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Abstract 

Background 

Veno-thromboembolism is a well-known complication in the peri-operative period. 

The aim of this study was to determine the anti-factor Xa levels in patients 

receiving prophylactic enoxaparin sodium in the intensive care unit (ICU). 

Methods 

A cross-sectional study was conducted in the multi-disciplinary ICU at Chris Hani 

Baragwanath Academic Hospital affiliated with the University of the Witwatersrand. 

Seventy-three patients admitted to the ICU receiving 40 mg enoxaparin sodium 

daily were enrolled into this study. Anti-factor Xa level samples were taken from 

patients receiving prophylactic enoxaparin following the second dose administered 

in the ICU. The prophylactic and the sub-prophylactic groups of patients were also 

compared for age, sex, weight, body mass index, total bilirubin, serum albumin 

and APACHE II score. 

Results 

Anti-factor Xa levels were prophylactic (0.2 – 0.6 IU/ml) in 44 (60.3%) patients and 

sub-prophylactic (< 0.2 IU/ml) in 29 (39.7%) patients. The mean (SD) actual 

delivered dose of enoxaparin per kilogram body weight was significantly higher, at 

0.59 (0.11) mg/kg in the prophylactic group compared to 0.53 (0.13) mg/kg the 

sub-prophylactic group, (p=0,043). Patients in the sub-prophylactic group had 

significantly lower serum albumin levels compared to those in the prophylactic 

group. Total bilirubin levels were not found to be significantly different between the 

two groups, (p=0.110). 

Conclusion 

A fixed prophylactic 40 mg dose of enoxaparin was associated with a high 

proportion of sub-prophylactic anti-factor Xa levels. Weight-based dose and serum 

albumin level were independent predictors of achieving the prophylactic target 

range. 
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Section 1: Review of the literature 

1.1 Introduction 

Veno-thromboembolism (VTE) is a well-known complication in the peri-operative 

period in patients with decreased mobility in hospitals (1). A standardised drug 

regimen is used in VTE prophylaxis along with non-pharmacological methods. The 

drug of choice is a low molecular weight heparin (LMWH) such as enoxaparin 

sodium, which will now be referred to as enoxaparin and the standard of practice 

is to use a dose of 40 mg of enoxaparin subcutaneously daily (2). Enoxaparin is 

used due to its ease of subcutaneous administration, monitoring is not routinely 

required and the side effect profile is less than with the use of intravenously 

administered unfractionated heparin (2,3). Despite VTE prophylaxis, there are still 

numerous incidents of VTE complications in immobile hospitalised patients (4).  

In this literature review VTE and LMWH will be discussed, regarding patients at 

risk of VTE, the incidence of VTE, preventative strategies, pharmacology of 

LMWH, tests for LMWH efficiency, complications and factors affecting LMWH 

efficacy. 

1.2 Veno-thromboembolism 

The risk factors, the incidence and preventative strategies for VTE will be 

discussed. 

1.2.1 Patients at risk of veno-thromboembolism 

The majority of patients at risk of developing a VTE have an identifiable source 

such as surgery, disease states and immobility (5). VTE occurs when there is 

disturbance of either the blood flow in the vessel such as stasis, endothelial injury 

or by a hypercoagulable state (6). These three factors are commonly known as 

Virchow’s triad which was described and named after Rudolf Virchow, a German 

pathologist (5,7). With injury or disturbance to one or more of the risk factors, 

thrombi develop either at the site of vascular trauma, artificial catheters or in areas 

where blood flow is reduced, for example, valves in veins, venous sinuses, the 

hepatic portal system or central veins such as the superior vena cava (5,8). Risk 
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factors are identified by their ability to induce the coagulation cascade, causing the 

formation of thrombi and potentially disrupting venous return to the heart and 

causing the formation of a deep vein thrombosis (DVT) or VTE (5,8). 

Identifying patients that are at risk of developing VTE is important in determining 

who should be receiving prophylaxis. Anderson et al (7) studied the patient risk 

factors for VTE that were treated for acute DVT and pulmonary embolism or both 

and observed the following VTE risk factors in 1 231 patients: 

 age > 40 years (88.5%)  

 obesity (37.8%)  

 history of venous thromboembolism (26.0%)  

 cancer (22.3%)  

 bed rest > 5 days (12.0%)  

 major surgery (11.2%)  

 congestive heart failure (8.2%)  

 varicose veins (5.8%)  

 fracture (hip or leg) (3.7%)  

 oestrogen treatment (2.0%)  

 stroke (1.8%) 

 multiple trauma (1.1%)  

 childbirth (1.1%)  

 myocardial infarction (0.7%) (7). 

These risk factors can be further classified into low, moderate, high and very high 

risk without VTE prophylaxis, as shown in Table 1.1. 
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Table 1.1: Classification of VTE risk factors (6,7,9) 

Risk Risk factors 

Approximate VTE 

risk without 

prophylaxis 

Low  

Surgical duration < 30 minutes 

Age < 40 years 

Fixation of small fractures 

Obesity 

Laparoscopic surgery 

Pregnancy 

< 10% 

Moderate 

Age 40 – 60 years 

Arthroscopy or repair of lower leg 

fractures 

Congestive cardiac failure 

Hormone replacement therapy 

Stroke 

Cancer 

Previous VTE 

10 – 40% 

High 

Age > 60 years 

Age 40 – 60 years, with additional risk 

factors 

Immobilisation > 4 days  

40 – 80% 

Very high 

Arthroplasty 

Hip fractures 

Compound fracture  

Reductions and fixations 

Major trauma 

Spinal cord injury 

Multiple risk factors for VTE 

40 – 80% 

The human immunodeficiency virus (HIV) is also known to cause a 

hypercoagulable state (6). HIV is particularly prevalent in South Africa where there 
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are a large number of patients being treated (10). The associated risk of VTE in 

HIV patients may be as high as 18% of all HIV infected individuals (6). 

1.2.2 Incidence of VTE 

VTE risk is increased in surgical patients and is a preventable cause of death and 

morbidity (11). A study in Australia (12) was performed in 2014 to look at the 

incidence of VTE in surgical patients. The study was done over a period of seven 

years among elective surgical patients in 82 hospitals (12). The incidence of VTE 

was found to be 2 per 1 000 patients annually, with a mortality of 8% (12).  

The incidence of VTE has been noted to increase with age in both men and 

women. Incidence rates were found to be higher in women of childbearing age as 

compared to men, but after the age of 45, the incidence of VTE in men increased 

and was found to be higher than that of women (13). The incidence of survival 

following VTE from either a DVT or pulmonary embolism is shown in Table 1.2. 

Table 1.2: Incidence of survival following a VTE event (13)  

Time  Survival following DVT 

(%) 

Survival following pulmonary 

embolism (%) 

0 days 97.0 76.5 

7 days 96.2 71.1 

14 days 95.7 68.7 

30 days 94.5 66.8 

90 days 91.9 62.8 

1 year 85.4 57.4 

2 years 81.4 53.6 

5 years 72.6 47.4 

8 years 65.2 41.5 

1.2.3 Preventative strategies 

Appropriate thromboembolic prophylaxis will depend on the patient’s risk. There 

are three types of VTE prophylaxis used, namely mechanical, pharmacological 

and surgical (5).  
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Mechanical prophylaxis 

Mechanical prophylaxis of VTE include the use of anti-embolism stockings, 

intermittent pneumatic compression and foot impulse devices (5,9). Anti-embolism 

stockings have been the mainstay of treatment in a large number of hospital 

settings. They work by exerting circumferential pressure to the leg from distal to 

proximal, thereby increasing the blood flow and promoting venous return to the 

heart (5,9). Anti-embolism stockings are contra-indicated in patients with peripheral 

vascular disease, neuropathy, oedema, acute stroke and soft tissue diseases (5).  

Intermittent pneumatic compression devices work by intermittently compressing 

the calf or thigh muscles, which simulate the muscle pump effect of walking, 

promoting fibrinolysis (5). Venous foot impulse devices are designed to simulate 

the activity of walking, thereby increasing venous return in immobilised patients 

(5). The advantages and limitations of mechanical VTE prophylaxis should be 

accounted for in choosing the correct VTE prophylaxis for patients (9).  

Advantages of mechanical VTE prophylaxis include they can be used in patients 

with a high risk of bleeding and they have a synergistic effect with pharmacological 

prophylaxis (9). Limitations include them not being as effective as pharmacological 

VTE prophylaxis, not as effective in reducing proximal DVT compared to calf DVT 

and having no standardised features for size, pressure or physiological 

parameters. Further limitations are due to poor patient and staff compliance, the 

cost associated with use of each device and there not being enough data from 

clinical trials as to their efficacy (9) 

Geerts et al (9) recommend mechanical VTE prophylaxis in patients with a high 

risk of bleeding and as an adjunct to pharmacological VTE prophylaxis. Though all 

three mechanical methods of VTE prophylaxis have been shown to reduce the risk 

of VTE, they are not as effective as pharmacological prophylaxis (9). 

Pharmacological prophylaxis 

There are many different pharmacological modalities available for VTE prophylaxis 

(5,9). In South Africa the pharmacological therapies available are unfractionated 
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heparin, LMWH, pentasaccharides, vitamin k antagonists and aspirin salicylate 

(2,5). LMWH will be discussed in Section 1.3, as this is the focus of the study. 

Unfractionated heparin is a naturally occurring anti-coagulant produced from either 

bovine lung or porcine intestine (5,14). Due to its large molecular structure, it binds 

to both factors Xa and IIa (thrombin) (5,14). Unfractionated heparin has a short 

half-life of 1 – 2 hours compared to other pharmacological anti-coagulants (14). 

Even though unfractionated heparin is effective in VTE prophylaxis and used prior 

to LMWHS and easier to reverse, it is not as predictable as LMWHs in VTE 

prophylaxis (5).  

Synthetic pentasaccharides, for example fondaparinux bind to factor Xa and are 

given subcutaneously and reach peak plasma levels two hours post-administration 

with a half-life of 17 – 21 hours (14). Due to their activity on factor Xa, their efficacy 

can be measured by monitoring anti-factor Xa assays (5,14). Pentasaccharides are 

renally excreted and, therefore, should not be used in patients with a creatinine 

clearance of less than 30 ml/minute (14). Pentasaccharides are useful in patients 

who have developed complications following the administration of unfractionated 

heparin and LMWH (5,14).   

The mechanism of action of vitamin k antagonists is the inhibition of the production 

of vitamin k-dependent coagulation factors (5). Vitamin k-dependant coagulation 

factors are II, VII, IX and X. Warfarin is the most commonly used vitamin k 

antagonist (5,6). Vitamin k antagonists act on the extrinsic component of the 

coagulation cascade and are monitored by the international normalised ratio (5,6). 

Vitamin k antagonists are frequently the drug of choice in the long term prevention 

of VTE (6). The main disadvantages of vitamin k antagonists are their associated 

toxicity, bleeding risks, unpredictable effect, prolonged time to reach therapeutic 

effect and drug-drug interactions (5).  

Aspirin salicylate inhibits cyclo-oxygenase (COX) enzymes (5). There are three 

types of COX enzymes. Aspirin salicylate irreversibly inhibits both COX 1 and 2 

enzymes. COX 1 inhibition prevents thromboxane A2 production needed in 

platelet aggregation, therefore reducing the risk of VTE, although its effect on 



18 

prophylaxis is significantly lower than the use of other pharmacological methods 

(5,9,15). 

Surgical prophylaxis 

Vena caval filters may either be permanent or retrievable filters (16). Placement of 

vena caval filters is indicated for patients with a known large proximal DVT and in 

whom anti-coagulation is contraindicated (5). Vena caval filters may also be 

inserted prophylactically in patients with a high risk of developing a DVT where 

anti-coagulation is contradicted for VTE (16). The filters are usually placed under 

radiological guidance percutaneously in the inferior or rarely the superior vena 

cava (5). Evidence as to their efficacy is limited and they are associated with a 

high rate of recurrent DVT (5). 

1.3 Low molecular weight heparin 

The pharmacology of LMWH, tests for LMWH efficiency, complications and factors 

affecting LMWH efficacy will be discussed. 

1.3.1 Pharmacology of low molecular weight heparin 

LMWH is produced by either chemical or enzymatic depolymerisation of 

unfractionated heparin (17). LMWH is made up of smaller chains and with a lower 

molecular weight than unfractionated heparin. Its weight is approximately 4 000 – 

6 000 Daltons as compared to unfractionated heparin, which is 12 000 – 15 000 

Daltons (17). The understanding of the pharmacology of LMWH is informed by the 

coagulation cascade shown in Figure 1. 
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Figure 1: The coagulation cascade (18) 

Unfractionated heparin, due to the size of its molecules, works on both factors Xa 

and IIa (thrombin) (17,19). Unfractionated heparin combines with anti-thrombin to 

inactivate factors Xa and IIa (20,21). LMWH, due to its smaller chain structure, has 

more effect on anti-factor Xa activity than anti-factor IIa activity (17,19). 

LMWH has a higher bioavailability than unfractionated heparin, 90% versus 20% 

(11,12). LMWH are administered subcutaneously and have a longer half-life than 

unfractionated heparin at four hours compared to 1 – 2  hours (17,19). Maximal 

plasma levels after a subcutaneous dose are reached within two hours, with the 

peak effect at four hours (17,19). LMWH in the blood plasma are bound to the 

protein fibronectin and are distributed systemically. LMWH is eliminated renally, 

therefore, clearance may be impaired in patients who suffer from impaired renal 

function (17). The reversal of LMWHs by protamine sulphate is only partial and, 

therefore, inadequate (17). Table 1.3 compares unfractionated heparin and LMWH. 
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Table 1.3: Comparison between unfractionated heparin and LMWH (17) 

 Unfractionated heparin LMWH  

Source Biological Biological 

Molecular weight 12 000 – 15 000 Daltons 4 000 – 6 000 Daltons 

Co-factor Anti-thrombin III Anti-thrombin III 

Factor inhibition IIa, Xa, IXa, XIa, and XIIa IIa and Xa 

Anti-Xa and anti-IIa 

activity 

1:1 2:1 – 4:1 

Common assays aPTT, anti-Xa, ACT anti-Xa 

Bioavailability 20% 90% 

Clearance Rapid, saturable (non- 

renal) and first-order 

kinetics (renal) 

Renal 

Half-life (hours) 1 – 2  4 

Reversibility Protamine sulphate 

(100%) 

Protamine sulphate 

(<75%) 

HITT incidence 1 – 5% 0.1% 

aPTT - activated partial thromboplastin time, ACT - activated clotting time, HITT - heparin-induced thrombocytopenia 

1.3.2 Tests for low molecular weight heparin efficiency 

The specific tests for LMWH efficiency are limited by the structure of the drug (22), 

therefore, it is important for the clinician to understand the pharmacokinetics and 

pharmacodynamics of the drug to determine which assays are appropriate for 

monitoring (23). Compared to unfractionated heparin, LMWH is smaller in size; 

thus, its effect on factor II is less than its effect on factor Xa (17,19,22). As 

compared to unfractionated heparin, LMWH has less prolongation of the aPTT and 

ACT (20). Therefore, measuring aPTT and ACT levels does not help determine 

the efficacy of LMWH and, therefore, anti-factor Xa levels are monitored (20). 

Factor Xa assays are measured by taking the blood plasma of the patient and then 

adding a known concentration of anti-factor Xa. The residual anti-factor Xa is 

measured using a chromogenic substrate and then quantified to produce a result 

(3). 
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Limitations of laboratory testing include that anti-factor Xa assays do not refer to 

the anti-thrombotic function of the LMWH but indicate the amount of LMWH 

present (24). The time at which the blood samples are taken is important due to 

the pharmacokinetics of the drug (24). LMWH levels should be drawn 3 – 4 hours 

after administration (23). Although these investigations exist, they are not a good 

predictor of the anti-thrombotic efficacy in VTE prophylaxis (24). Another limitation 

is the lack of assay standardisation and differences between different laboratories 

with differences in results of up to 30% (23). 

1.3.3 Complications of low molecular weight heparin 

The major complications of LMWHs are bleeding (19,25). Although the incidence of 

bleeding is decreased as compared to unfractionated heparin, the incidence still 

ranges from 0 – 3% of patients with up to 0.8% of these patients suffering from 

fatal bleeds (19,25). VTE prophylaxis with LMWH is thus determined by a bleeding 

risk assessment and the patient profile. LMWH prophylaxis should be discontinued 

at least 12 – 24 hours before surgery and should not be restarted for at least 24 

hours post major surgery to reduce the risk of bleeding (19,26). 

HITT is a documented complication of LMWH (19). HITT occurs when the immune 

system forms antibodies to the platelet surface antigen platelet factor IV (19,27). 

The incidence of HITT with the use of LMWH is much lower compared to the use 

of unfractionated heparin (19,28). HITT usually occurs within 5 – 7 days of onset of 

administration but may occur sooner if the patient has previously suffered from 

HITT or has been previously exposed to an LMWH (19,28). Table 1.4 may be used 

in the diagnosis of HITT with three or fewer points being a low probability of HITT, 

4 – 5 points being a moderate probability and 6 – 8 points a high probability (29). 
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Table 1.4: Probability of HITT (29) 

Category 2 points 1 point 0 points 

Thrombocytopenia Platelet count fall 

> 50% and 

platelet nadir ≥ 

20 × 109 L−1 

Platelet count fall 

30 – 50% or 

platelet nadir 

10 – 19 × 109 L−1 

Platelet count fall 

< 30% or platelet 

nadir < 

10 × 109 L−1 

Timing of the 

decrease in 

platelet count 

Clear onset 

5 – 10 days or 

platelet fall ≤ 1 

day with prior 

heparin exposure 

within 30 days 

Consistent with 

days 5 – 10 fall in 

platelets, but not 

clear (e.g. missing 

platelet counts) or 

onset after day 10 

or fall ≤ 1 day 

(prior heparin 

exposure 30 – 100 

days ago) 

Platelet count fall 

< 4 days without 

recent heparin 

exposure 

Thrombosis or 

other sequelae 

New thrombosis 

(confirmed) or 

skin necrosis at 

heparin injection 

sites or acute 

systemic reaction 

after intravenous 

heparin bolus 

Progressive or 

recurrent 

thrombosis or non-

necrotising 

(erythematous) 

skin lesions or 

suspected 

thrombosis (not 

proven) 

None 

Other causes of 

thrombocytopenia 

None Possible Definite 
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Long-term therapy with LMWH may also be associated with osteoporosis though 

the incidence is lower when compared to unfractionated heparin (19). 

1.3.4 Factors that influence factor Xa levels in patients receiving low 

molecular weight heparin 

The mainstay of prophylaxis is fixed LMWH dosing (30–32). The doses being used 

for VTE prophylaxis are non-weight based dosing of enoxaparin 40 mg 

subcutaneously daily or 30 mg subcutaneously twice a day (3,21,31,32). The 

South African Venous thromboembolism: Prophylactic and Therapeutic Practice 

Guideline (2) recommends 40 mg enoxaparin subcutaneously daily as prophylaxis. 

The recommended anti-factor Xa levels for VTE prophylaxis vary (3,21,32). 

Wall et al (33) described anti-factor Xa levels in acute care surgical patients 

receiving a standard dose of 30 mg twice daily. Anti-factor Xa levels were drawn at 

four hours post-administration. The results showed that 56.4% of patients had sub-

prophylactic anti-factor Xa levels (<0.2 IU/ml) and 41.8% of patients had 

prophylactic anti-factor Xa levels (0.2 – 0.4 IU/ml) and one patient had a 

therapeutic level according to their reference range. The authors concluded that 

with fixed dosing, the majority of patients are not achieving adequate VTE 

prophylaxis (33). 

Anti-factor Xa levels in intensive care patients receiving a fixed dose of 40 mg of 

enoxaparin within the first 24 hours of admission were described by Mayr et al 

(34). Samples were drawn at 4-, 12- and 24 hours post-administration. At four 

hours, the highest percentage of patients were found to have adequate 

prophylactic levels, 56,5%, with a decreased percentage of patients still having 

adequate prophylactic levels at 12 and 24 hours. It was concluded that standard 

dosing was ineffective in achieving adequate VTE prophylactic levels (34). 

Riha et al (30) studied the incidence of VTE using the 30 mg twice daily 

administration as compared to 40 mg once daily administration of enoxaparin. The 

patient sample was of similar age, body mass index, of a similar disease profile 

and had no renal impairment. The results showed that there was an increase in 

VTE in patients receiving enoxaparin twice daily. This was due to the inadequate 

prophylactic levels required to prevent VTE phenomena. The authors concluded 
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that single dosing of enoxaparin yielded higher peak anti-factor Xa levels and thus 

is better suited for VTE prophylaxis (30). 

Chapman et al (32) evaluated the non-weight based dosing of enoxaparin and its 

associated VTE prophylaxis levels. The study included trauma patients over the 

age of 18, with a hospital stay of more than three days and a creatinine clearance 

of more than 30 ml/minute. The patients received a fixed dose of 30 mg of 

enoxaparin twice daily and anti-factor Xa levels were measured 3 – 5 hours post-

administration. The results showed that in 72.5% of the patients, the anti-factor Xa 

levels were below the recommended prophylactic range of 0.2 – 0.5 IU/ml (32). 

Using these results, the dose was adjusted according to the weights of the 

patients. The dose was adjusted incrementally to 0.5 mg/kg of actual body weight 

to achieve the desired prophylactic levels. In this study, 4 of the 51 patients had 

VTE events and this was related to their anti-factor Xa levels being < 0.2 IU/ml. It 

was found that in patients who had a higher creatinine clearance (131 ml/minute) 

their prophylactic levels were < 0.2 IU/ml and they made up the majority of the 

patients in the study who were below the recommended prophylactic range (32). 

Freeman et al (31) compared three enoxaparin dosing regimens, a fixed dose of 

40 mg daily, a low weight-based dose of 0.4 mg/kg daily and a higher weight-

based dose of 0.5 mg/kg daily. The sample group used were ill medical patients 

with an increased body mass index of > 40 kg/m2. The study showed that the 

higher weight-based dose was superior to the other regimens and achieved 

adequate levels (31). This was confirmed by Celik et al (35), in obese patients, 

who found that an increased weight-based dose of enoxaparin resulted in a 

reduced number of patients, approximately 10%, having inadequate levels (35).  

Pannucci et al (36) investigated whether anti-factor Xa levels should routinely be 

measured in patients receiving enoxaparin VTE prophylaxis in a burn unit. It was 

found that there was increased benefit and effectiveness of altering the dose 

based on anti-factor Xa levels in preventing VTE complications as compared to 

fixed dosing (36). LMWH is a protein-bound drug (17). Therefore protein levels 

may impact on free drug concentration and rate elimination constants, thereby 

affecting the drug’s efficacy (37,38). 
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1.4 Summary 

VTE is a well-known complication in the peri-operative period despite VTE 

prophylaxis (1). Pharmacological VTE prophylaxis using enoxaparin as the drug of 

choice is the mainstay of treatment in hospital (5,9). The fixed non weight-based 

dosing of 40 mg daily subcutaneously suggested by Jacobson et al (2), has been 

shown by studies to be ineffective in achieving prophylactic levels (31–34). 
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All manuscripts to be submitted via the online submission system, which can be 
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requirements for manuscripts submitted to biomedical journals (Ann Intern Med 

1997; 126: 36-47).  
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published elsewhere. This does not refer to abstracts or oral communications 

presented in the proceedings of societies or symposia. The editor reserves the 
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covering letter and competing interests’ statement by the primary author on behalf 

of all authors, signed electronically. The last should declare any competing 
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Studies on human subjects must comply with the Helsinki Declaration of 1975, and 

those on animals must comply with National Health and Medical Research Council 

Guidelines. A statement affirming Ethics Committee (Institutional Review Board) 

approval should be included in the text. A copy of that approval should be 

available if requested.  
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the manuscript. Authors are invited to suggest names (and email addresses) of 

two potential reviewers, and also any reviewers they would prefer did not see the 
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All articles must be written in English. Submit manuscripts electronically (maximum 

fi le size, 5 MB). Microsoft Word is the preferred word processing program. The 
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Abstracts  
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Original article or survey:  
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Participants; Interventions (if any); Main outcome measures; Results; and 

Conclusions.  
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Structured abstract (up to 250 words) with headings, Objective; Design; Data 

sources; Review methods; Results; and Conclusions.  
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and city of manufacture in parentheses.  
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Results presented in tables and figures should not be repeated in the text (text 

should cite the table or figure and highlight only its most important features). 
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Present results in the same order as the methods, and ensure all results have a 

method described.  
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References  

Number references consecutively in the order in which they are first mentioned in 

the text. References in tables and figures should be numbered as if mentioned 

where the table or figure is first cited. Identify references in text, tables and 

legends by superscript Arabic numerals.  

Use the form of references adopted by the Vancouver style. Abbreviate journal 

names as in Index Medicus. List all authors when four or fewer; when five or more, 
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References to personal communications and unpublished observations should not 

be listed as references but should be noted in the text in parentheses: eg, 

“(personal communication)”. Articles that have been accepted for publication but 

not yet published should be included in the references with the words “In press” 

included in place of volume and page numbers.  

Tables  

Present all tables in double-spaced type on separate pages. Do not submit tables 

as images. Information in tables should not be duplicated in the text. Number 

tables consecutively and supply a brief title for each. Give each column a short or 

abbreviated heading. Place explanatory matter in footnotes, not in the heading. 

Explain in footnotes all non-standard abbreviations that are used in each table. 

Cite each table in the text in consecutive order.  

Standard deviation (SD) is the accepted measure of variation in text and tables. 
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graphical clarity, provided that the number of observations is clearly stated. Omit 

internal horizontal and vertical rules.  

Figures and illustrations  

Figures and illustrations should be submitted in electronic format. Two versions of 

each image are required:  

1. A print-quality (high resolution) image. An acceptable image must be at 

least 3.5 inches (8.75 cm) across when printed at 300 dots per inch (dpi). 

Computer screen resolution only requires 72 dots per inch (dpi), which is 

not suitable for print. If the image is small to begin with, it cannot be turned 

into a high-resolution image: it is not effective to “blow up” an image using 

image editing software to increase the size.  

Images should be submitted in their original fi le format. Preferred image fi le 

formats are EPS, TIFF, Adobe Illustrator or Adobe Photoshop. JPEG images 

may be acceptable but should be saved at their maximum size, as JPEG 

compression reduces image quality. ZIP compression is acceptable. Microsoft 
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Excel format is acceptable for graphs; it is important to provide the data table 

from which the graph was generated.  

2. A lower-quality image that can be viewed with standard software is also 

required for review purposes. For example, a copy of the image may be 

embedded in the Word document at the relevant position or provided in 

TIFF format.  

Figures should be drawn professionally or in a computer graphics program; 

freehand or typewritten lettering is unacceptable. Letters, numbers and 

symbols should be clear throughout, and of sufficient size that when reduced 

for publication each item will still be legible. Titles and detailed explanations 

belong in the legends for illustrations, not on the illustrations themselves. 

Figures depicting two dimensions of data should be presented with simple 

vertical and horizontal axes. Framing, shading, icons and fanciful typefaces are 

unacceptable. 

Cite each figure in the text in consecutive order. Arabic numerals should be 

used to number the figures. Include legends for illustrations on a separate 

page. When symbols, arrows, numbers or letters are used to identify parts of 

the illustration, identify and explain each one clearly in the legend. Colour 

reproduction of figures is available, although the authors may be required to 

bear the cost.  

Letters to the Editor  

Letters to the Editor are welcomed and will be published if appropriate. They 

should be presented in single-word, double line spaced type and generally be 

no more than two pages in length. All authors must sign, and an email address 

for publication must be given. The Editor reserves the right to style or shorten 

any letter. Major changes will be referred back to authors for their concurrence. 

When letters refer to an earlier published paper, it must be one published 

within the previous 6 months. Its authors will be offered right of reply.  
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Contributors of original articles are provided with proofs and are asked to 

proofread them for typesetting errors and return them as soon as possible. 

Important corrections are allowed, but authors will be charged for extensive 

changes to text at this stage. Proofs are not provided for abstracts of scientific 

meetings or for letters to the Editor.  

Reprints  

Reprints can be ordered from the publisher. 
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Abstract 

Objective: The aim of this study was to determine the anti-factor Xa levels in 

patients receiving prophylactic enoxaparin sodium in the intensive care unit (ICU). 

Design: A cross-sectional study design was followed. 

Setting: Multi-disciplinary ICU at Chris Hani Baragwanath Academic Hospital 

affiliated with the University of the Witwatersrand. 

Participants: Seventy-three patients admitted to the ICU receiving 40 mg 

enoxaparin sodium daily were enrolled into this study. 

Interventions: Anti-factor Xa level samples were taken from patients receiving 

prophylactic enoxaparin following the second dose administered in the ICU. The 

prophylactic and the sub-prophylactic groups of patients were also compared for 

age, sex, weight, body mass index, total bilirubin, serum albumin and APACHE II 

score. 

Main outcome measures: Anti-factor Xa levels after receiving the second 

prophylactic dose of enoxaparin sodium in ICU. 

Results: Anti-factor Xa levels were prophylactic (0.2 – 0.6 IU/ml) in 44 (60.3%) 

patients and sub-prophylactic (< 0.2 IU/ml) in 29 (39.7%) patients. The mean (SD) 

actual delivered dose of enoxaparin per kilogram body weight was significantly 

higher, at 0.59 (0.11) mg/kg in the prophylactic group compared to 0.53 (0.13) 

mg/kg the sub-prophylactic group, (p=0,043). Patients in the sub-prophylactic 

group had significantly lower serum albumin levels compared to those in the 

prophylactic group. Total bilirubin levels were not found to be significantly different 

between the two groups, (p=0.110). 

Conclusion: A fixed prophylactic 40 mg dose of enoxaparin was associated with a 

high proportion of sub-prophylactic anti-factor Xa levels. Weight-based dose and 

serum albumin level were independent predictors of achieving the prophylactic 

target range. 
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Introduction 

Veno-thromboembolism (VTE) is a well-known complication in the peri-operative 

period in patients with decreased mobility in hospital and standardised drug 

regimen is recommended in VTE prophylaxis (1). The drug of choice is a low 

molecular weight heparin (LMWH) such as enoxaparin sodium, commonly known 

as enoxaparin, and the standard dose is 40 mg subcutaneously daily (2). 

Enoxaparin is used due to its ease of subcutaneous administration, monitoring is 

not routinely required and it has a more advantageous side effect profile when 

compared to intravenously or subcutaneously administered unfractionated heparin 

(2,3). Despite prophylaxis, VTE remains a significant complication among immobile 

hospitalised patients (4). The incidence of VTE in Australia in 2014 was 2 per 1 

000 patients annually, with a mortality of 8% despite prophylaxis (5). The survival 

following VTE is shown to be worse if the patient suffered a pulmonary embolism 

compared to a deep vein thrombosis (6).  

Enoxaparin is a low molecular weight heparin (LMWH) (7). LMWHs have a smaller 

chain structure than unfractionated heparin, therefore, they have more anti-factor 

Xa activity (7,8). Maximal plasma doses are reached within two hours with a peak 

effect at four hours and a half-life of four hours (7,8). The tests to determine the 

efficacy of LMWH are limited by their structure (9). Factor Xa assays are used to 

monitor anti-factor Xa levels in the blood plasma (10). 

VTE prophylaxis using enoxaparin 40 mg subcutaneously daily is standard 

treatment in adult patients in the intensive care unit (ICU) at Chris Hani 

Baragwanath Academic Hospital (CHBAH), provided there are no 

contraindications. However, it is not known whether this dose provides adequate 

prophylactic levels in these patients. The aim of this study was to determine the 

anti-factor Xa levels in patients receiving prophylactic enoxaparin in the ICU.  

Methods 

A cross-sectional study was conducted in the multi-disciplinary ICU at CHBAH. 

CHBAH is a 2 888-bed central academic hospital affiliated to the University of the 
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Witwatersrand. The ICU has 27 beds and admits both adult and paediatric 

patients, with approximately 750 admissions annually. 

The study was approved by the Human Research Ethics Committee (Medical) of 

the University of the Witwatersrand (M190833). Written informed consent was 

obtained from each patient or their surrogate before enrolment into this study. 

Deferred consent was obtained from all patients who had surrogate consent when 

they were able to give informed consent. 

All adult patients admitted to the ICU between November 2019 and to January 

2020, receiving 40 mg enoxaparin daily were considered for enrolment into the 

study. The exclusion criteria in this study were patients with an eGFR of < 60 

ml/minute, patients who did not receive a 06:00 dose of enoxaparin, blood 

samples collected or stored incorrectly and patients’ receiving therapeutic 

enoxaparin dosing. A time of 06:00 was used to allow for a standard time of 

collection. Patients were classified into two groups, prophylactic and sub-

prophylactic. 

All ICU admissions were screened daily and blood samples were taken in a sterile 

standardised manner three hours post the second prophylactic enoxaparin dose 

by one author (MB). Blood was collected in a 5 ml citrate tube from preferentially 

an arterial line or if not possible by venipuncture, stored at -20° C and analysed by 

an accredited laboratory in batches of ten. For this study the prophylactic range 

was regarded as an anti-factor Xa level 0.2 – 0.6 IU/ml (3). 

The primary objective was to determine the anti-factor Xa levels in patients 

receiving prophylactic enoxaparin following the second dose administered in the 

ICU. The secondary objectives were to describe and compare the following factors 

between the prophylactic and the sub-prophylactic groups; age, sex, weight, body 

mass index (BMI), total bilirubin, serum albumin and severity of illness using the 

APACHE II score. Independent predictors of a prophylactic level were also 

determined.  

Analysis was done in consultation with a statistician using the statistical program 

STATA version 13.1 (StataCorp, USA). Categorical data were described using 

frequencies and percentages. Independent t-tests were used to compare normally 
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distributed data and Mann-Whitney tests for data not normally distributed. 

Regression analysis was performed on significant predictors of prophylactic anti-

factor Xa levels. A p-value of 0.05 or less was considered statistically significant.  

Results 

A total of 77 patients were assessed for eligibility. Bloods for anti-factor Xa levels 

were taken from each patient. Four patients were excluded, one patient due to 

laboratory error and three patients were later found to have received therapeutic 

enoxaparin sodium dosing. A total of 73 patients were thus included in the study. 

The anti-factor Xa levels of all patients and for those falling in the prophylactic and 

sub-prophylactic ranges are shown in Table 1. A comparison of patient 

characteristics between the prophylactic and sub-prophylactic groups is provided 

in Table 2. There was a statistically significant difference between the two groups 

regarding weight, BMI and APACHE II score, with those in the prophylactic group 

having lower values for all three. 

The mean (SD) actual delivered dose of enoxaparin per kilogram body weight was 

significantly higher, at 0.59 (0.11) mg/kg in the prophylactic group (n=44) 

compared to 0.53 (0.13) mg/kg the sub-prophylactic group (n=29), (p=0,043). 

Patients in the sub-prophylactic group were found to have significantly lower 

serum albumin levels compared to those in the prophylactic group, while total 

bilirubin levels were not found to be significantly different between the two groups. 

See Table 3.  

Using a multiple regression model that included total bilirubin, serum albumin, 

weight-based delivered dose of enoxaparin and Apache II score, only a higher 

serum albumin (p=0.013) and a greater weight-based delivered dose (p=0.033) 

were independent predictors of being in a prophylactic range. 

Discussion 

The main finding of this study was that the standard dosing of enoxaparin of 40 mg 

daily did not always achieve its intended prophylactic range. Only 60.3% of 

patients were found to be within the prophylactic range. In a group of surgical and 



43 

trauma patients, Wall et al (11) found that 41.8% of patients had an anti-factor Xa 

level in the prophylactic range. Their patients had a similar BMI to our patients. 

The lower proportion of patients that reached the prophylactic target range in their 

study is likely explained by the difference in the study population and dosing. Their 

study included only surgical and trauma patients while our study included medical, 

surgical and obstetric patients (11). With regards to dosing of enoxaparin, our 

study used a 40 mg dose of enoxaparin compared to 30 mg twice daily used by 

Wall et al (11). It has been demonstrated that trauma patients have a higher risk of 

developing augmented renal clearance (12,13). This higher renal clearance could 

result in an increase clearance of enoxaparin and hence a lower proportion of 

patients reaching the desired prophylactic level. Mayr et al (14) studied similar 

patients to ours, receiving 40 mg enoxaparin daily and found 56.5% of patients to 

be within the recommended prophylactic range (14). This is similar to our finding of 

60.3%. 

When calculating the delivered dose of enoxaparin per kilogram body weight in our 

study group, a significant difference was found with the group achieving 

prophylactic levels receiving a dose of 0.59 mg/kg, while the sub-prophylactic 

group received only 0.53 mg/kg. The relevance of this weight-base delivered 

dosing is confirmed by Celik et al (15). Using a morbidly obese group of patients 

with a mean BMI of 42.2 kg/m2, the authors showed that a daily dose of 0.63 

mg/kg was able to reduce the sub-prophylactic group to 11.8% (15), which is lower 

than found in our study (39.7%) and other studies (11,14). Lim et al (16) also found 

that a daily weight-based dose of enoxaparin 0.7 mg/kg in a population with a 

mean BMI of 21.7 kg/m2 was able to reduce the sub-prophylactic group to 

approximately 5% (16).   

Freeman et al (17) compared three dosing regimens, a fixed-dose of 40 mg 

enoxaparin daily, a low weight-based dose of 0.4 mg/kg daily and a higher weight-

based dose of 0.5 mg/kg daily (17). Only 18% of the fixed-dose group achieved 

target anti-factor Xa levels compared to 64% of the low dose and 87% of the high 

dose group (17). Chapman et al (18) demonstrated that by changing the dosing 

strategy from a fixed-dose to a weight-based dose, the proportion of patients in the 

sub-prophylactic range could be reduced (18). 
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In our study, a sub-prophylactic anti-factor Xa level was associated with a lower 

serum albumin level (mean 27.8 g/l) when compared to patients who achieved a 

prophylactic anti-factor Xa level (mean serum albumin 34.4 g/l). Pharmacokinetic 

studies for protein-bound drugs indicate that protein levels impact on free drug 

concentration and on elimination rate constants (19,20). Chi et al (21) showed an 

increasing incidence of VTE from 3.5% among medical patients with serum 

albumin levels greater than 45 g/l to 20% among patients with serum albumin 

levels of less than 25 g/l (21). Regression analysis in our study confirmed that low 

serum albumin level was an independent predictor of a sub-prophylactic anti-factor 

Xa level. 

APACHE II score is used as a surrogate for severity of illness in ICU patient and in 

this study was significantly associated with low anti-factor Xa levels. However, 

APACHE II score was shown not to be an independent predictor of anti-factor Xa 

prophylactic levels by regression analysis. The mean APACHE II score in this 

study was low, mean 11.5, as patients with a higher APACHE II score did not meet 

the inclusion criteria for the study. 

A limitation to this study was that it was a single centre, which may reduce 

generalisability to other populations. The authors suggest weight-based dosing 

and cognisance of lower serum albumin levels may provide solutions to adequate 

dosing and recommend further research in this regard. 

Conclusion 

In this study, a fixed prophylactic 40 mg dose of enoxaparin was associated with a 

high proportion of sub-prophylactic anti-factor Xa levels. Weight-based dose and 

serum albumin level were independent predictors of achieving the prophylactic 

target range. 
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Table 1: Anti-factor Xa levels 

 

Anti-factor Xa 

levels (IU/ml) n (%) 

Mean SD 

All patients 0,25 0.12 73 (100) 

Prophylactic (0.2 – 0.6) 0.33 0.09 44 (60.3) 

Sub-prophylactic (< 0.2) 0.13 0.03 29 (39.7) 
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Table 2: Comparison of patient characteristics  

 

Characteristics 

Groups 
 

p-value All (n=73) Prophylactic 
Sub-

prophylactic 

 n (%) 
 

0.475 
Male  41 (56.2) 23 (56.1) 18 (43.9) 

Female  32 (43.8) 21 (65.6) 11 (34.4) 

 Mean (SD)  

Age (years) 39.7 (16.2) 37.9 (16.9) 42.3 (15.0) 0.253 

Weight (kg) 74.1 (19.4) 68.9 (13.4) 80.5 (25.0) 0.043 

BMI (kg/m2) 27.1 (7.8) 25.3 (5.0) 29.8 (10.3) 0.036 

APACHE II 

score 
11.5 (6.0) 10.4 (4.6) 13.2 (7.3) 0.045 
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Table 3: Comparisons between groups for serum albumin and total bilirubin 

levels  

 

Test 

Groups  

p-

value 
All Prophylactic 

Sub-

prophylactic 

 

Total bilirubin 

(µmol/l) 

Median (IQR) 
 

0.110 8.0 (5.5 – 13.0) 8.0 (5.0 – 10.0) 11.0 (6.0 – 21.5) 

Serum albumin 

(g/l) 

Mean (SD) 
 

0.007 31 (10.4) 34.4 (10.5) 27.8 (9.0) 
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4.1 Introduction and problem statement 

Veno-thromboembolism (VTE) is a known complication in the peri-operative period 

in patients with decreased mobility in hospital (1). Despite VTE prophylaxis, 

patients still suffer from VTE complications (2). The incidence of VTE in Australia 

in 2014 was around 2 per 1000 patients annually with a mortality of 8% despite 

prophylaxis (3). The survival following VTE is shown to be worse if the patient 

suffered a pulmonary embolism compared to a deep vein thrombosis (4). 

Identifying patients that are at risk of developing VTE is important in determining 

who should be receiving prophylaxis. Risk factors are identified by their ability to 

induce the coagulation cascade thereby forming thrombi (5,6). Patients with 

immobile states such as the critically ill or surgical patients are at an increased risk 

of developing VTE (5). Human immunodeficiency virus – infected patients have an 

increased risk of developing VTE, as high as 18%, without the peri-operative risk 

factors (6). 

Preventative strategies can be divided into mechanical, pharmacological and 

surgical (5). The correct preventative strategy should be chosen according to the 

risk stratification of each patient (7,8). The standard practise for VTE prophylaxis is 

to use enoxaparin sodium (7,9), which will now be referred to as enoxaparin. The 

recommended dose of enoxaparin is 40 mg daily subcutaneously due to its low 

side effect profile and ease of administration (7). 

Enoxaparin is a low molecular weight heparin (LMWH) (10). LMWHs have a 

smaller chain structure than unfractionated heparin, therefore, they have more 

anti-Xa factor activity (10,11). Maximal plasma doses are reached within two hours 

with peak effect at four hours with a half-life of four and a half hours (10,11). The 

tests for LMWHs are limited by its structure (12). Factor Xa assays are used to 

monitor anti-factor Xa levels in the blood plasma (13). 

VTE associated events still occur despite prophylaxis. VTE prophylaxis using 

enoxaparin 40 mg subcutaneously is standard treatment in patients in the 

intensive care unit (ICU) at Chris Hani Baragwanath Academic Hospital (CHBAH), 

provided there are no contraindications. However, it is not known whether this 
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dose provides adequate prophylactic levels in these patients. The prophylactic 

range is described as between 0.2 – 0.6 IU per ml internationally (9). Reasons as 

to why patients may fall out of this described range may be due to several patient 

variables. These variables include the patient’s age, weight, body mass index, 

estimated glomerular filtration rate (eGFR), liver function and severity of illness. 

4.2 Aim and objectives 

4.2.1 Aim 

The aim of this study is to determine the anti-factor Xa levels in patients receiving 

prophylactic enoxaparin in CHBAH ICU. 

4.2.2 Objectives 

The primary objective of this study is to determine the anti-factor Xa levels in 

patients receiving prophylactic enoxaparin following the second dose administered 

in the ICU. 

The secondary objectives of this study are to: 

 describe and compare the following factors between the prophylactic and 

the sub- prophylactic groups:  

o age 

o sex 

o weight 

o body mass index 

o total bilirubin 

o albumin 

o severity of illness (Apache II score). 
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4.3 Research assumptions 

The following definitions will be used in this study. 

Adult: is a person 18 years and older. 

Prophylactic enoxaparin dose: in this study it is 40 mg daily subcutaneously at 

06:00 (7). 

Anti-Xa reference range: ranges defined by the Coagulation Laboratory of the 

National Health Laboratory Service (NHLS) in IU per ml are: 

 Sub – prophylactic < 0.2 

 Prophylactic 0.2 – 0.6 

 Therapeutic > 0.6. (9)  

Prophylactic: in this study will include patients with factor Xa levels of between 

0.2 – 0.6 IU. 

Sub-prophylactic: in this study will include patients in the sub-therapeutic (< 0.2 

IU) factor Xa levels.  

Renal impairment: in this study will be an eGFR of less than 60 mls per minute 

(14). 

4.4 Demarcation of study field 

The study will be conducted in the ICU at CHBAH, affiliated to the Faculty of 

Health Sciences of the University of the Witwatersrand. CHBAH is a 2 888-bed 

central hospital. The staff complement of the department is 14 consultants, 14 

fellows, 9 registrars and 17 medical officers. CHBAH ICU accommodates both 

adult and paediatric patients and has a total of 27 beds. On average, there are 750 

admissions per year. 
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4.5 Ethical considerations 

Approval to conduct this study will be submitted to the Human Research Ethics 

Committee (Medical) and the Graduate Studies Committee of the University of the 

Witwatersrand. Permission to conduct this study at CHBAH will be obtained from 

the Medical Advisory Committee (Appendix 1). Approval for this study at CHBAH 

ICU was obtained from the Head of the ICU (Appendix 2). 

Patients who qualify for the study will be approached in CHBAH ICU and if 

patients are able to consent, the details of the study will be explained, and they will 

be given an information letter (Appendix 3.1). Informed consent will be obtained 

from the patient (Appendix 3.2). If the patient is unable to consent, the surrogate 

decision maker will be approached and asked if the family member can be 

included in the study. If they agree, the study will be explained, and they will be 

given an information letter (Appendix 4.1). Informed consent will be obtained from 

the surrogate decision maker (Appendix 4.2). A surrogate decision maker is 

defined by the National Health Act (No. 61 of 2003) (15) in this order: a spouse or 

partner, parent, grandparent, an adult child or sibling. When the patient can give 

consent, the patient will be approached, and it will be explained to them that 

consent was given on their behalf. The details of the study will be explained, and 

they will be given an information letter (Appendix 5.1). Deferred consent will then 

be obtained from the patient (Appendix 5.2). If the patient withdraws or is not 

willing to partake in the study, their decision will not influence the standard of 

medical care they receive, and their samples will not be used. 

The anti-factor Xa levels will be done in batches, it will not be known at the time 

the patient is in ICU if their prophylaxis treatment is appropriate and, therefore, no 

adjustments to treatment can be made. 

Data will be stored securely for six years after completion of the study, in a locked 

cupboard for laboratory result sheets and electronically on a password protected 

database for electronically captured data. Patients’ anonymity will be ensured by 

allocating a study number to each patient. A list with the patients’ names, hospital 

and study numbers will be stored separately in a secure location. Raw data will 

only be accessed by the researcher and supervisors to maintain confidentiality. 
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The study will be conducted according to the principles of the Declaration of 

Helsinki (16) and the South African Guidelines for Good Clinical Practice (17). 

4.6 Research methodology 

4.6.1 Research design 

A prospective, contextual, cross-sectional research design will be followed in this 

study. 

 

A prospective study collects data over a period from the commencement of the 

study (18). This is a prospective study as data is collected as new patients are 

enrolled into the study. 

 

A contextual study is defined as a study intending to answer the research question 

in a specific group (19). The study that has been proposed is contextual as it aims 

to determine anti-factor Xa levels in critically ill patients at CHBAH. 

 

A cross-sectional study observes variables at a fixed point in time and allows the 

researcher to look at a variety of variables without manipulation (18). This is a 

cross-sectional study as it provides information on a variety of variables and their 

influence on the outcome at one point in time. 

4.6.2 Study population 

The study population of this study is patients receiving prophylactic enoxaparin 

admitted to CHBAH ICU. 

4.6.3 Study sample 

Sample size 

The minimum sample size calculated using STATA (StatSoft, USA) for the primary 

objective is equal to 68 based on a mean reference range of 0.50 IU and the 

estimated mean of 0.42 IU with a standard deviation of 0.2, a power of 90% and a 

significance level of 0.05. For the secondary objective, the sample size is 



58 

approximately 75 based on 10 – 15 individuals per independent variables (multiple 

linear regression). 

Sampling method 

The sampling method describes how the patients in the study are selected from 

the population group. The method used in this study is a convenience sampling 

method. Convenience sampling refers to a non-random selection of the sample as 

they are in the right place at the right time (18). 

Inclusion and exclusion criteria 

The inclusion criteria for this study are: 

 adult patients 

 patients receiving 40 mg of enoxaparin. 

The exclusion criteria in this study are: 

 patients with renal impairment 

 patients that did not receive a 06:00 dose of enoxaparin 

 blood samples collected at the incorrect time 

 blood samples for testing that are not stored correctly 

 patients’ anti factor Xa levels falling into the therapeutic range. 

4.6.4 Data collection 

The data will be collected by the researcher. All patients will be screened daily for 

admission into the study. Relevant information from the patients will be recorded 

on a data collection sheet (Appendix 6). A study number will be assigned to each 

patient. Data will be captured onto a Microsoft excel® spreadsheet for data 

analysis.  
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Timing of blood sampling 

Enoxaparin is usually administered at 06:00 to each patient and signed for by the 

nursing staff administering the drug. Peak plasma levels of anti-factor Xa levels 

are between 2 – 4 hours after administration. Blood sampling will be at 09:00, 

which is three hours after the second dose administered in the ICU. 

Collection of blood samples 

Blood samples will be collected, by the researcher in a sterile manner to prevent 

contamination, on the morning the patient receives the second dose of enoxaparin 

in ICU. The blood samples will be collected in the following standardised manner: 

 using sterile non-heparinised syringes and needles 

 preferentially by using the injection ports of invasive lines rather than by 

venipuncture, with arterial lines being the preferred choice. 

If invasive lines are being used to collect blood samples. The blood samples will 

be collected by: 

 first cleaning the ports of these lines to ensure sterility  

 temporarily stopping infusions connected to these injection ports, if there is 

no harm to the patient in doing so, and to avoid contamination of the blood 

sample 

 using a two-syringe technique (two sterile 5 ml syringes) 

 drawing 5 mls of blood into the first syringe, which is the dead space 

volume of the line used 

 drawing 5 mls blood into the second syringe, which will be injected into a 

citrated blood specimen tube.  

If there are no invasive lines or an invasive line that cannot be used, venipuncture 

will be used. Blood samples will be collected: 
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 by using an aseptic venipuncture technique to obtain the required 5 ml 

blood sample 

 one 5 ml syringe will be required for this technique 

 ensuring haemostasis at the puncture site by applying manual pressure for 

one minute then applying a dressing. 

Storage and testing of blood samples 

Blood samples will be immediately be put in a -20° C freezer in ICU (20). The 

freezer temperature is monitored, and the ICU has a back-up generator. The 

researcher will transport the frozen specimens to the NHLS laboratory at CHBAH 

in a cooler bag in batches of 10 for testing. 

4.6.5 Data analysis 

A Microsoft Excel® spreadsheet will be used to capture data. Data will be 

analysed in consultation with a biostatistician using the statistical program STATA 

version 13.1 (StataCorp, USA). Categorical variables will be described using 

numbers and percentages and continuous variables using means and standard 

deviations or medians and interquartile ranges depending on the distribution of the 

data. Unpaired t-tests will be used to compare normally distributed data and Mann-

Whitney tests for data not normally distributed. A p-value of 0.05 or less will be 

considered statistically significant. 

4.7 Significance of the study 

This study aims to determine anti-factor Xa levels to determine if the standard 

dose of enoxaparin 40 mg subcutaneously is adequate to achieve prophylactic 

levels in critically ill patients at CHBAH ICU. Should levels not be adequate the 

dose of enoxaparin should be adjusted in future patients. This may help decrease 

VTE complications, thereby increasing patient safety and decreasing hospital stay 

time. 
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4.8 Validity and reliability of the study 

Validity refers to whether the conclusions made by the study are justified 

according to the design and interpretation (21). Reliability of a study refers to the 

consistency of data obtained from the patients over the study period (22). 

Validity and reliability of the study will be ensured by: 

 using an appropriate study design 

 applying appropriate statistical testing and sample size calculations in 

consultation with a biostatistician 

 using a standardised blood sample collection technique 

 standardised storage and transport to the laboratory 

 using a single laboratory, with good laboratory practice, to process blood 

samples to reduce the risk of error 

 analysing data in consultation with a biostatistician. 

4.9 Potential limitations 

The study is limited to critically ill patients at CHBAH ICU and patient numbers 

may be difficult to achieve due the size of the ICU. Convenience sampling of 

patients is not random, so there may be an element of being bias (18). The study 

depends on nursing staff administrating the drug at 06:00. 

The timing of the collection of blood samples may influence the results of anti-

factor Xa levels. To decrease the probability of this occurring, a standardised 

technique has been described. 
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4.10 Project outline 

4.10.1 Time frame 

Activity 
2019 2020 

July Aug Sep Oct Nov Dec Jan Feb Mar Apr 

Literature review 
          

Proposal 
preparation 

          

Proposal 
submission 

          

Ethics approval 
          

Postgraduate 
approval 

          

Data collection 
          

Data analysis 
          

Draft article 
          

Submission 
          

4.10.2 Budget 

The University of the Witwatersrand Department of Anaesthesiology will incur the 

costs of paper and printing for the postgraduate application. The Critical Care 

Society of Southern Africa Research and Education fund and the Jan Pretorius 

Research fund will be approached for funding of the proposed M Med. If 

applications to these two funds are unsuccessful pharmaceutical companies will 

be approached. Any shortfall will be covered by the primary researcher. 
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Item 
Price 
per 

page 

Number 
of 

pages 
Copies 

Price per 
patient Total 

Proposal 1 15 10  R 150 

Post graduate form 1 2 6  R 12 

Complete report 1 100 4  R 400 

Factor Xa assays    763.40 R 57 225 

Grand total 
 

 
 

 R 57 817 
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4.12 Appendices 

Appendix 1: Letter to the Medical Advisory Committee 

To the Medical Advisory Committee 

I am requesting permission to perform a research project for my Master in 

Medicine in Anaesthesia at Chris Hani Baragwanath Academic Hospital (CHBAH) 

intensive care unit (ICU). Access to patient information and a blood sample will be 

required for this study. The study was approved by the Graduate Studies 

Committee and the Human Research Ethics Committee (Medical) of the University 

of the Witwatersrand (M190833 MED19-08-050). The director of CHBAH ICU, Prof 

Mathivha, has also approved this study. 

The title of my M Med is Factor Xa levels in patients receiving prophylactic 

enoxaparin sodium in the intensive care unit of an academic hospital. 

I will be looking at veno-thromboembolism prophylaxis with the use of enoxaparin 

sodium to determine if the current guidelines recommendation provides adequate 

prophylaxis for all patients. This will be done by measuring anti-factor Xa levels. 

The blood samples will be measured by the National Health Laboratory Service at 

CHBAH. There will be no cost to the hospital or the ICU. 

Adequate prophylaxis may help reduce ICU stay, morbidity and mortality by veno-

thromboembolism in these patients. 

 

Yours Faithfully 

 

Dr Mayank Mukeshbhai Baloo 

Registrar 

Department of Anaesthesiology 

083 528 0294 
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Appendix 2: Approval letter to conduct research at CHBAH ICU 
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Appendix 3.1: Patient information letter 

Dear Sir/Madam 

My name is Mayank Mukeshbhai Baloo and I am a doctor at Chris Hani 

Baragwanath Academic Hospital. I am training to be an anaesthesiologist who is a 

doctor that puts people to sleep when they come for an operation. As part of my 

training I need to do a research study and I would like to invite you to be a part of 

my study. 

Most patients in ICU are in bed and do no move a lot so blood clots can form in 

their legs. Patients that are very ill are admitted to the intensive care unit (ICU). 

These blood clots can travel to your hearts and lungs and can make them more ill. 

This is called a veno-thromboembolism. We do not want this to happen to you. To 

prevent this, we will give you an injection, which is normal practice, every morning 

under your skin, called enoxaparin. 

We would like to do a blood test to see how much medicine is in your blood and is 

it enough to stop clots forming. We will need about 10 mls of blood which is about 

2 teaspoons. We will try to take this blood from a drip that is already running and 

not prick you. If we cannot use the drip you have, we will need to take blood from a 

vein. This involves you getting a small prick. Taking your blood will only take 1 to 2 

minutes. 

It is your choice if you want to take part in my study or not. If you do not want to 

take part the treatment you receive will not change in any way. If you do agree to 

take part but change your mind later, you can tell us, and we will not use your 

blood. There is no cost to you if you take part in this study. We will not know the 

results of your blood test immediately so you will not benefit from this study, but it 

will allow us to help other patients in the future. 

Some of your personal information will be collected but it will be kept private and 

stored under lock and key and no one will know your name. If you agree to take 

part in this study, I will ask you to sign a consent form. 
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The study was approved by the Human Research Ethics Committee (Medical) of 

the University of the Witwatersrand (M190833 MED19-08-050). They make sure 

there is no harm to you. If you wish to contact them, the details are as follows: 

Professor Penny (chairperson) can be contacted on telephone number 011 717 

2301 or by email on Clement.Penny@wits.ac.za, the committee secretariats on 

telephone numbers 011 717 2700/1234 and the email addresses are 

Zanele.Ndlovu@wits.ac.za and Rhulani.Mkansi@wits.ac.za. If you have any 

questions and wish to contact me, my telephone number is 011 933 9335. 

Thank you for taking the time to read this letter. 

Dr Mayank Mukeshbhai Baloo 
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Appendix 3.2: Patient consent form 

Consent to participate in the study titled: Factor Xa levels in patients 

receiving prophylactic enoxaparin sodium in the intensive care unit of an 

academic hospital 

I have read the information sheet attached or it has been explained and read to 

me. I had a chance to ask questions and any questions that I may have had, have 

been answered to my satisfaction. If any more questions arise, I have been given 

contact details of the people to ask. I understand that my personal information will 

be kept private. I hereby give my consent voluntarily to participate in this study. I 

consent to my blood being taken and tested for anti-factor Xa levels. 

Print name of participant   

 

Signature 

Date (day/month/year)  

 

Print name of witness 

 

Signature 

Date (day/month/year)  

 

I as the researcher/individual taking consent have accurately read out the 

information sheet explained the study to the patient to the best of my ability. I have 

explained that the study may have no direct benefit to the patient but may help 

patients in the future. I confirm that the patient had ample time to ask questions 

and any questions that may have arisen have been answered. I confirm that 

consent has been given freely and voluntarily. 
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Print name of researcher/individual taking consent 

 

Signature of researcher/individual taking consent 

Date (day/month/year) 
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Appendix 4.1: Family information letter 

Dear Sir/Madam 

My name is Mayank Mukeshbhai Baloo and I am a doctor at Chris Hani 

Baragwanath Academic Hospital. I am training to be an anaesthesiologist who is a 

doctor that puts people to sleep when they come for an operation. As part of my 

training I need to do a research study and I would like to invite your family member 

to be a part of my study. 

Most patients in ICU are in bed and do no move a lot so blood clots can form in 

their legs. Patients that are very ill are admitted to the intensive care unit (ICU). 

These blood clots can travel to your hearts and lungs and can make them more ill. 

This is called a veno-thromboembolism. We do not want this to happen to your 

family member. To prevent this, ICU staff will give your family member an 

injection, which is normal practice, every morning under their skin, called 

enoxaparin. 

We would like to do a blood test to see how much medicine is in your family 

member’s blood and is it enough to stop clots forming. We will need about 10 mls 

of blood which is about 2 teaspoons. We will try to take this blood from a drip that 

is already running and not prick your family member. If we cannot use the drip they 

have, we will need to take blood from a vein. This involves your family member 

getting a small prick. Taking their blood will only take 1 to 2 minutes. 

It is your choice if you want your family member to take part in my study or not. If 

you do not want your family member take part, the treatment they receive will not 

change in any way. If you do agree to take part on their behalf but change your 

mind later, you can tell us, and we will not use your family member’s blood. There 

is no cost to you or your family member if they take part in this study. We will not 

know the results of their blood test immediately so your family member will not 

benefit from this study, but it will allow us to help other patients in the future. 

Some of your family member’s personal information will be collected but it will be 

kept private and stored under lock and key and no one will know their name. If you 
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agree to take part in this study on their behalf, I will ask you to sign a consent 

form. 

The study was approved by the Human Research Ethics Committee (Medical) of 

the University of the Witwatersrand (M190833 MED19-08-050). They make sure 

there will be no harm to your family member. If you wish to contact them, the 

details are as follows: Professor Penny (chairperson) can be contacted on 

telephone number 011 717 2301 or by email on Clement.Penny@wits.ac.za, the 

committee secretariats on telephone numbers 011 717 2700/1234 and the email 

addresses are Zanele.Ndlovu@wits.ac.za and Rhulani.Mkansi@wits.ac.za. If you 

have any questions and wish to contact me, my telephone number is 011 933 

9335. 

Thank you for taking the time to read this letter. 

Dr Mayank Mukeshbhai Baloo 
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Appendix 4.2: Family member’s consent form on behalf of the 

patient 

Consent to participate in the study titled: Factor Xa levels in patients 

receiving prophylactic enoxaparin sodium in the intensive care unit of an 

academic hospital 

I have read the information sheet attached or it has been explained and read to 

me. I had a chance to ask questions and any questions that I may have had, have 

been answered to my satisfaction. If any more questions arise, I have been given 

contact details of the people to ask. I understand that my family member’s 

information will be kept private. I hereby give consent on behalf of my family 

member voluntarily to participate in this study. I consent to my family member’s 

blood being taken and tested for anti-factor Xa levels. 

Print name of participant   

 

Signature 

Date (day/month/year)  

 

Print name of witness 

 

Signature 

Date (day/month/year)  

I as the researcher/individual taking consent have accurately read out the 

information sheet explained the study to the family member to the best of my 

ability. I have explained that the study may have no direct benefit to the family 

member involved but may help patients in the future. I confirm that the family 
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member had ample time to ask questions and any questions that may have arisen 

have been answered. I confirm that consent has been given freely and voluntarily.  

Print name of researcher/individual taking consent 

 

Signature of researcher/individual taking consent 

Date (day/month/year) 
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Appendix 5.1: Patient information letter post family consent 

Dear Sir/Madam 

My name is Mayank Mukeshbhai Baloo and I am a doctor at Chris Hani 

Baragwanath Academic Hospital. I am training to be an anaesthesiologist who is a 

doctor that puts people to sleep when they come for an operation. As part of my 

training I need to do a research study and I would like to invite you to be a part of 

my study. 

Most patients in ICU are in bed and do no move a lot so blood clots can form in 

their legs. Patients that are very ill are admitted to the intensive care unit (ICU). 

These blood clots can travel to your hearts and lungs and can make them more ill. 

This is called a veno-thromboembolism. We do not want this to happen to you. To 

prevent this, we will give you an injection, which is normal practice, every morning 

under your skin, called enoxaparin. 

We would like to do a blood test to see how much medicine is in your blood and is 

it enough to stop clots forming. We will need about 10 mls of blood which is about 

2 teaspoons. We will try to take this blood from a drip that is already running and 

not prick you. If we cannot use the drip you have, we will need to take blood from a 

vein. This involves you getting a small prick. Taking your blood will only take 1 to 2 

minutes. 

Your family member has already given consent on your behalf. It is your choice if 

you want to take part in my study or not. If you do not want to take part the 

treatment you receive will not change in any way. If you do agree to take part but 

change your mind later, you can tell us, and we will not use your blood. There is 

no cost to you if you take part in this study. We will not know the results of your 

blood test immediately so you will not benefit from this study, but it will allow us to 

help other patients in the future. 

Some of your personal information will be collected but it will be kept private and 

stored under lock and key and no one will know your name. If you agree to take 

part in this study, I will ask you to sign a consent form. 
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The study was approved by the Human Research Ethics Committee (Medical) of 

the University of the Witwatersrand (M190833 MED19-08-050). They make sure 

there is no harm to you. If you wish to contact them, the details are as follows: 

Professor Penny (chairperson) can be contacted on telephone number 011 717 

2301 or by email on Clement.Penny@wits.ac.za, the committee secretariats on 

telephone numbers 011 717 2700/1234 and the email addresses are 

Zanele.Ndlovu@wits.ac.za and Rhulani.Mkansi@wits.ac.za. If you have any 

questions and wish to contact me, my telephone number is 011 933 9335. 

Thank you for taking the time to read this letter. 

Dr Mayank Mukeshbhai Baloo 
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Appendix 5.2: Patient deferred consent form 

Consent to participate in the study titled: Factor Xa levels in patients 

receiving prophylactic enoxaparin sodium in the intensive care unit of an 

academic hospital 

I have read the information sheet attached or it has been explained and read to 

me. I had a chance to ask questions and any questions that I may have had, have 

been answered to my satisfaction. If any more questions arise, I have been given 

contact details of the people to ask. I understand that my personal information will 

be kept private. I understand that consent has been given previously on my behalf. 

I hereby give my consent voluntarily to participate in this study. I consent to my 

blood being taken and tested for anti-factor Xa levels. 

Print name of participant   

 

Signature 

Date (day/month/year)  

 

Print name of witness 

 

Signature 

Date (day/month/year)  

I as the researcher/individual taking consent have accurately read out the 

information sheet explained the study to the patient to the best of my ability. I have 

explained that the study may have no direct benefit to the patient but may help 

patients in the future. I confirm that the patient had ample time to ask questions 

and any questions that may have arisen have been answered. I confirm that 

consent has been given freely and voluntarily. 
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Print name of researcher/individual taking consent 

 

Signature of researcher/individual taking consent 

Date (day/month/year) 
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Appendix 6: Data collection sheet 

 

Patient Number:  

 

Anti-factor Xa level  

Age  

Sex  

Weight  

Body mass index (BMI)  

Total bilirubin  

Serum albumin  

Severity of illness (APACHE II)  
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Section 5: Annexures 

5.1 Ethics approval 

 

01 November 2019 
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5.2 Permission to conduct research 
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5.3 Graduate studies approval 
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5.4 Turnitin report 
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