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Introduction
Blood sampling for a complete clinical pathology investi-
gation presents a challenge in cats as multiple tubes have 
to be collected. This is frequently difficult because of pro-
longed handling and also the large volume of blood 
taken, especially in diseased small cats. One solution 
could be to use a universal anticoagulant, but no such 
anticoagulant has yet been found for veterinary medi-
cine. In people, an association of citrate, theophylline, 
adenosine and dipyridamole (CTAD) was proposed and 
validated for many haematological, secondary haemosta-
sis and some biochemical variables in a preliminary 
study.1 However, the use of CTAD has not gained much 
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biochemistry variables.
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acceptance in people, maybe because multiple samplings 
are easier to perform.

In cats, CTAD has been used as an anticoagulant for 
routine haematology analysis and can replace the classic 
EDTA as it provides a more reliable automated platelet 
count by limiting platelet clumping and gives similar 
results for the other cell counts.2–4 CTAD also reduces 
storage-induced changes.5 However, the in vitro effects 
of CTAD on feline haemostasis, particularly its effects on 
platelet aggregation during primary haemostasis, and in 
routine plasma coagulation tests investigating second-
ary haemostasis, have not been studied. Possible effects 
of CTAD on routine plasma biochemistry in cats are also 
unknown; however, its use is precluded a priori for 
measurements of divalent cations (which make stable 
salts with citric acid) and sodium (present in CTAD 
tubes), and CTAD may also interfere with Ca2+- and 
Mg2+- dependent enzyme activity measurements, even 
although these cations are usually supplied in the 
reagents.

The aim of this study was thus to investigate the effects 
of CTAD on platelet aggregation; and to compare the 
results of secondary haemostasis and biochemistry meas-
urements in cats, using CTAD specimens and paired clas-
sical sodium citrate and lithium heparin tubes.

Materials and methods
This prospective study was performed between March 
2014 and July 2014 at the Central Laboratory of Medical 
Biology, Veterinary School of Toulouse. The two-stage 
experimental design consisted of an initial study to com-
pare in vitro platelet aggregation in CTAD and citrate 
feline blood specimens, and a second study to compare 
results of secondary haemostasis tests and of a biochem-
istry panel in paired CTAD and citrate or heparin feline 
plasma specimens, respectively.

Blood specimens were collected from 30 healthy cats 
obtained from the unit of a life-science services company 
(Amatsigroup) breeding cats for experimental purposes. 
This company complies with the European Directive 
2010/63/EU on the protection of animals used for scien-
tific purposes, is accredited by Association for Assessment 
and Accreditation of Laboratory Animal Care 
International (AAALAC) and conforms to good labora-
tory practices. This site is licensed as a unit for experi-
mental animal housing by the French authorities 
(Agreement number D31 188 01). All procedures were 
approved by the ethics committee for the protection of 
laboratory animals (Comité Ethique Animale no. 62) reg-
istered by the French Ministry of Higher Education and 
Research. Blood specimens were collected from the jugu-
lar vein through a needle and a syringe and immediately 
placed in a citrate tube (Venosafe 1.8 ml; Terumo) and a 
CTAD tube (Vacuette; Greiner Bio-One) in a randomised 
order. The tubes were immediately mixed by 10 

inversions after collection. All tubes that were incorrectly 
filled or showed macroscopic clots were excluded. 
Specimens were analysed <9 h after blood collection. 
First, the platelet count was obtained with a haematology 
analyser, the Sysmex XT-2000iV, using a flow cytometry 
method. Then, platelet aggregation in whole blood speci-
mens was assessed by a ROTEM platelet analyser with 
ROTEM delta (Tem International GmBH). An adenosine 
diphosphate (ADP) reagent (ADP-tem; Tem International 
GmBH) at 10 µmol/l, and a collagen solution at 5 mg/l 
(Collagen Horm solution; Nycomed) were used as ago-
nists, and added to 200 µl whole blood aliquots. The ana-
lyser measured three different variables: amplitude at 6 
mins in Ohm (Ω; A6), maximum slope of the aggregation 
graph in Ω/min (MS) and area under the curve in Ω*min 
(AUC).

Plasma coagulation and biochemistry variables were 
measured in 60 blood specimens collected from 49 healthy 
cats from the same unit housing experimental cats and 
according to the same ethical procedures as previously 
described, and from 11 sick cats admitted to different ser-
vices of the hospital at the Veterinary School of Toulouse 
as part of routine diagnoses or disease monitoring. Before 
sampling, all owners of the sick cats signed an informed 
consent form to allow the use of the blood specimens for 
this study. Blood samples were collected from the jugular 
vein into a citrate vacuum tube (Venosafe 1.8 ml; Terumo), 
a CTAD vacuum tube (Vacuette 2ml; Greiner Bio-One) 
and a heparin tube (Microtubes Minicollect Plasma, 1 ml; 
Greiner Bio-One) with an 0.8 × 40 mm needle (Venosafe 
Mutisample 22 G, 0.7 × 25 mm; Terumo). The tubes were 
gently mixed by 10 inversions immediately after collec-
tion. All tubes that were incorrectly filled or showed mac-
roscopic clots were excluded. All tubes were centrifuged 
for 10 mins at 2700 g (SIGMA 3K10 Laborzentrifugen; 
Bioblock Scientific). The concentrations and activities of 
the following biochemical analytes were measured in 
heparinised and CTAD plasmas with a dry-slide technol-
ogy analyser and corresponding multi-layer reagents 
(Vitros 350; Ortho-Clinical Diagnostics): glucose, urea, 
creatinine, potassium, phosphate, cholesterol, triglycer-
ides, total proteins, albumin, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), creatine kinase 
(CK), alkaline phosphatases (ALP), gamma (γ)-
glutamyltransferase (GGT) and total bilirubin. Quality 
controls were performed with Performance Verifier 1 and 
2 human control solutions (Ortho Clinical Diagnostics) for 
each batch of analyses. Prothrombin time (PT), activated 
partial thromboplastin time (APTT), antithrombin (AT) 
and fibrinogen were measured with an automated ana-
lyser (STA-Compact; Diagnostica Stago) in citrated and 
CTAD plasmas by coagulometric (PT, APTT and fibrino-
gen) and colorimetric (AT) tests. Two human control solu-
tions (STA coag Control N+P; Diagnostica Stago) were 
used as quality controls. Measurement imprecision was 
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evaluated according to Clinical Laboratory Standards 
Institute (CLSI) recommendations,6 and is reported in 
Tables 1 and 2.

All concentrations and activities obtained in CTAD 
specimens were corrected to compensate for the dilution 
in CTAD tubes (1:9 [vol:vol] ratio). The results obtained 
with CTAD and the other anticoagulants were compared 
by Student’s paired t-test or by Wilcoxon’s test according 
to homoscedasticity, by Spearman’s correlation and by 
Passing–Bablock agreement analysis. The numbers of 
cases when the differences could account for a different 
‘clinical’ classification of results, according to feline ref-
erence intervals,7 were also counted. Calculations were 
done with an Excel spreadsheet and Analyse-It.

Results
One feline blood specimen was excluded and not ana-
lysed for platelet count and platelet aggregation because 
of the presence of some macroscopic platelet clumps, 
and one result for ADP platelet aggregation was not 
given by the analyser owing to an analytic error, and 
could not be included. Platelet counts in citrate and 
CTAD feline blood specimens were not statistically dif-
ferent (P = 0.3853) (Table 3). The overall degree of plate-
let aggregation described by AUC, MS and A6 was 
systematically lower in CTAD than in citrate with ADP 
or collagen agonists (P ⩽0.0001). Figure 1 shows a typi-
cal platelet aggregation response induced by ADP and 
collagen in citrate and CTAD paired blood specimens. It 
should be noted that one sample showed a contrary 
mildly lower collagen-induced platelet aggregation in 
citrate than in the CTAD specimen (AUC = 75 and 86; 
MS = 5 and 6; and A6 = 22 and 27, respectively).

Results for the secondary haemostasis exploration 
(Table 1, Figure 2), were obtained for all 60 paired speci-
mens except one value under the limit of quantification 
for APTT, which was not included in the calculations. 
Similar APTT results were obtained in citrate and CTAD 
plasmas, whereas PT, fibrinogen and AT were signifi-
cantly higher in CTAD than in citrate plasmas. 
Coefficients of correlation between citrate and CTAD 
samples were >0.95 for fibrinogen and AT, and 0.90 and 
0.88 for PT and APTT, respectively. No bias was shown 
for PT, APPT and AT, and a slight proportional bias was 
observed for fibrinogen. Only a few clinical misclassifi-
cations of the results, according to the reference inter-
vals, were noted for PT and AT; that is, 2/60 and 3/60 
cases, respectively.

Biochemistry results were obtained for all 60 paired spec-
imens except for one panel from a sick cat, owing to a miss-
ing heparinised sample, and for another cat, owing to the 
absence of measurement of a potassium concentration and 
GGT activity (Table 2, Figure 3). No calculation for total bili-
rubin and GGT activity could be performed because many 
values were below the limit of quantification Ta
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(8/59 specimens in heparin and 22/59 specimens in CTAD 
plasmas for total bilirubin; 49/58 specimens in heparin and 
all specimens in CTAD plasmas for GGT), and only the 

number of cases of ‘clinical misclassification’ was estimated; 
that is, 21/59 specimens and 4/58 specimens, respectively. 
Cholesterol and triglycerides measurements in heparin and 
CTAD plasmas were not significantly different, whereas all 
the other tested analytes were significantly different (ie, glu-
cose, urea, creatinine, potassium, phosphate, total proteins, 
albumin, AST, ALT, CK and ALP). Spearman’s correlation 
coefficients between heparin and CTAD plasmas were 
⩾0.95 for 9/13 measured analytes (ie, urea, creatinine, phos-
phate, cholesterol, triglycerides, total proteins, albumin, 
ALT, and ALP), between 0.80 and 0.90 for glucose, potas-
sium and CK, and equal to 0.67 for AST. No constant or pro-
portional bias was observed for creatinine, cholesterol, 
triglycerides or ALT. A negative proportional bias was 
observed for urea and phosphate (slopes of 0.95 and 0.92, 
respectively), a more marked negative proportional bias 
was shown for AST (slope of 0.74) and a marked positive 
proportional bias was shown for albumin (slope of 1.20). A 
positive constant bias was demonstrated for glucose (inter-
cept of 0.79). The bias was mixed for total proteins, CK and 
ALP (slopes of 1.06, 0.78 and 0.28, and intercepts of about –4, 
–12 and 10, respectively). No clinical misclassification of the 
results according to the reference intervals was noted for 
cholesterol and ALT, whereas <10% clinical misclassifica-
tions were noted for glucose, urea, creatinine, phosphate, 
cholesterol, triglycerides, total proteins, albumin, ALT, CK 
and GGT, 10–20% clinical misclassifications were noted for 
potassium and AST and >35% clinical misclassifications 
were noted for ALP and total bilirubin.

Discussion
The decision to test CTAD as a universal anticoagulant 
for feline blood samples was based on previous studies 
that had demonstrated that CTAD can be used as an 
anticoagulant for routine haematology analysis in cats, 
and on a study performed in human medicine that dem-
onstrated that CTAD could be a good alternative for 

Table 3  Comparison of platelet counts obtained with Sysmex XT-2000iV and platelet aggregation assessed by  
a ROTEM delta platelet analyser in feline whole blood sampled in citrate and CTAD tubes

Variables Citrate CTAD P value
citrate vs CTAD

  n Median Min–max Median Min–max  

Platelets (109/l) 29 385 158–662 381 172–593 0.3853
ADP A6 (Ω/min) 28 16.1 0.0–30.2 2.7 0.0–11.4 <0.0001

Platelet aggregation MS (Ω) 8 2–16 1 0–4 <0.0001
  AUC (Ω*min) 76 11–130 9 0–48 <0.0001
  Collagen A6 (Ω/min) 29 28.2 4.9–38.0 7.2 0.0–27.0 <0.0001
  MS (Ω) 10 3–16 2 1–6 <0.0001
  AUC (Ω*min) 86 5–150 17 0–86 <0.0001

Comparison of results by Student’s paired t-test or Wilcoxon’s test according to homoscedasticity.  
ADP = adenosine diphosphate; A6 = amplitude at 6 mins, MS = maximum slope of the aggregation graph; AUC = area under the curve; CTAD 
= citrate, theophylline, adenosine and dipyridamole; Ω = ohm

Figure 1  Typical example of collagen and adenosine 
diphosphate (ADP)-induced platelet aggregation assessed 
in a citrate (unbroken black line) and CTAD (dotted black 
line) feline whole blood sample (redrawn from ROTEM delta 
platelet analyser print-outs). CTAD = citrate, theophylline, 
adenosine and dipyridamole
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routine plasma coagulation and biochemistry profiles. In 
our study, the choice of analytes tested in the biochemis-
try panel was based on the decision to perform a com-
plete biochemistry panel, as is commonly required in 
veterinary practice, and also on the a priori exclusion of 
variables such as Na, Cl and divalent cations which 
make stable salts with citric acid and cannot be reliably 
measured in CTAD plasma. To our knowledge, the effect 
of CTAD as a universal anticoagulant in cats has not 
been tested before. This is therefore the first study to 
investigate in vitro platelet aggregation in CTAD feline 
specimens, and to compare plasma coagulation and bio-
chemistry profiles in CTAD and paired classical feline 
blood specimens.

In cats, previous studies demonstrated that CTAD can 
replace EDTA as an anticoagulant for haematology rou-
tine.2–4 CTAD reduces platelet clumping assessed by 

blood film examination.2,4 Moreover, results of a com-
plete blood cell count in EDTA and CTAD are not clini-
cally different, except for a narrower platelet count’s 
reference interval with a higher low limit, a slightly 
higher haemoglobin concentration and a lower red cell 
distribution width – coefficient variation (RDW-CV) in 
CTAD than in EDTA.4 There are also moderately differ-
ent results of reticulocytes indexes.4

In this study, CTAD markedly inhibited in vitro platelet 
aggregation in feline whole blood specimens, whichever 
agonist – ADP or collagen – was used. As expected, the 
overall degree of platelet aggregation was systematically 
lower in CTAD than in citrate specimens, except for one 
unexplained case. This study confirmed previously pub-
lished results, based on a semi-quantitative assessment of 
platelet aggregation on blood smears, that platelet aggre-
gation is limited and/or inhibited by CTAD.1,2 In humans, 

Figure 2  Passing–Bablock agreement graphs for results of secondary hamostasis analytes in paired feline CTAD and citrate 
specimens. PT = prothrombin time; APTT = activated partial thromboplastin time; AT = antithrombin; grey line = identity; 
red line = Passing–Bablock fit; dotted red lines = 95% confidence intervals; CTAD = citrate, theophylline, adenosine and 
dipyridamole

 by guest on February 28, 2016jfm.sagepub.comDownloaded from 

http://jfm.sagepub.com/


Granat et al	 7

Figure 3  Passing–Bablock agreement graphs for results for biochemical analytes in paired feline CTAD and heparin 
specimens. Grey line = identity; red line = Passing–Bablock fit; dotted red lines = 95% confidence intervals; AST = aspartate 
aminotransferase; ALT = alanine aminotransferase; CK = creatine kinase; ALP = alkaline phosphatases ; CTAD = citrate, 
theophylline, adenosine and dipyridamole
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CTAD inhibits platelet aggregation by increasing cytoplas-
mic adenosine monophosphate cyclic (AMPc) concentra-
tion via the action of theophylline, dipyridamole and 
adenosine. This causes a sequestration of Ca2+ thereby 
preventing platelet adhesion, activation and aggregation.1 
In vitro studies have demonstrated platelet inactivation  
by CTAD via decreased expression of CD62P (P Selectine) 
and CD63 molecules on the platelet surface.8–10 In cats,  
the mechanisms of CTAD inactivation of platelets are not 
well known but are likely similar to those described in 
humans.

In human medicine, PT, APTT and fibrinogen meas-
urements in citrate and CTAD plasmas were very similar 
and highly correlated (r >0.92).1 In our study, plasma 
coagulation test results for PT, APTT, fibrinogen and AT 
were usually close, even though they were sometimes 
statistically different. Very few clinical misclassifications 
were observed for PT and AT. The corresponding refer-
ence intervals for these variables need to be recalculated 
according to CLSI–International Federation of Clinical 
Chemistry (IFCC) and American Society for Veterinary 
Clinical Pathology (ASVCP) recommendations,11–14 in 
which case CTAD could be used for routine plasma 
coagulation tests.

Human biochemistry profiles showed that similar 
values were obtained in sera and CTAD plasmas for total 
proteins, albumin, total bilirubin, urea, creatinine, AST, 
ALT, CK, glucose and potassium, whereas the values for 
Na and Cl differed notably,1 which is consistent with the 
input of Na ions derived from the sodium citrate in the 
CTAD solution. In this study, biochemistry results 
obtained in CTAD were compared with heparin plasma 
and not to serum, because it is the specimen used in our 
institution. To our knowledge, there has been no com-
parison of biochemistry results between serum and 
plasma in feline specimens, but results were almost 
identical in dogs and horses.15–17 Most of the biochemis-
try results obtained for CTAD and heparin plasmas were 
similar and well correlated, that is, triglycerides, choles-
terol, glucose, urea, creatinine, phosphate, total proteins 
and ALAT, even though they were often statistically dif-
ferent. Biases were observed for some of them; for exam-
ple, a moderate negative proportional bias for urea and 
phosphate, a moderate constant positive bias for glucose 
and a very slight mixed bias for total proteins. 
Recalculation of the reference intervals for these varia-
bles according to CLSI-IFCC and ASVCP recommenda-
tions could allow the routine use of CTAD for their 
measurement.12–14 More intense differences were shown 
for the albumin and potassium measurements and 
enzyme activities of CK, AST and ALP. Albumin showed 
a marked positive proportional bias, despite a good cor-
relation and few clinical misclassifications. The reason 
for this difference remains unknown, but a transfer of 
reference intervals could allow use of CTAD tubes to 

measure albumin. CK activity showed a moderate nega-
tive mixed bias, a good correlation and very few clinical 
misclassifications. This may result from the formation of 
salts between citric acid and Mg2+, which is a cofactor of 
CK by the citrate in CTAD. A transfer of reference inter-
vals could, perhaps, allow the use of CTAD tubes to 
measure CK, but a further study, including more abnor-
mally high values of CK in heparin plasma, should be 
performed to confirm this possibility. ALP activity 
showed a marked negative mixed bias, a very good cor-
relation and many clinical misclassifications. The reason 
for this difference is likely the same as for CK. Given the 
high correlation, a transfer of reference intervals could 
allow use of CTAD tubes to measure ALP. The measure-
ment of AST and potassium in CTAD specimens cannot 
be recommended. In fact, AST activity showed a marked 
negative proportional bias, poor correlation and some 
clinical misclassifications. These poor results were not 
only due to one very high value, which looked like an 
outlier (245 U/l in heparin vs 80 U/l in CTAD), as the 
correlation was still poor when this pair of data was 
removed (r = 0.65). A new study including more normal 
and abnormal (ie, high) values of AST in heparin plasma 
should be performed to see if CTAD needs to be defini-
tively excluded from measurement of AST activity in 
feline specimens. Potassium measurement in heparin 
and CTAD showed relatively good agreement, except 
that the low correlation (r = 0.80) and clinical misclassi-
fications would make the use of CTAD unacceptable. For 
clinical practice, the measurement of potassium must be 
precise as slight changes in the concentrations of electro-
lytes such as potassium, sodium and chloride may be 
critical (total allowable error about 5%14). No calcula-
tions of GGT activity and total bilirubin were performed 
because of the very large number of values below the 
limit of quantification and only the number of different 
‘clinical misclassifications’ was noted. Another investi-
gation including high values of total bilirubin and GGT 
activity should be performed to determine the possibil-
ity of using CTAD specimens.

One limit of this study was the limited range of values 
obtained for the different analytes. A new study includ-
ing more abnormal values should be carried out to con-
firm these preliminary results.

Conclusions
In cats, CTAD cannot be used for primary haemostasis 
investigation but could be a suitable (almost) universal 
anticoagulant for routine haematology, as previously 
reported, as well as for plasma coagulation and many bio-
chemistry variables as demonstrated in this study. This is 
an improvement on the current situation as use of CTAD 
tubes could reduce the number of cases for which multiple 
sampling is required, and thus improve animal welfare.
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