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A B S T R A C T

The recommendations for adjustment of citrate volume in sample tubes with high hematocrit (Ht)
are based on indirect studies of underfilled tubes or artificially constructed Ht values. The aim of
this study was to evaluate the effect of citrate volume adjustment in sample tubes from patients
with hematocrit >55% using two different prothrombin time (PT) tests.
Methods: Paired citrate-adjusted and unadjusted blood specimens were obtained from 181 patients
from the pulmonary hypertension ambulatory with high Ht values and on warfarin therapy. The
samples were tested using recombinant human tissue factor (RTF) and reagents extracted from
rabbit brain (HS Plus). The results are expressed as the international normalized ratio (INR). The
correlation and percent change (% change) between sample pairs were calculated.
Results: INR-RTF results from adjusted and unadjusted citrate blood specimens showed a strong
correlation (R2 ¼ 0.8226, p < 0.0001). The INR median was 2.25 (95% CI 2.10 to 2.41) for citrate-
adjusted samples and was 2.22 (95% CI 2.06 to 2.38) for citrate-unadjusted samples. For samples
with Ht >62%, the % change between sample pairs was >10%. Results using HS Plus showed a
moderate correlation between citrate-adjusted and unadjusted samples (R2 ¼ 0.4267, p <

0.0001). The INR median was 2.51 (95% CI 2.35 to 2.68) for citrate-adjusted samples and 3.45
(95% CI 3.11 to 3.80) for citrate-unadjusted samples. For samples with Ht>55%, the % change
between sample pairs was higher than 10%.
Conclusion: Our data demonstrate that in patients with polycythemia on warfarin therapy, INR-RTF
does not require anticoagulant adjustment for assessment of samples with Ht <62%.
1. Introduction

Preanalytical variables may affect the results of routine coagulation assays [1]. One important variable is hematocrit (Ht), which
affects coagulation testing results. A sample with high Ht has lower plasma quantity, resulting in a dilution effect on the sample by an
excess of the anticoagulant sodium citrate [2]. This excess of citrate binds a significant amount of the calcium added to the test and
increases the clotting time, as evidenced by the prothrombin time (PT)/international normalized ratio (INR) tests whose results are
altered [3].
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The PT/INR test is the assay used to monitor dose-adjustments of vitamin K antagonist (VKA) treatment [4]. Thus, for patients on
monitored oral anticoagulant therapy who present an elevated Ht, adjustment of sodium citrate volume is essential [5]. Otherwise, these
patients would have an incorrect diagnosis or treatment.

The Clinical and Laboratory Standards Institute (CLSI) [6] guidelines and reviews [1,7,8] of preanalytical variables recommend
adjustments in the ratio of anticoagulant solution/blood volume when Ht values are above 55%. Nevertheless, these recommendations
are based on indirect studies of under filled tubes or artificially constructed Ht values [2,9–11].

Furthermore, none of these studies have investigated different PT tests with different thromboplastin sensitivity, which is equally as
important as elevated Ht for the PT/INR test [5]. Thromboplastin variability explains the differences in results obtained for plasma from
the same patient when tested at different laboratories [12]. Therefore, it is important to validate the need for citrate adjustment in this
setting.

The aim of this study was to evaluate the effect of citrate volume adjustment in patients with hematocrit >55% using two different
PT tests.

2. Materials and Methods

The Ethics Committee of the Heart Institute of the University of S~ao Paulo approved the study, and written informed consent was
obtained from all participants.

In this study, 181 patients from our pulmonary hypertension ambulatory with elevated Ht (>55%) and on warfarin therapy were
enrolled. All patients were diagnosed with polycythemia due to pulmonary hypertension and received anticoagulation treatment at the
anticoagulation ambulatory center.

For each patient, one EDTA tube (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ) of blood was collected for Ht value
determination using a Sysmex XE 2100 (Sysmex America, Inc, Mundelein, IL) according to the manufacturer’s instructions.

For patients with Ht >55%, two citrate tube (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ) blood samples were
collected (1 adjusted and 1 unadjusted volume of 3.2% sodium citrate) by standard venipuncture. Platelet-poor plasma was obtained by
centrifugation performed at room temperature at 1500�g for 15 min.

The PT test was performed using two different thromboplastin reagents that are routinely used in our laboratory: the first was the
HemosIL RecombiPlasTin 2G, with a thromboplastin (ISI 1.00) of lyophilized recombinant human tissue factor (RTF), and the second
reagent was HemosIL PT-Fibrinogen HS Plus with a thromboplastin (ISI 1.24) lyophilized from rabbit brain extract (HS Plus). Both
reagents were produced by Instrumentation Laboratories (Lexington, MA, USA) and kindly provided by Werfen Medical (Barcelona,
Spain). The ISI was calibrated for each thromboplastin against reference plasma that had been primarily calibrated against the inter-
national reference standard, in accordance with guidelines [13]. The adjusted and unadjusted samples were analyzed together in
random order in the same laboratory using an automated coagulometer ACL TOP 500 from the same manufacturer.
2.1. Statistical analyses

The Kolmogorov-Smirnov normality test was used to analyze data normality. Data were expressed as the median and 95% confidence
interval (95% CI). Comparison between groups was performed using the Wilcoxon test for nonparametric variables. The significance
level adopted for the statistical tests was 5% (p < 0.05). Linear regression analyses were performed to determine the straight line that
best describes the relationship between the adjusted plasma and the unadjusted plasma. Statistical analyses were performed using
MedCalc Statistical Software version 14.12.0 (MedCalc Software bvba, Ostend, Belgium; 2014).

Each patient sample pair was evaluated by determining the percent change (% change) between the adjusted citrate sample
(considered clinically correct) [3] and the unadjusted citrate sample. The % change in each sample pair was evaluated considering the
allowable total error (TE) of 10% as defined for the PT test (Clinical Laboratory Improvement Amendments/CLIA) [14].

The % change was calculated for each sample pair using the following equation: % change¼ (INR adjusted – INR unadjusted)/INR adjusted
� 100%.
Fig. 1. Percentage difference between RTF-PT and HS Plus PT. The percentage difference is the change between the citrate-adjusted and unadjusted
samples. See the “Materials and Methods” section for details.
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Sample pair results were clinically accepted with a difference of less than 0.5 units of INR, a difference accepted according to CLSI-
H57A [15].

3. Results

For the PT/INR test performed with the RTF reagent, the results from adjusted and unadjusted citrate did not differ significantly,
with a median INR of 2.25 (95% CI: 2.10 to 2.41) for adjusted citrate and 2.22 (95% CI: 2.06 to 2.38) for unadjusted citrate, p ¼ 0.771.
The INR-RTF results from adjusted and unadjusted citrate blood specimens showed a strong correlation (R2 ¼ 0.8226, p < 0.0001).

Of the 181 patients, 158 (87%) presented sample pairs with a % change below the allowable TE (<10%). All the remaining patients
(24) had a % change above 10% and Ht values above 62% (Fig. 1).

The INR of 7.7% of the 181 samples had a difference >0.5 INR units in comparing unadjusted and adjusted citrate in PT tests
performed with RTF reagent. This difference of >0.5 INR units was observed only for Ht values above 62%.

For PT tests performed with HS Plus reagent, the median citrate-adjusted INR was 2.51 (95% CI: 2.35 to 2.68), and the median
citrate-unadjusted INR was 3.45 (95% CI: 3.11 to 3.80), p < 0.0001. The results using HS Plus showed a moderate correlation between
citrate-adjusted and unadjusted samples (R2 ¼ 0.4267, p < 0.0001).

In contrast to the RTF reagent, the HS Plus reagent identified 90 (49%) sample pairs whose % change was above the allowable TE,
and these results were independent of Ht values. Considering the clinical significance of these differences, the HS Plus-thromboplastin
presented discrepancies between sample pair results for Ht >55% (Fig. 1).

For fifty-five samples (30.4%), the INR presented a difference above 0.5 units for results from unadjusted and adjusted citrate in tests
performed with HS Plus reagent, independent of Ht values.

4. Discussion

In the present study, all 181 patients on VKA anticoagulation therapy presented elevated Ht (>55%). For this group of patients,
citrate correction is extremely important due to the narrow therapeutic index of warfarin and the high risk of bleeding or clotting if the
dose is incorrect [5].

There are several articles in the literature with this recommendation, but most of them are reviews [1,6–9], with few research-based
articles [3,16]. There is a specific recommendation for using citrate-adjusted tubes from CLSI that can be found in NCCLS document
H21-A5 [6]. Additionally, it must be emphasized that since 2002, the College of American Pathologists Hematology checklist, HEM.22,
830, contains the following question: “Are there documented guidelines for detection and special handling of specimens with elevated
hematocrit?” [17].

One of the first studies to address this issue was from Koepke et al. [10] in 1975. This study involved plasma at various concen-
trations to achieve different simulated hematocrit levels for testing. The use of citrate adjustment for specimens with elevated he-
matocrit was recommended to correct for false prolongation results.

In 1990, a study by Pai HS et al. [2] used samples that mimicked polycythemic patients, using insufficiently filled citrate tubes, to
compare the PT test results in samples from both normal patients and those under warfarin treatment. According to the authors, the
samples with altered hematocrit do not need citrate adjustment for the PT test. However, these results were obtained from a small
number of samples, and there is no information on the PT reagent used.

In 2013, Austin M et al. [16] used thromboplastin extracted from rabbit brain to perform PT tests on samples with artificially high Ht,
in which a sufficient volume of 3.2% buffered sodium citrate was added to aliquots to simulate a hematocrit of 60% (final citrate/plasma
ratio of 1:3.6). The results of this analysis suggested that the PT test from samples with Ht up to 60% may be performed and interpreted
with confidence. This result is in agreement with the RTF reagent data reported in our study, even with a different thromboplastin.

However, a study of the effects of elevated hematocrit on coagulation tests by Marlar et al. [3] concluded that the citrate concen-
tration must be adjusted once Ht levels are >55%.

This study analyzed samples from 28 patients with high Ht values (heterogeneous group without warfarin therapy mention), using
Recombiplastin PT reagent, the same thromboplastin source used in our study. Although this thromboplastin was extracted from re-
combinant tissue factor, the reagent constitution may be different.

Differences in PT results related to thromboplastin reagent sensitivity have been well recognized [5], and it is a misconception to
assume that for an individual patient’s plasma, the INR interassay results will always be identical [18]. Recombinant thromboplastins
are manufactured using recombinant human tissue factor produced by Escherichia coli. These thromboplastins are highly sensitive to
factor deficiencies and oral anticoagulant-treated patient plasma samples (with ISI close to 1.0) [19]. PT HS PLUS is a thromboplastin
prepared from lyophilized rabbit brain extract with a higher ISI (1.24) and is less sensitive for anticoagulant-treated patient samples.

Furthermore, the PT test contains synthetic phospholipids, with different percentages of phosphatidylserine (PS), phosphatidyl-
ethanolamine (PE), and phosphatidylcholine (PC). These differences in the phospholipid percentage and other components could vary
among the reagents and have not been characterized in detail by the manufacturer.

We did not investigate the reagent components of the kits that could be underlying the difference presented in the current study.
Additionally, as we analyzed only two different PT reagents, our results are specific to them and to the instrument system. It will be
important that each laboratory validate their PT reagents to establish the need for sodium citrate volume adjustment for the different
percentages of hematocrit.

One limitation of our study was that we did not study other coagulation tests in these samples.
In conclusion, the adjustment of citrate concentration in samples with markedly elevated hematocrit depends on the PT reagent used
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in the routine tests, and each laboratory must perform a validation assay. Our data suggest that with RecombiPlasTin 2G reagent,
samples of patients with polycythemia on warfarin therapy with Ht up to 62% could be obtained in an unadjusted citrate concentration
tube. Using this PT reagent, we could reduce the number of collection tubes and length of patient stay and avoid recall of patients,
meaning lower treatment costs and faster patient care.

Declaration of competing interest

The authors declare that there are no conflicts of interest.

Acknowledgments

We thank the staff of the Clinic Laboratory and Arrhythmia Outpatient Unit of the Heart Institute of the University of S~ao Paulo.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.plabm.2020.e00177.

Funding

This work was supported by the Clinical Laboratory - Instituto do Coracao (InCor).
References

[1] E.J. Favaloro, G. Lippi, D.M. Adcock, Preanalytical and postanalytical variables: the leading causes of diagnostic error in hemostasis? Semin. Thromb. Hemost. 34
(7) (2008) 612–634, https://doi.org/10.1055/s-0028-1104540.

[2] S.H. Pai, K. Michalaros, Effect of sample volume on coagulation tests, Lab. Med. 21 (6) (1990) 371–373, https://doi.org/10.1093/labmed/21.6.371.
[3] R.A. Marlar, R.M. Potts, A.A. Marlar, Effect on routine and special coagulation testing values of citrate anticoagulant adjustment in patients with high hematocrit

values, Am. J. Clin. Pathol. 126 (3) (2006) 400–405, https://doi.org/10.1309/RRQKT2JEYV33D19D.
[4] Who Expert Committee on Biological Standardization, Guidelines for thromboplastins and plasma used to monitor oral anticoagulant therapy, World Health

Organization Technical Report Series, 1999, p. 889.
[5] R.B. Fairweather, J. Ansell, A.M. van den Besselaar, J.T. Brandt, H.I. Bussey, L. Poller, D.A. Triplett, R.H. White, College of American Pathologists Conference

XXXI on laboratory monitoring of anticoagulant therapy: laboratory monitoring of oral anticoagulant therapy, Arch. Pathol. Lab Med. 122 (9) (1998) 768–781.
[6] Clinical and Laboratory Standards Institute, Collection, Transport and Processing of Blood Specimens for Coagulation Testing and Performance of Coagulation

Assays. H21-A5, Clinical and Laboratory Standards Institute, Wayne, PA, 2008.
[7] D.M. Adcock, D.C. Kressin, R. Marlar, Minimum specimen volume requirements for routine coagulation testing, dependence on citrate concentration, Am. J. Clin.

Pathol. 105 (9) (1998) 598–599, https://doi.org/10.1093/ajcp/109.5.595.
[8] I. Mackie, P. Cooper, A. Lawrie, S. Kitchen, E. Gray, M. Laffan, British Committee for Standards in Haematology. Guidelines on the laboratory aspects of assays

used in haemostasis and thrombosis, Int J Lab Hematol 35 (1) (2013) 1–13, https://doi.org/10.1111/ijlh.12004.
[9] J. Reneke, J. Etzell, S. Leslie, V.L. Ng, E.L. Gottfried, Prolonged prothrombin time and activated partial thromboplastin time due to under-filled specimen tubes

with 109 mmol/L (3.2%) citrate anticoagulant, Am. J. Clin. Pathol. 109 (6) (1998) 754–757, https://doi.org/10.1093/ajcp/109.6.754.
[10] J.A. Koepke, J.L. Rodgers, M.J. Ollivier, Pre-instrumental variables in coagulation testing, Am. J. Clin. Pathol. 64 (1) (1975) 591–596, https://doi.org/10.1093/

ajcp/64.5.591.
[11] D.M. Adcock, D.C. Kressin, R.A. Marlar, Effect of 3.2% vs 3.8% sodium citrate concentration on routine coagulation testing, Am. J. Clin. Pathol. 107 (1) (1997)

105–110, https://doi.org/10.1093/ajcp/107.1.105.
[12] S. Testa, G. Morstabilini, A. Fattorini, L. Galli, N. Denti, A. D’Angelo, Discrepant sensitivity of thromboplastin reagents to clotting factor levels explored by the

prothrombin time in patients on stable oral anticoagulant treatment: impact on the international normalized ratio system, Haematologica 87 (12) (2002)
1265–1273.

[13] A.M.H.P. van den Besselaar, T.W. Barrowcliffe, L.L. Houbouyan-R�eveillard, J. Jespersen, M. Johnston, L. Poller, A. Tripodi, Subcommittee on Control of
Anticoagulation of the Scientific and Standardization Committee of the ISTH. Guidelines on preparation, certification, and use of certified plasmas for ISI
calibration and INR determination, J. Thromb. Haemostasis 2 (11) (2004), https://doi.org/10.1111/j.1538-7836.2004.00970.x, 1946–53.

[14] Clinical Laboratory, Improvement Amendments of 1988 (CLIA) Proficiency Testing Regulations Related to Analytes and Acceptable Performance, Fed Reg 84
(2019) 1536–1567.

[15] Clinical and Laboratory Standard Institute, CLSI-H57A Protocol for the Evaluation, Validation, and Implementation of Coagulometers: Approved Guideline,
Clinical and Laboratory Standard Institute, Wayne, 2007.

[16] M. Austin, C. Ferrell, M. Reyes, Do elevated hematocrits prolong the PT/aPTT? Clin. Lab. Sci. 26 (2) (2013) 89–94, https://doi.org/10.29074/ascls.26.2.89.
[17] College of American Pathologists, Hematology- Coagulation Checklist. CAP Website, July, 2003. Available at: http://www.cap.org/apps/docs/laboratory_

accreditation/checklists/hematology_coagulation_july2003.doc. (Accessed 5 January 2005).
[18] J.A. Remijn, S. Lucas, B. Wildeboer, J.D. van Suijlen, H.J. Adriaansen, Strongly increased international normalized ratio with recombinant Neoplastin R compared

with tissue extract Neoplastin Plus in patients initiating oral anticoagulant therapy: implications for anticoagulation dosage, Clin. Chem. 54 (11) (2008)
1929–1931, https://doi.org/10.1373/clinchem.2008.111336.

[19] D. Massignon, M. Moulsma, P. Bondon, G. Debize, H. Abidi, T. Buttin, C. Bon, G. Pillonchery, P. Coeur, Prothrombin time sensitivity and specificity to mild
clotting factor deficiencies of the extrinsic pathway: evaluation of eight commercial thromboplastins, Thromb. Haemostasis 75 (4) (1996) 590–594.
4

https://doi.org/10.1016/j.plabm.2020.e00177
https://doi.org/10.1055/s-0028-1104540
https://doi.org/10.1093/labmed/21.6.371
https://doi.org/10.1309/RRQKT2JEYV33D19D
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref4
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref4
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref5
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref5
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref5
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref6
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref6
https://doi.org/10.1093/ajcp/109.5.595
https://doi.org/10.1111/ijlh.12004
https://doi.org/10.1093/ajcp/109.6.754
https://doi.org/10.1093/ajcp/64.5.591
https://doi.org/10.1093/ajcp/64.5.591
https://doi.org/10.1093/ajcp/107.1.105
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref12
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref12
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref12
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref12
https://doi.org/10.1111/j.1538-7836.2004.00970.x
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref14
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref14
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref14
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref15
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref15
https://doi.org/10.29074/ascls.26.2.89
http://www.cap.org/apps/docs/laboratory_accreditation/checklists/hematology_coagulation_july2003.doc
http://www.cap.org/apps/docs/laboratory_accreditation/checklists/hematology_coagulation_july2003.doc
https://doi.org/10.1373/clinchem.2008.111336
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref19
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref19
http://refhub.elsevier.com/S2352-5517(20)30140-2/sref19

	Effect of anticoagulant adjustment on prothrombin time test using two different PT reagents in patients with elevated hemat ...
	1. Introduction
	2. Materials and Methods
	2.1. Statistical analyses

	3. Results
	4. Discussion
	Declaration of competing interest
	Acknowledgments
	Appendix&nbsp;A. Supplementary data
	Funding
	References


