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ORIGINAL ARTICLE

Abstract 
Subarachnoid haemorrhage (SAH) is spontaneous arterial bleeding into the subarachnoid space which is associated with 
high mortality and morbidity. To aid diagnosis, cerebrospinal fluid (CSF) can be examined for xanthochromia which is 
yellow discoloration, indicating the presence of bilirubin. The Department of Pathology offers a Monday-Friday (08:00-
17:30), state-wide service for the detection of CSF xanthochromia. We audited our current service to assess clinical 
utility and the feasibility of offering a 24-hour laboratory CSF xanthochromia service. Seventy-eight CSF samples were 
received for xanthochromia testing from 2017-2018. There were no samples in which SAH was detected, and in one third 
of samples the patient was discharged prior to receiving the result. We estimated the base cost of offering a 24-hour CSF 
xanthochromia service would be $20,000, and the cost of analysing a sample out of working hours to be $2,600. Given 
the significant number of patients discharged prior to receiving the CSF xanthochromia result, a more targeted approach 
to the utilisation for this testing should be pursued.

Keywords: Subarachnoid haemorrhage, bilirubin, xanthochromia
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negative scan cannot rule out a SAH (Carpenter et al 2016). 
On occasion, patients may warrant further investigation. 
These include (i) a very high pre test probability of SAH in 
the setting of a negative NC-CTB, (ii) a negative NC-CTB 
performed greater than 6 hours after symptom onset or 
(iii) an inconclusive NC-CTB. In those patients where further 
investigation is warranted, the most common next step is 
to perform a lumbar puncture (LP) for cerebrospinal fluid 
(CSF) xanthochromia and red blood cell (RBC) clearance. 
In patients with clinical symptoms suggestive of SAH, but 
a normal NC-CTB, the sensitivity of xanthochromia in CSF 
has been reported to be 100%, with a specificity of 75%, 
and a positive predictive value of 3.3% (Wood et al 2005). 
Given the low prevalence of SAH, it is suggested that 0.4%
of LPs will be positive (Sayer et al 2015).

The Royal Hobart Hospital (RHH) is the largest public 
hospital in the state of Tasmania and provides a service to 
approximately 250,000 people in the southern region of the 
state. The Department of Pathology, RHH, is the only site 
in Tasmania providing a CSF xanthochromia service, which 
currently operates during normal working hours (Monday 
-Friday; 08:00-17:30) and offers an informal evening and 
weekend service (i.e. samples will only be analysed out 
of hours following discussion with the on call chemical 
pathologist and if trained scientific staff are available). The 
aim of this study was to audit our current service, and to 
assess the clinical utility of the CSF xanthochromia service 

Introduction 
Subarachnoid haemorrhage (SAH) is spontaneous arterial 
bleeding into the subarachnoid space, which is associated 
with high mortality and morbidity. It is estimated that up 
to 10% of patients die immediately without any warning 
symptoms (Perry et al 2011). Furthermore, in the first six 
months after the event, mortality rates can approach 60% 
and survivors are often left with permanent neurological 
deficits (Lantigua et al 2015; Goyale et al 2016). 
Early diagnosis and treatment are therefore critical in 
reducing the otherwise high morbidity and mortality 
associated with SAH.

The diagnosis of SAH remains a diagnostic dilemma with no 
clear evidence for one investigation over another. Currently 
evidence suggests that there is close to 100% sensitivity 
for a negative Non Contrast-Computed Tomography of 
the Brain (NC-CTB) when performed within 6 hours of 
symptom onset. Beyond 6 hours the positive predictive 
value of a NC-CTB falls significantly enough (89%) that a 
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on the management of patients with suspected SAH. We 
also wanted to assess the feasibility of offering a 24-hour 
laboratory CSF xanthochromia service.

Methods

We undertook a retrospective audit of CSF xanthochromia 
requests received from January 2017 to December 2018 (a 
period of 24 months). We reviewed laboratory results for 
all CSF xanthochromia requests. Data collected included 
the date and time of symptoms onset, presentation to the 
emergency department, initial NC-CTB scan, CSF sample 
collection, sample receipt in the laboratory, release of 
result to the clinician, and when the patient was discharged 
from the hospital. The presence of xanthochromia in 
CSF was determined by spectrophotometry using a GBC 
Scientific Equipment, UV/VIS 916 spectrophotometer 
(Braeside, Victoria, Australia), and results reported in 
accordance with international guidelines (Cruickshank et 
al 2008).

Results
Over the period studied, 78 CSF samples (one sample per 
patient) were received for the detection of xanthochromia 
with 95% of samples from the RHH and of these, 90% 
from the Emergency Department. Nine samples were 
not suitable for analysis due to either insufficient volume 
(i.e. less than 500µL of CSF received), or the sample was 
heavily blood stained (i.e. erythrocyte count > 40,000 
x 106/L). Of the 69 samples analysed, there were no 
samples in which xanthochromia positively identified by 
spectrophotometry, including one equivocal result due to 
the presence of both bilirubin and oxyhaemoglobin. 

The median (range) time from onset of symptoms to 
presentation at a hospital was 24 (1-672) hours. In eight 
(12%) samples the NC-CTB scan was undertaken within 
6 hours of symptom onset (median 3, range 2-5 hours). 
Most (93%) LPs were undertaken within 12 hours to 
two weeks of symptom onset (median 32, range 10-241 
hours), with five samples collected within 12 (median 4, 
range 8-10) hours.

Of the 69 samples analysed, 51 (74%) were analysed 
within normal laboratory working hours. The median 
(range) time for sample analysis and reporting of the 
result after receipt into the laboratory was 4 (1-66) hours, 
of which 35 (51%), and 13 (19%) were reported within 
three hours and one hour respectively. A third (15, 29%) 
of patients were discharged from the hospital 28 to 61 
(median 20) hours prior to the CSF xanthochromia result 
being reported. The remaining patients were discharged 
from the hospital (median 13, range <1-410 hours) once 
reporting of CSF xanthochromia results was available.

The analysis of 18 samples, requested as urgent by 
the clinician, were conducted out of working hours. 

Once received in the laboratory, 13 (72%) samples were 
analysed and reported within three hours (median <1, 
range 1-3 hours), and four samples were analysed 4, 7, 11, 
and 41 hours after receipt into the laboratory. All patients 
were negative for CSF xanthochromia. In all patients the 
NC-CTB scan was undertaken after six hours of symptom 
onset (median 48, range 7-240 hours), and all except one 
patient were discharged after receiving the negative CSF 
xanthochromia result (median 3, range <1-282 hours). A 
single patient was discharged 30 hours prior to the CSF 
xanthochromia result being available.

Discussion
Our study confirms the low detection rate of SAH by CSF 
xanthochromia reported by other investigators who have 
found that less than 1% of patients where the NC-CTB scan 
was normal, CSF xanthochromia identified a SAH (Wood 
et al 2005; Goyale et al 2016; Bakr et al 2017; Ahmed 
et al 2017). Nevertheless, there remains the need for 
further investigations in some NC-CTB negative cases due 
to the high mortality and morbidity associated with SAH, 
especially if the NC-CTB scan is performed greater than 
six hours after the onset of symptoms - a time after which 
the sensitivity of CT for detecting SAH declines (Carpenter 
et al 2016). 

We identified a significant number of patients being 
discharged prior to the xanthochromia result being 
reported. The natural conclusion here is that the test was 
inappropriately ordered, although through this audit, it 
is unclear why this might be the case. These findings do 
highlight the need for clinicians ordering investigations on 
CSF in the context of suspected SAH, to carefully consider 
which tests will support their clinical decisions and have 
the potential to influence the patient’s management. Other 
investigators have also reported a large number   (36 %) 
of inappropriate CSF xanthochromia requests (Goyale et 
al 2016). The cause in Goyale's study was deemed to be 
due to a confusing electronic requesting system - a cause 
that is not applicable to the audit undertaken here as an 
electronic ordering system is not currently in use within 
the hospital for pathology testing. Interestingly, patients 
where the sample was analysed out of working hours as 
an urgent request, were almost all (except one) discharged 
after receiving the result which therefore also suggests 
an economical incentive for expedited xanthochromia 
analysis.

Within the laboratory the analysis of CSF for xanthochromia 
by spectrophotometry is a technical and non-automated 
procedure that requires appropriately trained and 
experienced scientific staff. Given the relatively few CSF 
xanthochromia requests each year, it is not practical 
to train and maintain the competency of all scientific 

NC-CTB scan was undertaken after 6 hours of symptom

6 hours after the onset of symptoms - a time after which
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staff in the assay. Therefore only a few scientists are 
trained in the assay procedure and interpretation, and 
although appropriately trained staff are usually available 
within normal working hours (i.e. Monday-Friday; 08:30-
17:00), finding an available staff member to analyse an 
urgent sample outside of these hours is often difficult. 
Therefore, testing for CSF xanthochromia should not 
be considered as an automated and easily available assay 
by the requesting clinician.

A thorough cost-benefit  economic analysis  of 
spectrophotometry in the diagnosis of aneurysmal 
SAH is beyond the scope of this paper. However, in our 
organisation, the laboratory cost of analysing a CSF sample 
for xanthochromia is approximately $120 within normal 
working hours, which increases to $400 if a sample requires 
analysis out of hours. With regards to offering a formal 
24-hour CSF xanthochromia service, we have estimated
that the base cost would be approximately $20,000 per
annum (excluding the additional $400 cost per sample
of having the scientist attend on-site and undertake the
analysis). This cost analysis is based on the additional
reagents required, and predominantly the cost of having
a staff member ‘on-call’ out of working hours. The cost
of analysing the 18 out of working hours samples in this
audit would therefore be $2,600 per sample. However an
in-formal out of hours service continues to be provided.

Given the low diagnostic yield of LP for the identification 
of SAH, the laboratory resources required to analyse 
xanthochromia and that in samples analysed routinely, 
a third of patients were discharged prior to receiving 
the result, a more targeted approach to the utilisation of 
xanthochromia ordering should be pursued. In particular, 
the development of a more robust clinical pathway to select 
patients requiring further evaluation with a xanthochromia 
following a non-diagnostic or normal NC-CTB imaging. 
Benefits of this approach would be a reduction in the 
resources required to analyse samples, especially those 
out of routine working hours.

Conclusion
In patients presenting to the ED with suspected SAH, LP is 
still seen to have a role in the diagnostic workup despite 
a low diagnostic yield.. Understanding when to order 
xanthochromia testing should be considered different 
to RBC clearance, and the test requested only if the 
clinician believes it will aid in patient management. Since 
xanthochromia testing is technical and non automated, 
further studies should be undertaken to understand the 
prevalence and cause of inappropriate xanthochromia 
ordering as well as to identify the subset of patients that 
will benefit from an LP as part of the investigation for SAH.
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Introduction
Differentiated thyroid cancer arises from follicular cells of 
thyroid gland and it consists of papillary thyroid cancer and 
follicular thyroid cancer. Papillary thyroid carcinoma (PTC) 
is the most common thyroid carcinoma (80% of cases) and 
is prevalent in the third to fifth decade of life (Gimm et al 
2001). It carries a good prognosis with 10 year survival 
rate of 98%. The older age patients i.e. more than forty-
five-years-old and patients with extra-thyroidal extension 
and distant metastasis have reduced survival rate (Kim et 
al 2015). The main modality for thyroid mass investigation 
is by ultrasonography, a non-invasive procedure able 
to differentiate malignant thyroid mass from a benign 
nodule (Joseph-Auguste et al 2020). The risk stratification 
of malignancy based on ultrasound features, known as 
Thyroid Imaging Reporting and Data Systems (TIRADS), 
is used worldwide. It consists of a 6 point scale for risk 
stratification with increasing risk of malignancy (Russ et al 
2017). Environmental exposure as well as diet and lifestyle 
are known to initiate epigenetic changes that relate to 
carcinogenesis in thyroid malignancy.

Even though PTC grows slowly and has an indolent clinical 
course, recurrences are not uncommon averaging between 
5 to 21% of cases (Wang et al 2019). The predictive factors 
that determine the recurrence include tumour stage, 
extrathyroidal extension and infiltration outside thyroid 
capsule, male sex, lymph node ratio, extranodal spread, 
multifocality and age (Wang et al 2019). The tumour 
commonly invades the adjacent structures including 
recurrent laryngeal nerve, trachea, larynx, oesophagus, 
sternocleidomastoid muscle, and internal jugular vein 
(Zhang et al 2019). Cutaneous metastases in a setting of 
thyroid malignancy are rare occurrence, accounting for 
only 1% of cases (Marquez Garcia et al 2016; Ferreres et 
al 2017; Dahl et al 1997). Among the histological types, 
PTC is the most common thyroid malignancy to present 
with cutaneous metastases.

Surgical removal of the tumour and metastatic lymph nodes 
remains as the primary treatment in differentiated thyroid 
carcinoma. Following the surgical excision, the treatment 
is continued with radioiodine therapy which aims to ablate 
residual tumours, and hence prevent recurrences (Kim 
2015). However, in selected cases, aggressiveness of the 
tumour with infiltration to adjacent vital structures poses 
management challenges. 

Case history
A sixty-one-year-old Malay man was referred to   
Otorhinolaryngology Head & Neck Surgery clinic for a 
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huge anterior neck swelling that had gradually increased 
in size over the past 20 years. In addition, he noticed 
development of multiple nodules and crusting of the skin 
overlying the swelling for the past four months. There was 
no history of traditional massage, prior history of radiation, 
trauma or chronic infection. There was no family history of 
malignancy or thyroid diseases. He denied any obstructive 
symptoms such as dyspnea, dysphagia, odynophagia or 
noisy breathing. He also denied any pain, hoarseness nor 
symptoms of hyper or hypothyroidism.

On examination there was a huge and a well-defined 
anterior neck swelling measuring 20.0cm x 11.0cm that 
extended from posterior border of sternocleidomastoid 
muscle to the contralateral sternocleidomastoid muscle. 
The mass was firm in consistency with multiple necrotic 
nodules on the overlying skin (Figure 1). There was no 
contact bleeding or discharge noted. Nasal-endoscopic 
examination showed no significant findings and 70-degrees 
laryngoscopy examination showed bilateral vocal cord was 
mobile and laryngeal inlet was patent without medialization 
of lateral pharyngeal wall.

An urgent fine needle biopsy was performed from two sites, 
the thyroid mass and the skin nodules. The result revealed 
a papillary thyroid carcinoma with skin infiltration (Figures 
2 and 3). CT scan of the neck was carried out and showed 
a massive thyroid gland mass that extended from C5 to 
T3 vertebral level with local infiltration to the overlying 
skin and bilateral sternocleidomastoid muscles (Figure 
4). The tumour also extended posteriorly to invade the 
prevertebral muscles. The mass effect had caused trachea 
deviation to the left and stenosis of bilateral internal jugular 
veins (Figure 5).

Combining all the findings together, we concluded that the 
tumour was so extensive with involvement of major critical 
structures, namely the trachea, carotid artery, internal 
jugular vein and skin that it was inoperable at this time. The 
patient was referred to the oncology team for neoadjuvant 
chemoradiation. At present he has completed radiation of 
14 Gray and showed a good response (Figure 6). He will 
also receive chemotherapy with doxorubicin 75mg/m2 
every three weeks for total of six cycles.

Discussion
The diagnosis of thyroid malignancy has increased over the 
last decade due to improved diagnostic imaging techniques. 
It was the 14th most common cancer in women over last 20 
years but is now seen as the 5th most common malignancy 
in women (Joseph-Auguste et al 2020). According to our 
local cancer registry, papillary thyroid carcinoma is the 7th 
most common malignancy among males and the 9th most 
common cancer among females in Malaysia (Azizah et al 
2016). Thyroid malignancy usually presents as a painless 
anterior neck swelling which is firm on palpation. In many 
cases, patients only seek treatment after experiencing 
effects such as shortness of breath if the mass compresses 
the trachea, or dysphagia if it extends posteriorly and 
obstructs the oesophagus. In this case the patient only 
sought treatment due to the necrotic nodules over the 
neck despite having the neck mass for past two decades. 
In thyroid malignancy metastasis to cervical lymph nodes 
occurs in about 50% of cases. Distant metastasis is rare 
and usually the sites are lung, bone and liver. However, 
skin metastasis is extremely rare in papillary thyroid 

 

Figure 1. Multiple skin nodules overlying massive thyroid papillary carcinoma with blackish necrotic and crusting foci (red arrows).
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Figure 3. Monolayered sheets of tumour cells with syncytial like-appearance. The cells composed of irregular nuclei, focal 
molding, nuclear grooves (red arrow), fine chromatin and micronucleoli 400x (smear, Papanicolaou stain).

 

Figure 2. The FNAC of thyroid gland composed of high cellularity exhibiting monolayer sheets and occasional papillary like 
fragments (red arrow) 40x (smear, Papanicolaou stain).
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Figure 4. Axial cut of contrasted CT scan of neck showing a heterogenous neck mass with irregular nodular surface with 
skin invasion (red arrow).

Figure 5. Axial view of contrasted CT scan of the neck showed a heterogenous large neck lesion with poor demarcation plane 
with underlying subcutaneous fat tissue (yellow arrow) and narrowing of airway (green arrow). There was calcification at 
right side of trachea (red arrow). 
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carcinoma and can present as a slowly growing nodule or 
ulcer (Reusser et al 2014).

Cutaneous metastasis is an uncommon phenomenon 
in most solid malignancies. The most reported cases 
of malignancy to have cutaneous infiltration is breast 
carcinoma which tend to have chest metastases (Reusser 
et al 2014). In thyroid malignancy, cutaneous metastases 
have been reported to occur in less than 1% of cases (0.06-
0.82%) (Reusser et al 2014). Different histological subtypes 
have different rates of cutaneous metastases, with the 
majority of cases occurring in PTC. The mechanisms that 
underlie cutaneous metastases include direct extension, 
implantation of tumour cells during fine needle aspiration 
cytology, biopsy or surgery, haematogenous spread and 
lymphatic spread. The cutaneous metastases have been 
reported to occur as a slow growing erythematous lesion, or 
mild erythematous nodules which may become ulcerated. 
In the majority of cases, the cutaneous metastases can be 
found on the scalp and head and face region due to rich 
vascularization as well as the neck, supraclavicular, back, 
forearm and flank (Marquez Garcia et al 2016; Ferreres 
-Rieraet al 2017).

It is paramount to understand the clinical and surgical 
anatomy of the thyroid glands in relation to the surrounding 
structures, so that the clinician will be able to anticipate any 
complications arising from any pathology of thyroid gland. 
It will also help the surgeon to perform a refined surgical 
procedure with fewer morbidities. The thyroid gland is 
located at the midline of neck, overlying the second and 
third tracheal rings. Its size varies and generally it weighs 
about 20-25 grams. The thyroid receives blood from 

the inferior and superior thyroid arteries (ITA and STA), 
both being significant landmarks during thyroid surgery 
specifically thyroidectomy (Allen et al 2020). The recurrent 
laryngeal nerves (RLN) enter the posterior part of the gland 
inferiorly, very close to the inferior thyroid artery. The RLN 
can be located above, below or in between the branches of 
ITA. Thus, the ITA serves as a critical landmark to identify 
and preserve the RLN, in order to prevent RLN paralysis 
that can cause hoarseness. Lateral to the gland, the carotid 
artery, internal jugular vein and vagus nerve lie very closely 
to each other in the carotid sheath and are at risk of injury 
during thyroidectomy or neck dissections.

Surgical excision of tumour remains as the first line of 
treatment in papillary thyroid carcinoma. However, in 
certain cases, neoadjuvant external beam radiation and/
or chemotherapy are required especially in extensive 
disease with invasion of the adjacent vital structures 
which can cause increased surgical morbidity. Neoadjuvant 
chemoradiation aims to shrink and downstage the tumour, 
making it operable for a total surgical extirpation. In 
addition, chemoradiation can prevent procedures such 
as tracheal resection, laryngectomy and oesophageal-
pharyngeal resection (Dang et al 2016) that can significantly 
affect the patient's quality of life in post-operatively.

It is important to achieve a complete surgical resection 
as locoregional recurrence is the cause of death in the 
majority of patients. In addition, it is also essential to 
include the cervical-central compartment neck dissection 
to minimize the risk of locoregional recurrence (Gimm 
et al 2001). Therefore, radioactive iodine-131 ablation 
(RAI) treatment following tumour excision is necessary 

Figure 6. Thyroid mass after completion of radiation and two cycles of chemotherapy courses. The tumour mass has reduced in size 
with no new nodule appearance. There was skin hyperpigmentation due to post radiation effect (green arrows).

 

 

-Riera et al 2017).
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to eliminate the remaining microscopic tumour cells that 
cannot be removed intraoperatively. It also benefited cases 
of thyroid cancer with neck nodes and distant metastasis.

Neoadjuvant therapy administration of therapeutic 
agents before a main treatment aims to reduce the size of 
tumour so that the surgical morbidities can be lessened. 
In thyroid malignancy, neoadjuvant therapy can be 
chemotherapy, radiotherapy or targeted therapy using 
tyrosine kinase inhibitor (Dang et al 2016). Neoadjuvant 
radiation is associated with risk of fibrosis which may lead 
to bleeding and difficulties in later surgery due to distortion 
of anatomical structures, abnormal vascularization and 
presence of significant fibrotic tissues. Thus, preoperative 
patient optimization and a proper surgical plan is crucial 
in overcoming these serious complications.

Neoadjuvant chemotherapy is rarely used due to limited 
benefit and high toxicity. It can be applied as monotherapy 
or as combination chemotherapy in the palliative setting. 
Doxorubin is commonly used. It is known as ‘red devil’ as 
it causes redness, swelling and painful redness of soles 
and palm, red urine, cardiomyopathy and skin and nail 
discoloration. Chemotherapy is a last treatment option 
and typically reserved for RAI refractory cases.

Conclusion
Aggressive thyroid malignancy is uncommon and limited 
disease can be cured with thyroid surgery plus neck 
dissection and adjuvant radioactive iodine ablation. In cases 
of extensive tumour with carotid arteries encasement and 
skin metastases, the issues of surgery need to be carefully 
weighed as high morbidities are expected from the surgery. 
Neoadjuvant chemoradiation can downstage the tumour 
and make tumour operable with fewer morbidities, 
providing patients with a better quality of life.
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Abstract
Platelet surface glycoproteins CD42a and CD62P are indicators of processes leading to platelet activation and aggregation. 
Quantitative assessment of the expression of platelet surface receptors by flow cytometry seems to be useful to detect 
prothrombotic changes of haemostasis. We compare the results of CD42a and CD62P expression detected by flow 
cytometric analysis between samples of whole blood (WB) and platelet-rich plasma (PRP) of 50 Caucasian healthy blood 
donors. In PRP, there is lower platelet reactivity and greater and potentially misleading influence of antiplatelet drugs. 
Comparative analysis of the co-expression of CD42a-fluorescein isothiocyanate (FITC) / CD62P-phycoerythrin (PE) in 
WB and PRP in healthy blood donors revealed that isolation of PRP affects platelet activation in a statistically significant 
manner (p< 0.0005). The reliability of platelet function testing can be improved by using WB.
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Introduction
Many platelet membrane receptors mediate signal 
sensing and the transmission of these signals is involved in 
the transport of various substances across the membrane. 
Besides  the conventional receptors, platelet-specific 
glycoproteins (GPs) play an essential role on the surface 
of platelets. Alterations in the structure or function of 
platelet GPs may contribute to hemostasis disorders. 
Up to now more than 50 membrane GPs have been 
detected that mediate specific processes after binding 
site occupation. Receptors used to initiate activation 
and/or stimulation of mediators of hemostasis are also 

present on the platelet membrane (Clemetson 2015; De 
Cuyper et al 2013). 

CD42a (glycoprotein (GP) IX) is a 22-kDa transmembrane 
protein associated with CD42b, CD42c and CD42d to form 
the GP Ib-V-IX complex. Following an insult, an interaction 
between the GPIb-V-IX complex on the platelet surface 
with von Willebrand factor mediates platelet adhesion 
to subendothelial structures and contributes to their 
subsequent activation. 

P-selectin (CD62P) acts as one of the cell adhesion molecules 
on the surface of activated platelets (Clemetson 2015; 
Staško et al 2011; Andrews and Berndt 2013; Evangelista 
and Smyth 2015). In non-activated platelets, P-selectin is 
stored in α-granules. In non-activated endothelial cells, it is 
stored in granules called Weibel-Palade bodies (McEver et 
al 1989). The expressed P-selectin is involved in elimination 
of activated platelets from the circulation and mediates 
adhesion of neutrophils and monocytes to endothelial cells 
and thrombi (Staško et al  2011).
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Diagnostics of platelet-mediated disorders of haemostasis 
requires testing of platelet function with the aid of 
quantitative assessment of platelet surface receptors by 
flow cytometry (Nurden et al 2012). Flow cytometry is a 
technique that allows qualitative and quantitative analysis 
of optical and fluorescence characteristics of individual 
particles, mostly cells, in suspensions (Nieuwland and 
Sturk 2010).

We report on some clear and highly significant evidence 
of the usefulness of the preference of whole blood (WB) 
samples over platelet-rich plasma (PRP) in experiments 
detecting platelet activation by flow cytometry in humans. 
This study proves the advantages of the use of WB method 
to avoid any misinterpretations of results needed to make 
treatment decisions in patients affected by platelet function 
abnormalities.

Materials and methods
Our study included 50 Caucasian healthy blood donors – 
62% (31) men and 38% (19) women, mean age of 34.5 ± 
9.4 years (the youngest donor was 19 years old and the 
oldest was 59 years old) with no medication or chronic 
disease (e.g. without administration of calcium flux 
inhibitors or adenosine diphosphate (ADP) inhibitors). 
Further inclusion criteria were ages between 18-60 years 
old and agreement with participation in the study. Exclusion 
criteria were recent history of ischemic stroke and other 
clinically significant forms of thrombosis or increased risk 
of thrombosis associated with disorder of haemostasis, 
a quantitative or qualitative platelet disorder, and any 
relevant chronic disease requiring medication influencing 
the function of platelets. 

In each of the included individuals, CD42a and CD62P 
expression in WB and PRP was determined in parallel using 
flow cytometry and temperature during the preparation 
of PRP was 22°C. 

Blood samples were collected only in single-use 
vacutainer tubes with 3.2% (0.109 mol/l) sodium citrate 
as anticoagulant. 

For the determination of CD62P in PRP, anticoagulated 
samples were centrifuged at 200g for 10 minutes, and 
the supernatant used. Platelet GPs were analyzed on a 
FACSVerse flow cytometer (Becton Dickinson & Co, San 
Jose, California). Fluorochrome-conjugated anti-CD42a/
fluorescein isothiocyanate (FITC) (clone SZ1, isotype mouse 
IgG1, Beckman Coulter, San Diego, USA) and anti-CD62P/ 
phycoerythrin (PE) (clone AC1.2, isotype mouse, IgG1, ĸ, 
Becton Dickinson) monoclonal antibodies were used for 
direct two-color surface immunophenotyping. For each 
sample, a minimum of 10,000 events were acquired and 

data were analyzed using the FACSuite acquisition / analysis 
software. 

A typical example of CD42a and CD62P co-expression on 
platelets in WB (Figure 1 A,C) and PRP (Figure 1 B,D) is 
demonstrated in Figure 1. Two major gating strategies for 
platelet analysis were traditionally used. Platelets were 
either identified by their light scattering characteristics 
(population “Platelets” in Figure 1 A,B) or a combination 
of a gate in a scattergram and surface expression of a 
constitutive platelet marker (e.g. CD42a). Thus, in practice, 
when we detected the expression of CD42a by the FITC 
fluorochrome, we localized the platelets – based on this, 
we designed the gate. This gate was then used also for the 
detection of the coexpression of CD42a/CD62P. For the 
positive control, the activation of platelets with ADP with 
the final concentration of 10 uM (CD42a-FITC/CD62P-PE) 
was used. Negative control was performed with isotypic 
control IgG1/IgG2 (FITC/PE). 

To illustrate our data, we chose quadrant statistical analysis 
of events gated in the platelet region in the forward scatter/
side scatter (FSC/SSC) dot plot as shown in Figure 1. As 
we used fluorescent probes FITC and PE for 2-colour flow 
cytometry, data for each antibody alone in WB and PRP 
separately are shown in Figures 2 and 3. 

The relative proportion of activated (CD62P-positive, 
CD62P+) platelets within the whole platelet population 
was then calculated as the percentage of CD42a+CD62P+ 
events (Q2 in Figure 1 C,D) among all CD42a+ events (Q2 
and Q4 events) gated as platelets in the FSC/SSC diagram 
(“Platelets”). The statistical analysis was performed using 
the statistical software STATISTICA, version 8. For the testing 
of the hypothesis, two types of tests were used – non-
parametric paired Wilcoxon test for the comparison of two 
related samples and non-parametric Mann-Whitney test for 
the comparison of 2 independent samples. P value < 0.05 
was considered as statistically significant. 

All the work was conducted with the formal approval of 
the Ethics Committee of the Jessenius Faculty of Medicine 
in Martin. 

All the procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee 
and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards.

Informed consent was obtained from all individual 
participants included in the study. 

All measurements are reported using International System 
of Units (SI).
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Figure 2. Expression of CD42a and CD62P separately in WB.

Figure 1. Comparison of the expression of CD42a and CD62P by platelets in samples of whole blood (WB) (A and C) and 
platelet-rich plasma (PRP)(B and D)..
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Figure 3. Expression of CD42a and CD62P separately in PRP. 

Figure 4. Statistical analysis of activated platelet populations in PRP and WB samples of 50 healthy donors.
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Figure 5. Proportions of activated (CD62+) cells in the platelet (CD42a+) population in whole blood (black bars) and PRP (black 
bars plus grey lines) in individual donors.

Results
In the example given in Figure 1, 8.8% (100% x 8.5 / 
(8.5+88.1)) and 17.8% (100% x 16.7 / (16.7+77.2)) of 
activated platelets were present in the WB sample and 
PRP respectively. Thus in the same blood sample, twice 
as many activated platelets were found in PRP compared 
with the WB sample.

Moreover, comparative analysis of the co-expression 
CD42a-FITC / CD62P-PE in WB and PRP in healthy blood 
donors revealed that isolation of PRP affects the platelet 
activation in a statistically significant manner (p< 0.0005) 
(Figure 4, Table 1). 

Figure 5 shows results in individual donors. In individual 
samples, only three out of 50 samples exhibited the 
opposite profile with higher level of activated platelets 
in WB samples than in PRP, but there was only a small 
difference in all three cases and so could be considered as 
random events in terms of the small number error.

The decrease recorded in these three exceptions (donors 
12, 45 and 45 in Figure 5, marked by asterisks) was quite 
small. We did not find any correlation between an increase 
of activated platelet numbers in PRP and the basal (WB) 
platelet activation status: in some cases with low basal 
(WB) activation (e.g. donors No. 1, 14, 18, 25, 30, 35, 44), 
the increase of activated platelet proportion was more 
than 100%, in other donors (e.g. No. 6, 24, 41) higher basal 
activation did not correspond to an excessive increase. 
In addition, a decrease from high basal activation was 
recorded in donor No.50. Overall, 3.57 +/- 3.51(%) more 
activated cells were found in PRP than in WB in individual 
donor analysis.

Discussion
Several studies that detected platelet activation markers 
with the use of flow cytometry on the samples of PRP have 
been performed (Augustine et al 2016; Akrawinthawong 
et al 2014; Yin et al 2017). 

After the addition of thrombin in the lysed samples of WB, 
an increase in the activation of platelets was observed. 
Platelet activation could also be detected by flow cytometry 
showing  the increased expression of CD62P. On the 
contrary, CD62P expression in PRP samples remained 
static. It is suggested that the preparation of PRP provokes 
premature platelet activation (Augustine et al 2016).

In the absence of the addition of an exogenous platelet 
agonist, WB flow cytometry may detect the activation 
state of circulating platelets by binding of an activation-
dependent monoclonal antibody. Additionally to this 
evaluation of platelet function in vivo, involvement of an 
exogenous agonist in the procedure enables analysis of the 
reactivity of circulating platelets in vitro. Several studies 
assessed the correlation between data obtained from 
platelet ultrastructural analysis and activation of protein 
markers. Ultrastructural analysis with the use of scanning 
electron microscopy (SEM) is frequently performed in PRP 
samples (Tamimi et al 2007; Pretorius et al 2012). While 
various methods of PRP preparation have been registered 
(Fernández-Barbero et al 2006; Tamimi et al 2007; Pretorius 
et al 2008; Chandler, 2013; Headland et al 2014), the most 
common method for PRP preparation for SEM studies 
remains a single, high g-force centrifugation. A prominent 
limitation of platelet studies is the fact that sample 
preparation can lead to artifactual activation, deactivation, 

evaluation of platelet function in vivo, involvement of an 
exogenous agonist in the procedure enables analysis of the 
reactivity of circulating platelets in vitro. Several studies
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platelet aggregation or fibrin polymerization (Bolton-Maggs 
et al 2006; Picker, 2011) that can confound results.

In one study assessing the platelet activation during 
preparation of platelet concentrates, from the scale of 
several products, platelet concentrates derived from 
PRP showed the greatest differences with significantly 
higher concentrations of P-selectin (p < 0.001). Thus, WB 
flow cytometry is the more informative method for the 
evaluation of platelet concentrates (Metcalfe et al  1997). 

Studies with flow cytometric assays of washed platelets or 
PRP are potentially susceptible to artificial in vitro activation 
of platelet due to the separation procedure (Berny-Lang 
et al 2013). In PRP, there is lower platelet reactivity and 
greater and potentially misleading influence of antiplatelet 
drugs when compared with WB. The reliability of platelet 
function testing could therefore be improved by using of 
WB (Madsen et al 2007). Flow cytometry with samples of 
WB reduces platelet manipulation and activation otherwise 
observed in the course of analysis with PRP. Additionally, 
it provides a more natural environment for detection, 
possibility of simultaneous detection of several platelet 
receptors, possibility to analyze also the samples with 
significant reduction in platelet count, the use of novel 
antibodies and need of only a small volume of blood 
(Practical-Haemostasis). For a quantitative analysis of 
epitopes expression, either blood sample stabilized ex vivo 
or diluted WB containing platelets previously stimulated 
in vitro is preferred (Schmitz et al 1998). Such activated 
platelets may be analyzed in WB with the use of activation-
dependent monoclonal antibody by flow cytometry (Shattil 
et al 1987). 

For all these reasons, in our clinical study, we aimed to 
compare the use of WB and PRP for detection of platelet 
activation by the use of flow cytometry and to reliably 
clarify the preference of the WB method to avoid any 
potential misinterpretations of results. To be clearer, we 
examined whether PRP preparation using a centrifugation 
step could result in  platelet activation. The expression of 
the CD62P+ glycoprotein as one of the commonly used 
activation markers in platelet analysis was measured on 
CD42+ cells in our cohort of healthy donors. 

Using the analysis of platelet activation in 50 healthy blood 
donors, we observed a higher proportion of CD62P+ events 
in PRP samples than in WB samples. This finding is even 
more pronounced when individual differences of individual 
donors were considered. 

Due to the processing of the blood to prepare PRP, the 
co-expression of CD42a-FITC / CD62P-PE in PRP in healthy 
blood donors was increased in a statistically significant 
manner (p< 0.0005) when compared with WB (Table 1). 

In our experiments, WB was centrifuged to make PRP and 
then resuspended back to WB sample. After this procedure, 
there was a persistence of the increase in the expression of 
CD62P in PRP.  Therefore, we can confirm that the increase 
in CD62P staining was not due to the processing of the 
sample to prepare PRP. 

Based on our results, we recommend to use non-processed, 
anticoagulant-treated WB as a standard method for studies 
of platelets and their activation status.

Table 1. Statistical analysis of activated platelet proportions in platelet-rich plasma (PRP) and whole blood (WB) samples of 50 
healthy donors. The difference between both groups of samples was statistically significant (p<0.0005). For the testing, 
non-parametric paired Wilcoxon test for the comparison of 2 related samples with the test statistics Z was used. P value < 
0.05 was considered statistically significant. 
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The limitation of our study is the fact that we could not 
exclude sodium citrate/hirudin-activated platelets in 
citrated PRP. Additionally, we might not detect microparticle 
populations due to technical reasons (detection limit of the 
analyzer used in the study is 0.5 μm, so the gating is also 
the problem when using smaller sizes). 

We would now like to focus our further research to 
investigate these parameters, which were not assessed in 
the current study. In the future, we would like to detect 
and monitor the presence of the activation features of 
microparticles. Moreover, we would like to generalize this 
study design to a broader patient population.
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1. Subarachnoid haemorrhage (SAH) is spontaneous arterial bleeding into the subarachnoid space, 
which is associated with high mortality and morbidity.  
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Instructions to authors
The following instructions are based on the “Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals”, also known as 
the Declaration of Vancouver, and on the Australian Government 
Style manual: for authors, editors and printers, 6th edition, 2002. 
URLs were correct on September 29th, 2008.

Manuscripts that do not fully comply with the following 
‘Instructions to Authors’ may be returned for revision before they 
are considered for publication.

The Australian Journal of Medical Science (AJMS) will consider 
for publication any paper relevant to the field of Medical 
Science. Disciplines include blood banking, clinical biochemistry, 
haematology, histopathology, immunology, microbiology and 
molecular biology. Areas of general interest to medical laboratory 
scientists, including toxicology, epidemiology, public and 
community health, and professional and management issues will 
also be considered.

Papers published in the AJMS are in the form of:

• Review Articles
• Original Articles
• Brief Communications
• Technical Notes
• Case Studies
• Letters to the Editor
• Book Reviews

Articles submitted for publication are understood to be offered only 
to the AJMS and those accepted become the property of the AJMS.

All individuals listed as authors must have made a substantial 
contribution to the conception and design of the study, the 
acquisition of data or the analysis and interpretation of data; 
the drafting of the article or revising it critically for important 
intellectual content; and final approval of the version to be 
published. The corresponding author must take responsibility for 
obtaining permission from all the authors for the submission of 
any version of the manuscript and for any changes in authorship.

When the manuscript is submitted the authors must disclose any 
potential conflict of interest and/or commercial support.

Requirements & preparation of manuscripts
General
Articles should be submitted in electronic format to programs@
aims.org.au. If an article is too large to be submitted by email, it 
should be submitted on an or USB stick. 

Number pages consecutively commencing with the title page.

Arrange the article in the following sequence:

• Title page
• Abstract and key words
• Main Text 
• Acknowledgements
• References
• Tables - each table, complete with title and footnotes,  

on a separate page
• Legends for illustrations.

Authors should ensure that their manuscript communicates their 
ideas and concepts simply and clearly so that the article is easily 
read and understood. Authors are strongly recommended to refer 
to the recommendations on reporting standards as outlined in 
the statements and checklists of the CONSORT group (see: http://
www.consort-statement.org/) and similar groups such as STARD 
(see: http://www.stard-statement.org/). The principles outlined 
in these standards may be used as general guidelines and not just 
as applied to clinical trials and diagnostic studies.

Title page
The title of the article should not exceed three lines (40 characters 
per line), including punctuation and spacing. All authors must be 
identified on the title page (e.g., William Smith, Susan Yeo, …”). 
Where applicable, the title page should also include the name of 
the institution with which each author is affiliated and to which 
the work should be attributed. In the case of multiple authors, 
the name, postal address, email address, telephone and facsimile 
number of the author responsible for correspondence relating to 
the manuscript should be indicated.

Abstract & keywords
The abstract should be approximately 150 words and should 
make sense when read alone or in conjunction with the article. 
The abstract should be a concise overview that describes the 
important details of the article including the purpose of the study/
investigation, basic procedures (study subjects/experimental 
animals/observational and analytic methods) and the results and 
principal conclusions. New and important aspects of the work 
and its implications may also be included. References should not 
be included.

Three to ten keywords may be listed. Authors are advised to comply 
with the terms from the Medical Subject Headings (MeSH) list from 
Index Medicus (see http://www.nlm.nih.gov/mesh/). Keywords 
should be given below the Abstract.

Text
The style of writing should conform to acceptable English usage. 
Do not use slang, medical jargon or unnecessary abbreviations. 
Accepted spelling is the first choice given in the latest edition of 
the Macquarie Dictionary.
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Wherever possible, observational or experimental articles should 
be divided into sections headed:

• Introduction
• Materials and methods
• Results
• Discussion
• References

For other types of articles such as commentaries, reports and 
reviews, use an appropriate format or consult the Editors for 
guidance.  Do not include a separate section for conclusions, these 
should be given in the discussion.

Introduction
Clearly state the purpose of the article leading the reader from the 
known to the unknown. Summarise the rationale for the study and 
state the question to be answered as appropriate. Give only strictly 
pertinent references, and do not review the subject extensively.

Materials & methods
Present the materials and methods in a logical sequence. Describe 
the selection of the observational or experimental subjects 
(patients or experimental animals, including controls) clearly. 
Notification of ethics approval must be given where relevant. 
Identify the methods, apparatus and procedures in sufficient detail 
to allow other workers to reproduce the results. Give references 
to established methods, including statistical methods. Adequately 
describe new or substantially modified methods. Identify precisely 
all drugs and chemicals used, including generic name(s), dosage(s), 
and route(s) of administration. Do not identify patients or hospitals 
without consent.

Results
Present the results in the same sequence as given in the Materials 
and methods; use tables and illustrations where these will help the 
reader understand the work being presented. Do not repeat in the 
text all the data in the tables or illustrations. 

Discussion
Indicate the new and important aspects of the study and emphasise 
the conclusions that follow. Do not repeat in detail data given in the 
Results section and do not add new data. Include in the Discussion 
the implications of the findings and their limitations and compare 
the observations to other relevant studies. Recommendations 
may be included if appropriate. Link the conclusions with the 
goals of the study and answer the experimental question stated 
in the Introduction. However, avoid unqualified statements and 
conclusions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 

Acknowledgements
Acknowledge individuals who have made substantial contributions 
to the study including technical work and financial support. Authors 
are responsible for obtaining consent from all the individuals 
acknowledged by name as inclusion may be interpreted as an 
endorsement of the article’s contents.

References
The AJMS uses a modified Harvard System (author-date system).

Throughout the body of the manuscript cite the author/s 
name and the publication year in parentheses as in the 
following examples:

(i)    Research in this area (Jones 1999) …

(ii)   It has been successfully demonstrated that (Smith 
and Brown 1981; Auteur 1995; Scienziato et al 2007).

(iii)  Following further investigation, Wetenschapper (2002 
highlighted the difficulties inherent in…

Where there are three or more authors, acknowledge only 
the first author, e.g., (Smith et al 2007). For two authors the 
following style should be used: (Smith and Brown 2007).

The reference list should be in the format described below. Journal 
titles should be abbreviated in Index Medicus format (see: ftp://
nlmpubs.nlm.nih.gov/online/journals/ljiweb.pdf ) using standard 
abbreviations from the ISSN List of Title Word Abbreviations  
(see: http://www.issn.org/en/node/344) All authors should be 
given in the reference list.

Do not use abstracts as references. “Unpublished observations” 
and “personal communications” may not be used as references, 
although references to written, not verbal, communications may 
be cited (in parentheses) in the text. Include in the references 
manuscripts accepted but not yet published, designate the 
journal followed by “in press” (in parentheses). Information from 
manuscripts submitted but not yet accepted should be cited in the 
text as “unpublished observations” (in parentheses).

Examples of the correct form for references are given below:

Journal Reference:

Stein MK, Downing RW, Rickels K 1978. Self-estimates in anxious 
and depressed outpatients treated with pharmacotherapy. 
Psychol Rep 43: 487-492.

Personal Author(s) of a book:
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Englewood Cliffs: Prentice-Hall.

Editor, Compiler, Chairman as Author:
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Online documents:

National Center for Biotechnology Information. OMIM:  
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Tables
Number tables consecutively with Arabic numerals and supply 
a brief title for each. Give each column a short or abbreviated 
heading. Place explanatory matter in footnotes, not in headings. 
Explain in footnotes all non-standard abbreviations used in each 
table.

For footnotes, use the following symbols in this sequence:

*    †   ‡    §    ¶    **    ††

In preparing tables, consideration should be given to the page 
width of the Australian Journal of Medical Science. All tables 
should be prepared for publication vertically. In the text, cite each 
table in consecutive order, and mark in the margin of the text its 
approximate location.

If data from another published or unpublished source is used, 
written permission must be obtained and a copy must accompany 
the manuscript.

Illustrations
Colour illustrations may be submitted on a CD. Images should be 
scanned at a minimum of 300 dpi. 

When plotting points, the following symbols are preferred:

 =   o 

In most instances, figures will be reduced to one column in width. 
All letters and numbers should be drawn to be at least 1.5 mm high 
after reduction, symbols at least 1.0 mm. Titles for illustrations 
belong in the legends for illustrations and not on the illustrations 
themselves. 

Photomicrographs must have internal scale markers and the 
magnification must be stated. Symbols, arrows, or letters used in 
the photomicrographs should contrast with the background.

Cite each figure in the text in consecutive order, e.g., “Figure 
1 illustrates …” or “… as shown (Figure 2)”. If a figure has been 
published, acknowledge the original source and submit with 
the manuscript written permission from the copyright holder 
to reproduce the material. Permission is required, regardless of 
authorship or publisher, except for documents in the public domain.

Legends for illustrations
When symbols, arrows, numbers, or letters are used to identify 
parts of illustrations, identify and explain each one in the legends. 
The figure legend must contain a boldface (a) name (“Figure” + 
arabic figure number) and (b) substantive title.

Abbreviations
Use only standard abbreviations (see list of commonly used 
abbreviations). 

Avoid abbreviations in the title. The full term for which an 
abbreviation stands must precede its first use in the text unless it 
is a standard abbreviation for a unit of measurement.

Report measurements in the units in which the measurements 
were made. In most countries the International System of Units 
(SI) is standard.

Commonly used abbreviations
Abbreviation or Symbol Standard Units of Measurement

g   gram
g   gravity
Hz   hertz
h   hour
IU   international unit
K   kelvin
kg   kilogram
L   liter, litre
m   meter, metre
min  min
M   molar
mL   millilitre
mol  mole
N   newton
nm   nanometre
p   probability 
rpm  revolutions per min
s   second
wk   week
yr   year
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and format: the CBE manual for authors, editors, and publishers. 
6th ed. Cambridge University Press, 1994.

Style manual for authors, editors and printers. 6th ed. John Wiley 
& Sons Australia Ltd, 2002.

O’Connor M, Woodford FP. Writing scientific papers in English: an 
ELSE-Ciba Foundation guide for authors. Amsterdam, Oxford, 
New York: Elsevier-Excerpta Medica, 1975.

Day RA. How to write and publish a scientific paper. Philadelphia, 
Institute for Scientific Information Press, 1979.

Zeiger M. Essentials of writing biomedical research papers. 2nd ed. 
New York, McGraw-Hill, 2000.

Matthews JR, Matthews RW. Successful scientific writing: a step-
by-step guide for the biological and medical sciences. 3rd ed. 
Cambridge, Cambridge University Press, 2007 [Also available 
in eBook format.]
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relevant research degree thesis completed 
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Australian Council for Certification of the Medical Laboratory Scientific Workforce

Certification scheme is now open for pilot testing - all medical laboratory scientists and technicians are 
encouraged to apply.

https://accmlsw.wildapricot.org/ 

https://accmlsw.wildapricot.org/FAQ

The Australian Council for Certification of the Medical Laboratory Scientific Workforce (ACCMLSW) is the not for 
profit company established to administer the voluntary certification scheme for medical scientists and technical 
officers.

Although the scheme officially launches in July 2020, ACCMLSW is now open for applications to test its processes 
and iron out any bugs. In return for being pilot testers, applications received before 30 June will enjoy a discount 
of 20% on the normal rate.

AIMS encourages all medical laboratory scientists and technicians to apply. If you are an AIMS member you are 
eligible to be certified with the ACCMLSW.

To apply please visit the website: http://www.accmlsw.org.au/apply and follow the instructions. If you encounter 
any problems or have any questions, please email: office@accmlsw.org.au.

ACCMLSW National Certification Scheme webinar
Please access a webinar about the National Certification Scheme via the link below. It explains the scheme in 
detail and addresses frequently asked questions. 
https://register.gotowebinar.com/recording/338810516463449359

Australian Council for the Certification of the Medical Laboratory Scientific Workforce

The certification scheme is now open.   In recognition of the financial pressures many households are under due to 
the coronavirus pandemic, the normal certification fees will be discounted by 10% for the remainder of this year. 

Why become certified?

Your status as a certified medical laboratory professional is a public guarantee that you are qualified, competent and 
continuing your professional development. 

• Recognition of scientific qualifications;

• Certification aligned with competency development and assessment processes;

• Acknowledgement of participation in continuing educational activities;

• Increased professional credibility and prestige in the industry;

• Support of industry standards;

• Demonstrated commitment to superior professionalism;

• Advantage in the recruitment process.

https://accmlsw.wildapricot.org/
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AIMS is delighted to announce a new round of the exciting program of bursary and grant funding 
opportunities known as the AIMS Research Engagement Grant Scheme.

The scheme aspires to recognise, support and engage with research-oriented medical scientists through 
annual bursary and grant opportunities to encourage pathology-related research and CPD.

AIMS will be accepting applications for 2020/2021 after the 1st of December 2020.

The Bursary and Grant recipients of the 2020 AIMS Research Engagement Grant Scheme are listed on 
the AIMS web-site via the following link.

https://www.aims.org.au/cpd/research-engagement-grant-scheme
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Australian Journal of Medical Science  February & May 2019 Vol. 40 No. 1 & No. 226

AIMS Research Engagement Grant Scheme

Bursary and Grant Funding Opportuni t ies

The AIMS Research Engagement Grant Scheme aspires to recognise, support and engage with research-
oriented medical scientists through annual bursary and grant opportunities to encourage pathology-related 
research and CPD. For enquiries and expressions of interest please email contact@aims.org.au.

AIMS will be accepting applications after the 1 st of December 2020.

FUNDING OPPORTUNITIES ELIGIBILITY VALUE (AUD)

Scientific Communication 
Bursary

Graduate or final year student 
from a university offering an 

AIMS accredited program

2 x $500

Honours Research Bursary Candidates enrolled at a 
university offering an AIMS 

accredited program

3 x $1000

MPhil or Master by Research 
Seeding Grant

Candidates enrolled at a 
university offering an AIMS 

accredited program

2 x $2,500 or 1 x $5,000

Doctor of Philosophy (PhD) 
Research Seeding Grant

Candidates enrolled at a 
university offering an AIMS 

accredited program

2 x $5,000 or 1 x $10,000

AIMS Fellowship (Stage 4) 
Bursary

Candidates enrolling in or 
undertaking Stage 4 of the AIMS 

Fellowship

3 x $2000

Clinical or Laboratory Research 
Grant

Medical scientists with an 
acceptable* degree

2 x $5,000 or 1 x $10,000

Education or Leadership & 
Management Research Grant

Medical scientists with an 
acceptable* degree

2 x $5,000 or 1 x $10,000
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Find out more

 csu.edu.au/medical-science

Formalise or upgrade your qualifications with Charles Sturt University’s new Bachelor of Medical Laboratory Science 
(Pathology). This revitalised course is perfect if you’re looking to qualify as a medical scientist or researcher and replaces 
our Bachelor of Medical Science (with specialisation). 

Top reasons to study medical laboratory science with Charles Sturt

• Our microsessions mean you can complete a three-and-a-half-year full-time degree in three years (or in six years
instead of seven if you choose part-time study). The academic year begins in January with microsession 1.

• Flexible study options to suit your lifestyle or work commitments. Study online, on campus, full-time or part-time.

• We’re Australia’s #1 uni for grads who get jobs.* You’ll graduate work ready with experience in real world scenarios with
extensive work placement – 16 weeks in total.

• Get hands-on experience in our modern learning facilities, including our multimillion-dollar National Life Sciences Hub.

• Clinical workplace learning experiences that include but are not limited to the areas of clinical biochemistry,
haematology, histology, immuno-haematology, microbiology, molecular diagnostics, cytogenetics and immunology.

• Learn from our experts who are actively involved in medical science research and have strong industry links.

• Credit packages are available.

• You’ll be qualified for accreditation as a medical scientist with the Australian Institute of Medical Scientists (AIMS).
Students from AIMS accredited universities are recognised in the UK.

If you’re ready to take your career to the next level with postgraduate study, then our Master of Medical Science (with 
specialisations) will put you at the cutting edge of science and technology. Advance your skills to progress your areas of 
specialisations across pathology, clinical physiology and biomedical research.

Advance your career in pathology
Upgrade your qualifications to create better health
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