotic dehiscence diagnosed 
radiologically or at reoperation. 

Intra-abdominal 
collection 

Abdominal or pelvic fluid collection found on 
radiological examination or at reoperation 
that does not meet the criteria for 
anastomotic leak and requires 
radiologically-guided or surgical drainage 
and/or antibiotic treatment. 

Remote site 
infection 

Pneumonia Clinical (fever, cough, purulent sputum, or 
hypoxia) or radiological (new or progressive 
infiltrate, consolidation, or cavitation) 
diagnosis requiring antibiotic treatment. 

Urinary tract 
infection 

Symptomatic infection (fever, urgency, 
frequency, dysuria or suprapubic 
tenderness) and positive urinalysis and/or 
urine culture. 

Septicaemia SIRS with positive blood culture. 

Non-infective Wound Seroma Sterile superficial wound collection without 
fever or surrounding cellulitis 

Dehiscence Deep or superficial separation of the wound 
without fever, pus or cellulitis 

Surgical site Haemorrhage Bleeding requiring radiological or operative 
intervention 

Gastrointestinal Ileus Nausea or vomiting with inability to tolerate 
oral intake and requiring the insertion of a 
nasogastric tube (and without radiological 
evidence of mechanical bowel obstruction). 

Cardiac Myocardial 
infarction 

Myocardial ischaemia causing ECG 
changes and raised cardiac enzymes. 

Arrhythmia New, resting ECG arrhythmia requiring 
medical intervention 

Vascular Venous 
thromboembolism 

Deep or pulmonary venous thrombosis with 
clinical symptoms, confirmed radiologically. 

Cerebrovascular 
accident 

Persistent, focal neurological deficit with 
radiological evidence of cerebral vascular 
territory infarction. 

Renal Renal failure Oligouria/anuria with decreasing GFR 
requiring intervention  

Urinary retention Inability to void requiring insertion of a 
urinary catheter. 

ECG, electrocardiogram; GFR, glomerular filtration rate; SIRS, systemic inflammatory response syndrome. 
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Table 2: Clavien-Dindo classification of surgical complications 

Complication grade Definition 

I Any deviation from the normal postoperative course without the need for 
pharmacological treatment or surgical, endoscopic, and radiological 
interventions. 

Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, 
analgesics, diuretics, electrolytes, and physiotherapy. This grade also 
includes wound infections opened at the bedside. 

II Requiring pharmacological treatment with drugs other than such allowed for 
grade I complications. Blood transfusions and total parenteral nutrition are 
also included. 

III Requiring surgical, endoscopic or radiological intervention 

IIIa Intervention not under general anaesthesia 

IIIb Intervention under general anaesthesia 

IV Life-threatening complication (including CNS complications*) requiring 
IC/ICU management. 

IVa Single-organ dysfunction (including dialysis) 

IVb Multiorgan dysfunction 

V Death of a patient 

*Brain haemorrhage, ischaemic stroke, subarachnoid bleeding, but excluding transient ischaemic attacks. CNS, 
central nervous system; IC, intermediate care; ICU, intensive care unit. 

1.5 Statins and their pleiotropic effects 

Statins (3-hydroxy-3-methylglutaryl coenzyme A or HMG-CoA reductase inhibitors) are the most 

commonly prescribed class of lipid-lowering drugs.67,68 In addition to their established role in the medical 

management of cardiovascular disease, benefit has also been demonstrated in cardiac and vascular 

surgery where they have been shown to decrease cardiovascular complications and reduce 

perioperative mortality.69-73 These cardioprotective effects also extend to the wider surgical population 

with similar benefits seen in non-cardiovascular surgical settings.74-76  

Interestingly, some cardiovascular benefits of statins precede any significant reduction in cholesterol 

levels or preexisting atheroma.77-79 This has been attributed to the additional effects of statins that extend 

beyond cholesterol-lowering, including anti-inflammatory, anti-oxidant, immunomodulatory and fibrinolytic 

properties.80-84 The mechanism behind these cholesterol-independent or pleiotropic effects of statins is 

becoming increasingly recognised. Through inhibition of the HMG-CoA reductase enzyme, statins inhibit 

the conversion of HMG-CoA to mevalonate and important downstream isoprenoids such as farnesyl 

pyrophosphate and geranyl-geranyl pyrophosphate. In addition to reducing cholesterol synthesis, 

inhibition of these intermediate molecules decreases isoprenylation of important signalling molecules 

such as RhO and Ras which leads to modulation of various cellular activities (Figure 3).81,85,86 These 
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effects on cellular function are considered the basis for the observed cholesterol-independent effects of 

statins (Table 3). 

Figure 3: Mechanism of statin effects 

 

Figure 3: Statins inhibit the 3-hydroxy-3-methylgutaryl co-enzyme A (HMG-CoA) reductase enzyme and 

consequently decrease the production of isoprenoid intermediates (farnesyl pyrophosphate and geranyl-geranyl 
pyrophosphate). As well as inhibiting cholesterol synthesis, this leads to decreased isoprenylation of important 
signalling molecules such as RhO and results in modulation of various cellular functions with resultant cholesterol-
independent effects. Modified from Ray et al with permission.85 
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Table 3: Cholesterol-dependent and cholesterol-independent effects of statins 

Cholesterol-dependent effects Cholesterol-independent effects 

↓ LDL cholesterol and ↓ oxidised LDL cholesterol 

↓ Inflammatory cytokine expression 

↓ Cholesterol rafts for inflammatory signalling 

↑ Nitric oxide levels by stabilizing m-RNA 

↓ Adhesion molecule expression 

↓ Platelet activation 

↓ NFκB and inflammatory signalling 

↓ Inflammatory cytokine production (IL-6, IL-8, 
TNF-α) and CRP 

Cytokine switching from T helper cell-type 1 
(proinflammatory) to T helper cell-type 2 (anti-
inflammatory) phenotype in lymphocytes 

↑ Nitric oxide production (upregulate eNOS) 

↓ Oxidative stress 

↓ Endothelial adhesion molecule expression and 
leukocyte extravasation 

↓ Coagulation factors 

↑ tPA/PAI-1 ratio in favour of fibrinolysis 

CRP, C-reactive protein; eNOS, endothelial nitric oxide synthetase; IL, interleukin; LDL, low-density lipoprotein; m-
RNA, messenger ribonucleic acid; NFκB, nuclear factor kappa B; PAI, plasminogen activator inhibitor; TNF-α, 
tumour necrosis factor alpha; tPA, tissue plasminogen activator. Adapted from Ray et al with permission.85  

Along with their cardioprotective effects, these pleiotropic properties are of relevance to the general 

surgical population and there is growing evidence that statins may offer particular benefits in abdominal 

surgery.51,87 Laboratory studies have demonstrated the relevance of these pleiotropic effects to 

abdominal surgery with statins improving survival and decreasing proinflammatory cytokine release in 

murine models of abdominal sepsis,88,89 improving microvascular function and decreasing severity of 

intestinal ischemia-reperfusion injury,90-92 and reducing mucosal and peritoneal inflammation in models of 

colitis and ileitis along with preservation of intestinal barrier function and reduced rates of bacterial 

translocation.90,93-95 Statins have also shown beneficial effects on fibrinolytic pathways with decreased 

rates of postoperative intraperitoneal adhesions and improved healing of colonic anastomosis with 

enhanced collagenation in animal models.96-99 Interestingly, statins also demonstrate direct inhibitory 

effects on pathogenic organisms and topical administration of simvastatin has been associated with a 

reduced incidence of infection in open skin wounds of rats.100,101  

Clinical studies have also shown numerous relevant benefits. In the setting of sepsis, pneumonia, and 

acute respiratory distress syndrome (ARDS), statins have been associated with reduced mortality, 

decreased severity and a lower rate of admission to the intensive care unit (ICU).102-104 In trauma  

patients, observational studies have shown improvement in mortality in patients taking statins.105 

Interestingly, statins have also been associated with decreased infection rates in patient cohorts with 

various underlying medical conditions including diabetes, chronic kidney disease and cardiovascular 

disease.101 A retrospective case-control study showed statin use to be associated with a lower rate of 
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Clostridium difficile-associated diarrhoea in hospitalised patients.106 The anti-inflammatory properties of 

statins have also been demonstrated in the clinical setting with reduced CRP and disease activity in 

patients with Crohn’s disease,107 and significantly lower levels of E-selectin, a cell adhesion molecule 

involved in recruiting leukocytes to the site of injury during inflammation, in severely burned patients.108  

In a large population case-control study by Humes et al., statin use was associated with a lower risk of 

perforation in colonic diverticular disease, a potential consequence of their modulatory effects on 

inflammatory and fibrinolytic pathways.109 Similarly, Sköldberg et al. found statin users to have a reduced 

risk of emergency surgery for diverticular disease.110 

1.6 Summary 

The physiological stress response following major colorectal surgery is strongly associated with 

postoperative morbidity and patient recovery. Despite considerable experimental evidence demonstrating 

the useful pleiotropic effects of statins that are relevant to abdominal surgery, the clinical evidence is 

limited to retrospective and observational studies where they have been associated with improvement in 

various clinical outcomes. This suggests that they may have a potential benefit in patients undergoing 

abdominal surgery, particularly for inflammatory and infective outcomes. This thesis explores this novel 

concept and addresses the question whether statins can attenuate the surgical stress response and 

have clinical benefit in patients undergoing major colorectal surgery. It systematically builds towards a 

prospective clinical trial after first defining the utility of a biochemical and clinical endpoint to evaluate 

postoperative recovery, then determining the feasibility of conducting a clinical study, followed by a 

critical review of the available evidence to guide the design of a prospective clinical trial. 
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2. C-reactive protein as a predictor of anastomotic leakage following 

colorectal surgery 

2.1 Introduction 

As discussed in chapter one, infectious complications are responsible for the majority of morbidity 

following colorectal surgery and their occurrence correlates with the duration and intensity of the surgical 

stress response. Anastomotic leakage is the most dreaded of these complications, leading to significant 

morbidity and mortality with prolonged hospital stay and considerable healthcare costs.111 While there 

are numerous recognised risk factors for anastomotic leakage, it remains difficult to predict its 

development in individual patients and clinical diagnosis lacks accuracy in the early postoperative 

period.112,113 Although some leaks present early after surgery with patients developing overwhelming 

sepsis, others can present with a more insidious course and only become evident clinically as late as 

postoperative day eight to 12.114-116 Furthermore, the ‘normal’ physiological stress response to surgery 

can also manifest as SIRS making it difficult to distinguish from sepsis in the early postoperative 

period.59,117 Hence, a marker for persistent SIRS that can more accurately indicate developing sepsis 

from anastomotic leak would be useful, particularly in the current era of Fast-Track colorectal surgery in 

which patients are discharged from hospital earlier and potentially prior to developing any clinical signs of 

a leak.118 Such a marker would be a useful endpoint when evaluating the effect of interventions on the 

postoperative inflammatory response and the risk of developing septic complications. 

CRP is a serum acute-phase reactant synthesized almost exclusively in the liver, and is released in 

response to stimulation by proinflammatory cytokines such as IL-6 and TNFα.119 It has an important role 

in innate immunity by activating the complement pathway, and enhancing phagocytosis of foreign and 

damaged cells.120 Owing to its short and relatively constant half-life of 19 hours, CRP is a reliable, but 

non-specific, marker of acute inflammation and has been investigated as an early indicator of infectious 

complications following abdominal surgery.121-123 

A previous meta-analysis has evaluated the predictive value of CRP for the development of infectious 

complications following colorectal surgery.60 It showed that CRP achieved the best predictive value on 

postoperative day four, with a useful negative predictive value of 89 per cent. However, infectious 

complications is a broad outcome including a wide range of clinical problems with varying severity and 

clinical importance. More recent studies have evaluated the predictive value of CRP for the development 

of anastomotic leakage which is more clinically useful. In order to critically evaluate the utility of CRP as 
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a predictor of anastomotic leakage following colorectal surgery, a systematic review and meta-analysis 

was performed. 

2.2 Methods 

Appropriate methodology according to the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement was followed.124  

2.2.1 Literature search 

A database search was performed using the search strategy outlined in Table 4 with the following 

databases searched from inception to May 2013: MEDLINE, EMBASE, and PubMed. The reference lists 

of all relevant articles were manually searched to identify further relevant studies. There was no 

restriction on language or study design. 

Table 4: Search strategy 

Search Terms Hits per database 

(CRP OR C-reactive protein).m_titl. 

AND 

(colon$ OR colorectal OR rectal OR gastrointestinal OR bowel).m_titl. 

MEDLINE: 121 results 

EMBASE: 180 results 

PubMed: 121 results 

2.2.2 Study selection 

All published studies evaluating the predictive value of postoperative CRP for anastomotic leakage in 

patients undergoing colorectal surgery were included. Relevant studies that did not conduct a predictive 

analysis specifically for anastomotic leak or allow predictive parameters to be calculated from given data 

were excluded. Papers were assessed for inclusion and any uncertainty over inclusion or exclusion was 

resolved by discussion with study supervisors. 

2.2.3 Data abstraction 

Data were extracted and entered into predesigned tables. The outcome of interest was anastomotic 

leakage which was counted per event and defined as reported in the included studies. Measures of 

diagnostic accuracy, including area under the receiver-operating characteristic curve (AUC), sensitivity, 

specificity, positive predictive value (PPV), and negative predictive value (NPV) were recorded to enable 

a diagnostic meta-analysis to be performed. In order to obtain a summary graph of CRP levels in the 

postoperative period, CRP data reported in the text, graphs or figures of the included studies were used 
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to obtain the median or mean CRP values at each postoperative day (POD) for the following patient 

groups – anastomotic leak, any infectious complication, and no complications. Corresponding authors 

were contacted to obtain necessary data when they were unavailable from the article. 

2.2.4 Quality assessment 

Study quality was assessed using the revised Quality Assessment of Diagnostic Accuracy Studies 

(QUADAS-2) tool.125  This tool assessed the risk of bias and concerns about applicability by evaluating 

four key domains which include patient selection, index test, reference standard, and flow of patients 

through the study and timing of tests. The tool was tailored as outlined in Table 5 to suit the content of 

studies included in this review. The index test was C-reactive protein and the reference standard is the 

diagnosis of anastomotic leakage. 

2.2.5 Statistical analysis 

SAS version 9.3 (SAS Institute Inc., Cary, NC) and R version 2.15.2 (http://www.r-project.org) were used 

for statistical analysis. A random-effects model was applied for the meta-analysis using the metafor 

package for R.126 

The pooled prevalence of anastomotic leakage was calculated using the variance-stabilising double 

arcsine transformation in order to account for the low prevalence of leakage.127 The pooled area under 

the curve (AUC) was calculated using the inverse variance method.128 The pooled sensitivity, specificity 

and their 95% confidence intervals (CI) were derived using a random-effects model and logit 

transformations were applied to the derived values. The linear fit of the logit transformed 1-specificity and 

sensitivity was used to derive the summary receiver-operating characteristic (ROC) curve.129 The 

geometric mean of the reported CRP cut-off values at each POD was used to derive the pooled CRP cut-

off value. The pooled PPV and NPV were derived using the pooled prevalence, sensitivity and specificity. 

The delta method was used to derive the CI of the pooled PPV and NPV.130 Pooled positive and negative 

likelihood ratios (LR) were derived from the pooled sensitivity and specificity and the non-parametric 

bootstrapping method was used to derive CI.131 Cochran’s Q statistic was used to assess the 

heterogeneity between studies and a P value less than 0.050 was considered statistically significant. 

Studies that reported the median or mean CRP values for different complication groups at each POD 

were used to derive the pooled average CRP at each POD with individual studies weighted by their 

sample size. 
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Table 5: Tailored Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) Tool 

Domain Tool questions  

1. Patient selection  Was a consecutive or random sample 
enrolled? 

 Was a case-control design avoided? 

 Did the study avoid inappropriate 
exclusions? 

Risk of bias Applicability 
concerns 

2. Index testa  Did all patients undergo the index test as 
opposed to selectively?b 

3. Reference 
standard 

 Is the reference standard likely to correctly 
classify the target condition? 

 Were the reference results interpreted 
without knowledge of the index test? 

4. Flow and timingc  Did all patients receive the same reference 
standard? 

 Were all patients included in the analysis? 

 

a The following questions were removed from domain 2 with reasons provided: 

 Were the index test results interpreted without knowledge of the reference standard? 

o Since CRP is a numerical measurement, it is an objective recording that is not altered by knowledge 
of the reference standard. In contrast, the related question in domain 3 which asks whether the 
reference standard results were interpreted without knowledge of the index test remains since it is 
important to assess whether the clinical team were blinded to CRP results since measurement of the 
reference standard could be influenced by CRP results (e.g. ordering of investigations based on a 
high CRP leading to diagnosis of complications) 

 If a threshold was used, was it pre-specified? 

o Not relevant as all included studies were conducted to determine a useful CRP threshold to detect 
complications rather than use a pre-specified value. 

b This question was added to domain 2 since selective measurement of CRP in suspected cases of complications 
would potentially overestimate the diagnostic accuracy of CRP for detecting complications. 

c The following question was removed from domain 4 with reason provided: 

 Was there an appropriate time interval between the index test and reference standard? 

o All studies would be liable to having potential treatment started between the index test (CRP), which 
was measured as early as POD 1, and the reference standard (eventual diagnosis of leak). 

2.3 Results 

2.3.1 Study selection 

A PRISMA flow diagram for systematic reviews is presented in Figure 4. Seven studies132-138 met the 

inclusion criteria and had sufficient data to be included in the meta-analysis. Of the most relevant studies 

which were excluded, one study139 evaluated organ-space surgical site infection rather than leaks 

specifically, six studies140-145 evaluated infectious complications overall with no subset analysis for 

leakage, and three studies146-148 did not conduct a predictive analysis for CRP and anastomotic leak. 

2.3.2 Study characteristics 

The characteristics of the seven included studies are given in Table 6. Three studies133,135,136 had a 

prospective design and two135,136 were conducted at the same institution. All studies included patients 

undergoing both colonic and rectal surgery with the majority of patients having elective surgery for 

colorectal cancer via an open approach. The definition of anastomotic leak used in the individual studies 



19 

is given in Table 7. One study133 categorised anastomotic leaks as major (need for reoperation or 

percutaneous radiological drainage) or minor (conservative medical treatment) and provided a complete 

predictive analysis for major leaks only, therefore, only these data were included in the meta-analysis. 

2.3.3 Risk of bias 

The results of quality assessment using the QUADAS-2 tool are shown in Table 8. Overall, the 

applicability of included studies was good. One study132 excluded patients with infections other that 

anastomotic leak. Five studies133-137 reported measuring CRP routinely in the postoperative period while 

two studies132,138 did not have CRP data available for all patients at each POD. Only one study136 

reported blinding surgeons to the results of CRP assays. The included studies had varying definitions for 

anastomotic leak with not all patients undergoing the same reference standard to diagnose leakage. 
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Figure 4: PRISMA flow diagram 
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Table 6: Summary of included studies 

Study,  
year 

Country Study design Study 
period 

Operation 
type 

Elective/acute 
operation 

Approach Total 
patients 

Follow-
up 

Anastomotic 
leak 

Total infectious 
complicationsϮ 

Almeida,  
2012132 

Portugal Retrospective 22 months 
(2008–2009) 

20% rectal 

75% cancer 

95% elective  
5% acute 

82% open 
18% lap 

173 Not 
stated 

14% 
(24/173) 

Not 
evaluated 

Garcia-
Granero, 
2013133 

Spain Prospective 17 months 
(2008–2010) 

30% rectal 

73% cancer 

100% Elective 79% open 
21% lap 

205 60 days 5.4% 
(11▲/205) 

18% 
(36/205) 

Korner,  
2009134 

Norway Retrospective 1 year 
(2004) 

Colorectal∆ 

63% cancer 

76% elective  
24% acute 

96% open 
4% lap 

231 30 days 9.0% 
(18/201*) 

22%  
(51/231) 

Lagoutte, 
2012135 

France Prospective 14 months  
(2010–2011) 

32% rectal 

52% cancer 

100% Elective 65% open  
35% lap 

100 30 days 13% 
(13/100) 

32% 
(32/100) 

Ortega-
Deballon, 
2010136 

France Prospective 1 year 
(2007–2008) 

59% rectal 

62% cancer 

100% Elective 88% open 
12% lap 

133 30 days 16% 
(21/135€) 

39% 
(52/133) 

Platt, 
2012137 

Scotland Retrospective 10 years 
(1997–2007) 

34% rectal 

100% cancer 

87% elective 
13% acute 

100% open 454 Not 
stated 

6.0% 
(26/432¶) 

23% 
(104/454) 

Warschkow, 
2011138 

Switzerland Retrospective 12 years 
(1997–2009) 

45% rectal 

100% cancer 

92% elective 
8% acute 

100% open 1187 60 days 8.0% 
(89/1115¥) 

29% 
(347/1187) 

Overall 
      

2483 
 8.6% 

(202/2361) 
27% 

(622/2310) 

CRP, C-reactive protein; POD, postoperative day; Lap, laparoscopic or laparoscopic-assisted operation. 
Ϯ Includes anastomotic leak and other infections; ▲Patients with ‘major’ anastomotic leak (requiring reoperation or percutaneous radiological drainage). Six patients with ‘minor’ 
anastomotic leak (conservative medical treatment only) were excluded; ∆ Proportion with rectal resections not reported; * 201 of the procedures included an anastomosis; € Two 
of the 133 patients had two anastomoses; ¶ Only 95% of operations involved an anastomosis; ¥ Of the 1187 patients, 1115 had an anastomosis. 
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Table 7: Definition of anastomotic leak 

Study Definition/diagnosis of anastomotic leak 

Almeida132 Clinical signs of peritonitis and/or clinical evidence of free faecal fluid within the 
abdomen or emerging from the drain site. On clinical suspicion and whenever 
deemed necessary, diagnosis confirmed by contrast CT scan. 

Garcia-Granero133 Confirmed by contrast CT scan, endoscopy or intraoperatively. Anastomotic leaks 
classified as ‘major’ (need for reoperation or percutaneous radiological drainage) 
or ‘minor’ (conservative medical treatment). 

Korner134 Confirmed by radiology (contrast CT scan or contrast enema), endoscopy or 
during surgical exploration. 

Lagoutte135 Presence of one of the following criteria: postoperative peritonitis found at 
reoperation, purulent or faecaloid wound drainage, or presence of air or fluid 
collection in the anastomotic region on CT scan.  

Ortega-
Deballon136 

Presence of one of the following criteria: pus or enteric contents within drains, 
presence of abdominal or pelvic collection in the area of the anastomosis on CT 
scan, leakage of contrast through the anastomosis during enema, or evident 
anastomotic dehiscence at reoperation for postoperative peritonitis. 

Platt137 Radiologically verified fistula to bowel anastomosis or diagnosed by relaparotomy. 

Warschkow138 Confirmation by rectal examination, sigmoidoscopy, extravasation of 
endoluminally administered contrast on radiography or CT or confirmation during 
reoperation. 

Table 8: Quality assessment using QUADAS-2 tool 

Study 

RISK OF BIAS APPLICABILITY CONCERNS 

Patient 
Selection 

Index 
Test 

Reference 
Standard 

Flow 
and 

Timing 

Patient 
Selection 

Index 
Test 

Reference 
Standard 

Almeida132 - ? - - + + - 

Garcia-Granero133 + + - - + + + 

Korner134 + + - - + + + 

Lagoutte135 + + - - + + + 

Ortega-Deballon136 + + + - + + + 

Platt137 + + - - + + + 

Warschkow138 + - - - + + + 

+ Low Risk - High Risk ? Unclear Risk 

2.3.4 Predictive utility of CRP for anastomotic leak 

The pooled average CRP level at each POD for patients developing an anastomotic leak compared to 

those developing any infectious complication or having an uncomplicated recovery are shown in Figure 

5. The rate of leakage in the included studies ranged from 5.4% to 16% and the pooled prevalence of 

leakage for the seven studies was 9.6% (95% CI 6.9%-12.6%) with significant heterogeneity present (Q 

= 21.7, P = 0.001). The median day of diagnosis of leaks ranged from POD six to POD nine. 
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Figure 5: CRP in the postoperative period in relation to complications 

 

Values at each time point represent the pooled median/mean CRP from the included studies with individual studies 
weighted by their sample size. 

A meta-analysis of the predictive value of CRP for anastomotic leak was performed for POD three, four 

and five (Figure 6 and Table 9). Five studies provided predictive data for the meta-analysis on POD three 

and four, while three studies provided this information for POD five. A summary of the predictive data 

used for meta-analysis from the individual studies is provided in Table 10. CRP on POD three to five had 

comparable diagnostic accuracy for anastomotic leak with a similar pooled AUC. The pooled predictive 

parameters, including sensitivity, specificity, PPV and NPV were also similar at all three time-points with 

significant heterogeneity in the pooled specificity. CRP at these time-points had a low PPV between 21% 

and 23% and a high NPV of 97%. Correspondingly, CRP had a positive LR between 3 and 4 and a 

negative LR of 0.3. The derived CRP cut-off values at the three time-points were 172 mg/L on POD 

three, 124 mg/L on POD four, and 144 mg/L on POD five. 

Due to significant heterogeneity in the pooled specificity at all three time-points, a subset analysis was 

conducted by combining only those studies that led to non-significant heterogeneity in the pooled 

specificity. The results of the subset analysis were similar to the overall analysis and are shown in Table 

11. 
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Figure 6: Pooled area under the curve for anastomotic leakage 
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Table 9: Meta-analysis of predictive data for anastomotic leaks 

POD Number of 
studies 

Total 
patients 

Pooled prevalence 
of anastomotic 

leakage 

Pooled  
AUC 

Derived  
CRP cut-

off 
(mg/L) 

Pooled 
Sensitivity 

Pooled 
Specificity 

Pooled  
PPV 

Pooled  
NPV 

Pooled 
positive 

likelihood 
ratio 

Pooled 
negative 

likelihood 
ratio 

3 5132-

134,137,138 
2126 7.9% 

(5.4%–10.8%) 

0.81 

(0.75–0.86) 

172 

(148–198) 

76%a 
(66%–84%) 

76%b 
(67%–83%) 

21% 

(16%–26%) 

97% 

(96%–98%) 

3.04 

(2.33–3.85) 

0.26 

(0.25–0.29) 

4 5133,135-138 1987 9.1% 

(5.8%–13.2%) 

0.80 

(0.74–0.86) 

124 

(111–139) 

79%c 

(70%–86%) 

70%d 

(63%–77%) 

21% 

(19%–23%) 

97% 

(96%–98%) 

2.59 

(2.28–3.21) 

0.28 

(0.25–0.30) 

5 3133,134,138 1521 8.0% 

(5.4%–11.1%) 

0.80 

(0.73–0.87) 

144 

(133–155) 

72%e 

(59%–82%) 

79%f 

(63%–89%) 

23% 

(18%–28%) 

97% 

(95%–99%) 

4.29 

(1.92–5.36) 

0.33 

(0.29–0.48) 

Values in parenthesis indicate the 95% confidence interval. 
AUC, area under the curve; CRP, C-reactive protein; NPV, negative predictive value; POD, postoperative day; PPV, positive predictive value. 
Heterogeneity (Cochran’s Q statistic): a 4.43, P = 0.351; b 34.8, P <0.001; c 1.45, P = 0.835; d 22.7, P <0.001; e 0.42, P = 0.810; f 35.6, P <0.001. 
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Table 10: Summary of predictive data for anastomotic leaks 

POD Study Total 
patients 

Patients with CRP 
data available 

Anastomotic leak AUC CRP cut-
off 

(mg/L) 

Sensitivity 
(%) 

Specificity 
(%) 

PPV  
(%) 

NPV  
(%) 

1 Korner134 231 231 9.0% (18/201*) 0.53 89 50 61 11 93 

Warschkow138 1187 124 8.0% (89/1115¥) 0.65 123 73 71 20 96 

2 Warschkow138 1187 242 8.0% (89/1115¥) 0.56 174 58 62 12 95 

3 Almeida et al132 173 173 14% (24/173) 0.82 140 78 86 - - 

Garcia-Granero133 205 205 5.4% (11▲/205) 0.81 147 91 61 12 99 

Korner134 231 231 9.0% (18/201*) 0.82 190 82 73 22 98 

Platt137 454 454 6.0% (26/432¶) 0.84 190 77 80 - - 

Warschkow138 1187 226 8.0% (89/1115¥) 0.66 200 58 75 22 94 

4 Garcia-Granero133 205 205 5.4% (11▲/205) 0.81 101 91 60 11 99 

Lagoutte135 100 100 13% (13/100) 0.87 130 80 80 - - 

Ortega-Deballon136 133 133 16% (21/135€) 0.72 125 82 64 39 96 

Platt137 454 454 6.0% (26/432¶) 0.83 125 77 76 - - 

Warschkow138 1187 293 8.0% (89/1115¥) 0.77 143 75 71 19 97 

5 Garcia-Granero133 205 205 5.4% (11▲/205) 0.85 135 73 83 20 98 

Korner134 231 231 9.0% (18/201*) 0.87 154 75 86 34 97 

Warschkow138 1187 278 8.0% (89/1115¥) 0.69 85 69 64 18 95 

7 Korner134  231 231 9.0% (18/201*) 0.86 215 75 94 63 97 

AUC, area under the curve; CRP, C-reactive protein; NPV, negative predictive value; POD, postoperative day; PPV, positive predictive value. 
* Of the 231 patients, 201 had an anastomosis; ¶ Only 95% of operations involved an anastomosis; ¥ Of the 1187 patients, 1115 had an anastomosis; ▲Patients with ‘major’ 
anastomotic leak (requiring reoperation or percutaneous radiological drainage). Six patients with ‘minor’ anastomotic leak (conservative medical treatment only) were excluded; € 
Two of the 133 patients had two anastomoses. 
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Table 11: Subset analysis of predictive data for anastomotic leaks 

POD Number of 
studies 

Total 
patients 

Pooled 
prevalence of 
anastomotic 

leakage 

Pooled  
AUC 

Derived  
CRP cut-

off 
(mg/L) 

Pooled 
Sensitivity 

Pooled 
Specificity 

Pooled  
PPV 

Pooled  
NPV 

Pooled 
positive 

LR* 

Pooled 
negative 

LR* 

3 2132,137 605 9.5% 

(6.6%–18.6%) 

0.83 

(0.76–0.90) 

163 

(121–220) 

78%a 

(64%–87%) 

82%b 

(76%–88%) 

27% 

(22%–32%) 

98% 

(97%–99%) 

4.33 

 

0.27 

 

4 3135,137,138 1647 8.4% 

(5.3%–12.2%) 

0.82 

(0.76–0.89) 

132 

(122–143) 

78%c 

(66%–86%) 

75%d 

(70%–79%) 

22% 

(18%–24%) 

97% 

(96%–98%) 

3.21 

(2.59–
4.00) 

0.30 

(0.25–
0.35) 

5 2134,138 1316 6.8% 

(4.6%–9.3%) 

0.86 

(0.78–0.95) 

144 

(127–164) 

72%e 

(58%–83%) 

84%f 

(81%–88%) 

25% 

(19%–31%) 

98% 

(97%–99%) 

4.50 

 

0.33 

 

Values in parenthesis indicate the 95% confidence interval. 
*Confidence intervals for likelihood ratios obtained using bootstrapping method and only reported for sub-analyses with three or more studies. 
AUC, area under the curve; CRP, C-reactive protein; LR, likelihood ratio; NPV, negative predictive value; POD, postoperative day; PPV, positive predictive value. 
Heterogeneity (Cochran’s Q statistic): a 0.04, P = 0.848; b 2.61, P = 0.107; c 0.46, P = 0.794; d 3.79, P = 0.150; e 0.43, P = 0.513; f 0.66, P = 0.416 
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2.4 Discussion 

This systematic review and meta-analysis has shown that CRP measured on day three to five after 

colorectal surgery is a useful negative predictive test but not a good positive predictor for the 

development of anastomotic leakage. CRP had comparable diagnostic accuracy at these time-points 

with a useful negative LR of 0.3 and a high NPV of 97%. The derived CRP cut-offs on POD three to five 

were 172 mg/L, 124 mg/L and 144 mg/L, respectively. 

This study shows that patients after colorectal surgery show an increase in CRP levels which reach an 

early peak on POD two or three. This pattern of CRP in the early postoperative period reflects the 

systemic inflammatory response that occurs as a result of surgical trauma. In patients with a limited 

systemic inflammatory response to surgery and no developing infectious complications, CRP levels 

steadily decline after the early peak as the stimulus for inflammation decreases, reflecting the short half-

life of CRP. In comparison, patients who develop anastomotic leakage demonstrate a more pronounced 

early inflammatory response with higher CRP levels. Following this initial peak, an ongoing inflammatory 

stimulus, presumably from the developing leak, leads to persistently higher CRP levels which rise further 

when sepsis ensues. These observations are consistent with the findings of Haga et al. who showed that 

patients developing septic complications following gastrointestinal surgery had a significantly longer 

duration of SIRS postoperatively which correlated with peak CRP levels.59  

Importantly, this meta-analysis shows that CRP is a poor positive predictor for the development of 

leakage and this is in keeping with it being a non-specific marker of acute inflammation rather than a 

specific marker for infection. Therefore, many patients who do not develop an anastomotic leak may also 

exhibit a severe or prolonged systemic inflammatory response with high CRP levels related to other 

factors such as the severity of surgical trauma, blood loss and operation time.59 Therefore, the clinical 

utility of CRP is as a negative predictor and this meta-analysis demonstrates that a low CRP on POD 

three to five can help predict patients who are unlikely to develop an anastomotic leak. Although the 

diagnostic accuracy of CRP was similar at all three time-points, an earlier time-point is more clinically 

useful as it allows an earlier assessment for the risk of leakage, particularly when considering patients for 

an early discharge as part of a fast-track pathway. Since the median day of diagnosis for leakage in the 

included studies ranged from POD six to nine, CRP measured on POD three and four is sufficiently early 
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in the postoperative period to be clinically useful. Furthermore, the meta-analysis on POD five is limited 

by having predictive data from only three studies available. 

While the NPV is a useful parameter to assess the accuracy of a predictive test in a patient population, it 

cannot be as reliably applied to an individual patient and can also be influenced by the prevalence of the 

disease. Likelihood ratios are a more useful method of estimating the probability of a diagnosis in a given 

patient based on the results of a test.149,150 When using LRs, the product of the pre-test odds and the LR 

determines the post-test odds (with odds converted to probabilities for easier calculation). In the context 

of this study, the pre-test odds are the estimated chance a given patient will develop an anastomotic leak 

after surgery and this incorporates patient- and surgery-related factors. However, it is difficult to quantify 

such an individualised value and therefore, the pre-test odds for anastomotic leak are often estimated 

based on a surgeon’s personal experience or their institution’s incidence of a leak. As an example of the 

application of LRs, if a surgeon has a leak rate of 4% (i.e. pre-test probability of leak) and the patient has 

a CRP below 172 mg/L on POD three, then a negative LR of 0.3 gives a post-test probability of 1.2%. In 

comparison, if the CRP is above this cut-off, then a positive LR of 3 gives a post-test probability of 11%. 

This can be more useful than the NPV and PPV since it provides a more individualised assessment for 

the risk of leak in a given patient. Again, this illustrates the utility of CRP as a better ‘rule-out’ test for 

anastomotic leak rather than a ‘rule-in’ test. 

Analogous to the findings of this study, a previous meta-analysis has shown CRP also has a high NPV 

when considering all infectious complications after colorectal surgery.60 However, the NPV of CRP for all 

infectious complications is lower than that for anastomotic leakage (89% vs. 97%) indicating a higher 

proportion of patients may have a CRP level below the derived cut-off and still develop an infectious 

complication. This difference in NPV reflects the range in severity when considering all infectious 

complications. Wound, respiratory and urinary tract infections have a varying impact on CRP levels 

depending on their severity.148 Therefore, CRP values vary widely when considering all infectious 

complications. In contrast, anastomotic leakage invariably causes significant sepsis and leads to higher 

CRP levels. This study has shown that patients who develop any infectious complication have a similar 

pattern of postoperative CRP to patients who develop leakage, but, the pooled CRP values are lower 

due to the inclusion of less severe infections. 

The clinical utility of CRP as a negative predictor for anastomotic leakage is particularly promising for 

enhanced recovery or fast-track programmes in colorectal surgery. In addition to clinical assessment, 
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CRP offers a useful adjunct when considering patients for an early discharge and can be incorporated 

into the discharge criteria. If a patient has a CRP below the derived cut-offs in this meta-analysis, they 

can be considered to have a low risk of developing an anastomotic leak and can be considered for 

discharge if otherwise well. Conversely, patients with higher CRP levels at these time-points should be 

closely observed for a developing infectious complication. However, given the low PPV of CRP for 

leakage, work-up for an underlying anastomotic leak does not need to be routinely undertaken and 

should be based on serial clinical assessment and the trend of further CRP measurements. 

Owing to differences in patient population, study design and methodology, this meta-analysis is limited 

by the heterogeneity of the included studies. Four of the seven studies had a retrospective design and 

two132,138 of these studies did not have CRP data available for all patients at each POD. This suggests 

there was selective measurement of CRP in suspected cases of leak which may overestimate its 

diagnostic accuracy. Only one prospective study136 reported blinding surgeons to the results of CRP 

assays. All the other studies are liable to bias the investigation of a suspected postoperative complication 

if CRP results are known. However, blinding may be impractical given the wide-spread use of CRP in 

clinical decision-making. Although all studies required radiological or clinical evidence to diagnose an 

anastomotic leak, variations in the criteria used to define leakage can lead to verification bias and further 

contribute to inter-study heterogeneity. 

While meta-analysis is not a widely approved method for summarising predictive data, this study 

provides a useful guide for the interpretation of CRP following colorectal surgery. Despite the 

heterogeneity of the included studies, there was no significant heterogeneity in the pooled sensitivity at 

all three time-points in the meta-analysis. Furthermore, a subset analysis to account for heterogeneity in 

the pooled specificity gave similar results to the overall analysis. Although the overall applicability of the 

included studies was good, the majority of patients underwent open surgery, therefore, the cut-offs 

recommended by this meta-analysis may be less applicable for laparoscopic surgery which has been 

shown in some studies to result in lower levels of CRP and pro-inflammatory cytokines when compared 

to open surgery.139,151,152 Moreover, the included studies did not distinguish between colonic or rectal 

resection which may also lead to different inflammatory responses postoperatively.22 

In conclusion, this meta-analysis specifically evaluated the utility of CRP in predicting anastomotic 

leakage following colorectal surgery. The clinical utility of CRP in this setting is as a negative predictive 

test and this may be usefully applied to assess colorectal patients for the risk of anastomotic leak. Given 
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its analogous utility when considering all infectious complications, it is a useful biochemical marker to 

evaluate postoperative recovery. 
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3. The surgical recovery score correlates with the development of 

complications following elective colectomy 

3.1 Introduction 

As discussed in chapter one, POF is also a significant aspect of the morbidity patients experience 

following major colorectal surgery. Evaluating this provides a useful patient-centred outcome to assess 

postoperative recovery. The Surgical Recovery Score (SRSr) is a comprehensive 31-item questionnaire, 

derived from the previously validated multi-dimensional Identity-Consequence Fatigue Scale 

questionnaire, that is used to assess functional recovery after major surgery.153 This score assesses five 

categories of postoperative recovery: fatigue, vigor, mental function, impact on patient activity, and 

impact on activities of daily living, and is expressed as a percentage of maximum possible score. The 

SRSr has been used in previous studies, including randomised controlled trials, to assess the benefit of 

perioperative interventions on postoperative recovery.154-157 However, its correlation with clinical 

outcomes following surgery remains to be specifically evaluated and this would help further validate its 

clinical applicability.  

We hypothesised that the development of complications, along with their severity, would adversely 

impact on functional recovery and the SRSr would be a sensitive tool that closely reflects this additional 

impact. Therefore, in patients undergoing elective colectomy, this study evaluates the impact of 

postoperative complications on functional recovery and investigates whether the SRSr reliably correlates 

with a complicated postoperative course. 

3.2 Methods 

A retrospective review of prospectively collected data was conducted for consecutive patients 

undergoing elective colonic resection within an established ERAS program at our elective surgical unit 

(Manukau Surgery Centre, Auckland, New Zealand) from September 2008 to September 2011.158 

Exclusion criteria for this ERAS program were: rectal lesions (defined as 15cm from the anal verge), 

American Society of Anesthesiologists (ASA) score four or five, stoma formation during the index 

operation, regular use of oral corticosteroids, and being unable to participate in the preoperative 

education and goal setting components of the ERAS program due to cognitive impairment. Patients with 

an ASA score of four or five underwent surgery at the nearby tertiary hospital unit (Middlemore Hospital, 
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Auckland, New Zealand) where intensive care unit monitoring could be provided postoperatively as these 

facilities were not available at the ERAS facility. 

3.2.1 Baseline data 

Age, gender, ASA score, Colorectal Physiological and Operative Severity Score for the enUmeration of 

Mortality and morbidity (Cr-POSSUM)159, pathologic data, operation type and technique were recorded 

for all patients. 

3.2.2 Postoperative complications 

Postoperative complications up to 30 days after surgery were prospectively recorded using predefined 

criteria160 and graded as per the Clavien-Dindo classification system.54 In patients with multiple 

complications, the highest complication grade was reported in the final analysis. Minor complications 

were defined as grades one to two while major complications were defined as grades three to five. 

3.2.3 Post-surgical recovery 

The SRSr was used to measure functional recovery and questionnaires were administered 

preoperatively (baseline) and on postoperative day one, three, seven, 14 and 30. Following discharge, 

questionnaires with specific instructions were mailed to patients and responses recorded via a follow-up 

phone call. Responses to individual questions were scored one to six with a higher score indicating a 

better functional response. The SRSr was then calculated as the percentage of the maximum possible 

questionnaire score (i.e. total questionnaire score divided by 186) with higher scores indicating improved 

functional recovery. A SRSr of 17 was the lowest possible score, whereas a SRSr of 100 was the highest 

possible score. A copy of the SRSr questionnaire can be found in Appendix one. 

3.2.4 Hospital stay and discharge 

Discharge criteria were defined as return of bowel function (passage of flatus or bowel movement; 

tolerating a solid oral diet; and absence of nausea and vomiting), independent mobilisation (or 

mobilisation back to baseline function) and adequate pain relief using oral analgesia only. The day of 

discharge was recorded as well as readmissions, defined as a return to hospital within 30 days 

postoperatively requiring a hospital stay of 24 hours or more. Total hospital stay was calculated based on 

day stay on index admission plus hospital stay on readmission. 
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3.2.5 Statistical analysis 

Data were analysed using SPSS for Windows version 17.0 (SPSS Inc., Chicago, IL). Parametric and 

non-parametric tests were used for statistical comparison as appropriate. Groups were compared using 

the Fisher’s exact test or Chi-Square test for categorical variables while the Mann-Whitney U test was 

used for ordinal data and for data without normal distribution. SRSr values were reported as mean 

(standard deviation) with the t test used when comparing two groups and one-way analysis of variance 

(ANOVA) used when comparing all three complication groups. Post-hoc analysis was carried out using 

Dunnett’s test to determine significance of difference between individual groups. Missing SRSr data were 

excluded from any analysis of SRSr for the corresponding time-point. A multivariable binary logistic 

model was used to analyse the association of all statistically significant variables on univariate analysis 

with the occurrence of complications. The utility of the SRSr in predicting complications was evaluated 

with sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and area-

under-the-curve (AUC) calculated for an appropriate cut-off. Statistical significance was defined a priori 

as a P value less than 0.050. 

3.3 Results 

A total of 134 patients undergoing elective colectomy within the ERAS program between September 

2008 and September 2011 were reviewed. Eighty-three patients (62%) had a complication of any grade 

in the 30-day follow-up period. Demographics, operation type, pathologic data and hospital stay for the 

complicated and uncomplicated groups are shown in Table 12. The complication group was significantly 

older, and had a higher proportion of patients with malignancy and an ASA score of three. Sixty-two 

patients (46%) had minor complications and 21 patients (16%) developed major complications (Table 

13). The median day of diagnosis for minor and major complications was postoperative day five (range: 0 

– 30) and day seven (range: 1 – 15), respectively. Seventeen of the 21 major complications (81%) were 

diagnosed on postoperative day five or later. 

The SRSr in the complicated (minor and major) and uncomplicated groups were similar at baseline and 

on postoperative day one (Figure 7). Patients who developed major complications had significantly lower 

scores on postoperative day three, seven, 14 and 30 while patients who developed minor complications 

had significantly lower scores on postoperative day seven and 14. Complete SRSr data were not 

available for four patients. 
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With the majority of postoperative complications developing after day three, the correlation of the SRSr to 

the occurrence of complications was further investigated using the SRSr on postoperative day three. In a 

logistic regression analysis, day three SRSr was the only factor independently associated with the 

occurrence of any complication (Table 14), as well as major complications specifically (P = 0.001). Age, 

ASA score of three, Cr-POSSUM and malignancy were not independently associated in the logistic 

regression analysis. Given the association of day three SRSr to complications, we investigated the utility 

of the SRSr in predicting major complications using a cut-off score of 50. In a logistic regression analysis, 

a SRSr less than 50 on day three was again the only factor independently associated with the 

occurrence of major complications (Table 15). In a predictive analysis, a SRSr less than 50 on 

postoperative day three had a sensitivity of 80%, specificity of 64%, PPV of 29% and NPV of 94% for 

predicting the development of a major complication with an AUC of 0.62. 
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Table 12: Patient characteristics and hospital stay 

 
No Complication 

(n=51) 
Complication  

(n=83) 
P value 

Age, median (range) 65 (16-87) 74 (41-91) 0.001¥ 

Gender   0.722 

Male 23 (45%) 41 (49%)  

Female 28 (55%) 42 (51%)  

ASA   0.047¥ 

I 7 (14%) 8 (10%)  

II 33 (65%) 43 (52%)  

III 11 (22%) 32 (39%)  

Cr-POSSUM, median (range) 17 (13-26) 18 (13-26) 0.070¥ 

Operation   0.411∆ 

Right-sided colectomy 26 (51%) 52 (63%)  

Left-sided colectomy 22 (43%) 27 (33%)  

Total/Subtotal colectomy 3 (6%) 4 (5%)  

Operative Technique   0.757∆ 

Open 44 (86%) 75 (90%)  

Laparoscopic 2 (4%) 2 (2%)  

Hand-assisted laparoscopic 5 (10%) 6 (7%)  

Operation Time, mean (SD) 126 (49) 118 (47) 0.360¶ 

Malignancy   0.003 

Yes 32 (63%) 71 (86%)  

No 19 (37%) 12 (14%)  

AJCC Stage   0.661¥ 

I 1 (2%) 10 (12%)  

II 16 (31%) 29 (35%)  

III 14 (27%) 26 (31%)  

IV 1 (2%) 6 (7%)  

Discharge Day, median (range) 5 (2-10) 8 (3-60) <0.001¥ 

Total Day Stay, median (range) 5 (2-10) 9 (3-60) <0.001¥ 

Readmission, n (%)   <0.001 

Yes 1 (2%) 23 (28%)  

No 50 (98%) 60 (72%)  

AJCC, American Joint Committee on Cancer; ASA, American Society of Anesthesiologists; Cr-POSSUM, Colorectal 
Physiological and Operative Severity Score for the enUmeration of Mortality and morbidity; SD, standard deviation.  
Fisher’s exact test used unless otherwise stated. ∆ Chi-Square test, ¶ t test (2 tailed), ¥ Mann-Whitney U Test.  
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Table 13: Complication grade 

Complication Grade* n (% out of total 134) 

I 6 (4%) 

II 56 (42%) 

III 6 (4%) 

IV 12 (9%) 

V 3 (2%)¶ 

Minor complication (Grade I-II) 62 (46%) 

Major complication (Grade III-V) 21 (16%) 

*Complication grade definitions54: Grade I: any deviation from the normal postoperative course without the need for 

pharmacologic treatment or surgical, endoscopic, and radiological interventions. Allowed therapeutic regimens are: 
drugs as antiemetics, antipyretics, analgesics, diuretics and electrolytes and physiotherapy. This grade also includes 
wound infections opened at the bedside. Grade II: requiring pharmacologic treatment with drugs other than such 
allowed for grade I complications. Blood transfusions and total parenteral nutrition are also included. Grade III: 
requiring surgical, endoscopic, or radiological intervention. Grade IV: life-threatening complication (including central 
nervous system complications) requiring intermediate care/intensive care unit-management. Grade V: death of a 

patient. 
 

¶ There were 3 deaths in the 30-day follow-up period: 

 82 year old patient who underwent a right hemicolectomy developed bilateral pneumonia postoperatively 
and died of cardiogenic shock and pulmonary oedema 20 days after surgery. 

 83 year old patient who underwent a right hemicolectomy died on postoperative day 16 due to worsening 
sepsis as a result of an anastomotic leak. 

 66 year old patient who underwent a right hemicolectomy died following a cardiac arrest on postoperative 
day 10 presumed secondary to previously undiagnosed left ventricular outflow tract obstruction. 

Figure 7: Surgical Recovery Score and complications 

 

SRSr, Surgical Recovery Score. 
Groups were compared at different time points using Dunnett’s test: 
* P value < 0.050; ^ P value = 0.070; ∆ P value = 0.171 

SRSr 

Time after surgery (days) 

* 

* 

* 

* 

* 

* 
^ 

∆ 
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Table 14: Logistic regression analysis of factors associated with complications 

Factor Odds Ratio 95% CI P value 

Age 1.03 0.99 – 1.07 0.108 

ASA 3 1.44 0.54 – 3.83 0.463 

Cr-POSSUM 0.97 0.82 – 1.14 0.708 

Malignancy 2.58 0.97 – 6.87 0.059 

Day 3 SRSr 0.95 0.92 – 0.99 0.006 

ASA, American Society of Anesthesiologists; CI, confidence interval; Cr-POSSUM, Colorectal Physiological and 
Operative Severity Score for the enUmeration of Mortality and morbidity; SRSr, Surgical Recovery Score. 

Table 15: Logistic regression analysis of factors associated with major complications 

Factor Odds Ratio 95% CI P value 

Age 1.01 0.95 – 1.07 0.708 

ASA 3 1.80 0.57 – 5.68 0.318 

Cr-POSSUM 1.05 0.84 – 1.32 0.658 

Malignancy 0.89 0.22 – 3.58 0.871 

Day 3 SRSr <50 6.06 1.84 – 20.01 0.003 

ASA, American Society of Anesthesiologists; CI, confidence interval; Cr-POSSUM, Colorectal Physiological and 
Operative Severity Score for the enUmeration of Mortality and morbidity; SRSr, Surgical Recovery Score. 

3.4 Discussion 

This study has assessed the relationship between postoperative morbidity and functional recovery after 

major colonic surgery. It has shown that the SRSr closely correlates with a complicated postoperative 

course and its measurement on postoperative day three is independently associated with the occurrence 

of major complications. A SRSr cut-off of 50 on day three after surgery has a useful NPV for the 

development of major complications. 

Along with clinical endpoints, postoperative functional recovery is an important outcome measure of 

surgical treatment. It incorporates the physical, psychological and social impacts of surgery and their 

effect on daily activities42,161 Expectedly, the development of complications can adversely affect such 

recovery parameters. In this study, the SRSr reliably correlated with both the development and severity 

of complications. Patients with a complicated postoperative course had poorer functional recovery after 

surgery and this decline was more pronounced in patients who developed major complications. Similar 
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correlations have been seen in other studies evaluating various measures for quality of life, activities of 

daily living and mental function following major abdominal surgery.64,65 

Patients who developed complications had a greater decline in functional recovery in the early 

postoperative period, with significantly lower SRSr on postoperative day three. For patients developing 

major complications, this decline was seen even prior to the diagnosis of the complication which was on 

postoperative day five or later in 81% of patients. Therefore, postoperative day three provided a useful 

time-point to assess the correlation of the SRSr with the occurrence of subsequent major complications. 

In a logistic regression analysis, day three SRSr was the only factor independently associated with the 

development of major complications. When this correlation was assessed in a predictive analysis, a 

SRSr cut-off of 50 on day three had a high NPV (94%) for major complications but the PPV was low 

(29%) and the overall predictive ability was poor with an AUC of 0.62. This suggests patients with a SRSr 

greater than 50 on day three were unlikely to develop a major complication while those with lower scores 

were not necessarily going to develop a complication. While the SRSr is not designed as a tool to predict 

complications, in practical terms, it simply gives a quantitative score that represents the clinician’s usual 

bedside assessment of ‘how well a patient is doing’. This analysis suggests patients feeling well on 

postoperative day three are likely to remain well. 

Interestingly, although Cr-POSSUM is a validated measure of mortality risk following colorectal surgery, 

the logistic regression analysis found it was not significantly associated with the development of major 

complications despite such complications expected to increase the risk of mortality. This likely reflects 

the small sample size since the study would not be adequately powered to detect such an association. 

Furthermore, the ERAS program did not include patients with an ASA score of four or five thus excluding 

patients who are likely to have the highest Cr-POSSUM scores and make such an association more 

apparent. 

The decrease in the SRSr in the early postoperative period and its close correlation with the occurrence 

of complications may be attributed to a greater surgical stress response in these patients. The 

physiological changes in response to surgery, which include proinflammatory cascades and associated 

metabolic and endocrine changes, have been shown to correlate with clinical outcomes and 

complications following major surgery.3,14,59 Similarly, the trajectory of POF, a significant component of 

functional recovery, is associated with the proinflammatory response and release of cytokines following 
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major colorectal surgery.162 The occurrence of complications initiates additional stress responses and 

inflammatory processes that lead to a further decline in functional recovery and the SRSr.  

The preoperative status of patients also contributes to the surgical stress response and patients with pre-

existing organ dysfunction are likely to be more severely affected.51 This is particularly relevant in the 

elderly population and well-illustrated by the concept of frailty. Frailty is defined as a decrease in 

physiologic reserves across multiple organ systems, and in older general surgical patients, it has been 

shown to increase the risk of complications, mortality, and institutionalization after surgery.163-166 

Functional recovery is also dependent on physiological reserves and patients with a high index of frailty 

would be expected to have a greater functional decline and require a longer period of recovery after 

surgery, especially with any additional burden due to complications. It would be useful to assess this 

relationship in future studies to determine the degree of functional impairment after surgery as a result of 

frailty alone.  

The limitations of this study include its small sample size and retrospective nature, despite data on 

clinical outcomes and the SRSr being recorded prospectively. Furthermore, this study evaluates the 

correlation of the SRSr to clinical outcomes specifically in elective colectomy and prospective evaluation 

of the SRSr in other types of major abdominal surgery would help validate its wider applicability. 

Although the completion rate for the SRSr questionnaires was high in this study due to close patient 

follow-up, the 31-item questionnaire can be lengthy and limit patient compliance. 

In conclusion, the SRSr is a patient-centred measure for monitoring postoperative functional recovery 

that closely correlates with the occurrence of complications following elective colectomy. This study has 

helped demonstrate that the SRSr, in addition to measuring functional outcomes, also encompasses the 

influence of surgical morbidity on postoperative recovery. It therefore offers a reliable measure of overall 

recovery after surgery and is a useful outcome measure when assessing the benefit of perioperative 

interventions. 

  



41 

4. Perioperative use of statins in elective colectomy 

4.1 Introduction 

In chapter one, the pleiotropic effects of statins were discussed along with their numerous surgically 

relevant benefits.  In order to address the question whether statins can have clinical benefit in patients 

undergoing major colorectal surgery, a prospective clinical trial is needed. However, the feasibility of 

conducting such a trial needs to be first evaluated in our setting. Therefore, this study investigated statin 

use in patients undergoing elective colectomy at our institution and whether it is associated with reduced 

complications and improved clinical outcomes. It also investigates whether statin use results in reduced 

serum cytokine release and improved functional recovery after surgery. Importantly, this study also 

serves to determine the pre-existing use of statins in our setting which will help guide the design of a 

prospective clinical trial. 

4.2 Methods 

A retrospective review of prospectively collected data was conducted for consecutive patients 

undergoing elective colonic resection within an established ERAS programme155 at our institution 

(Manukau Surgery Centre, Middlemore Hospital, Auckland, New Zealand) from January 2005 to 

December 2010. This data had been collected by other investigators as part of a prospective database 

established to allow ongoing evaluation of the ERAS programme. 

Using the electronic database (Concerto 6.3; Orion Health, Auckland, NZ) at Middlemore Hospital, 

patient notes were reviewed to determine statin usage perioperatively. Statins were defined as drugs 

classified as HMG-CoA reductase inhibitors and excluded other lipid lowering agents such as fibrates. 

Age, gender, body mass index (BMI), ASA score, Cr-POSSUM,159 pathologic data, operation type and 

technique were recorded for all patients. 

4.2.1 Postoperative complications 

Postoperative complications up to 30 days after surgery were recorded for all patients using predefined 

criteria160 and graded by the Clavien-Dindo classification system.54 In patients with multiple 

complications, the highest complication grade was reported in the final analysis. Anastomotic leak was 

defined as either operative evidence or radiological evidence (a fluid collection in proximity to an 
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anastomosis that was drained yielding purulent fluid or that contains gas, or if a contrast leak was 

shown). 

4.2.2 Hospital stay and discharge 

Discharge criteria were defined as return of bowel function (passage of flatus or bowel motion; tolerating 

a full solid oral diet; and absence of nausea and vomiting), independent mobilisation (or mobilisation 

back to baseline function) and adequate pain relief using oral analgesia only. The day of discharge was 

recorded as well as readmissions, defined as a return to hospital within 30 days postoperatively requiring 

hospital stay of 24 hours or more. Total hospital stay was calculated based on day stay on index 

admission plus hospital stay on readmission. 

4.2.3 Post-surgical recovery 

Functional recovery was assessed in a subset of patients using the SRSr156 which has been described in 

chapter three. The 31-item questionnaire was administered preoperatively (baseline) and on 

postoperative day three, seven and 30. It has been adapted from the previously validated identity-

consequence fatigue scale questionnaire,153 which was designed specifically to assess postoperative 

fatigue and correlates with peritoneal inflammation and cytokine release following colorectal surgery.162 

Higher scores indicate improved functional recovery. A copy of the SRSr questionnaire can be found in 

Appendix one. 

4.2.4 Cytokines 

Serum cytokines IL-6, IL-8, IL-10 and TNF-α were measured in a subgroup of patients from peripheral 

blood samples taken on postoperative day one. Cytokine assays were carried out in duplicate by 

multiplexed cytometric bead immunoassays using the Milliplex human cytokine kit (#MPXH-CYTO-60K 

96 well plate assay, Millipore Corporation, Billerica, MA). 

4.2.5 Statistical analysis 

Data were analysed using SPSS for Windows version 17.0 (SPSS Inc., Chicago, IL). Parametric and 

non-parametric tests were used for statistical comparison as appropriate. Groups were compared using 

the Fisher’s exact test for categorical variables. Continuous data following a normal distribution was 

analysed using the t test with results presented as mean (standard deviation), and continuous data with a 

non-normal distribution was analysed using the Mann-Whitney U test with results presented as median 

(range). Ordered factors such as ASA score, cancer stage and complication grade were analysed using 
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the Mann-Whitney U test as relative frequencies between levels are interdependent. Statistical 

significance was defined a priori as a P value less than 0.050. 

4.3 Results 

A total of 269 patients undergoing elective colonic resection between January 2005 and December 2010 

were reviewed. Eighty-six patients were on statin therapy perioperatively for medical indications with the 

majority of patients on simvastatin (86% [74/86]) and the remainder on atorvastatin (14% [12/86]). The 

baseline characteristics of the two groups are shown in Table 16. The statin group were older (P = 

0.021), had more males (P = 0.049), had a higher number of patients with an ASA score of three and a 

lower number of patients with an ASA score of one (P < 0.001).  

Data regarding complications and discharge are shown in Table 17. The statin group had a significantly 

lower number of anastomotic leaks (P = 0.031) and a trend towards increased cardiorespiratory 

complications (P = 0.053). Five cases of anastomotic leak were detected with computed tomography 

while the remaining eight cases were diagnosed during reoperation for a clinically suspected leak. 

Data on functional recovery and serum cytokines were available for 128 and 105 patients respectively. 

The two groups had comparable postoperative functional recovery (Figure 8) and serum cytokine levels 

(Table 18) were similar. 
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Table 16: Baseline characteristics 

 
Statin 
(n=86) 

No Statin 
(n=183) 

P value 

Age, median [range] 72 [22-88] 69 [16-100] 0.021‡ 

Gender   0.049 

Male 46 (53%) 74 (40%)  

Female 40 (47%) 109 (60%)  

BMI, mean ± SD 28.0 ± 5.1 26.6 ± 4.8 0.141¶ 

ASA score   < 0.001‡ 

I 1 (1%) 44 (24%)  

II 38 (44%) 99 (54%)  

III 47 (55%) 40 (22%)  

Cr-POSSUM, median [range] 17 [13-25] 17 [13-27] 0.123‡ 

Malignancy   0.287 

Yes 69 (80%) 135 (74%)  

No 17 (20%) 48 (26%)  

AJCC stage   0.301‡ 

I 7 (8%) 15 (8%)  

II 34 (40%) 63 (34%)  

III 24 (28%) 46 (25%)  

IV 4 (5%) 11 (6%)  

Operation    

Right-sided colectomy 52 (60%) 109 (60%) 1.000 

Left-sided colectomy 33 (38%) 67 (36%) 0.788 

Total/subtotal colectomy 1 (1%) 7 (4%) 0.443 

Surgical technique    

Open 80 (93%) 163 (89%) 0.380 

Laparoscopic 5 (6%) 9 (5%) 0.773 

Hand-assisted laparoscopic 1 (1%) 11 (6%) 0.111 

AJCC, American Joint Committee on Cancer; ASA, American Society of Anesthesiologists; BMI, body mass index 
(kg/m2); Cr-POSSUM, Colorectal Physiological and Operative Severity Score for the enUmeration of Mortality and 
morbidity; SD, standard deviation. 
Fisher’s exact test used unless otherwise stated. ‡Mann-Whitney U test, ¶ t test. 
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Table 17: Postoperative complications and hospital stay 

 
Statin 
(n=86) 

No Statin 
(n=183) 

P value 

Complication   0.089 

Yes 49 (57%) 83 (45%)  

No 37 (43%) 100 (55%)  

Complication grade*   0.981‡ 

I 3 (3%) 7 (4%)  

II 37 (43%) 60 (33%)  

III 5 (6%) 6 (3%)  

IV 4 (5%) 8 (4%)  

V 0 (0%) 2 (1%)  

Complication aetiology    

Wound 14 (16%) 24 (13%) 1.000 

Urinary tract infection 4 (5%) 10 (5%) 0.570 

Urinary retention 0 (0%) 1 (0.5%) 1.000 

Ileus 4 (5%) 10 (5%) 0.570 

Anastomotic leak 1 (1%) 12 (7%) 0.031 

Abdominal/pelvic collection 3 (3%) 3 (2%) 0.670 

Cardiorespiratory 21 (24%) 21 (11%) 0.053 

Other 2 (2%) 2 (1%) 0.627 

Discharge day, [range] 6, [3-60] 5, [3-65] 0.105‡ 

Total Hospital stay, [range] 7, [3-60] 6, [3-65] 0.091‡ 

Readmission 13 (15%) 29 (16%) 1.000 

Fisher’s exact test used unless otherwise stated. ‡Mann-Whitney U test. 
*Complication grade definitions30: Grade I: any deviation from the normal postoperative course without the need for 
pharmacologic treatment or surgical, endoscopic, and radiological interventions. Grade II: requiring pharmacologic 
treatment with drugs other than such allowed for grade I complications. Blood transfusions and total parenteral 
nutrition are also included. Grade III: requiring surgical, endoscopic, or radiological intervention. Grade IV: life-
threatening complication (including central nervous system complications) requiring intermediate care/intensive care 
unit-management. Grade V: death of a patient. 

Table 18: Serum cytokine response 

 
Statin 
(n=36) 

No Statin 
(n=69) 

P value 

Serum IL-6 49.9 (9.7-529.0) 63.5 (5.4-5297.0) 0.646 

Serum IL-8 17.9 (3.8-175.2) 19.2 (3.3-269.0) 0.893 

Serum TNF- α 11.8 (0-44.9) 12.2 (0-72.3) 0.949 

Serum IL-10 29.1 (4.5-316.9) 27.5 (0-3587.9) 0.879 

Cytokine concentrations in pg/ml are expressed as medians (range). IL, interleukin; TNF, tumour necrosis factor. 
Groups were compared using the Mann-Whitney U test 
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Figure 8: Postoperative functional recovery 

 

4.4 Discussion 

In this study of perioperative statin use in elective colectomy, statin users had equivalent outcomes for 

total complications, hospital stay, postoperative recovery and serum cytokine levels despite these 

patients being older and having a higher perioperative risk as reflected by their higher ASA scores. There 

was an unexpected novel finding of a significantly lower number of anastomotic leaks in patients on 

statin therapy. 

The high rate of postoperative complications seen in this study reflects the significant morbidity 

associated with colonic surgery.55,167 Patients with pre-existing comorbidities are at increased 

perioperative risk as the surgical stress response associated with the operation results in increased 

demands on the already impaired organ function.51 The higher ASA score of patients in the statin group 

reflects the presence of cardiovascular comorbidities and although the repeatability of the ASA 

classification is open to significant variation,168 it has consistently been shown to be predictive of 

postoperative mortality and morbidity, and is widely used in models of identifying surgical risk.169,170 

Hence, despite having a greater perioperative risk, as shown by the higher number of cardiorespiratory 

complications, statin users had comparable outcomes overall. Though Cr-POSSUM was equivalent 

between the two groups, it is a measure of operative mortality rather than a measure of perioperative risk 

of complications.159 
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The significantly lower number of anastomotic leaks in patients on statin therapy is an unexpected novel 

finding and the absolute risk reduction is of clinical significance. This is despite the statin group having 

higher ASA scores and more cardiovascular disease, which are both independent risk factors for 

anastomotic leaks.113 Interestingly, Karadeniz Cakmak et al98 showed oral simvastatin improved the 

healing of colonic anastomosis in rats with increased mechanical strength of the anastomosis, enhanced 

collagenation, decreased oxidative damage, and less ischaemic necrosis and inflammatory infiltration at 

the anastomotic site. 

A healthy anastomosis requires well-vascularised ends of bowel to be secured together in a tension-free 

manner113 and bowel ischaemia can compromise the anastomosis and trigger both local and systemic 

microcirculatory inflammatory responses.113,171 Statins have beneficial effects on microvascular function 

by enhancing endothelial nitric oxide synthase which leads to vasodilatation, reduced platelet 

aggregation, inhibition of leucocyte migration, and decreased oxidative stress.172 In the presence of 

hypoxia, statins increase the bioavailability of endothelial nitric oxide and have been shown to reduce the 

severity of intestinal ischaemia-reperfusion injury and prevent bacterial translocation.90,91 Thus, statins 

may potentially influence anastomotic integrity through a combination of beneficial effects on 

collagenation, tissue inflammation, and microcirculatory function. However, these findings may simply 

represent a type one statistical error, especially since the study was designed to assess total 

complications and not anastomotic leaks. 

The findings of this study led Bisgård et al. to conduct a retrospective analysis of the Danish Colorectal 

Cancer Group database to further investigate whether perioperative statin use is associated with reduced 

rate of anastomotic leakage after colorectal surgery.173 Their prospective, nationwide database collects 

data on all elective colorectal surgery from six major surgical centres in in the eastern part of Denmark. 

They analysed 2755 patients who underwent colon or rectal resection for colorectal cancer with primary 

anastomosis and a total of 518 patients (19%) received statins in the perioperative period. In contrast to 

our study, they found no significant association between perioperative statin therapy and anastomotic 

leak. The different results between our study and Bisgård et al. may be due to differences in the patient 

population and study design. Our study included only colonic resections for any indication whereas 

Bisgård et al. included patients undergoing colonic or rectal resection for malignancy. Also, the 

proportion of patients receiving statins was higher in our study (32% versus 19%) which may reflect 

differences in patient comorbidity. Furthermore, we defined anastomotic leak as those evident on 
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reoperation or imaging whereas Bisgård et al. only included leaks requiring surgical intervention with 

those detected only by imaging excluded. 

Pro-inflammatory peritoneal cytokines released following colorectal surgery have been shown to 

correlate with postoperative recovery.30-32,162 In this study, serum cytokines measured on postoperative 

day one were not significantly different between the two groups. Although serum cytokines reflect the 

inflammatory response to surgery, systemic cytokine levels have been shown to be significantly lower 

than peritoneal concentrations following colonic resection.174,175 This has been attributed to the more 

intense local inflammatory response to surgical trauma, incomplete absorption of cytokines into the portal 

circulation, and their dilution in plasma.174 Reduction of the local peritoneal inflammatory response is a 

desirable benefit of statins and although animal studies show they reduce peritoneal inflammation, the 

effect of statins on peritoneal cytokine release is yet to be explored in clinical studies. 

Although statins have the noted beneficial effects on cardiovascular morbidity and mortality, and an 

increasing array of useful pleiotropic effects, they also have important, though uncommon, adverse 

effects. The majority are associated with higher doses and the most serious relate to muscle toxicity. 

Gastrointestinal side-effects such as nausea, dyspepsia and diarrhoea are usually mild and transient. 

Data on other adverse effects, such as cognitive dysfunction and cancer risk, is conflicting and causality 

is not yet proven.176 

There are several limitations to this retrospective study. As with any retrospective analysis on 

perioperative statin use, this study is limited by the patient groups not being matched at baseline and this 

can introduce confounding with the potential for other unmeasured factors influencing the observed 

results. Also, despite the perioperative care of patients being standardised according to an established 

ERAS protocol, the possibility of confounders in patient management cannot be excluded. Although the 

ASA score is used to reflect perioperative risk, it is a relatively crude marker of physiological status and 

severity of co-existing medical disease. 

The different doses and type of statins were not considered in the analysis nor was their duration of use. 

Despite early feeding after surgery being encouraged, some patients cannot tolerate oral intake after 

surgery which may have influenced enteral and systemic levels of statins in the early postoperative 

period. Use of other cardiovascular medications, such as aspirin and beta-blockers, was not evaluated. 

Although the total number of complications was not recorded to assess any differences in the overall 
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complication burden, the study used the validated Clavien-Dindo classification which records the highest 

grade of complication rather than all complications since different complications can be linked. 

In conclusion, this study has explored the novel concept of perioperative statin use in patients 

undergoing elective colectomy. Despite the statin group of patients having a higher perioperative risk, 

they had a significantly lower rate of anastomotic leak and achieved equivalent outcomes for total 

complications and surgical recovery. Thus, statins may have a beneficial effect on morbidity and 

recovery after colorectal surgery via their pleiotropic effects. However, these findings can only be 

considered hypothesis-generating and warrant further investigation in a prospective study. 
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5. Statins in abdominal surgery: A systematic review 

5.1 Introduction 

Chapter one introduced the experimental evidence demonstrating the benefit of statins that are pertinent 

to abdominal surgery. It also discussed relevant benefits seen in clinical studies but a critical review of 

the available clinical evidence specifically in abdominal surgery remains to be evaluated. Therefore, this 

study aimed to systematically review the literature to appraise the clinical evidence on the use of statins 

in patients undergoing abdominal surgery and assess their impact on clinical outcomes. Qualitatively 

reviewing the methods and findings from the relevant studies would help guide the design of a 

prospective study. 

5.2 Methods 

Appropriate methodology according to the PRISMA statement was followed.124 A comprehensive 

database search was performed using the search terms outlined in Table 19 with the following databases 

searched from inception to May 2011: MEDLINE, EMBASE, Cochrane Central Register of Controlled 

Trials (CENTRAL), and PubMed. All published studies and scientific abstracts evaluating the 

perioperative use of statins in patients undergoing abdominal surgery were included with no restriction on 

language, study design or outcomes assessed. Studies were excluded if they did not evaluate operative 

cases or report outcomes by the type of surgery (i.e. abdominal or related grouping) as part of a subset 

analysis when applicable. Papers were assessed for inclusion and any uncertainty over inclusion or 

exclusion was resolved by discussion with study supervisors. 

All results were entered into data tables designed before data abstraction with the operative 

characteristics, patient characteristics, study size, follow-up, and outcomes all recorded. Data were 

reported only if stated in the text, tables, graphs or figures of the articles. Study quality was assessed 

using the Newcastle-Ottawa Scale which uses three aspects of study design – patient selection, 

comparability of study groups, and assessment of outcomes – to assess the quality of non-randomised 

studies.177 This scoring system awards a maximum of nine stars and studies that achieved five or more 

stars were considered high quality. Meta-analyses were not performed. 
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Table 19: Search strategy 

Search terms Hits per database 

(Statin$ OR Hydroxymethylglutaryl-coa reductase inhibitor$ OR HMG-coa 
reductase inhibitor$ OR 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor$ 
OR Hydroxymethylglutaryl-coenzyme A reductase inhibitor$ OR Simvastatin$ 

OR Atorvastatin$ OR Fluvastatin$ OR Pravastatin$ OR Lovastatin$ OR 
Cerivastatin$ OR Mevastatin$ OR Pitavastatin$ OR Rosuvastatin$).m_titl. 

AND 

(Surg$ OR Surgical$ OR Surgical procedure$ OR Operat$ OR Periop$ OR 
Preop$ OR Postop$ OR Intraop$ OR Abdominal OR Gastrointestinal OR 

Colon$ OR Bowel OR General surg$ OR Non-card$ OR Non-cardiovascular 
OR Non-vascular).m_titl. 

NOT 

(Cardiac OR Cardiovascular or Vascular OR Coronary OR Coronary artery 
bypass graft OR Peripheral vascular OR Aort$).m_titl. 

MEDLINE: 127 

EMBASE: 155 

CENTRAL: 153 

PUBMED: 140 

5.3 Results 

The literature search identified 575 records in the initial database search. A PRISMA flow diagram for 

systematic reviews is presented in Figure 9. Eight studies met inclusion criteria and were included in the 

review.178-185 No randomised controlled trials were identified and all included studies involved a 

retrospective cohort analysis. One of these was present in abstract format only.181 Two included studies 

were conducted within our institution.183,185 Six studies were specific to patients undergoing 

gastrointestinal surgery,179,181-185 one study evaluated patients undergoing intra-abdominal solid-organ 

transplantation,180 and the remaining study involved patients undergoing various surgical procedures but 

included abdominal operations as a sub-category.178 Five studies which analysed patients undergoing 

different types of surgical procedures were excluded because the study endpoint was not reported 

specifically for abdominal surgery.75,76,186-188 

5.3.1 Summary of included studies 

The characteristics of the eight studies included in this review,178-185 and five studies excluded,75,76,186-188 

are summarised in Tables 20 and 21, respectively. There was considerable variation in patient and 

operative characteristics. Multiple outcomes were assessed although most studies evaluated infection as 

an outcome. Six studies had only a short-term duration of follow-up.178,180,181,183-185 One study179 recorded 

postoperative wound complications up to 90 days postoperatively and another182 had an average length 

of follow-up of 5.6 months to evaluate resolution in co-morbidities and weight loss following bariatric 
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surgery. Three studies178,179,181 used preoperative statin use as an indicator of statin exposure with all 

except one study181 providing a definition of this category. One study180 evaluating transplant recipients 

with bloodstream infection (BSI) required statin use within 30 days prior to BSI. The remaining four 

studies182-185 analysed perioperative statin use but only one184 provided any further description. Quality of 

included studies was high with only one study181 of moderate quality due to limited information available 

only in an abstract format. 
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Figure 9: PRISMA flow diagram 

 

 

Papers identified by 
search n = 575 

Duplicates removed and 
papers excluded based on 

title/abstract n = 559 

Papers retrieved for 
more detailed 

evaluation n = 16 

Relevant papers identified 
from reference lists and 
search of abstracts n = 4 

Potentially appropriate 
papers to be included 

in review n = 20 

Studies included for 
review n = 8 

Studies excluded n = 7 

 Cardiac surgery n = 3 

 Vascular surgery n = 4 

Relevant studies 
n = 13 

Studies excluded n = 5 

 Outcomes not reported 
by procedure type n = 5 



54 

Table 20: Summary of included studies 

Reference,  
study 
period 

Country Type of surgery Patient 
characteristics 

Statin use Patients Outcomes 
assessed 

Follow-up Significant results summary Study 
quality† 

Daneman,  
1992-
2006178 

Canada Various elective 
surgical 
procedures, 
categorised by 
procedure type 

Elderly patients Preoperative  
(≥2 scripts in 12 
months before 
surgery with 1 
script within 90 
days) 

- 469 349 
(overall 
cohort) 

- 68 387 on 
statins 
(14.6%) 

- 107 739 
(23.0%) 
undergoing 
abdominal 
surgery 

Surgical site 
infection 

30 days No difference in risk of surgical 
site infection overall or by 
procedure type 

**** 
** 
*** 

Hauer-
Jensen,  
1996-
2004179 

USA Inguinal or ventral 
hernia repair 

Veterans Preoperative 
(receiving statin 
for at least 365 
days prior to 
surgery) 

- 10 782 
total 

- 1242 
(11.5%) on 
statins 

Wound 
complications 
(haemorrhage, 
infection, or 
delayed healing) 

90 days More haemorrhagic wound 
complications in statin group; 
no difference in wound 
infection or delayed healing 

**** 
** 
*** 

Hsu,  
1995-
2006180 

USA Intra-abdominal 
solid organ 
transplantation 
(kidney, 
pancreas, and/or 
liver) 

Transplant 
recipients who 
developed BSI 

30 days prior to 
bloodstream 
infection 

- 311 total 

- 80 (25%) 
on statins 

15-day mortality, 
clinical cure of 
BSI 

15 days 
following 
BSI 

Lower 15-day mortality in statin 
group; no difference in clinical 
cure of BSI  

*** 
** 
** 

Khan,  
2009181 

UK Colorectal 
surgery 

Patients with 
colorectal cancer 

Pre-admission - 577 total 

- 125 
(21.7%) on 
statins 

Mortality, 
nosocomial 
infections, sepsis, 
SIRS, wound 
infection, ICU 
admission 

30 days Statin group had lower SIRS 
and wound infection but higher 
ICU admission; no difference in 
mortality, nosocomial infection 
or sepsis 

*** 
 
* 

Perna,  

2005-
2008182 

USA Roux-en-Y gastric 
bypass 

Bariatric Perioperative - 440 total 

- 151 (34%) 
on statins 

Complications, 
resolution of 
comorbidities, 
change in BMI 

5.6 
months 
(average 
follow-up) 

No difference in complications 
or change in BMI; statin group 
had higher self-reported 
resolution/improvement in 
hyperlipidaemia 

**** 
 
*** 
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Reference,  
study 
period 

Country Type of surgery Patient 
characteristics 

Statin use Patients Outcomes 
assessed 

Follow-up Significant results summary Study 
quality† 

Singh,  
2005-
2010183 

NZ Colonic resection Patients 
undergoing 
elective colonic 
resection 

Perioperative - 269 total 

- 86 (32%) 
on statins 

Complications, 
functional 
recovery, serum 
cytokines on 
postoperative day 
1 

30 days Lower rate of anastomotic leak 
and trend towards more 
cardiorespiratory complications 
in statin group; no difference in 
total complications, functional 
recovery or serum cytokine 
release 

**** 
 
*** 

Spanakis,  
2001-
2008184 

USA Lower 
gastrointestinal 
surgery 

Patients with 
type 2 diabetes 
mellitus 

Perioperative  
(≥1 script in 
past 6 months 
or during 
hospital stay) 

- 1019 (total) 

- 493 (48%) 
on statins 

Culture positive 
for Candida 
species (blood, 
urine, sputum, or 
peritoneal fluid) 

Until 
discharge 

Decreased incidence of 
cultures positive for Candida 
and prolonged time to event in 
statin group 

**** 
** 
*** 

Srinivasa,  
1997-
2007185 

NZ Operative 
intervention for 
ASBO 

Patients with 
ASBO 

Perioperative - 419 total 

- 151 (36%) 
on statins 

- 49 (11.7%) 
of total 
needing 
surgery 

- 10 (6.6%) 
requiring 
surgery on 
statins 

Requirement for 
surgery 

Till 7 days 
following 
discharge 

Lower operative rate for ASBO 
among statin users  

**** 
** 
*** 

ASBO, adhesive small bowel obstruction; BMI, body mass index; BSI, bloodstream infection; ICU, intensive care unit; NZ, New Zealand; SIRS, systemic inflammatory response 
syndrome; USA, United States of America; UK, United Kingdom. 
† Study quality assessed using the Newcastle-Ottawa Scale177 with a maximum of nine stars awarded based on three aspects of study design - patient selection (four stars), 

comparability of study groups (two stars), and assessment of outcomes (three stars).  
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Table 21: Summary of excluded studies 

Reference,  
study 
period 

Country Type of surgery Patient 
characteristics 

Statin use Patients Outcomes 
assessed 

Follow-
up 

Significant results 
summary 

Dunkelgrun, 
2004-
2008186 
 

Netherlands Elective non-
cardiovascular 
surgery 

Patients aged ≥ 40 
years with 
intermediate risk (1% 
to 6%) of 
perioperative cardiac 
death and MI 

Patients randomised 
to one of four 
groups: 
1) fluvastatin 80mg 
alone, 
2) bisprolol alone, 3) 
fluvastatin and 
bisprolol, 
4) placebo  

- 1066 patients 
overall 

- 265 patients 
(24.9%) on 
fluvastatin alone 

- 269 (25.2%) 
patients on both 
fluvastatin and 
bisprolol 

- 415 (38.9%) 
patients overall 
underwent general 
surgical procedures 

Composite 
cardiac death 
and non-fatal 
MI 

30 days Patients on fluvastatin 
had a non-significant 
trend towards lower 
perioperative cardiac 
death and MI; patients 
on bisprolol had a 
significantly lower 
incidence 

Lindenauer, 
2000-200175 

USA Major non-
cardiac surgery, 
obstetrical 
procedures 
excluded 

Patients older than 
18 years 

Postoperative  
(lipid lowering 
therapy on hospital 
day 1 or 2 [early 
treatment]; day 3 or 
later [late treatment]; 
or never used [no 
treatment]) 

- 780 591 overall 

- 77 082 (9.9%) in 
early treatment 
group 

- 703 509 (90.1%) 
in late treatment or 
no treatment group 

- 91% in early 
treatment group on 
statin alone or in 
combination with 
non-statin 

In-hospital 
mortality 

Hospital 
stay 

Lower mortality rate in 
early treatment group 
compared to late 
treatment or no 
treatment group 
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Reference,  
study 
period 

Country Type of surgery Patient 
characteristics 

Statin use Patients Outcomes 
assessed 

Follow-
up 

Significant results 
summary 

Noordzij, 
1991-200176 

Netherlands Non-
cardiovascular 
surgery 

Patients older than 
15 years 

Perioperative (study 
analysed both statin 
and beta-blocker 
therapy) 

- 72 636 patients 
undergoing non-
cardiovascular 
surgery 

- 989 patients who 
died within 30 days 
of surgery selected 
as cases (24 
[2.4%] on statin) 

- 1879 patients 
selected as 
matching controls 
(103 [5.5%] on 
statin) 

All-cause 
mortality 

30 days Statins and beta-
blockers both 
individually associated 
with lower perioperative 
mortality, however, no 
such benefit when both 
agents were used 
simultaneously 

Redelmeier, 
1992-
2002187 

Canada Various elective 
surgical 
procedures 

Patients older than 
65 years 

Preoperative  
(≥2 scripts in 12 
months before 
surgery with 1 script 
within 90 days) 

- 284 158 overall 

- 19 501 (6.9%) on 
statins 

- 68 285 (24%) 
undergoing 
abdominal surgery 

Postoperative 
delirium 

Hospital 
stay 

Higher risk of delirium in 
statin group 

Sihler,  
2001-
2006188 

USA Non-cardiac 
general surgery 

Not described Preoperative - 7714 patients 
total 

- 1044 (13.5%) on 
statins 

Complications 
and mortality 

Not 
described 

Reduced risk of all types 
of postoperative 
infections and 
respiratory 
complications which 
highly correlated with 
pneumonia; no 
difference in mortality 

MI, myocardial infarction; USA, United States of America. 
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5.3.2 Wound complications 

The large population-based cohort study by Daneman et al.178 in elderly patients undergoing various 

elective operations showed no significant association between preoperative statin use and the 30-day 

risk of surgical site infection after multivariate analysis in both matched (odds ratio [OR], 1.00; 95% CI, 

0.95-1.04) and propensity cohorts (OR, 0.99; 95% CI, 0.94-1.05). There was, however, a small increase 

in infection in univariate analysis of the matched cohorts (8.9% versus 8.7%; P < 0.001) and a small 

decrease in the overall unmatched cohort (OR, 0.96; 95% CI, 0.93-0.99; P = 0.004). Although the exact 

number of surgical site infections for each procedure category was not provided, the authors reported a 

non-significant odds ratio for risk of surgical site infection among statin users undergoing abdominal 

operations when analysed by procedure subgroup. In an analysis to identify predictors for surgical site 

infection, abdominal operations conferred an increased risk (OR, 1.39; 95% CI, 1.35-1.43). The study 

showed no association of infection with type of statin or dose. 

Hauer-Jenson et al.179 reviewed 10 782 veterans undergoing inguinal or ventral hernia repair and found 

preoperative statin use to be associated with a higher rate of local postoperative bleeding complications 

(2.3% versus 1.3%; P = 0.01) but no difference in wound infection (0.6% versus 0.5%) or delayed 

healing (0.6% versus 0.6%) for the 90-day follow-up period. Diabetes and age greater than 60 years 

conferred a similar increased risk of haemorrhagic wound complications. 

5.3.3 Systemic infection 

Hsu et al.180 conducted a study in 311 patients who had BSI following intra-abdominal solid-organ 

transplantation (kidney, pancreas, and/or liver) to identify independent predictors of 15-day mortality and 

clinical cure. Although there was no benefit in rates of clinical cure (defined as resolution of clinical signs 

or symptoms of infection or negative blood cultures), both univariate and multivariate analysis showed 

statin use to be associated with a lower 15-day mortality rate following BSI (OR, 0.18; 95% CI, 0.04-0.78; 

P = 0.04). 

In the study by Spanakis et al.184 which analysed 1019 patients with type 2 diabetes mellitus undergoing 

lower gastrointestinal surgery, statin use was associated with a decreased incidence of cultures (blood, 

urine, sputum, or peritoneal fluid) positive for Candida species (OR, 0.60; 95% CI, 0.38-0.96; P = 0.03) 

and a prolonged time to this endpoint when compared with patients not exposed to statins (adjusted 

hazard ratio, 0.62; 95% CI, 0.44-0.88; P = 0.01). Interestingly, this benefit was more pronounced in 
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patients with greater co-morbidities. The study also showed the antifungal benefit persisted even after 

discontinuation of statin therapy.  

5.3.4 Systemic inflammatory response syndrome 

Khan et al.181 evaluated pre-admission statin use in 577 patients undergoing colorectal surgery and 

showed statin users had a lower incidence of SIRS (12.8% versus 32.7%; P < 0.001) and postoperative 

wound infection (8.8% versus 14.6%; P = 0.04) but a higher rate of admission to the ICU (27.2% versus 

13.9%; P < 0.001). There was no difference in overall mortality, nosocomial infections, or diagnosis of 

sepsis. 

5.3.5 Adhesive small bowel obstruction 

Srinivasa et al.185 evaluated statin use in patients with adhesive small bowel obstruction (ASBO). Using a 

logistic regression model to control for potential confounders, this study showed that statins were 

independently associated with a decreased need for surgery (OR 0.43; P = 0.04).  

5.3.6 Anastomotic leak 

As discussed in chapter four, a study conducted within our institution evaluated statin use in 269 patients 

undergoing elective colonic resection and showed a significantly lower rate of anastomotic leak (1% 

versus 7%; P = 0.031) in the statin group despite higher baseline perioperative risks.183 Statin users had 

a trend towards increased cardiorespiratory complications (24% versus 11%; P = 0.053) but had 

equivalent outcomes for total complications, functional recovery and postoperative serum cytokine 

release. 

5.3.7 Roux-en-Y gastric bypass 

Perna et al.182 reviewed perioperative statin use in 440 patients undergoing Roux-en-Y gastric bypass 

and showed no difference in postoperative complications or mortality although there was a trend towards 

a decreased rate of postoperative haemorrhage (0% versus 2.1%; P = 0.074) and stomal stenosis (2.0% 

versus 4.5%; P = 0.178). 

5.4 Discussion 

This systematic review identified eight studies investigating statin use in the setting of abdominal surgery. 

A benefit of statins in systemic infectious complications was demonstrated in certain patient cohorts 

though no consistent benefit was seen for surgical wound infections. Other studies showed statins were 
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associated with a reduced incidence of SIRS,181 a lower rate of anastomotic leak183 and a decreased 

operative rate in patients with ASBO.185 A modest increase in haemorrhagic complications was shown by 

one study.179 

All included studies consistently showed that patients on statin therapy were older and more likely to 

have pre-existing co-morbidities, especially cardiovascular disease and diabetes mellitus. Hence, statin 

users had higher operative risks at baseline, as evidenced by the higher ASA score reported in two of the 

included studies.183,185 Despite their poorer preoperative status, five of the eight studies180,181,183-185 

showed statin users still had clinical benefits and this effect was maintained even after logistic regression 

analysis to control for differences in baseline characteristics. Similarly, three of the five excluded studies 

adjusted for baseline differences and still showed a benefit of statins in reducing perioperative 

mortality75,76 and decreasing the risk of infections and respiratory complications188 following various non-

cardiac surgical procedures. 

One study in this review used SIRS to clinically evaluate postoperative systemic inflammation following 

colorectal surgery.181 Their finding of a reduced incidence of SIRS in patients on statin therapy is 

supported by evidence demonstrating the anti-inflammatory properties of statins. Statins have been 

shown to reduce CRP and levels of proinflammatory cytokines, IL-1, IL-6, and TNFα, in both in vitro and 

human studies.81,189-194 Oxidative stress is also an important factor in systemic inflammation and statins 

have been shown to decrease oxygen radical production in a study analysing superoxide anion 

production in healthy volunteers and ICU patients with and without sepsis.195 At the endothelial level, 

statins exert their anti-oxidant effects partly through increasing physiological concentrations of nitric oxide 

(NO) by increasing expression of endothelial NO synthase and down-regulating inducible NO 

synthase.172,196 

Studies in this review used various definitions of statin use. Only four studies provided an adequate 

description.178-180,184 In cases of abdominal surgery, limited early postoperative oral intake may have led 

to patients unable to tolerate statins during the immediate postoperative period. Hauer-Jensen et al.179 

used a more stringent definition of statin use requiring patients to have received statins for at least 365 

days prior to surgery. This provides a more reliable measure of long-term preoperative statin use which 

would likely not have been affected in the immediate postoperative period given the low morbidity 

associated with inguinal or ventral hernia repair. However, the study does not report how the adherence 

of patients to this definition was determined. Hsu et al.180 defined statin exposure as being within 30 days 
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prior to BSI, however, with the end-point of 15-day mortality the study did not evaluate statin use in the 

important period following BSI which would perhaps be more indicative of the impact of statins on the 

measured outcome. 

One study in this review found statins to be associated with increased haemorrhagic wound 

complications following inguinal or ventral hernia repair.179 Although statins have known anti-thrombotic 

and anti-platelet properties197 and may be expected to increase bleeding in the operative setting, this has 

not been a significant adverse effect noted in cardiac or vascular surgery and remains to be specifically 

evaluated in other surgical settings. Adverse effects with statins are uncommon and often relate to 

myopathy, myalgia or increase in liver transaminases. Rhabdomyolysis, although serious and potentially 

fatal, is rare with a number needed to harm of 7428 reported in one meta-analysis.198 None of the studies 

in this review reported the occurrence of these adverse effects, however, the only study to specifically 

evaluate the safety of perioperative statin use found no increase in the risk of myopathy and no cases of 

rhabdomyolysis in 981 patients who underwent major elective vascular surgery.199 Nonetheless, older 

patients with multiple medical comorbidities including diabetes and chronic renal failure who undergo 

major surgery may be at a higher risk of myopathy.200,201 

One study included in this review, which has been presented in chapter four, found a significantly lower 

rate of anastomotic leak in patients undergoing colonic resection.202 As discussed in the previous 

chapter, this has been followed by a large retrospective analysis of a nationwide database in Denmark 

which found no significant associated between perioperative statin therapy and anastomotic leak in 

patients who underwent colon or rectal resection for colorectal cancer with primary anastomosis.173 This 

study was published after the time period evaluated in this systemic review and therefore not included. 

This study evaluated statins as an overall group without any sub-analysis by dose or type. 

Two studies in this review investigated the effect of statin type and dose on the measured outcomes and 

found no association with the risk of surgical site infection178 or development of a culture positive for 

Candida species184, respectively. Although the different properties of individual statins have been 

described81,84, the current evidence evaluating statins in the setting of sepsis is limited to retrospective 

studies which focus on the class effect of statins rather than individual statin drugs.101,103 Interestingly, 

statins show a non-linear dose-response relationship with respect to their low-density lipoprotein 

cholesterol lowering effect with smaller incremental reductions achieved with higher doses.203 However, 

whether this relationship also applies to the pleiotropic effects of statins has not yet been elucidated. 
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An optimal dose or duration of perioperative statins in abdominal surgery was not investigated by the 

included studies. However, given the patients in these studies are on statin therapy for medical 

indications such as ischemic heart disease or hyperlipidaemia, one may extrapolate that an optimal 

dosing range would be similar to that used in primary and secondary prevention for cardiovascular 

disease. Notwithstanding the limitations with this assumption, an intermediate dose (e.g. simvastatin 

40mg) may be appropriate initially and avoid the potential adverse effects, such as myopathy, which are 

more common with higher doses. However, until the surgical benefits of perioperative statins in 

abdominal surgery can be confirmed with prospective studies, recommendations for their routine use in 

this setting cannot be made. 

The optimal duration of statin therapy perioperatively is difficult to determine as the majority of patients in 

the included studies were on long-term statin treatment for chronic medical indications. Randomised 

controlled trials in cardiac and non-cardiac surgery have used various preoperative durations of statins, 

ranging from three days to four weeks before surgery.73 Interestingly, two trials in patients undergoing 

percutaneous coronary intervention have shown benefits with statins administered within 24 hours before 

the procedure204,205 and similar short-term administration has shown benefit in laboratory studies on 

abdominal sepsis and postoperative adhesions.88,89,96 Postoperatively, trials in non-cardiac surgery have 

continued statin therapy for 30-days after surgery186,206, however, the optimal postoperative duration is 

unknown and some have suggested using a shorter duration of treatment corresponding to the period of 

highest perioperative risk.207 Importantly, other indications for longer-term statin treatment would also 

need to be considered when deciding the duration of postoperative treatment. For patients on chronic 

statin therapy, discontinuation of statins following cardiac and vascular surgery has been associated with 

increased adverse cardiovascular events, therefore it is recommended that statin therapy is continued 

during the perioperative period.207,208  

The studies analysed in this review are all limited by their retrospective design and, despite considerable 

efforts to control for confounding factors through logistic regression models and matched propensity 

analysis, the inherent possibility of unmeasured confounders remains. Furthermore, the heterogeneity of 

patient cohorts, operation types and outcome measures in the included studies limits the summation of 

data and does not make a meta-analysis possible. Also of note, the large number of patients analysed in 

some studies makes their findings liable to type one statistical error. Hauer-Jensen et al.179 evaluated 

10,782 patients and showed an increase in risk from 1.3% to 2.3% for haemorrhagic wound 

complications following inguinal or ventral hernia repair; however, the clinical significance of this 1% 
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increase is uncertain. Similarly, the excluded study by Redelmeier and colleagues187 analysed 284,158 

patients and showed the risk of postoperative delirium in patients taking statins was 30% higher, 

however, the absolute increase in risk was small and translated to only three more patients per 1000. 

Importantly, the increased risks suggested by these studies should be seen in light of the cardiovascular 

benefits of statins for which patients in these studies were prescribed lipid-lowering therapy; however, 

these outcomes were not evaluated by these large studies. In addition, other surgically-relevant 

endpoints of interest, such as total complications and anastomotic leak, may be derived from these large 

databases and would provide useful information. 

In conclusion, the use of statins for improving outcomes for patients undergoing abdominal surgery is a 

novel concept well supported by laboratory evidence and observational studies. In the available clinical 

data from retrospective studies, statin users had higher baseline operative risks due to pre-existing 

medical comorbidities yet demonstrated several benefits of clinical significance including reduced 

mortality in systemic infection, a lower rate of anastomotic leak, decreased need for surgery in ASBO, 

and reduced clinical severity of systemic inflammation. The optimal dose and duration of perioperative 

statins in this setting have not been studied to allow specific recommendations, however, extrapolating 

evidence from laboratory studies and other surgical settings suggests an intermediate dose started even 

a week preoperatively and continued for two to four weeks postoperatively may be appropriate. 

Ultimately, there is a need for prospective studies investigating statin use in abdominal surgery to 

evaluate the proposed clinical benefits. 
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6. Perioperative simvastatin therapy in major colorectal surgery:  

A randomised controlled trial 

6.1 Introduction 

This thesis has explored the concept of using statins to attenuate the surgical stress response following 

colorectal surgery. As discussed in chapter one, an excessive and persistent inflammatory response is 

associated with greater postoperative morbidity and poorer recovery. Laboratory evidence suggests that 

statins can influence this inflammatory response to a more favourable balance of proinflammatory and 

anti-inflammatory mediators and thereby reduce inflammatory and infective sequelae. As discussed in 

the previous chapter, there are limited clinical data on the use of statins in abdominal surgery and there 

is a need for a prospective trial to investigate the potential benefits. Chapter two and three have defined 

useful endpoints that can be used to evaluate the effect of perioperative statin therapy on the 

proinflammatory response to surgery and patient recovery, respectively. Chapter four demonstrated the 

feasibility of conducting a clinical study in our setting and together with the findings of chapter five, this 

has helped guide the design of a prospective study. 

Therefore, a prospective, double-blind, randomised clinical trial was undertaken to test the hypothesis 

that perioperative statin therapy can decrease the incidence of complications following major colorectal 

surgery. Secondary outcomes of interest included the postoperative inflammatory response and 

functional recovery. 

6.2 Methods 

Reporting according to the Consolidated Standards of Reporting Trials (CONSORT) statement was 

followed.209  

6.2.1 Ethical approval and trial registration 

Ethical approval was granted by the New Zealand Ministry of Health, Multi-region Ethics Committee in 

August 2011 (trial number MEC/11/06/062) and approval was also obtained from the Clinical Boards of 

all participating hospitals. The trial was prospectively registered with ClinicalTrials.gov (trial identifier 

NCT00994903). 
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6.2.2 Trial design 

This was a prospective, multi-centre, double-blind, parallel-group, randomised controlled trial with a 1:1 

patient allocation ratio. There were no changes to study methodology after trial commencement.  

6.2.3 Participants 

The study source population included all adults from the catchment area of three district health boards 

(DHB) in New Zealand, each served by a public tertiary hospital – Counties Manukau DHB (Middlemore 

Hospital and its elective surgical unit, the Manukau Surgery Centre), Auckland DHB (Auckland City 

Hospital) and Waitemata DHB (North Shore Hospital). All patients scheduled to undergo an elective 

colorectal resection for any indication, or a reversal of Hartmann’s procedure, at these four sites were 

screened for inclusion. Exclusion criteria were: age under 16 years, acute operation, currently being 

treated with statin or other lipid-lowering medication, known adverse reaction to statins, history of 

myopathy or rhabdomyolysis, renal impairment with an estimated glomerular filtration rate <30mL/min, 

significant hepatic dysfunction or unexplained persistent elevations of serum transaminases, on 

medication known to have clinically important drug interactions with statins (e.g. cyclosporine, 

ketoconazole), no surgical preadmission clinic or clinic appointment less than three days before surgery 

(insufficient preoperative period for study intervention), inability to consent due to cognitive impairment or 

language barrier, participation in another clinical trial, and patient choice. Patients who did not undergo a 

large bowel resection despite initial surgical plan were excluded after randomisation. 

6.2.4 Intervention 

Participants were randomised to receive either 40mg simvastatin (Arrow Pharmaceuticals, Auckland, 

New Zealand) or placebo once daily via the oral route. Both simvastatin and the placebo were prepared 

as identical capsules. All patients were provided with specific written instructions on how to take the 

study medication which could be administered at any time of the day, with or without food. The study 

medication was started three to seven days before surgery and continued for 14 days after surgery. 

Therefore, patients took between 18 and 22 doses of the study medication depending on when it was 

started preoperatively. 

While in hospital, the administration of the study medication was overseen by the ward nurses and 

recorded in the patient medication chart. The study medication was withheld if patients were unable to 

tolerate oral fluid intake postoperatively due to intractable nausea and vomiting or had a nasogastric tube 
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on free drainage for ileus. The study medication was restarted when the nasogastric tube was taken off 

free drainage and/or the patient could tolerate oral fluid intake. 

6.2.5 Surgery and perioperative care 

All patients underwent surgery under the supervision of consultant colorectal or general surgical 

specialists at each hospital with procedural aspects of the surgery left to the discretion of the operating 

team. Anaesthetic and postoperative management were at the discretion of the anaesthetic and surgical 

team, respectively, with two of the four sites (Manukau Surgery Centre and North Shore Hospital) 

utilising an ERAS protocol to guide perioperative care.158,210 Intraoperative management included 

antibiotic prophylaxis with a second generation cephalosporin with or without metronidazole, 

maintenance of normothermia using a forced-air warming blanket, and four or eight milligrams of 

intravenous dexamethasone at induction for antiemetic prophylaxis. 

6.2.6 Outcomes 

All data were collected prospectively by a single, blinded investigator to ensure standardised data 

collection. 

6.2.6.1 Baseline and operative data 

Patient characteristics recorded at baseline included: age, gender, ethnicity, preoperative BMI, ASA 

score, Cr-POSSUM,159 preoperative chemotherapy and/or radiotherapy treatment, preoperative steroid 

use, and smoking status. Operative data recorded included: procedure performed, surgical approach 

(open, laparoscopic), duration of surgery, creation of an anastomosis at index operation, creation of an 

enteral stoma at index operation, epidural use, type and volume of intraoperative intravenous fluid use, 

intravenous dexamethasone use, and pathological diagnosis, including the American Joint Committee on 

Cancer (AJCC) staging for malignant lesions. 

6.2.6.2 Primary Outcome 

The primary outcome of the study was the overall incidence of complications diagnosed in the first 30-

days after surgery. All postoperative complications per patient were prospectively recorded. Common 

complications were diagnosed using pre-defined criteria (Table 22) and all complications were graded as 

per the Clavien-Dindo classification system54 and the recently developed Comprehensive Complication 

Index (CCI).211 The CCI incorporates all postoperative complications per patient into a single score (on a 

continuous scale between zero and 100) with each complication weighted according to severity based on 

the Clavien-Dindo grading system. 
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Table 22: Definition of postoperative complications 

Complication  Criteria 

Wound infection Erythema, swelling or purulent drainage from the superficial or deep 
incision requiring antibiotic treatment and/or the wound to be 
deliberately opened. 

Pulmonary infection Clinical (fever, cough, purulent sputum, or hypoxia) or radiological (new 
or progressive infiltrate, consolidation, or cavitation) diagnosis requiring 
antibiotic treatment. 

Ileus Nausea or vomiting with inability to tolerate oral intake and requiring the 
insertion of a nasogastric tube (and without radiological evidence of 
mechanical bowel obstruction). 

Anastomotic leak Evident anastomotic dehiscence at reoperation or radiological diagnosis 
(air or fluid collection in proximity to an anastomosis or extravasation of 
contrast on CT scan). 

Abdominal/pelvic abscess Abdominal or pelvic fluid collection found on radiological examination or 
at reoperation that does not meet the criteria for anastomotic leak and 
requires radiologically-guided or surgical drainage and/or antibiotic 
treatment. 

Urinary tract infection Symptomatic infection (fever, urgency, frequency, dysuria or suprapubic 
tenderness) and pyuria (≥10 white cells/cmm) or positive urine culture 
(≥10 microorganisms/mL) requiring antibiotic treatment. 

Cmm, cells per cubic millimetre; CT, computed tomography. 

6.2.6.3 Secondary Outcomes 

Systemic inflammatory response: Concentrations of CRP, white blood cells (WBC) and neutrophils were 

measured in venous blood samples collected preoperatively and on the morning of postoperative day 

one, two and three. Following collection, samples were sent to the hospital laboratory and immediately 

processed by laboratory staff. Presence of SIRS was determined on postoperative day one, two and 

three, defined as two or more of the following four criteria met simultaneously at any time point during 

that day: temperature >38°C or <36°C, heart rate >90 beats/min, respiratory rate >20 breaths/min or 

PaCO2 <4.3 kPa (32 mmHg), and WBC >12.0 x 109/L or <4.0 x 109/L or >10% immature neutrophils 

(bands).212 

Peritoneal and systemic cytokine response: At the end of surgery, a 15-Fr round silicone drain (Blake™, 

Ethicon Inc., Somerville, NJ) was inserted into the peritoneal cavity and positioned in the pelvis or near 

the operative bed. The drain was brought out through the abdominal wall, sutured onto the skin, and 

attached to a vacuum drain bottle (low vacuum wound drainage system, 80 kPa/neg. 150 mmHg, Luer-

Lock replacement bottle, Van Straten Medinorm, 66583 Spiesen, Germany). At 20-24 hours 

postoperatively, four mL of fluid from the drain bottle was collected into an ethylenediamine tetra-acetic 

acid vacutainer (K2EDTA BD Vacutainer®, BD, Devon PL6 7BP, UK) to measure peritoneal cytokines. 

Similarly, four mL of peripheral venous blood was collected preoperatively and on the morning of 
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postoperative day one into an EDTA vacutainer to measure plasma cytokines. Immediately following 

collection, samples were sent to the hospital laboratory on ice and centrifuged at 1000g for 10 minutes at 

4°C. The supernatant was then removed in three to four aliquots and stored at -80°C for future batch 

analysis. 

At the end of the study, all samples were assayed together. This analysis was performed by the 

candidate at the Auckland Cancer Society Research Centre Laboratory under supervision. 

Concentrations of IL-1α, IL-1β, IL-6, IL-8, IL-10 and TNFα were measured in the peritoneal fluid and 

blood samples by immunoassay using the Milliplex MAP Human Cytokine/Chemokine Magnetic Bead 

Panel Kit (#HCYTOMAG-60K-06, Millipore Corp., Billerica, MA). The minimum and maximum detection 

limits for the assay were 3.2 pg/mL and 10,000 pg/mL, respectively. All samples were assayed in 

duplicate and peritoneal fluid samples were reassayed for IL-6 in 1:10 dilution, as peritoneal fluid 

concentration of this cytokine is frequently above the maximum detection limit of the assay. Data were 

acquired using Luminex 100 laser-based fluorescent analytical test instrumentation (Luminex 100TM IS, 

Luminex Corporation, Austin, TX). 

Bowel function and hospital stay: Time to passage of flatus, bowel motion or stoma output, and tolerance 

of oral fluid and solid intake were recorded on the postoperative day when this outcome was met. 

Postoperative day zero was defined as the period from end of surgery till midnight and each subsequent 

postoperative day was defined as the following 24 hour period. The day of discharge was recorded as 

were readmissions, defined as an unplanned return to hospital within 30 days postoperatively requiring a 

hospital stay of 24 hours or more. Total hospital stay was calculated based on day stay on index 

admission plus hospital stay on readmission. 

Functional Recovery: Postoperative functional recovery was measured using the validated 13-item 

surgical recovery scale (SRSc) questionnaire213 which was administered to patients preoperatively 

(baseline) and on postoperative day one, three, seven, 14 and 30. The SRSc is a refinement of the 31-

item SRSr questionnaire which has been evaluated in chapter three. The SRSc is also derived from the 

Identity Consequence Fatigue Scale with the retained questions showing equivalent sensitivity and 

reproducibility. It assesses five categories of postoperative recovery – fatigue, vigor, mental function, 

impact on patient activity, and impact on activities of daily living – and closely correlates with the 

development of postoperative complications and prolonged hospital stay.213 Responses to questions one 

to eight were given a score of one to six, while responses to questions nine to 13 were scored zero to 



 

 69 

five (with ‘not applicable’ responses scored as zero) with a higher score indicating a better functional 

response. The SRSc was then calculated as the percentage of the maximum possible questionnaire 

score (i.e. total questionnaire score divided by 73) with higher scores indicating improved functional 

recovery. A SRSc of 11 was the lowest possible score, whereas a SRSc of 100 was the highest possible 

score. A copy of the SRSc questionnaire is provided in Appendix two. 

Compliance: Compliance to the study medication was assessed by pill counts on day one and day 14 

after surgery. Patients were also asked to self-report any missed doses on the day one and day 14 SRSc 

questionnaires. 

Adverse events: Patients were asked to report any perceived adverse effects and monitored for 

symptoms of myotoxicity and hepatic toxicity. In suspected cases, a diagnosis of statin-induced 

myopathy was made on the basis of new-onset of muscle pain, tenderness or weakness and a creatine 

kinase (CK) level greater than 10 times the upper limit of normal (180 U/L in females, 220 U/L in males). 

An adverse hepatic effect was defined as progressive or persistent elevation in liver transaminases to 

greater than three times the upper limit of normal with no other identifiable cause. 

6.2.7 Sample size 

Power calculation was performed a priori using G*Power 3.1214 for the primary outcome of overall 

incidence of complications up to 30-days postoperatively. Using the results of our feasibility study 

presented in chapter four,202 the expected incidence of 30-day complications was estimated at 50%. 

Using the two-tailed Fisher’s exact test, 64 patients would be required in each group to detect a clinically 

important difference of 25% in the rate of complications (reduction from 50% to 25%) with an α of 0.05 

and power (1–β) of 0.8. Therefore, we aimed to recruit 140 patients to account for possible drop outs and 

loss to follow-up. No interim analyses were planned or performed. 

6.2.8 Randomisation 

6.2.8.1 Sequence Generation 

Randomisation was conducted in a 1:1 allocation ratio using a computer-generated permuted block 

randomisation sequence (Proc Plan, SAS version 9.3, SAS Institute Inc., Cary, NC) with a block size of 

ten. Randomisation blocks were allocated to each of the four sites consecutively in order to stratify 

randomisation by site and ensure equal distribution of intervention and control group patients at each 

centre and thereby minimise bias due to variations in perioperative care. 
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6.2.8.2 Allocation Concealment 

The randomisation sequence was generated by a co-investigator not involved in patient recruitment, 

perioperative care, patient follow-up, data collection or data analysis. The study medication (simvastatin 

or placebo) was prepared by an independent pharmacy service as identical capsules and packaged into 

identical sealed numbered containers corresponding to the randomisation sequence. All investigators 

were blind to treatment allocation until after the analyses were completed. 

6.2.9 Implementation 

As part of routine practice, all patients scheduled for surgery were arranged to attend a surgical 

preadmission clinic in preparation for their upcoming operation. Patients were assessed for eligibility and 

recruited at surgical preadmission clinics by a single, blinded investigator. Written informed consent was 

obtained after trial rationale and procedures were explained verbally and written information was 

provided. Consecutive consenting participants were given a study medication container in sequential 

numerical order within each randomisation block. Participants were able to withdraw consent and decline 

further participation in the study at any time. 

6.2.10 Blinding 

Blinding was achieved using identical capsules and medication containers for both the simvastatin and 

placebo groups. Patients, study investigators, surgeons and all other medical staff responsible for patient 

management were kept blinded to the randomisation sequence and treatment allocation. Data analysis 

at the end of the study was also blinded with patient allocation concealed as ‘Group one’ and ‘Group 

two’. Treatment allocation was only revealed after data analysis had been completed. 

6.2.11 Statistical analysis 

Data were analysed using SPSS® for Windows version 20.0 (IBM®, Armonk, New York). Normality of 

continuous data was assessed using the Shapiro-Wilk test with results presented as mean (standard 

deviation) for parametric data and median (interquartile range [IQR]) for non-parametric data. Groups 

were compared using the two-tailed Fisher’s exact test or Chi-Square test for categorical variables, the t 

test for parametric continuous variables, and the Mann-Whitney U test for non-parametric data. For 

continuous variables measured at multiple postoperative time points (SRSc, CRP, WBC and 

neutrophils), a mixed-design ANOVA with Bonferroni adjustment for multiple comparisons was used to 

test for differences between groups across repeated measurements, with group (simvastatin or placebo) 

as a between-subjects variable and time as a within-subjects variable. Preoperative (baseline) 
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measurements were used as a covariate to adjust for differences at baseline. For variables with a non-

normal distribution, the natural logarithm was applied before analysis to adjust for skewness. A 

Greenhouse-Geisser correction was applied if the assumption of sphericity was not met. Statistical 

significance was defined a priori as a P value less than 0.050. All data were analysed on an intention-to-

treat basis. No subgroup analyses were planned or performed. 

6.3 Results 

6.3.1 Participant recruitment and flow 

Patient recruitment and flow is detailed in the CONSORT flow diagram (Figure 10). Between October 

2011 and August 2013, 418 patients presenting for elective colorectal resection or reversal of 

Hartmann’s procedure were assessed for eligibility. Of these, 274 patients were excluded with the 

majority ineligible due to current statin therapy. The remaining 144 patients were randomised equally 

between the simvastatin and placebo groups with randomisation stratified by site. Seven patients in the 

simvastatin group and five patients in the placebo group were excluded after randomisation leaving 65 

patients to be analysed in the simvastatin group and 67 patients in the placebo group. There was no loss 

to 30-day follow-up and data collection was complete for the primary outcome. There was no crossover 

between the two study groups. Patient recruitment was stopped early at North Shore Hospital (May 

2012) and Auckland City Hospital (October 2012) due to the commencement of other clinical trials at 

these sites. 

6.3.2 Baseline data 

Patient, operation, and disease characteristics are shown in Tables 23 and 24. 

6.3.3 Outcomes 

6.3.3.1 Compliance 

The study medication was able to be started seven days preoperatively in the majority of patients and 

compliance was high in both groups preoperatively and postoperatively (Table 25). Overall compliance 

was 80% or higher in 48 patients in each group (P = 0.846). 

6.3.3.2 Postoperative Recovery 

There were no significant differences between the two groups in the overall incidence of complications 

(44 [68%] versus 50 [75%], odds ratio 0.71 [95% CI 0.33 to 1.52], P=0.444), their grade or type (Table 

26). The CCI was also not significantly different between the two groups. There were no differences 
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between the two groups for return of bowel function or hospital stay. Functional recovery, as measured 

by the SRSc, was comparable between the two groups at all postoperative time-points (Figure 11) with 

no significant main effect of group across time (P = 0.773). The completion rate of the SRSc 

questionnaire was 86%, 88%, 88%, 92% and 92% on postoperative day one, three, seven, 14 and 30, 

respectively. 

6.3.3.3 Systemic Inflammatory Response 

CRP, WBC and neutrophil data were log-transformed before statistical analysis to adjust for their non-

normal distribution. The main effect of group showed there was a significant overall difference in CRP 

concentrations between the simvastatin and placebo groups (P = 0.006). Post hoc analysis using 

Bonferroni adjustment showed there was a significant difference between groups on postoperative day 

one, two and three with lower CRP values in the simvastatin group (Figure 12). There was no significant 

interaction between group and time on CRP concentration (P = 0.361). There was no significant overall 

difference in WBC or neutrophil concentrations between the simvastatin and placebo groups across time 

(P = 0.105 and P = 0.076, respectively; data not shown). There was no significant interaction between 

group and time on WBC or neutrophil concentrations (P = 0.111 and P = 0.142, respectively). A lower 

number of patients in the simvastatin group exhibited SIRS on day one and two after surgery but this 

difference did not reach statistical significance (Table 27). 

6.3.3.4 Peritoneal and Systemic Cytokine Response 

Preoperatively, there were no significant differences between the two groups in plasma cytokine 

concentrations, with IL-1α, IL-1β, IL-6 and IL-10 frequently below the detection limit of the assay (data 

not shown). Postoperatively, plasma concentrations of IL-6, IL-8 and TNFα were significantly lower in the 

simvastatin group (Figure 13), while IL-1α and IL-1β were again below the detection limit of the assay in 

the majority of patients in both groups. 

Peritoneal fluid analysis was carried out in 122 patients (62 simvastatin, 60 placebo) as no intra-

peritoneal drain was inserted in eight patients and peritoneal fluid was not able to be obtained in two 

patients. The volume of fluid in the intra-peritoneal drain at the time of sample collection was lower in the 

simvastatin group but this difference did not reach statistical significance (median [IQR]: 170 mL [100 to 

280] versus 220 mL [150 to 360], P = 0.055). Peritoneal fluid concentration of IL-6 and IL-8 was 

significantly lower in the simvastatin group but there was no difference between the two groups for IL-1β, 

IL-8 and TNFα (Figure 14). Peritoneal fluid concentration of IL-1α was frequently below the detection limit 

of the assay in both groups. 



 

 73 

6.3.4 Adverse events 

Two patients allocated to the placebo group developed mild muscle aches in the preoperative period and 

requested withdrawal from the study before surgery (Figure 10). One patient had a CK level three times 

the upper limit of normal while the other had a CK level within the normal range. In included patients, 

there were an equivalent number of adverse effects reported in both groups, most commonly mild 

gastrointestinal symptoms (Table 25). There were no major adverse events and no cases of myopathy or 

hepatotoxicity. 
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Figure 10: CONSORT flow diagram 

 
Figure 10: CONSORT flow diagram. ACH, Auckland City Hospital; eGFR, estimated glomerular filtration rate; MMH, 

Middlemore Hospital; MSC, Manukau Surgery Centre; NSH, North Shore Hospital. Time-period of recruitment: 
MSC/MMH, Oct 2011–Aug 2013; ACH, Dec 2011–Oct 2012; NSH, Dec 2011–May 2012. 
aPatient withdrew without taking any doses of study medication due to anxiety with upcoming operation. 
bOne patient requested withdrawal from the study after taking 2 doses of study medication preoperatively; one 

patient requested withdrawal from the study the day after surgery; both patients stated anxiety due to the operation 
as the reason for withdrawal and reported no adverse effects from the study medication. 
cTwo patients developed mild muscle aches in the preoperative period and requested withdrawal from the study 

before surgery. 

  

Allocated to Placebo (n=72) 
 Received allocated intervention (n=70) 

 Did not receive allocated intervention (n=2) 
o Operation cancelled (n=1) 
o Investigators not available (n=1) 

Allocated to Simvastatin (n=72) 
 Received allocated intervention (n=68) 
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o Patient declined further participation 
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(n=100) 
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(n=14) 
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(n=10) 
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(n=20) 
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 Not meeting inclusion criteria (n=214) 
o Already on statin therapy (n=137) 
o On other cholesterol lowering 

therapy (n=7) 
o History of myopathy or previous 

adverse effects to statins (n=20) 
o No preadmission clinic or insufficient 

preoperative period for study 
treatment (n=34) 

o Renal failure with eGFR <30mL/min 
(n=4) 

o Significant hepatic impairment (n=4) 
o Cognitive impairment (n=4) 
o Language barrier (n=4) 

 Declined to participate (n=30) 

 Investigators not available (n=16) 

 Other reasons (n=14) 
o Participating in another clinical trial 

(n=12) 
o Combined thoracic operation (n=1) 
o Operation date changed (n=1) 
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(n=144) 
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Lost to follow-up (n=0) 
Discontinued intervention (n=2) 
 Patient declined further participation (n=2)b 

Lost to follow-up (n=0) 
Discontinued intervention (n=2) 

 Patient declined further participation (n=2)c 

Follow-Up 

Analysed (n=65) 
 
Excluded from analysis (n=1) 

 No large bowel resection – palliative stoma 
only (n=1) 

Analysed (n=67) 
 
Excluded from analysis (n=1) 

 No large bowel resection – stricturoplasty only 
(n=1) 
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Table 23: Patient characteristics 

 
Simvastatin 

(n=65) 
Placebo  
(n=67) 

Age (years), median [IQR] 63 [50-70] 64 [50-71] 

Gender, No. (%)   

Male 38 (58%) 38 (57%) 

Female 27 (42%) 29 (43%) 

Ethnicity, No. (%)   

European 49 (75%) 53 (79%) 

Maori 4 (6%) 6 (9%) 

Pacific 7 (11%) 4 (6%) 

Indian/Asian 4 (6%) 3 (4%) 

Other 1 (2%) 1 (1%) 

BMI (kg/m2), median [IQR] 26.1 [23.1-29.4] 26.6 [23.6-30.4] 

ASA score, No. (%)   

I 9 (14%) 8 (12%) 

II 46 (71%) 47 (70%) 

III 10 (15%) 12 (18%) 

Cr-POSSUM, median [IQR] 18 [16-20] 18 [16-20] 

Preoperative chemotherapy, No. (%) 5 (8%) 10 (15%) 

Preoperative radiotherapy, No. (%) 6 (9%) 11 (16%) 

Preoperative steroid use   

Oral 4 (6%) 2 (3%) 

Inhaled 5 (8%) 3 (4%) 

Smoker, No. (%) 11 (17%) 11 (16%) 

ASA, American Society of Anesthesiologists; BMI, body mass index; Cr-POSSUM, Colorectal Physiological and 
Operative Severity Score for the enUmeration of Mortality and morbidity; IQR, interquartile range. 
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Table 24: Operation and disease characteristics 

 
Simvastatin 

(n=65) 
Placebo  
(n=67) 

Operation type, No. (%)   

Ileocolic resection/right hemicolectomy 17 (26%) 16 (24%) 

Left hemicolectomy/sigmoid colectomy 3 (5%) 3 (4%) 

Total/Subtotal colectomy 5 (8%) 8 (12%) 

Anterior resection 19 (29%) 18 (27%) 

Abdominoperineal resection 4 (6%) 6 (9%) 

Panprocotocolectomy 3 (5%) 2 (3%) 

Hartmann’s procedure 2 (3%) 4 (6%) 

Reversal of Hartmann’s 9 (14%) 7 (10%) 

Other 3a (5%) 3b (4%) 

Operative approach, No. (%)   

Open 46 (71%) 51 (76%) 

Laparoscopic 19 (29%) 16 (24%) 

Operation time (minutes), median [IQR] 190 [137-236] 194 [136-264] 

Anastomosis, No. (%) 56 (86%) 52 (78%) 

Stoma, No. (%) 25 (38%) 25 (37%) 

Loop ileostomy 17 (26%) 12 (18%) 

End ileostomy 2 (3%) 4 (6%) 

End colostomy 6 (9%) 9 (13%) 

Epidural, No. (%) 48 (74%) 48 (72%) 

Intraoperative fluids   

Crystalloid (mL), median [IQR] 2000 [1700-3000] 2000 [1600-3000] 

Colloid (mL), median [IQR] 0 [0-500] 0 [0-500] 

Intraoperative blood transfusion, No. (%) 2 (3%) 7 (10%) 

Intraoperative dexamethasone   

4mg 34 (52%) 29 (43%) 

8mg 21 (32%) 22 (33%) 

Postoperative histology/diagnosis, No. (%)   

Adenocarcinoma 38 (58%) 39 (58%) 

Benign polyp/tumour 1 (2%) 4 (6%) 

No residual malignancy 3 (5%) 1 (1%) 

Ulcerative colitis 5 (8%) 3 (4%) 

Crohn’s disease 2 (3%) 0 

Diverticular disease/diverticulitis 6 (9%) 5 (7%) 

Reversal of Hartmann’s 9 (14%) 7 (10%) 

Other benign 1 (2%) 8 (12%) 

AJCC stage, No. (%)   

I 8 (12%) 10 (15%) 

II 12 (18%) 16 (24%) 

III 16 (25%) 12 (18%) 

IV 2 (3%) 1 (1%) 

AJCC, American Joint Committee on Cancer; IQR, interquartile range; mg, milligrams. 
aProctectomy (n=2), completion colectomy and end ileostomy (n=1). bAnterior resection and ileocolic resection (n=2), 

completion colectomy and abdominoperineal resection (n=1).  
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Table 25: Compliance and adverse effects 

 
Simvastatin 

(n=65) 
Placebo  
(n=67) 

P value* 

Number of days study medication started 
preoperatively, No. (%) 

  0.911a 

3 days 4 (6%) 3 (4%)  

4 days 3 (5%) 5 (7%)  

5 days 10 (15%) 9 (13%)  

6 days 13 (20%) 16 (24%)  

7 days 35 (54%) 34 (51%)  

Study medication taken on day of operation, No. (%) 56 (86%) 55 (82%) 0.636b 

Number of doses taken, median [IQR]    

Preoperative 6 [5-7] 6 [5-7] 0.668 

Postoperative 13 [10-14] 12 [11-14] 0.294 

Total study duration 19 [16-22] 19 [16-21] 0.629 

Compliance (%), median [IQR]    

Preoperative 100 [100-100] 100 [100-100] 0.500 

Postoperative 96 [75-100] 86 [79-100] 0.224 

Total study duration 95 [79-100] 91 [76-100] 0.250 

Adverse effects, No. (%) 5 (8%) 5 (7%) 1.000b 

Diarrhoea 2 (3%) 0  

Nausea 2 (3%) 3 (4%)  

Flatulence 0 1 (1%)  

Drowsiness 0 1 (1%)  

Rash  1 (2%) 0  

IQR, interquartile range. 
*Mann-Whitney U test used unless otherwise stated: aChi-square test, bFisher’s exact test.  
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Table 26: Postoperative recovery 

 
Simvastatin 

(n=65) 
Placebo  
(n=67) 

P value* 

Number of patients with complications 44 (68%) 50 (75%) 0.444 

Worst complication grade, No. (%)   0.531a 

I 1 (2%) 2 (3%)  

II 36 (55%) 36 (54%)  

III 3 (5%) 9 (13%)  

IV 3 (5%) 2 (3%)  

V 1 (2%) 1 (1%)  

Minor complication (grades I-II) 37 (57%) 38 (57%) 1.000 

Major complication (grades III-V) 7 (11%) 12 (18%) 0.323 

Worst complication type, No. (%)    

Wound infection 9 (14%) 14 (21%) 0.361 

Pulmonary infection 7 (11%) 2 (3%) 0.094 

Ileus 12 (18%) 15 (22%) 0.668 

Anastomotic leak 2 (3%) 3 (4%) 1.000 

Abdominal/Pelvic collection 3 (5%) 3 (4%) 1.000 

Urinary tract infection 3 (5%) 3 (4%) 1.000 

Other 8c (12%) 10d (15%) 0.801 

Comprehensive complication index, median 
(IQR) 

20.9 [0-29.6] 20.9 [4.4-31.4] 0.518b 

Return of bowel function (postoperative day), 
median [IQR] 

   

Time to flatus 2 [1-2] 1 [1-3] 0.755b 

Time to bowel motion/stoma output 4 [2-7] 4 [1-5] 0.194b 

Time to tolerating oral fluid intake 0 [0-1] 0 [0-1] 0.916b 

Time to tolerating oral solid intake 2 [1-5] 2 [1-4] 0.859b 

Hospital stay (days), median [IQR]    

Discharge day 8 [5-14] 8 [6-12] 0.978b 

Total hospital stay 8 [5-15] 9 [6-12] 0.656b 

Readmission, No. (%) 9 (14%) 10 (15%) 1.000 

IQR, interquartile range. 
*Fisher’s exact test used unless otherwise stated: aChi-square test, bMann-Whitney U test. 
cSmall bowel obstruction, confirmed on radiology (n=2), bile leak requiring reoperation (n=1), epidural hematoma 

requiring blood patch (n=1), fast atrial fibrillation (n=1), small bowel enterocutaneous fistula (n=1), small bowel 
perforation (n=1), splenic bleed requiring splenectomy (n=1). 
dBleeding oesophageal ulcer (n=1), ischemic colitis (n=1), bleeding from anastomosis requiring blood transfusion 
(n=1), parastomal abscess (n=1), mesenteric bleed requiring reoperation (n=1), symptomatic bradycardia requiring 
pacemaker (n=1), upper respiratory tract infection (n=1), high stoma output requiring readmission and electrolyte 
replacement (n=1), wound hematoma (n=1), urinary retention (n=1). 
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Figure 11: Functional recovery 

 

Figure 11: Functional recovery as measured by the Surgical Recovery Scale (SRSc). Data points correspond to 

means and error bars represent standard deviations. Groups compared using a mixed-design analysis of variance 
(ANOVA) with preoperative SRSc as a covariate, and Bonferroni adjustment for multiple comparisons. P value > 
0.050 at all postoperative time-points. 
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Figure 12: C-reactive protein 

 
Figure 12: Box plot graph showing C-reactive protein (CRP) concentrations in the simvastatin and placebo groups 

by postoperative time point. Boxes correspond to the median and interquartile ranges with error bars representing 
range, excluding outliers. Groups compared using log-transformed data with a mixed-design analysis of variance 
(ANOVA) including preoperative CRP as a covariate, and Bonferroni adjustment for multiple comparisons. *P value 
= 0.018, **P value = 0.013, ***P value = 0.009. 

 
  

* 
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Table 27: Systemic inflammatory response syndrome 

Postoperative day 
Simvastatin 

(n=65) 
Placebo  
(n=67) 

P value* 

1 15 (23%) 26 (39%) 0.061 

2 13 (20%) 23 (34%) 0.079 

3 16 (25%) 16 (24%) 1.000 

*Fisher’s exact test. 
Values denote number of patients meeting 2 or more of the following 4 criteria simultaneously at any time point 
during each postoperative day: temperature >38°C or <36°C, heart rate >90 beats/min, respiratory rate >20 
breaths/min or PaCO2 <4.3 kPa (32 mmHg), and WBC >12.0 x 109/L or <4.0 x 109/L or >10% immature neutrophils 
(bands). 

Figure 13: Plasma cytokine response  

 

Figure 13: Box plot graph showing plasma cytokine concentrations on postoperative day one in simvastatin and 

placebo groups. Boxes correspond to the median and interquartile ranges with error bars representing range, 
excluding outliers. Groups compared using the Mann-Whitney U test. *P value = 0.024, **P value = 0.009, ∆P value = 

0.650.  
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Figure 14: Peritoneal cytokine response  

 
Figure 15: Box plot graph showing peritoneal fluid cytokine concentrations on postoperative day one in simvastatin 

and placebo groups. Boxes correspond to the median and interquartile ranges with error bars representing range, 
excluding outliers. Groups compared using the Mann-Whitney U test. IL-6 samples were assayed in 1:10 dilution. *P 
value = 0.048, **P value = 0.046, ◊P value = 0.249, ∆P value = 0.257, ▲P value = 0.263. 
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6.4 Discussion 

This randomised controlled trial investigated perioperative statin therapy in major colorectal surgery. It 

has demonstrated that perioperative simvastatin treatment leads to a statistically significant reduction in 

inflammatory markers in the early postoperative period but does not result in a reduction in postoperative 

complications or improvement in clinical outcomes.  

While the perioperative benefits of statins have been demonstrated in some cardiac and vascular surgery 

studies,215,216 there is a paucity of prospective data evaluating their clinical benefits in non-cardiovascular 

surgery. A previous randomised controlled trial in non-cardiac, non-vascular surgery showed a non-

significant reduction in cardiac death and myocardial infarction but included patients undergoing a wide 

range of procedures.186 Similarly, large retrospective studies in non-cardiovascular surgery which have 

shown that statins reduce cardiovascular events and complications have included patients undergoing a 

wide variety of non-cardiovascular operations.75,76,217,218 

The current study was performed specifically in patients undergoing major colorectal surgery and 

assessed total complications rather than cardiovascular events only. The range of effects relevant to 

abdominal surgery demonstrated by statins in laboratory and observational studies, in particular an 

attenuation of the inflammatory response, led to the present hypothesis of a general reduction in 

postoperative morbidity. In contrast to the findings of previous studies which have suggested a benefit of 

statins in the setting of sepsis103 and shown their use to be associated with a decrease in wound 

infection and anastomotic leak following colorectal surgery,181,202 this study showed no such clinical 

benefits. As the primary outcome of overall complications was numerically similar in both groups, a type 

II error is unlikely. However, since this study was not powered to detect a difference in specific types of 

complications, a possible effect on infectious complications, for example, cannot be excluded. 

The anti-inflammatory effects of statins are well-recognised and supported by considerable laboratory 

and clinical evidence.80,81 Consistent with the findings of the current study, simvastatin has been shown 

to directly attenuate the release of proinflammatory cytokines and decrease serum CRP.191,219-221 Similar 

effects have been demonstrated in patients undergoing cardiac surgery where statins have been shown 

to decrease parameters of systemic inflammation.190,222-225 Furthermore, a recent double-blind 

randomised clinical trial evaluating the anti-inflammatory effects of simvastatin on acute lung injury in 

patients undergoing one-lung ventilation during oesophagectomy showed a significant reduction in 

markers of acute lung injury and markers of pulmonary and systemic inflammation.226 Another placebo-
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controlled randomised clinical trial evaluating the perioperative use of atorvastatin in patients undergoing 

elective pulmonary resection found a lower rate of major cardiovascular and pulmonary complications in 

a subset analysis of patients who had undergone anatomic resection but no difference in inflammatory 

markers.227 However, in contrast to the findings of a previous retrospective study which showed statins to 

be associated with a reduction in SIRS following colorectal surgery,181 the difference demonstrated in this 

current study did not reach statistical significance.  

In this trial, the study medication was preferably started seven days preoperatively but could be started 

as few as three days before surgery to accommodate for patients having their preadmission clinic within 

a week of their operation. Despite this variable time-period, the majority of patients started the 

intervention seven days before surgery with no differences between the two groups for when the study 

medication was commenced preoperatively. The treatment was continued for 14 days after surgery, 

corresponding to the period of highest risk for complications. 

While the optimal duration of perioperative statin therapy in abdominal surgery remains uncertain, the 

pleiotropic and anti-inflammatory effects of statins are seen even with short-term administration.228 In 

healthy human volunteers, simvastatin given for three days prior to endotoxin administration has been 

shown to reduce inflammatory parameters while laboratory studies in abdominal sepsis and intestinal 

inflammation have shown benefits with an even shorter duration of therapy.89,92,193 Among the available 

statins, simvastatin was chosen for this study due to it being the most common statin used in the relevant 

experimental and clinical studies, as well as its availability and well-recognised safety profile. An 

intermediate dose of 40mg was chosen to avoid the potential adverse effects associated with higher 

dosing, particularly statin-induced myopathy. Furthermore, a considerable proportion of patients 

presenting for elective colorectal surgery are elderly and increasing age is a recognised risk factor for 

statin-induced myopathy.229 This study did not measure cholesterol levels as it aimed to investigate the 

short-term pleiotropic properties of simvastatin rather than its long-term lipid-lowering effect. 

This study has some limitations. It was powered to detect a reduction in the overall incidence of 

complications which may be considered too broad an outcome measure to reflect more specific clinical 

benefits of perioperative statin therapy. Also, the putative difference chosen for the power calculation 

was considerable, but aimed to reflect a clinically meaningful reduction in surgical morbidity. Therefore, 

this study is underpowered to detect differences in specific complications, such as surgical site infection, 

and we cannot exclude a smaller difference in overall complications. Notably, however, other endpoints 
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such as the CCI, which provides a more sensitive measure of the complication burden compared to 

overall complication rate, and functional recovery as measured by the SRSc, were also equivalent 

between the two groups.211 Interestingly, the rate of postoperative complications seen in this study was 

higher than anticipated in the power calculation. This not only demonstrates the considerable morbidity 

associated with major colorectal surgery but also reflects our close patient follow-up with meticulous 

prospective recording of clinical outcomes and the inclusive nature of the Clavien-Dindo classification 

system. 

In summary, this randomised controlled trial evaluated perioperative statin therapy in major colorectal 

surgery and has shown that 40mg of simvastatin started three to seven days before surgery and 

continued for 14 days postoperatively has a measurable anti-inflammatory effect and attenuates the early 

proinflammatory response to surgery. However, it does not reduce complications or improve clinical 

outcomes. 
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7. Discussion 

This thesis has explored the effect of statins on the surgical stress response and recovery in patients 

undergoing major colorectal surgery. The preceding chapters have discussed each study individually but 

a concluding discussion is required to outline key observations, consider limitations, identify areas for 

further work and comment on clinical implications. 

7.1 Overview of results 

Chapter one discussed the basis of the surgical stress response and its influence on morbidity and 

postoperative recovery. It introduced the concept of statins and their pleiotropic properties which have 

been associated with various surgically-relevant benefits in experimental and observational clinical 

studies. Chapter two explored the correlation between postoperative inflammation and morbidity by 

investigating the utility of CRP, a commonly used biochemical marker of inflammation, in predicting 

anastomotic leakage following colorectal surgery and showed it to be useful negative predictor. Chapter 

three demonstrated the relationship between patient-reported functional recovery and morbidity following 

colonic surgery using the SRSr questionnaire and showed it closely correlates with complications and 

their severity. Chapter four retrospectively evaluated the perioperative use of statins in patients 

undergoing elective colectomy at our institution which found patients on perioperative statins achieved 

equivalent outcomes for complications and functional recovery despite significantly higher perioperative 

risk and had an unexpected finding of a significantly lower rate of anastomotic leak. This hypothesis-

generating study also helped to determine the feasibility of conducting a clinical trial in our setting by 

determining the baseline rate of statin use in our patient population and the incidence of complications 

which helped guide the design of the prospective clinical trial in chapter six. Chapter five critically 

appraised the available studies on the use of statins in abdominal surgery which showed some benefit in 

inflammatory and infective outcomes. However, it demonstrated that the evidence in this setting is limited 

to retrospective and observational studies. Qualitatively reviewing the evidence helped determine 

important aspects to consider in the design of a prospective clinical study. And finally, chapter six 

presented such a study with a placebo-controlled, double-blind, randomised clinical trial that showed that 

perioperative simvastatin therapy in patients undergoing major colorectal surgery lead to a significant 

reduction in inflammatory markers in the early postoperative period but no difference in complications or 

functional recovery. 
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7.2 Appraisal of findings and considerations for future research 

As discussed in chapter one, the surgical stress response is an expected consequence of surgical 

trauma and its intensity is influenced by several patient and operative factors. When this response is 

evaluated using markers of inflammation, most mediators peak at day two to three after surgery.4 

Although the absolute value of such markers can vary between patients undergoing the same operation, 

this pattern is remarkably consistent. This is demonstrated in chapter two with CRP reaching a peak on 

day two to three after surgery (Figure 5). However, an interesting observation from this study is the 

difference between the groups with an uncomplicated recovery and those who develop infectious 

complications. These two groups begin to diverge early in the postoperative period with the 

uncomplicated group reaching a peak in CRP levels on day two while the complicated group reach a 

peak a day later. This divergence appears to occur from day one onwards with the complicated group 

having a sharper rise and going on to have higher peak CRP levels. CRP levels in both groups then 

decline with a similar trajectory over the following few days but patients who develop infectious 

complications have CRP levels which flatten out between postoperative days five to seven. In the subset 

of patients who develop anastomotic leak, CRP levels show another increase from day five onwards. 

These differences in the pattern of CRP in the later postoperative period represent the additional 

inflammatory insult that occurs as a result of a developing infectious complication. In cases of 

anastomotic leak, the inflammatory burden is invariably significant and this causes CRP levels to 

increase considerably. However, when considering all infectious complications, these can range from 

minor wound infections that have little impact on CRP levels to severe pneumonia which have a 

significant effect. Therefore, the plateau in CRP levels between day five and seven in this group is a 

reflection of the varying severity of infectious complications when all are considered together. 

However, the early divergence in CRP levels between the two groups seen from day one to day three is 

not explained by the occurrence of infectious complications alone since this is well before most infectious 

complications manifest clinically. As discussed above, infectious complications appear to have an effect 

on CRP levels later from day five onwards when they start to become clinically apparent. Therefore, the 

higher CRP levels precede the development of infectious complications suggesting that such patients 

have a more severe postoperative inflammatory response to begin with and this may later predispose 

them to developing infectious complications. Unsurprisingly, patient and operative factors that are shown 

to be associated with postoperative infectious complications are also associated with a more intense 

surgical stress response. These include medical comorbidities and pre-existing organ dysfunction, the 
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degree of surgical trauma and intraoperative contamination, and genetic variants in the mediators of the 

inflammatory response. It appears that the more intense surgical stress response sets up an 

environment that fosters the development of infectious complications. As discussed in chapter one, this 

may be due to the more intense and persistent inflammatory response leading to a state of immune 

incompetence which impairs the ability to clear infection and predisposes to the development of 

nosocomial infections. 

Interestingly, in chapter three, the trajectory of functional recovery as measured by the SRSr is similar to 

CRP when analysed by the development of complications. Patients who develop minor or major 

complications have lower scores from day three onwards and diverge from the uncomplicated group. 

Again, this difference is seen before the clinical diagnosis of most complications which occurred at a 

median of day five onwards. Therefore, in addition to the biochemical observation in inflammatory 

mediators, a more severe surgical stress response also manifests clinically in the early postoperative 

period with patients reporting more fatigue and poorer functional capacity. 

The above observations suggest that CRP and SRSr may have a role in predicting complications and 

both show a useful NPV in this regard when measured from day three onwards. Therefore, patients who 

have a less severe inflammatory and functional insult from surgery are less likely to develop 

complications. However, both show low positive predictive ability, meaning a more severe insult does not 

necessarily mean a complicated postoperative course. Therefore, while a more intense and persistent 

surgical stress response can create an environment that promotes the development of complications, 

this does not happen in all such patients. Determining the factors that determine which patients with a 

significant surgical stress response develop complications is an exciting area that needs to be further 

explored. Genetic factors are likely to be important and may influence compensatory mechanisms when 

faced with surgical stress. So, when an individual’s compensatory ability cannot overcome the 

physiological insult following surgery, it sets up an environment that is more favourable to persistent 

inflammation, immune dysfunction and the development of infectious and inflammatory complications. 

However, it is unlikely that a single factor can explain this relationship and it is likely to be a combination 

of patient factors, disease characteristics and the severity of operative injury.  

Chapter six showed that perioperative simvastatin therapy leads to lower levels of CRP and 

proinflammatory cytokines in the early postoperative period. However, there was no difference in 

complications or functional recovery. There was a reduction in the number of patients meeting the criteria 
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for SIRS on day one and two postoperatively but this difference did not reach statistical significance. 

Therefore, while simvastatin helps alter the inflammatory cascade to a more favourable anti-inflammatory 

pattern, this does not appear enough to alter clinical outcomes. This is perhaps due to a single 

intervention with a modest anti-inflammatory effect being too minor in light of the significant physiological 

insult associated with major colorectal surgery. The same could also be considered for major cardiac and 

vascular surgery but in a recent meta-analysis of randomised controlled trials, perioperative statins have 

shown beneficial effects in several outcomes including mortality, myocardial infarction, perioperative 

atrial fibrillation and length of hospital stay.230 However, this positive association is only clearly apparent 

after a meta-analysis since most of the individual trials themselves have small patient numbers and show 

no significant effect for these outcomes. In a similar way, the clinical trial presented in chapter six is 

essentially a pilot study in its setting and may not be sufficient alone to elucidate a potential positive 

effect, especially given the broad primary outcome of total complications. Further prospective studies of 

perioperative statins in the setting of major abdominal surgery, investigating different types and doses, 

could allow a meta-analysis to be performed in the future that could evaluate more specific outcomes, 

such as infectious complications or anastomotic leak. 

Animal studies investigating statins in abdominal sepsis, intestinal inflammation, adhesion formation and 

anastomotic healing have administered the drug through either the oral route or by intraperitoneal 

injection and both methods have shown benefits.88-99 Varying doses and duration of statins have been 

used in both methods with some studies giving large doses by intraperitoneal injection.88,98 One study 

used topical application of simvastatin on open infected skin wounds of rats and found a lower rate of 

wound infection and reduced inflammation.100 Whether the mode of administration has an important 

impact on the effect of statins in humans is difficult to determine given the oral preparation is the only 

approved formulation for human use and what has been used in clinical studies to date. It is not known 

whether oral administration of simvastatin achieves high concentrations in the peritoneal cavity and 

whether this leads to any additional benefits. An intravenous formulation of statin could offer additional 

benefits to oral administration with more rapid onset in acute indications, such as acute coronary 

syndrome, or in the perioperative setting and in patients unable to tolerate oral statins.231 An intravenous 

formulation of rosuvastatin has been tested in a mouse model of focal brain ischaemia and led to 

reduced lesion size when given up to four hours after onset.232  This remains to be investigated in human 

studies. 



 

 90 

The 40mg dose of simvastatin used in the clinical trial was chosen to avoid potential adverse effects 

associated with higher dosing, particularly statin-induced myopathy. This is especially relevant in the 

elderly who more commonly present for major colorectal surgery. However, there were no cases of 

myopathy or rhabdomyolysis during the study. Doubling the dose of statin typically leads to a 6% 

additional reduction in low-density lipoprotein (LDL) cholesterol.233 A dose-dependent relationship has 

also been observed for the pleiotropic effects of statins with improved endothelial function, vascular 

remodelling and reduced parameters of systemic inflammation.234-236 Therefore, it would be useful to 

investigate whether a higher dose of simvastatin administered in the perioperative period can lead to an 

additional anti-inflammatory effect and improve clinical outcomes. 

Various statins have been used in animal and human studies with simvastatin and atorvastatin being the 

most common types used in clinical studies. Although they have a common class-effect, differences in 

the pharmacokinetic profile of statins may also influence their degree of pleiotropy. Atorvastatin has a 

longer half-life (21 hours) compared to simvastatin (two to three hours) and has minimal renal clearance. 

This can have practical and clinical considerations with atorvastatin able to be administered at any time 

of the day and more suitable for patients with significant renal insufficiency. 

When comparing statins to other anti-inflammatory agents, glucocorticoids administered preoperatively 

also reduce proinflammatory markers following colorectal surgery and reduce length of stay but do not 

reduce complications or anastomotic leak.237 Non-steroidal anti-inflammatory drugs are commonly used 

in the postoperative period following colorectal surgery as part of multimodal analgesia but their use has 

been associated with an increased risk of anastomotic leak and sepsis.238,239 This suggests that simply 

inhibiting the proinflammatory response following colorectal surgery is not enough, and possibly 

detrimental, when considering strategies to reduce complications. Notably, the randomised clinical trial 

presented in chapter six did not show any increase in complications or worse clinical outcomes 

associated with the anti-inflammatory effect of simvastatin. 

Although a persistent inflammatory response can predispose to complications and impair recovery, 

inflammation is also essential for effective wound healing following surgery and to combat infection. The 

proinflammatory cytokines released in response to surgical trauma have important effects on wound 

healing. IL-6 stimulates intestinal epithelial proliferation, while TNFα acts in synergy with IL-1β to regulate 

the synthesis of collagen, matrix metalloproteinases (MMPs) and tissue inhibitors of 

metalloproteinases.240,241 Therefore, rather than purely dampening the inflammatory response following 
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surgery, its modulation to a more favourable pattern of inflammation that protects against excessive and 

persistent inflammation appears to be the key. However, this response is a complex biological process 

and the difficulty remains in identifying which areas to target and achieving the right balance. As an 

example, the use of anti-TNFα agents in the preoperative period for patients with inflammatory bowel 

disease requiring surgery has been associated with an increased risk of postoperative infectious 

complications although the research to date is not definitive.242 Perhaps interventions that impose a 

‘ceiling effect’ on the degree of inflammation following surgery can prevent this response becoming 

excessive and persistent, but again, achieving the right balance and individualising to the patient is 

necessary. 

Importantly, statins are not purely anti-inflammatory agents and have wide-ranging effects on cellular 

function including protective immunomodulatory and endothelial effects. They enhance helper T-cell 

function, directly suppress major histocompatibility class II antigen expression by macrophages, display 

anti-oxidant and anti-apoptotic properties, modulate coagulation by blunting tissue factor and 

plasminogen activator inhibitor-1 expression and enhancing protein C function, and activate haem 

oxygenase, an inducible heat shock cytoprotective protein.243 These effects are relevant in the setting of 

sepsis which is characterised by systemic inflammation, immune dysfunction and impairment in the 

coagulation cascade. Sepsis causes T cell and macrophage dysfunction leading to increased 

susceptibility to infection and creates a vicious cycle. In animal studies, simvastatin has been shown to 

inhibit T-cell dysfunction and neutrophil activation in abdominal sepsis which may have a protective role 

once an infectious complication has developed.244,245 Therefore, it has been postulated that statins may 

not only have a role in preventing sepsis but also a protective effect after the onset of sepsis.246 

However, a recent meta-analysis of five randomised controlled trials of statin therapy in the setting of 

sepsis found no significant reduction in mortality or any overall benefits despite one study showing a 

significantly lower conversion rate to severe sepsis and another showing a reduction in levels of TNFα 

and IL-6.247 

The study presented in chapter six did not measure cholesterol levels at any point as it focused on 

assessing the pleiotropic effects of simvastatin rather than its cholesterol-lowering properties. This is 

similar to other randomised controlled trials evaluating the cholesterol-independent effect of statins.226,227 

However, some randomised clinical trials of statin therapy in sepsis have measured cholesterol levels 

and seen reductions in total cholesterol and LDL as early as day four following therapy.248 This may be 

useful to demonstrate compliance with treatment, absorption of statins and effective plasma 



 

 92 

concentrations being achieved to decrease plasma lipid levels, and provide a useful comparison between 

groups. 

A further potential benefit of statins has been suggested in long-term cancer outcomes. A number of 

observational studies have examined the effect of statin use in various malignancies including colorectal, 

breast, prostate, and ovarian, and some have found an association with improved survival.249-252 A recent 

meta-analysis of observational studies combining all cancers found an overall beneficial effect in overall 

survival and cancer-specific survival for both pre-diagnosis and post-diagnosis statin use.253 This effect is 

also seen in colorectal cancer specifically with pre- and post-diagnosis statin use leading to a 20% and 

30% reduction in cancer-specific mortality, respectively, compared to non-users.254 Several potential 

mechanisms have been reported regarding the anticancer effect of statins, including lowering protein 

prenylation, reducing tumour cell proliferation and migration, inhibiting Ras signalling, inducing apoptosis 

through phosphorylation of Akt and downregulation of mammalian target of rapamycin (mTOR).255-257 

Statins have also been shown to influence angiogenesis and invasion by inhibiting geranylgeranylation of 

Rho family proteins.258 

Unsurprisingly, inflammation is also implicated in the pathogenesis of many cancers with the host 

inflammatory response influencing disease recurrence and survival. In colorectal cancer, a pronounced 

local inflammatory response with intra- and peri-tumoural lymphocytic infiltration is a stage-independent 

predictor of improved survival.259 In contrast, a more intense systemic inflammatory response is a 

predictor of recurrence and reduced survival in several cancers, including colorectal.260 Attenuated cell-

mediated immunity in the postoperative setting, particularly with the additional burden of sepsis, may be 

an important mechanism by which disseminated or shed tumour cells evade effective 

immunosurveillance and establish metastases following colorectal surgery for cancer.261,262 Therefore, in 

addition to the direct cellular and tumour effects discussed above, statins may also have beneficial 

cancer effects by manipulating the host systemic and local inflammatory response but a clear clinical 

benefit has not yet been defined.263 Of further interest, statin therapy has been shown to augment the 

activity of certain chemotherapeutic agents and increase the likelihood of pathological complete 

response following neoadjuvant chemotherapy in colorectal cancer.264-266 

An obvious limitation of the observational studies exploring the role of statins in cancer outcomes is the 

confounding indication for treatment, called the ‘healthy user effect’.267,268 This is essentially a selection 

bias where statin users are not the same as non-statin users. Hence, it is reasonable to assume that 
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stain use is more likely among health-conscious patients who have healthier diets, exercise more and 

have better compliance to prescribed therapies therefore creating a bias toward more positive health 

outcomes. On the contrary, it should also be considered that statin users have higher cardiovascular 

comorbidity and this can conversely have a negative influence on survival and health outcomes. 

7.3 Implications for clinical practice 

The results of this thesis do not justify a change in clinical practice to make perioperative statin therapy a 

routine in patients undergoing major colorectal surgery. Conversely, it has also not shown any significant 

adverse effects to recommend stopping pre-existing statin use. This is particularly relevant since a large 

proportion of patients presenting for major colorectal surgery are already on statin therapy due to this 

being an older cohort of patients in which cardiovascular co-morbidities are common. This is 

demonstrated by the large number of patients excluded from the clinical trial in chapter six due to pre-

existing statin use, and the considerable proportion of patients who were already statin users in the 

retrospective review presented in chapter four. 

The demonstration of CRP being a good negative predictor of anastomotic leak and infectious 

complications following colorectal surgery has useful clinical implications. It offers an inexpensive test 

that could be easily incorporated into the discharge criteria of an ERAS program where a day three, four 

or five measurement could be combined with other clinical parameters to assess safety of discharge. If a 

patient has a CRP below the derived cut-offs presented in chapter two, they can be considered to have a 

low risk of developing an anastomotic leak and can be considered for discharge if otherwise well. 

Conversely, patients with higher CRP levels at these time-points should be closely observed for a 

developing infectious complication. However, given the low PPV of CRP for leakage, work-up for an 

underlying anastomotic leak does not need to be routinely undertaken and should be based on serial 

clinical assessment and the trend of further CRP measurements. 
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8. Conclusions 

This thesis has examined the correlation of the surgical stress response to postoperative morbidity in 

patients undergoing major colorectal surgery and evaluated the impact of statin therapy on this response 

and patient recovery. It has found that a higher postoperative proinflammatory response, as reflected by 

CRP levels, correlates with the development of anastomotic leak and infectious complications. Hence, 

CRP measured in the early postoperative period has a useful negative predictive value for anastomotic 

leak and can be clinically useful to assess for safety of discharge. 

Statins are among the most commonly prescribed drugs in the world with a large proportion of patients 

presenting for major colorectal surgery already on them due to cardiovascular comorbidities. The last two 

decades has seen an increasing interest in their pleiotropic effects. In the setting of abdominal surgery, 

experimental studies suggest a range of potential positive effects; however, the clinical evidence has 

been limited to observational and retrospective studies. This thesis has demonstrated that perioperative 

administration of moderate-dose oral simvastatin attenuates both the local and systemic proinflammatory 

response to surgery but does not reduce complications or improve functional recovery. Therefore, the 

addition of perioperative simvastatin therapy cannot be recommended as a routine for patients 

undergoing major elective colorectal surgery. 

However, before throwing the baby out with the bath water, further prospective studies of statins in the 

setting of abdominal surgery should be performed. A potential clinical benefit may only be uncovered by 

a meta-analysis of such studies in the future. 
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Appendix 1: The Surgical Recovery Score (SRSr) Questionnaire 

Part 1 

 

Please think about the last two days and tick the box that best describes how you have been feeling. 

 

 

 
Not at 

all 
Almost 
Never 

Some 
of the 
time  

Fairly 
Often 

Very 
Often 

All of the 
time 

During the last two days … ▼ ▼ ▼ ▼ ▼ ▼ 

1. I have been feeling drained    1     2     3     4     5     6  

2. I start things without difficulty then get 
tired 

   1     2     3     4     5     6  

3. I have been feeling energetic    6     5     4     3     2     1  

4. I have had trouble paying attention    1     2     3     4     5     6  

5. I have been feeling worn out    1     2     3     4     5     6  

6. I have been feeling refreshed    1     2     3     4     5     6  

7. My body has been feeling heavy all 
over 

   6     5     4     3     2     1  

8. I have been feeling vigorous    1     2     3     4     5     6  

9. I have been forgetful    1     2     3     4     5     6  

10. It has been hard for me to get 
motivated to do my regular activities 

   1     2     3     4     5     6  

       

 Not at 
all 

Almost 
Never 

Some 
of the 
time  

Fairly 
Often 

Very 
Often 

All of the 
time 

During the last two days … ▼ ▼ ▼ ▼ ▼ ▼ 

11. I do very little in a day    1     2     3     4     5     6  

12. I have been able to concentrate on 
things 

   1     2     3     4     5     6  

13. My thoughts have wandered easily    6     5     4     3     2     1  

14. I lack the energy to do things I 
normally do 

   6     5     4     3     2     1  

15. I have been feeling fatigued    6     5     4     3     2     1  

16. I have had the energy to do lots of 
things 

   1     2     3     4     5     6  

17. Physically, I have felt tired    1     2     3     4     5     6  

18. I have made more mistakes than 
usual 

   1     2     3     4     5     6  
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19. I have had to restrict how much I try 
and do in a day 

   2     3     4     5     6     1  

20. I have been feeling lively    6     5     4     3     2     1  

 

Part 2 

 

Please think about the last two days and tick the box that best describes how much fatigue interferes 
with the things you can do. 

 

During the last two days, I have 
had enough energy to… 

Not at 
all 

Only 
occasion

ally 

Sometime
s, but less 
than usual 

Nearly 
as 

often 
as 

usual 

As 
often 

as 
usual N/A 

▼ ▼ ▼ ▼ ▼ ▼ 

21. Read a newspaper/book or watch TV 1 2 3 4 5 9 

22. Bath/wash  1 2 3 4 5 9 

23. Dress 1 2 3 4 5 9 

24. Do household chores 1 2 3 4 5 9 

25. Cook 1 2 3 4 5 9 

26. Work 1 2 3 4 5 9 

27. Visit or socialize with family and 
friends 1 2 3 4 5 9 

28. Engage in leisure or recreational 
activities 1 2 3 4 5 9 

29. Shop or do errands 1 2 3 4 5 9 

30. Walk 1 2 3 4 5 9 

31. Exercise other than walk 1 2 3 4 5 9 
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Appendix 2: The Surgical Recovery Scale (SRSc) Questionnaire 
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Please think about the last two days and tick the box that applies best to you: 

 

 

 
Not at 

all 
Almost 
Never 

Some of 
the time  

Fairly 
Often 

Very 
Often 

All of the 
time 

During the last two days … ▼ ▼ ▼ ▼ ▼ ▼ 

1. I have been feeling energetic    6     5     4     3     2     1  

2. I have been feeling worn out    1     2     3     4     5     6  

3. I have been feeling vigorous    1     2     3     4     5     6  

4. I have done very little in the day    1     2     3     4     5     6  

5. I have been feeling fatigued    6     5     4     3     2     1  

6. Physically, I have felt tired    1     2     3     4     5     6  

7. I have had to restrict how much I 
try to do in a day 

   1     2     3     4     5     6  

8. I have been feeling lively    1     2     3     4     5     6  

       
 

Not at 
all 
▼ 

Only 
occasionall

y 
▼ 

Sometime
s but less 
than usual 

▼ 

Nearly 
as 

often 
as 

usual 
▼ 

As 
often as 

usual 
▼ 

Not 
applicable 

▼ 

During the last two days, I 
have had enough energy to … 

9. Read a newspaper/book or watch 
TV 

   1     2     3     4     5     6  

10. Dress    1     2     3     4     5     6  

11. Visit or socialise with family and 
friends 

   6     5     4     3     2     1  

12. Engage in leisure or recreational 
activities 

   6     5     4     3     2     1  

13. Shop or do errands    6     5     4     3     2     1  
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Appendix 3: Patient Questionnaire Booklet 
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Statins in Colorectal Surgery 

Patient booklet 

 
Please fill out as below: 
 

 Before the operation ........................ Pages 3 – 5 

 Day 1 after the operation ................. Pages 6 – 8 

 Day 3 after the operation ............... Pages 9 – 11 

 Day 7 after the operation ............. Pages 12 – 14 

 Day 14 after the operation ........... Pages 15 – 17 

 Day 30 after the operation ........... Pages 18 – 20 
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Investigating feelings  

of tiredness 

 

 
 

 

Thank you for taking the time to fill out this questionnaire 
 

 

 

 

 
Some things to be aware of while you complete this questionnaire: 

 

 There are no right or wrong answers to the questions. 
 

 

 It is best not to spend too long thinking about any one answer; normally the 
first response is best. 

 
 

 Some questions may seem very similar, but for measurement purposes it is 
often important to ask a question in slightly different ways.  We would 
appreciate your patience and willingness to answer all of the questions. 

 
 

 Please remember your answers to this questionnaire are completely  
confidential. 
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Before the operation 
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Please think about the last two days and tick the box that applies best to you 

 Not at 
all 

Almost 
Never 

Some 
of the 
time  

Fairly 
Often 

Very 
Often 

All of the 
time 

During the last two days … ▼ ▼ ▼ ▼ ▼ ▼ 

1. I have been feeling energetic    6     5     4     3     2     1  

2. I have been feeling worn out    1     2     3     4     5     6  

3. I have been feeling vigorous    1     2     3     4     5     6  

4. I have done very little in the day    1     2     3     4     5     6  

5. I have been feeling fatigued    6     5     4     3     2     1  

6. Physically, I have felt tired    1     2     3     4     5     6  

7. I have had to restrict how much I try to 
do in a day 

   1     2     3     4     5     6  

8. I have been feeling lively    1     2     3     4     5     6  

 

The following questions ask how much fatigue interferes with the things you can do.   

 

For activities you aren’t doing, for reasons other than fatigue, tick the box labelled “N/A” (not applicable).  

 

Examples of why you might tick the “N/A” box include: 

 

You are still in hospital and are not required to do things like run errands. 

You are not the person who usually cooks in your household. 

Or, you have a wound that is vacuum-sealed and you are not able to do household chores 
because of this.   

During the last two days, I have had enough 
energy to… 

Not 
at all 

Only 
occasion

ally 

Someti
mes, 

but less 
than 
usual 

Nearl
y as 
often 

as 
usual 

As 
often 

as 
usual N/A 

▼ ▼ ▼ ▼ ▼ ▼ 

9. Read a newspaper/book or watch TV 1 2 3 4 5 9 

10. Dress  1 2 3 4 5 9 

11. Visit or socialise with family and friends 1 2 3 4 5 9 

12. Engage in leisure or recreational activities 1 2 3 4 5 9 

13. Shop or do errands 1 2 3 4 5 9 
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Preop: Please fill this out before your operation 

Circle the appropriate answer or write in the space provided. 

 

1. How would you describe your pain level at the present time, while at rest? 

 

2. How would you describe your pain level at the present time, when you move? 

 

3. How would you describe your pain level at the present time, when you cough? 

 

4. How would you describe your energy levels at the present time? 

 

5. How would you describe your level of nausea at present time? 
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Day 1  
after the operation 
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Please think about the last two days and tick the box that applies best to you 

 

 Not at 
all 

Almost 
Never 

Some 
of the 
time  

Fairly 
Often 

Very 
Often 

All of the 
time 

During the last two days … ▼ ▼ ▼ ▼ ▼ ▼ 

1. I have been feeling energetic    6     5     4     3     2     1  

2. I have been feeling worn out    1     2     3     4     5     6  

3. I have been feeling vigorous    1     2     3     4     5     6  

4. I have done very little in the day    1     2     3     4     5     6  

5. I have been feeling fatigued    6     5     4     3     2     1  

6. Physically, I have felt tired    1     2     3     4     5     6  

7. I have had to restrict how much I try to 
do in a day 

   1     2     3     4     5     6  

8. I have been feeling lively    1     2     3     4     5     6  

 

The following questions ask how much fatigue interferes with the things you can do.   

 

For activities you aren’t doing, for reasons other than fatigue, tick the box labelled “N/A” (not applicable).  

 

Examples of why you might tick the “N/A” box include: 

 

You are still in hospital and are not required to do things like run errands. 

You are not the person who usually cooks in your household. 

Or, you have a wound that is vacuum-sealed and you are not able to do household chores 
because of this.   

During the last two days, I have had 
enough energy to… 

Not at 
all 

Only 
occasion

ally 

Someti
mes, 

but less 
than 
usual 

Nearly 
as 

often 
as 

usual 

As 
often 

as 
usual N/A 

▼ ▼ ▼ ▼ ▼ ▼ 

9. Read a newspaper/book or watch TV 1 2 3 4 5 9 

10. Dress  1 2 3 4 5 9 

11. Visit or socialise with family and friends 1 2 3 4 5 9 

12. Engage in leisure or recreational activities 1 2 3 4 5 9 

13. Shop or do errands 1 2 3 4 5 9 
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Day 1: Please fill this out on day 1 after the operation 

Circle the appropriate answer or write in the space provided. 

 

1. How would you describe your pain level at the present time, while at rest? 

 

2. How would you describe your pain level at the present time, when you move? 

 

3. How would you describe your pain level at the present time, when you cough? 

 

4. How would you describe your energy levels at the present time? 

 

5. How would you describe your level of nausea at present time? 

 

6. Have you vomited in the past 6 hrs? 
 

 No  Yes, only once  Yes 2-3 times  Yes more than 3 times 
 

 
7. How many times in the last week have you missed taking the study medication? 

 

 None   1 time   2 times   3 times  
 

 4 times   5 times    6 times   Did not take at all 
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Day 3 
after the operation 
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Please think about the last two days and tick the box that applies best to you 

 

 Not at 
all 

Almost 
Never 

Some 
of the 
time  

Fairly 
Often 

Very 
Often 

All of the 
time 

During the last two days … ▼ ▼ ▼ ▼ ▼ ▼ 

1. I have been feeling energetic    6     5     4     3     2     1  

2. I have been feeling worn out    1     2     3     4     5     6  

3. I have been feeling vigorous    1     2     3     4     5     6  

4. I have done very little in the day    1     2     3     4     5     6  

5. I have been feeling fatigued    6     5     4     3     2     1  

6. Physically, I have felt tired    1     2     3     4     5     6  

7. I have had to restrict how much I try to 
do in a day 

   1     2     3     4     5     6  

8.  I have been feeling lively    1     2     3     4     5     6  

 

The following questions ask how much fatigue interferes with the things you can do.   

 

For activities you aren’t doing, for reasons other than fatigue, tick the box labelled “N/A” (not applicable).  

 

Examples of why you might tick the “N/A” box include: 

 

You are still in hospital and are not required to do things like run errands. 

You are not the person who usually cooks in your household. 

Or, you have a wound that is vacuum-sealed and you are not  

able to do household chores because of this.   

During the last two days, I have had 
enough energy to… 

Not at 
all 

Only 
occasion

ally 

Someti
mes, 

but less 
than 
usual 

Nearly 
as 

often 
as 

usual 

As 
often 

as 
usual N/A 

▼ ▼ ▼ ▼ ▼ ▼ 

9. Read a newspaper/book or watch TV 1 2 3 4 5 9 

10. Dress  1 2 3 4 5 9 

11. Visit or socialise with family and friends 1 2 3 4 5 9 

12. Engage in leisure or recreational activities 1 2 3 4 5 9 

13. Shop or do errands 1 2 3 4 5 9 
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Day 3: Please fill this out on day 3 after the operation 

Circle the appropriate answer or write in the space provided. 

 

1. How would you describe your pain level at the present time, while at rest? 

 

2. How would you describe your pain level at the present time, when you move? 

 

3. How would you describe your pain level at the present time, when you cough? 

 

4. How would you describe your energy levels at the present time? 

 

5. How would you describe your level of nausea at present time? 

 

6. Have you vomited in the past 6 hrs? 
 

 No  Yes, only once  Yes 2-3 times  Yes more than 3 times 
 

7. Did you pass flatus today?  11. Did you pass flatus yesterday?  

8. Did you pass a bowel motion 
today? 

 12. Did you pass a bowel motion 
yesterday? 

 

9. When did you have a full solid 
meal? 

 13. When did the urinary catheter 
come out? 

 

10. Did you walk independently 
today?  

 14. Did you walk independently 
yesterday? 

 

 



 

 111 

Day 7 
after the operation 

 

 

 

Please fill out this questionnaire on __________ 



 

 112 

Please think about the last two days and tick the box that applies best to you 

 

 

 
Not at 

all 
Almost 
Never 

Some 
of the 
time  

Fairly 
Often 

Very 
Often 

All of the 
time 

During the last two days … ▼ ▼ ▼ ▼ ▼ ▼ 

1. I have been feeling energetic    6     5     4     3     2     1  

2. I have been feeling worn out    1     2     3     4     5     6  

3. I have been feeling vigorous    1     2     3     4     5     6  

4. I have done very little in the day    1     2     3     4     5     6  

5. I have been feeling fatigued    6     5     4     3     2     1  

6. Physically, I have felt tired    1     2     3     4     5     6  

7. I have had to restrict how much I try to 
do in a day 

   1     2     3     4     5     6  

8. I have been feeling lively    1     2     3     4     5     6  

 

The following questions ask how much fatigue interferes with the things you can do.   
 
For activities you aren’t doing, for reasons other than fatigue, tick the box labelled “N/A” (not applicable).  
 
Examples of why you might tick the “N/A” box include: 
 

You are still in hospital and are not required to do things like run errands. 
You are not the person who usually cooks in your household. 
Or, you have a wound that is vacuum-sealed and you are not able to do household chores 
because of this.   

During the last two days, I have had 
enough energy to… 

Not at 
all 

Only 
occasion

ally 

Someti
mes, 

but less 
than 
usual 

Nearly 
as 

often 
as 

usual 

As 
often 

as 
usual N/A 

▼ ▼ ▼ ▼ ▼ ▼ 

9. Read a newspaper/book or watch TV 1 2 3 4 5 9 

10. Dress  1 2 3 4 5 9 

11. Visit or socialise with family and friends 1 2 3 4 5 9 

12. Engage in leisure or recreational activities 1 2 3 4 5 9 

13. Shop or do errands 1 2 3 4 5 9 
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Day 7: Please fill this out on day 7 after the operation 

Circle the appropriate answer or write in the space provided. 

 

1. How would you describe your pain level at the present time, while at rest? 

 

2. How would you describe your pain level at the present time, when you move? 

 

3. How would you describe your pain level at the present time, when you cough? 

 

4. How would you describe your energy levels at the present time? 

 

5. How would you describe your level of nausea at present time? 

 

6. Have you vomited in the past 6 hrs? 
 

 No  Yes, only once  Yes 2-3 times  Yes more than 3 times 
 

7. Did you pass flatus today?  11. Did you pass flatus yesterday?  

8. Did you pass a bowel motion 
today? 

 12. Did you pass a bowel motion 
yesterday? 

 

9. When did you have a full solid 
meal? 

 13. When did the urinary catheter 
come out? 

 

10. Did you walk independently 
today? 

 14. Did you walk independently 
yesterday? 
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Day 14 
after the operation 

 

 

 

Please fill out this questionnaire on __________ 
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 Not at 
all 

Almost 
Never 

Some 
of the 
time  

Fairly 
Often 

Very 
Often 

All of the 
time 

During the last two days … ▼ ▼ ▼ ▼ ▼ ▼ 

1. I have been feeling energetic    6     5     4     3     2     1  

2. I have been feeling worn out    1     2     3     4     5     6  

3. I have been feeling vigorous    1     2     3     4     5     6  

4. I have done very little in the day    1     2     3     4     5     6  

5. I have been feeling fatigued    6     5     4     3     2     1  

6. Physically, I have felt tired    1     2     3     4     5     6  

7. I have had to restrict how much I try to 
do in a day 

   1     2     3     4     5     6  

8. I have been feeling lively    1     2     3     4     5     6  

 

Please think about the last two days and tick the box that applies best to you 

 

The following questions ask how much fatigue interferes with the things you can do.   

 

For activities you aren’t doing, for reasons other than fatigue, tick the box labelled “N/A” (not applicable).  

 

Examples of why you might tick the “N/A” box include: 

 

You are still in hospital and are not required to do things like run errands. 

You are not the person who usually cooks in your household. 

Or, you have a wound that is vacuum-sealed and you are not able to do household chores 
because of this.   

 

During the last two days, I have had 
enough energy to… 

Not at 
all 

Only 
occasion

ally 

Someti
mes, 

but less 
than 
usual 

Nearly 
as 

often 
as 

usual 

As 
often 

as 
usual N/A 

▼ ▼ ▼ ▼ ▼ ▼ 

9. Read a newspaper/book or watch TV 1 2 3 4 5 9 

10. Dress  1 2 3 4 5 9 

11. Visit or socialise with family and friends 1 2 3 4 5 9 

12. Engage in leisure or recreational activities 1 2 3 4 5 9 

13. Shop or do errands 1 2 3 4 5 9 
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Day 14: Please fill this out on day 14 after the operation 

Circle the appropriate answer or write in the space provided. 

 

1. How would you describe your pain level at the present time, while at rest? 

 

2. How would you describe your pain level at the present time, when you move? 

 

3. How would you describe your pain level at the present time, when you cough? 

 

4. How would you describe your energy levels at the present time? 

 

5. How would you describe your level of nausea at present time? 
 

 

6. Have you vomited in the past 6 hrs? 
 

 No  Yes, only once  Yes 2-3 times  Yes more than 3 times 
 

 
7. How many times in the last week have you missed taking the study medication? 

 

 None   1 time   2 times   3 times  
 

 4 times   5 times    6 times   Did not take at all 
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Day 30 
after the operation 

 

 

 

Please fill out this questionnaire on __________ 
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Please think about the last two days and tick the box that applies best to you 

 

 Not at 
all 

Almost 
Never 

Some 
of the 
time  

Fairly 
Often 

Very 
Often 

All of the 
time 

During the last two days … ▼ ▼ ▼ ▼ ▼ ▼ 

1. I have been feeling energetic    6     5     4     3     2     1  

2. I have been feeling worn out    1     2     3     4     5     6  

3. I have been feeling vigorous    1     2     3     4     5     6  

4. I have done very little in the day    1     2     3     4     5     6  

5. I have been feeling fatigued    6     5     4     3     2     1  

6. Physically, I have felt tired    1     2     3     4     5     6  

7. I have had to restrict how much I try to 
do in a day 

   1     2     3     4     5     6  

 8. I have been feeling lively    1     2     3     4     5     6  

 
The following questions ask how much fatigue interferes with the things you can do.   

 

For activities you aren’t doing, for reasons other than fatigue, tick the box labelled “N/A” (not applicable).  

 
Examples of why you might tick the “N/A” box include: 

 

You are still in hospital and are not required to do things like run errands. 

You are not the person who usually cooks in your household. 

Or, you have a wound that is vacuum-sealed and you are not able to do household chores 
because of this.   

During the last two days, I have had 
enough energy to… 

Not at 
all 

Only 
occasion

ally 

Someti
mes, 

but less 
than 
usual 

Nearly 
as 

often 
as 

usual 

As 
often 

as 
usual N/A 

▼ ▼ ▼ ▼ ▼ ▼ 

9. Read a newspaper/book or watch TV 1 2 3 4 5 9 

10. Dress  1 2 3 4 5 9 

11. Visit or socialise with family and friends 1 2 3 4 5 9 

12. Engage in leisure or recreational activities 1 2 3 4 5 9 

13. Shop or do errands 1 2 3 4 5 9 
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Day 30: Please fill this out on day 30 after the operation 

Circle the appropriate answer or write in the space provided. 

 

1. How would you describe your pain level at the present time, while at rest? 

 

2. How would you describe your pain level at the present time, when you move? 

 

3. How would you describe your pain level at the present time, when you cough? 

 

4. How would you describe your energy levels at the present time? 

 

5. How would you describe your level of nausea at present time? 

 

6. Have you been able to return to work? ____ If yes, when did you return to work? ___ 
 
7. How many times have you had to see a doctor (GP, accident and emergency, etc.) 
since discharge from hospital? _____________ 
 
8. What did you have to see a doctor for? 
___________________________________________________________________ 
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Appendix 4: Participant Information Sheet 
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Statins in Colorectal Surgery – Participant Information Sheet 

Principal Investigator: Associate Professor Andrew Hill, Department of Surgery, South 

Auckland Clinical School, The University of Auckland, c/- Middlemore Hospital, Private 

Bag 93311, Auckland. Phone: (09) 276 0044 ext 8424, Email:  ahill@middlemore.co.nz  

Introduction 

You are invited to take part in a clinical research study. Your participation is entirely 

voluntary (your choice). You do not have to take part in this study and if you choose not 

to take part this will not affect any future care or treatment. 
 

About the study 

The body reacts to surgery by producing an inflammatory response. This is felt by the 

person as pain, nausea, and fatigue. When in excess, this reaction can increase the 

risk of developing complications after surgery. Decreasing this inflammatory response 

can reduce the risk of complications and allow people to feel better faster after surgery, 

letting them return to their regular life sooner. Therefore, we wish to trial a medication 

for this purpose.  

 

Simvastatin (one brand of which is known as Lipex) is a commonly prescribed 

medication which is used to decrease cholesterol and lower the risk of heart attacks 

and strokes. However, recent international studies have shown that this drug - used in 

the exact same way (tablet) and in the same doses (40mg) - may provide benefits to 

patients undergoing surgery by decreasing the inflammatory response to surgery. 

 

We are inviting you to participate in our study. We wish to investigate whether giving 

Simvastatin around surgery decreases complications, increases energy levels after 

surgery and increases the speed of recovery. 

 

Over a period of 24 months, we will invite 140 patients who are going to have colorectal 

surgery to take part in this study. If you agree to participate, you will be randomly (by 

chance) assigned to either receiving Simvastatin or a placebo (sugar pill). You will be 

asked to take this pill 3-7 days before surgery and for 14 days after surgery (17-21 days 

in total). If you are given a placebo while taking part in the study you will not get any 

expected effects from the medicine that is being studied. 

 

Before and after surgery, you will have the same routine care as all the other patients 

and your participation in this trial will not affect the standard of care you receive in any 

way. Participation in this study will not prevent you from having this medication in the 

future. It will not prevent you from having any other healthcare in the future. With your 

mailto:a.hill@auckland.ac.nz
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consent, we will also discuss this study with your GP and suggest whether you might 

need these drugs for your cholesterol. 

 

After surgery, we will ask you to complete a set of questionnaires with the assistance of 

researchers. These will ask you about pain and energy levels. A drain (using sterilised, 

plastic tubing) will also be placed in the abdomen during surgery to collect abdominal 

fluid and will be removed on the first day after surgery. 

 

Patients undergoing surgery routinely have blood tests before and after surgery for 

monitoring purposes. If you agree, we wish to collect about 4mL extra blood each time 

you have your routine blood tests (Total of 4 times = approximately 16mL blood total). 

We will collect this blood at the same time as your routine blood tests and therefore you 

will not have extra blood tests. 

 

Participants from some Iwi may disagree with the collection of body fluid for research 

purposes and may wish to seek advice or discuss with whānau before consenting. 

Body fluid left over after analysis can be returned to participants at their request. 
 

Risks 

Most people who take a statin have no side-effects, or only minor ones. These include: 

headache, pins and needles, abdominal pain, bloating, diarrhoea, feeling sick, and a 

rash. You should tell your doctor if you have any unexpected muscle pains, tenderness 

or weakness. This is because a rare side-effect of statins is a severe form of muscle 

inflammation. You should not take a statin if you have active liver disease, if you are 

pregnant or intend to be pregnant, or if you are breast feeding. Simvastatin can 

interfere with some of your regular medication and we (the investigators) will go through 

your list of medications to confirm whether this might pose a problem to you. Placement 

of an abdominal drain after colorectal surgery is common and is rarely associated with 

any side-effects. The drain will be removed on the morning after surgery. 
 

Participation 

Your participation is entirely voluntary (your choice). You do not have to take part in this 

study. This will not affect your treatment in any way. If you do agree to take part you are 

free to withdraw from the study at any time, without having to give a reason and this will 

in no way affect your continuing health care. An interpreter will be provided if you would 

like one. You may have a friend, family, or whānau support to help you understand the 

risks and/or benefits of this study and any other explanation you may require. There will 

be no costs or payments to you in order to participate in this study. Participation in the 

study will by stopped should any harmful effects appear or if your doctor feels it is not in 

your best interest to continue. 
 

Advocacy 

If you have any queries or concerns regarding your rights as a participant in this 

research study, you can contact an independent Health and Disability Advocate. This is 

a free service provided under the Health & Disability Commissioner Act: 
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Telephone (NZ wide): 0800 555 050 Free Fax (NZ wide): 0800 2787 7678 (0800 2 

SUPPORT) Email: advocacy@hdc.org.nz 
 

Confidentiality 

No material which could personally identify you will be used in any reports on this 

study. Your hospital records are confidential. Your name or any other personally 

identifying information will not be used in reports or publications resulting from this 

study. The information about your medical history and medications required to interpret 

the research results will be identified using a code to ensure your confidentiality. Study 

data will be stored on secure files for ten years and then appropriately discarded.   
 

Compensation 

In the unlikely event of a physical injury as a result of your participation in this study, 

you may be covered by ACC under the Injury Prevention, Rehabilitation and 

Compensation Act. ACC cover is not automatic and your case will need to be assessed 

by ACC according to the provisions of the 2002 Injury Prevention, Rehabilitation and 

Compensation Act. If your claim is accepted by ACC, you still might not get any 

compensation. This depends on a number of factors such as whether you are an 

earner or non-earner. ACC usually provides only partial reimbursement of costs and 

expenses and there may be no lump sum compensation payable. There is no cover for 

mental injury unless it is a result of physical injury. If you have ACC cover, generally 

this will affect your right to sue the investigators. If you have any questions about ACC, 

contact your nearest ACC office or the investigator. 
 

Further Information and Results 

The final results of the research will not be known until December 2013. At the 

conclusion of the study, results will be made available to those who have requested this 

on the consent form. However, if you are not sure about whether you have requested 

the study results or you would like further information about the study, please feel free 

to contact Dr Parry Singh, Research Fellow, Middlemore Hospital (Phone 021 129 

3707, Email parry.singh@middlemore.co.nz). 
 

Statement of Ethical Approval: This study has received ethical approval from 

the Multi-region Ethics Committee, which reviews national and multi regional studies 

(MEC/11/06/062). 
 

 

Please feel free to contact the researcher if you have any questions about this 

study. 

 

Thank you for making the time to read about, and consider taking part in this study. 
 

  

mailto:advocacy@hdc.org.nz
mailto:dr.parrysingh@gmail.com
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Appendix 5: Study Consent Form 
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Statins in Colorectal Surgery – Consent Form 

Principal Investigator: Associate Professor Andrew Hill, Department of Surgery, South 

Auckland Clinical School, The University of Auckland, c/- Middlemore Hospital, Private Bag 

93311, Auckland. Phone: (09) 276 0044 ext 8424, Email:  ahill@middlemore.co.nz  

 

Request for interpreter 

English I wish to have an interpreter. Yes No 

Deaf I wish to have a NZ sign language interpreter Yes No 

Māori E hiahia ana ahau ki tetahi kaiwhakamaori/kaiwhaka pakeha 

korero. 

Ae Kao 

Cook Island 

Māori 

Ka inangaro au i  tetai tangata uri reo. Ae Kare 

Fijian Au gadreva me dua e vakadewa vosa vei au Io Sega 

Niuean Fia manako au ke fakaaoga e taha tagata fakahokohoko kupu. E Nakai 

Samoan Ou te mana’o ia i ai se fa’amatala upu. Ioe Leai 

Tokelaun Ko au e fofou ki he tino ke fakaliliu te gagana Peletania ki na 

gagana o na motu o te Pahefika 

Ioe Leai 

Tongan Oku ou fiema’u ha fakatonulea. Io Ikai 

Mandarin 

Cantonese 
我需要一位翻譯員 是 否 

Korean 통역사를 원합니다 네 아니오 

 Other languages to be added following consultation with 

relevant communities. 

  

I have read and I understand the information sheet dated 29/07/2011 for volunteers taking part 
in the study designed to assess whether perioperative Simvastatin use improves outcomes 
following colorectal surgery. I have had the opportunity to discuss this study. I am satisfied 
with the answers I have been given. 
 
I have had the opportunity to use whānau support or a friend to help me ask questions and 
understand the study. I have had ample time to discuss with whānau/family and friends when a 
decision is required or when making a decision. 
 
I understand that taking part in this study is voluntary (my choice) and that I may withdraw from 
the study at any time and this will in no way affect my future health care. 
 
I understand that my participation in this study is confidential and that no material which could 
identify me will be used in any reports on this study. 
 

mailto:a.hill@auckland.ac.nz
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I understand that the treatment, or investigation, will be stopped if it should appear harmful to 
me.  
 
I understand the compensation provisions for this study. 
 

I have had time to consider whether to take part. 
 
I know who to contact if I have any side effects to the study. 
 
I know who to contact if I have any questions about the medication used in this study or about 
the study in general. 

I agree to an approved auditor appointed by either the ethics 
committee, or the regulatory authority or their approved 
representative, and approved by the Multi-region Ethics Committee 
reviewing my relevant medical records for the sole purpose of 
checking the accuracy of the information recorded for the study 

YES / NO 

I consent to the researchers taking a specimen of my blood for the 
purposes of this study 

YES / NO 

I consent to the researchers placing an abdominal drain during the 
operation to obtain abdominal fluid for the purposes of this study 
(The drain will be removed on postoperative day 1) 

YES / NO 

I consent to blood samples being destroyed at the end of the study. YES / NO 

I wish to have left over blood samples returned to me after analysis. YES / NO 

I wish to receive a copy of the results YES / NO 

I would like the researcher to discuss the outcomes of the study with 
me 

YES / NO 

I agree to my GP or other current provider being informed of my 
participation in this study/the results of my participation in this study 

YES / NO 
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I _____________________________________   (full name) hereby consent to take part in this 
study.  
 

Date: _______________ 

 

Signature: _____________________________ 

 

Full names of Researchers:  

Associate Professor Andrew G. Hill (Principal Investigator) 

Dr Parry Singh (Research Fellow) 

 

Contact Phone Number for researchers:  

Associate Professor Andrew G. Hill – (09) 276 0044 ext 8424 

Dr Parry Singh – 021 129 3707, parry.singh@middlemore.co.nz 

 

Project explained by: __________________________ 

 

Project role: __________________________  Date: ______________ 

 

Signature: ___________________________ 
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Appendix 6: Stickers for Medication Chart and Patient Notes 
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