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Abstract
Background: There is a high risk of thromboembolic events among patients undergoing cardiac surgery, and perioperative
anticoagulation is sometimes required. The time taken for laboratory based APTT blood sampling results and adjustments
may compromise patient safety. There is evidence in the literature to suggest that bedside testing turnaround times is of
benefit to inpatient care, and conversely that POCT is inaccurate. The primary aim of this study was to determine if point
of care testing of APTT was accurate when compared to laboratory based APTT measurements. The secondary aim was to
identify if there was a correlation between operator experience and accuracy of results.
Methods: Following full ethics approval by the Royal Adelaide Hospital, Human Research Ethics Committee (HREC),
current Cardiothoracic Surgery Unit inpatients were enrolled in the study over a period from July 2016-March 2017. A total
of 50 samples were obtained from the minimum number of patients required and separated into three tiers; point of care
testing group from finger prick test, point of care testing group from standard postoperative blood sample, and laboratory
based testing of standard postoperative blood sample. Results were correlated with Central Adelaide Local Health Network
(CALHN) heparin infusion protocols. Clinically significant samples were those which POCT IV and laboratory IV results
varied enough to alter the heparin infusion protocol rate change.
Results: Demographics showed 83% of patients were male, 67% were receiving IV heparin preoperatively for unstable coronary artery disease, and the mean age of participants was 66 years. Of the 50 collected samples, 17/50 (34%) were recorded
as being clinically significant. On the adjusted POCT protocol, 14/50 (28%) of samples were clinically significant. There was
a statistically significant difference between POCT IV and laboratory IV results; p = 0.02 and mean difference between values
was 19.1. Linear regression analysis showed a poor correlation between POCT IV and laboratory IV samples. There was no
relationship between preoperative and postoperative samples.
Conclusions: Point of care testing in our study of 50 patient samples shows that there is a poor correlation between POCT
and laboratory based testing. Additionally, there is a steep learning curve for those performing the test with no marked improvement following progressive samples. Accordingly, POCT testing in cardiac surgery patients is not recommended for
clinical use until further research is completed showing improved correlation between tests, and methods to overcome the
steep learning curve are identified.
Abbreviations: APTT: Activated Partial Thromboplastin Time; POCT: Point-of-Care Testing; HREC: Human Research
Ethics Committee; CALHN: Central Adelaide Local Health Network; UFH: Unfractionated Heparin.

Background
Patients on intravenous heparin require regular Activated
Partial Thromboplastin Time (APTT) monitoring. It has been
suggested in the literature that while POC testing devices provide
rapid results, such devices may sacrifice accuracy and precision.
Conflicting reports do exist in the literature and discuss either

a poor correlation between centralized laboratory tests and
POCT for the APTT, or that the POCT testing for UFH may
be affected by other drugs, or that correlation of APTT with
heparin concentration may vary with the APTT instrument
[1-16]. The aim of this study is to determine whether APTT
Point of Care Testing (POCT) in post-operative cardiac surgery
patients on heparin infusion is accurate when compared to
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standard laboratory based monitoring, and whether any reported
inaccuracies correlate clinically with standardised heparin infusion
management protocols.

Methods
Following full ethical approval by the Royal Adelaide Hospital
Human Research Ethics Committee, cardiac surgery patients
undergoing intravenous heparin infusion for perioperative
anticoagulation were enrolled in our study over a period from July
2016 to March 2017.
The inclusion criteria were patients who were receiving
preoperative or postoperative heparin infusion therapy for high
risk coronary disease or bridging therapy from or to warfarin.
Exclusion criteria were known malignancy, patients with a
known coagulation disorder or patients recently receiving NOAC
therapy. As this study would involve additional finger prick and
venepuncture in addition to standard lab testing, patients who
agreed participated in providing samples on multiple occasions
to ensure the minimum patients required were utilised to achieve
the study aims. In order to minimise the amount of physical
venepuncture on multiple patients, the focus was to collect 50
total samples using the least amount of patients possible to reach
this sample goal. Selected patients were asked to participate
following an explanation of the study protocol and appropriate
consent. The Hemochron Signature Elite Jr point of care testing
device (Zoll Medical, Australia) with APTT compatible cuvettes
was utilised for testing.
Blood was collected using a 10ml syringe in an 18g needle in the
cubital fossa from all patients. The blood from the 10ml syringe
was transferred to a blue citrate tube, and to the POCT cuvette
within 10 seconds for all patients. Immediately following this, a
finger prick was performed using a dedicated finger prick needle
and the blood inserted directly into the POCT cuvette within 10
seconds of the initial finger prick.
The POCT testing process involves the use of a hemochron
junior portable machine and display and a hemochron junior
APTT whole blood cuvette which stores the blood sample. The
reagent used in the APTT cuvettes are a silicate substance called
kaolin. Performing a patient test involves the following:
1. Hemochron device is turned on and refrigerator stored cuvette
is inserted into the machine when at room temperature. The
cuvette then undergoes a warming up period before testing is
allowed.

2. Blood sample is taken via intravenous or finger prick sample.
3. One drop of blood is dispensed onto the cuvette into the
cuvette sample well with no dips or wells allowed in the sample
well.
4. 15 micro/litres of blood then flow down testing channel (with
excess blood flowing into the waste channel).
5. Blood then moves back and forth in the restriction well until
a clot is formed and an APTT time is displayed on the testing
machine. This is an APTT whole blood value (Figure 1).
The results of these three groups are compared and analysed by
identifying the APTT whole blood time in POCT and laboratory
groups and the time taken to obtain these results from the POCT
device and formal laboratory results.
Collected blood in citrate tubes were sent to SA Pathology at
the Royal Adelaide Hospital. Following consultation with the
haematology laboratory scientist; blood was analysed using 2
specific reagents.
1. Apt thcl (acyl protein thioesterase)
2. Triniclot-aptt s
The APTT sample was then processed in the Sta-R max
haemostasis analyser (Diagnostica Stago, S.A.S. France). Testing
time was dependent on multiple factors including waiting time for
centrifuge and testing time was prolonged in patients on heparin
infusion. If samples were collected from the ward (as in our
study) then times for delivery to the lab were also prolonged. Fifty
samples were taken comprising preoperative and postoperative
patients, and 24 patients were involved in the study. The APTT
results were calibrated against the standardised heparin infusion
protocol used by The Royal Adelaide Hospital (Figure 2) to
determine if the variation between POCT and laboratory testing
inferred any change in heparin infusion rate and was clinically
significant. Using the original protocol range as a guide, we
extended the APTT ranges to allow for greater variation with
POCT. We wanted to see if a greater APTT range would allow for
more consistent outcomes between Laboratory results and POCT
and consistent changes in heparin infusion rates. No POCT data
was used clinically in the adjustment of IV heparin infusion rates.
Standard laboratory samples were used for this purpose.
The D’Agostino and Pearson omnibus normality test was used to
test for normality in all cohorts. The Mann-Whitney U test was
used to determine if there was a significant difference between
cohorts. A linear regression analysis was performed to determine
if there was a correlation between cohorts. A graph was created

Figure 1. Hemochron cuvette with labelled channels for placement of blood during POCT.
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that showed the difference between IV Lab test results and POCT
IV test results in order of recruitment to the study in order to
observe if there was a learning curve associated with using the
POCT machine.

Results

significant despite the adjusted infusion table parameters. If two
samples (sample 10 and 35) are removed due to very high out of
proportion test results then 12/50 (24%) are clinically significant.
This shows a 6% reduction in clinically significant samples when
using the adjusted POCT protocol which includes a much wider
POCT APTT range.

Twenty four patients agreed to participate in the study. Twenty
out of 24 (83%) were male, and 4/24 (16%) were female. Mean
age was 66 years n = 24, and age range was 46-84 years n = 24.
The indication for use of IV heparin was unstable coronary artery
disease in 16/24 patients (67%), and bridging heparin therapy in
8/24 patients (33%).

There was a statistically significant difference in the median of
POCT IV vs. Lab IV, p = 0.02. The median POCT IV APTT was
55.90 (range 34-397). The median Lab IV APTT was 75 (range:
28 – 129). There was no difference in POCT IV vs. POCT FP
(finger-prick testing), p = 0.98. Median 55.90 (range 34-397.7)
versus 55.20 (36-344) respectively. The median across all tests
were not statistically different using Man Whitney U test p > 0.05.

Testing times were much shorter in POCT (results available in
minutes compared to up to 1 hour or more). The mean testing
time for POCT IV was 110.02 (sec) n = 50, POCT FP was
111.06 (sec) n=50, and for IV was 98.56 (minutes) n = 50. Of
the 50 samples, 1 in 3 results (34%) showed a clinically significant
variation between POCT and Lab APTT results which would
influence heparin infusion rates. The mean difference between
POCT IV and Lab IV testing was 24.93 (sec). With an adjusted
APTT protocol that allowed for greater range between POCT
APTT times, mean POCT IV APTT was 68.98 (sec) n = 50, mean
IV APTT times was 69.28 (sec) n = 50, with mean difference being
0.30 (sec). Fourteen of fifty samples (28%) were recorded as being
clinically significant or showing enough variation to be clinically

Linear regression analysis showed a poor correlation between
POCT (IV or FP) and Lab IV testing, correlation co-efficient =
0.4 (Figure 3-7). The POCT device had good precision and FP
and IV samples were comparable. The methods and techniques
involved in point of care testing remained very sensitive and were
associated with a significant learning curve. When results of each
sample were taken it was noted that with each attempt there was
some progressive improvement in accuracy between POCT and
IV sampling (Figure 8). However, this improvement available
varies in the laboratory analysis in both storage, processing and
calibration and therefore there is no current good option for
POCT in heparin infusion monitoring and adjustment at this time.

Figure 2. Heparin infusion protocol guideline used in the Royal Adelaide Hospital, Adelaide, South Australia.
Heparin Infusion Protocol
Only to be used for APTT samples sent to IMVS in patients with normal baseline tests
PERFORM BASELINE TESTS (APTT, platelet count, INR)
IF ANY RESULTS IS ABNORMAL, CONTACT HAEMATOLOGY
		STARTING DOSE:
Patient weight
46-55 kg
Administer IV bolus (units) use
3,500
5,000 units/5mL ampoule
And also begin IV infusion
infusion rate (units/h)
900
use 25,000 units/50mL syringe

56-65 kg

66-75 kg

76-85 kg

86-95 kg >95 kg

4,200

4,900

5,600

6,300

7,000

1,100

1,250

1,400

1,600

1,800

Check APTT 6 Hours commencing heparin.
Mark all APTT request forms and blood tubes with "urgent - on heparin" sticker.
INFUSION ADJUSTMENT TABLE:
APTT (seconds)
IV BOLUS
STOP INFUSION
< 37
5,000 units
38 - 64
65 - 110
111 - 130
131 - 140
141 - 150
> 150

RATE CHANGE
increase by 400 units/hour
increase by 200 units/hour
no change

30 minutes
60 minutes
120 minutes, do not restart
until APTT <150

decrease by 50 units/hour
decrease by 100 units/hour
decrease by 150 units/hour
decrease by 200 units/hour
when restarting

REPEAT APTT
6 hours
6 hours
Daily -if stable
otherwise 6 hours
6 hours
6 hours
6 hours
2 hours
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Table 1. Demographics for patient’s enrolled in APTT study.
Age
68
46
60
55
81
61
62
60
78
46
81
65
77
71
72
55
81
52
58
79
71
84
70
49

Sex
Male
Male
Female
Male
Male
Female
Male
Female
Male
Male
Male
Male
Male
Male
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male

Reason for IV heparin
unstable CAD
unstable CAD
unstable CAD
unstable CAD
unstable CAD
unstable CAD
unstable CAD
unstable CAD
unstable CAD
unstable CAD
unstable CAD
unstable CAD
unstable CAD
unstable CAD
Bridging to warfarin
Bridging to warfarin
Bridging to warfarin
Bridging to warfarin
Bridging to warfarin
Bridging to warfarin
Bridging to warfarin
unstable CAD
unstable CAD
Bridging to warfarin

Table 2. Statistical significance and normality testing across all modalities.
Statistical result
Mann Whitney U Test
P value
Significant difference
p<0.05
D’Agostino and Pearson
omnibus normality Test
P value
Passed normality

POCT versus Lab

POCT IV versus POCT FP

POCT FP versus Lab IV

0.1256

0.9397

0.9397

No

No

No

POCT IV

POCT FP

Lab IV

<0.0001
No

<0.0001
No

0.1343
Yes

Laboratory APTT testing therefore remains the standard of care.
For the future monitoring and adjustment of APTT POC, tests
are being developed for the Xa inhibitors that may be able to
adapt for heparin. As the goal of this study was a clinical focus
to determine if there was a clinical significant difference between
POCT and Lab based testing, the gold standard of testing was
Lab APTT results, instead of a plasma heparin level because this
is not used routinely to monitor and adjust heparin infusion rates
in our institution. As demonstrated in the (Table 2) and (Figure
7), this suggests that there is an inherent inaccuracy in the POCT
process that is not attributable to operator experience.

Conclusions
There is evidence in the literature to suggest that bedside testing
turnaround times is of benefit to inpatient care, however there
is also evidence to suggest POCT is inaccurate. Our data has
shown that point of care testing using finger prick sampling and
intravenous blood testing is not comparable with laboratory based
measurements and has an early learning curve that is difficult
to deploy amongst a high turnover of staff members. Our
data has also interestingly shown that with a modified heparin
infusion protocol to allow for increased or decreased maximum
or minimum range values for POCT, correlation between POCT
and laboratory testing did not improve significantly. This further
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Figure 3. Analysis showed a poor correlation between all three tiers of testing.
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Figure 4. Analysis showed a poor correlation in comparison between the tiers of testing except POCT FP versus POCT IV
which showed a strong correlation.
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Figure 5. POCT IV versus LAB IV showing a range of data measurements on linear regression analysis.
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Figure 6. POCT FP versus LAB IV showing a range of data measurements on linear regression analysis.
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Figure 7. POCT IV versus POCT FP showing a clear linear relationship between the two test modalities.
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Figure 8. Learning curve graphic results.
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supports that testing methods are not comparable in this sample
size and clinical use of POCT devices for heparin infusion
adjustment would not be recommended, and laboratory based
testing remains the standard of care.
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