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INTRODUCTION

Perioperative bleeding and the use of  allogeneic blood 
products are common in cardiac surgery,[1] although the 
rate of  transfusion varies.[2] In several studies, higher rates 
of  transfusion have been associated with greater morbidity 
and mortality in cardiac surgery.[3,4] Viscoelastic hemostatic 
assays (VHAs) have been used to identify specific cellular 
and humoral causes for postoperative bleeding in cardiac 
surgery patients.[5] Algorithms based on VHA may allow for 

the use of  fewer blood products.[6,7] VHA measures blood 
clot formation in a sample of  the patient’s blood exposed to 
a clot initiator, most often kaolin. The results of  these tests 
can help determine specific causes for coagulopathy and 
the appropriate therapy.[8,9] Cardiopulmonary bypass (CPB) 
alters coagulation independent of  the effects of  heparin 
and protamine, and post‑CPB hypocoagulation has been 
described.[10‑12] This is observable on VHA.[6,13‑15] The 
addition of  heparinase to a VHA sample catalyzes heparin 
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ABSTRACT
Context: Viscoelastic hemostatic assays (VHA) are commonly used to identify specific cellular and humoral causes for bleeding in cardiac 
surgery patients. Cardiopulmonary bypass (CPB) alterations to coagulation are observable on VHA. Citrated VHA can approximate fresh whole 
blood VHA when kaolin is used as the activator in healthy volunteers. Some have suggested that noncitrated blood is more optimal than citrated 
blood for point‑of‑care analysis in some populations.

Aims: To determine if storage of blood samples in citrate after CPB alters kaolin activated VHA results.

Settings and Design: This was a prospective observational cohort study at a single tertiary care teaching hospital.

Methods and Material: Blood samples were subjected to VHA immediately after collection and compared to samples drawn at the same 
time and stored in citrate for 30, 90, and 150 min prior to kaolin activated VHA both before and after CPB.

Statistical Analysis Used: VHA results were compared using paired T‑tests and Bland–Altman analysis.

Results: Maximum clot strength and time to clot initiation were not considerably different before or after CPB using paired T‑tests or Bland–
Altman Analysis.

Conclusions: Citrated samples appear to be a clinically reliable substitute for fresh samples for maximum clot strength and time to VHA clot 
initiation after CPB. Concerns about the role of citrate in altering the validity of the VHA samples in the cardiac surgery population seem unfounded.
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study. Our aim was to determine if  VHA parameters were 
altered by the storage of  blood samples in citrate tubes 
compared to fresh samples in cardiac surgery patients both 
before and after CPB. Informed consent was obtained 
for all patients. VHA was performed using the TEG® 
5000 Thromboelastograph®  (Haemonetics®; Boston, 
MA) system. VHA parameters analyzed were maximum 
amplitude  (MA), reaction time  (R‑Time), alpha angle, 
and K Time. Demographic, comorbidity, and surgical 
parameters were collected by chart review after enrolment 
of  each patient into the study. This research did not receive 
any specific grant from funding agencies in the public, 
commercial, or not‑for‑profit sectors.

Inclusion criterion was all patients having cardiac 
surgery with CPB at our institution. Patients were 
excluded if  they were unable to personally participate in 
informed consent, less than 18 years of  age, those with a 
hematocrit below 24%, or were treated with long‑acting 
anticoagulants  (e.g.,  warfarin, lepirudin, bivalrudin, 
argatroban, dabigatran, rivaroxaban, apixaban, edoxaban, 
fondaparinux, clopidogrel, ticagrelor, prasugrel, cangrelor, 
ticlopidine, or greater than 160 mg per day of  aspirin). No 
patients were removed from the study after enrolment.

Perioperative care was standardized per our institutional 
protocol. Patients received a heparin dose based on Hepcon 
Hemostasis Management System (Medtronic, Minneapolis, 
MN) protocol prior to institution of  CPB. The target 
activated clotting time was 480 s. A blood conservation 
protocol was used to limit allogeneic blood product 
administration. Acute normovolemic hemodilution was 
employed based on initial hematocrit and body surface 
area for all patients as indicated. A tranexamic acid loading 
dose of  20 mg/kg was administered after the induction 
of  general anesthesia followed by a 2 mg/kg/h infusion 
intraoperatively. Red blood cell salvage, intraoperative 
pump salvage from the surgical field, retrograde autologous 
priming of  the cardiopulmonary bypass circuit, microplegia 
technique, and ultrafiltration to maintain an on CBP 
hematocrit of  20% or greater during CPB were employed 
as indicated. Intravenous crystalloid was limited to no 
more than one liter prior to institution of  CPB unless 
contraindicated by clinical circumstances.

Blood samples for part one of  the study were collected 
after induction of  anesthesia but before surgical incision. 
Samples for part two were collected five minutes after 
protamine dose completion. Fresh and citrated samples 
were drawn simultaneously from an arterial catheter using 
non‑heparinized syringes. Fresh samples were tested 
within 3 min of  collection. Citrated blood was stored in 

degradation, thereby exposing intrinsic coagulopathies that 
might otherwise be masked by the heparin anticoagulative 
effects. Treating samples with heparinase allows for 
assessment of  post‑CPB coagulopathy prior to protamine 
administration.[16]

VHAs are ideally performed as a point‑of‑care test soon 
after the sample is drawn. However, in small centers where 
the number of  personnel certified to use VHA equipment 
is restricted or during emergencies at times other than 
regular business hours when assistance is limited, it may 
be necessary to store samples drawn by any team member 
until the attention of  personnel trained in using VHA 
can be turned from patient care to performing the test. 
Blood samples for VHA can be stored in citrate to prevent 
coagulation and recalcified at the time of  testing.[8,9] Studies 
have tested the validity of  citrated compared to fresh blood 
samples. In the initial studies, VHA using coagulation 
initiators such as tissue factor showed faster time to clot 
initiation after as little as 30 min of  storage and increased 
in maximum clot strength as the citrated sample was stored 
longer.[17‑19] Subsequent reports of  samples from healthy 
volunteers found that citrated samples activated with 
kaolin better approximated fresh samples even after 3 h of  
storage in citrate.[20,21] Despite this, some have suggested 
that noncitrated blood is more optimal than citrated blood 
for point‑of‑care analysis in some populations, such as 
trauma patients.[22]

We sought to determine whether dilution of  samples in 
citrate and subsequent recalcification altered VHA results 
in the setting of  CPB‑induced coagulopathy. Gilman 
et al.[23] previously observed a decrease in the time to kaolin 
activated VHA clot initiation for citrated samples from 
patients after CPB stored for 15 min compared to fresh 
samples but no differences in the maximum clot strength. 
Samples from volunteers that did not undergo CPB with 
heparin added in vitro did not show a faster time to VHA 
clot initiation with storage in citrate. All samples were 
treated with heparinase. Given these limited, but potentially 
significant findings, further examination was warranted. We 
hypothesized that longer storage times could impact kaolin 
activated VHA maximum clot strength and the time to clot 
initiation to a clinically relevant level in a post‑CPB sample.

SUBJECTS AND METHODS

The protocol for this study was reviewed and approved by 
our institutional review board on September 25th, 2019 
(IRB #: WRNMMC-2019-0247; Reference #: 914783). 
After obtaining institutional review board approval, we 
performed a single‑center, prospective, observational 



Kristobak, et al.: Citrated viscoelastic hemostatic assays in cardiac surgery

Annals of Cardiac Anaesthesia | Volume 25 | Issue 4 | October-December 2022	 455

commercially available tubes  (VACUETTE®; Greiner 
Bio‑one North America Inc., Monroe, NC) containing 
0.5 ml of  0.105 mol/l of  sodium citrate. Citrated samples 
were inverted three times to mix nine parts of  blood to one 
part of  sodium citrate for a total volume of  3 ml. Citrated 
blood was stored at room temperature on a countertop until 
VHA was performed. VHA was performed using 1 ml of  
either citrated or fresh blood in a manufacturer produced 
vial (Haemonetics®, Boston, MA) containing premeasured 
kaolin. A mixture of  360 µl of  fresh sample was pipetted 
into a heparinase containing reaction cup (Haemonetics®, 
Boston, MA). For citrated blood, 20 µl of  calcium chloride 
was pipetted into the reaction cup prior to adding 340 µl 
of  the kaolin and citrated blood mixture for a total volume 
of  360 µl.

VHA parameters of  fresh samples evaluated immediately 
after collection  (T0) were compared individually to 
citrated samples stored for 30  min  (T30), 90  min  (T90), 
and 150  min  (T150) in citrated blood collection tubes. 
These time points were selected because they lie within 
previously reported time periods in which no differences 
in VHA of  fresh compared to citrated samples activated 
with kaolin were observed in healthy volunteers.[20,21] 
Furthermore, beyond 2.5 h, the clinical impact of  the cause 
of  coagulopathy of  a patient with ongoing bleeding at a 
given time point is likely diminished and new samples for 
VHA analysis would most likely be obtained. Part 1 of  this 
study was designed to confirm previous studies that show 
similar VHA profiles for fresh and citrated blood when 
kaolin activation is used in patients not having undergone 
CPB. Part 2 of  the study was designed to similarly evaluate 
samples after CPB. Because all samples in both parts of  
the study were drawn at the same time point for each 
patient (T0), matched samples were considered.

This study was designed to find a clinically relevant 
difference in MA or R‑Time from T0 to each time point 
using paired T‑Tests. Using the values reported by Gilman 
et al.[23] for sample means and the standard deviation of  
the mean differences in samples, it was possible to obtain 
80% power to detect a difference in MA of  4.5  mm 
with 23 patients and a difference in R‑Time of  1.25 min 
with a sample of  25 patients. Bland–Altman plots were 
constructed to determine the agreement of  VHA at T0 
compared to each time point both before and after CPB.[24] 
Normality of  the differences in VHA parameters was 
evaluated using a Shapiro–Wilk test. As an exploratory 
analysis, the change of  VHA from T0 to each time point 
was compared before and after CPB. The absolute value 
of  the difference VHA parameter value at T0 to whichever 
time point was being analyzed was considered the change 

in VHA. Because VHA parameters in this population could 
be higher or lower with storage in citrate, using the absolute 
value of  the difference allowed for any change (positive 
or negative) to be considered statistically significant. All 
statistical analysis was performed using R version 3.6.1 (R 
Core Team, Vienna, Austria).

RESULTS

Patient and surgical characteristics for the study sample are 
described in Table 1. Dichotomous variables are reported 
as a percentage of  the population and continuous variables 
are described by mean, standard deviation, and range. 
The population was overwhelmingly male (88%). Cardiac 
disease was the most common comorbidity with 56% 
having coronary artery disease and 56% having valvular 
disease. Chronic renal (8%) and pulmonary (4%) were rare. 
The average age of  patients was 55 years old.

Raw data for VHA times in the fresh and citrated samples 
at each time point for each patient were collected. Means 
and standard deviations for each VHA measurement were 

Table 1: Patient and surgical characteristics
Characteristic Yes (%)

Male 22 (88)
Coronary artery disease 14 (56)
Congestive heart failure 0 (0)
Chronic obstructive pulmonary 
disease

1 (4)

Obstructive sleep apnea 8 (32)
Chronic kidney disease 2 (8)
Acute kidney injury 0 (0)
Cerebral vascular accident 1 (4)
Diabetes miletus 3 (12)
Liver disease 0 (0)
Valvular disease 14 (56)
Coronary artery bypass graft 11 (44)
Aortic valve surgery 11 (44)
Mitral valve surgery 4 (16)

Mean Standard 
Deviation

Range

Age (years) 55.56 11.89 31-76
Body mass index (kg/m2) 29.81 5.10 21.24-42.48
Preoperative platelet count (×109/L) 211.68 57.12 138-387
Preoperative prothrombin time (s) 14.89 5.50 12.00-36.60
Preoperative partial thromboplastin 
time (s)

35.32 20.25 12.9-105.60

Preop creatinine (mg/dl) 1.02 0.26 0.57-1.67
Duration of cardiopulmonary 
bypass (min)

131.04 39.17 55-220

Duration of cross clamp (min) 100.32 29.97 43-154
Heparin dose (international units) 29320 6381.74 15000-40000
Protamine dose (mg) 239.44 58.32 100-400
Postoperative platelets (×109 L) 143.8 40.07 82-243
Postoperative prothrombin time (s) 16.86 1.26 14.6-19.2
Postoperative partial thromboplastin 
time (s)

31.90 4.66 25.5-46.2

Postoperative creatinine (mg/dl) 0.92 0.22 0.43-1.28
Postoperative fibrinogen (mg/dl) 218.13 52.01 127-338
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compared pre‑ and post‑CPB [Figure 1]. A paired T‑test 
was applied to each of  the time points to compare for 
significant difference from the fresh whole blood tested at 
T0. Only the pre‑CPB R‑Time sample at 90 min of  citrate 
storage and the post‑CPB R‑Time sample at 150 min were 
significantly different. None of  the MA, alpha angle, or K 
Time samples were significantly different from the T0 sample.

Bland–Altman analyses for MA  [Figure  2] and 
R‑Time [Figure 3] at T0 to each time point were performed. 
All values for MA were normally distributed. The values 
pre‑CPB R‑Time after 30 min of  storage and post‑CPB 
R‑Time after 90 min of  storage could not be assumed to be 
normally distributed by the Shapiro–Wilk test. The bias of  the 
values of  both MA and R‑Time is less than the 4.5 mm and 
1.25 min difference, which was considered clinically relevant. 
There does not appear to be a change in the bias across the 
range of  MA or R‑Time values measured noted by visual 
inspection. The limits of  agreement appear low to moderate.

The change in pre‑CPB VHA parameters compared to 
post‑CPB parameters is displayed in Table 2. The mean of  

the difference for each comparison is listed. This analysis 
shows that the changes in R‑Time at 90 min, K time at 
90 min, K time at 150 minutes, and alpha angle at 150 min 
of  storage in citrate tubes were significantly different when 
comparing samples drawn before to those drawn after CPB. 
Post hoc power analysis of  this comparison found that the 
power to detect a difference with this test was below 0.65 
for all comparisons.

DISCUSSION

These data suggest that VHA results for citrated blood 
are consistent with the results for fresh samples drawn 
immediately after separation from CPB. Results of  part 1 
of  the study are consistent with and verify previous reports 
in non‑CPB populations. This work expands on the report 
by Gilman et al.[23], who stored post‑CPB samples in citrate 
for 15 min prior to obtaining VHA tests. While samples 
stored for 30  min would have had the same dilutional 
effects as samples stored longer, they were not subjected to 
storage and stagnation for a prolonged period. There was 
no difference in MA in either the previous or current study, 
suggesting a very low likelihood of  a clinically significant 
alteration existing in post‑CPB populations. We were not 
able to observe a consistent shortening of  R‑Time after 
CPB as Gilman et al.[23] described. If  a difference does exist, 
it is unlikely to be clinically relevant.

Bland–Altman analysis comparing MA and R‑Time at T0 
and each time point shows a high level of  agreement in 

Table 2: Mean of differences in change of VHAa parameters 
with storage in citrate before and after CPBb

30 min 90 min 150 min

Reaction time 0.545 0.808* 0.364
K - time 0.120 0.196* 0.220*

Alpha Angle 1.560 2.228 3.696*

Maximum Amplitude 0.976 0.520 0.676
aViscoelastic haemostatic assay; bCardiopulmonary Bypass; *P<0.05

Figure 1: Viscoelastic testing parameter change with storage in citrate blood tubes before and after cardiopulmonary bypass. *= p < 0.05
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the values across time points with biases at or near zero. 
There does appear to be a moderate amount of  variability 
noted in the limits of  agreement for some comparisons. 
Outliers exist, which may have accounted for some of  
the variability given our sample size. However, while a 
maximum range in MA of  10 mm and R‑Time of  6 min 
may alter the interpretation of  the citrated samples, the 
overall clinical picture of  coagulopathy will decrease the 
ambiguity in the interpretation of  citrated VHA. For this 
reason, we feel this was a reasonable value for the limits 
of  agreement of  a reliable test.

These findings are relevant to the evaluation of  coagulopathy 
after CPB. Cardiac surgery patients often exhibit a 
post‑CPB coagulopathy.[7,13] While the dilution of  CPB 

is not likely to cause coagulopathy on its own,[25] citrate 
storage and recalcification requires additional dilution 
of  the blood sample which could theoretically unmask 
borderline coagulopathy in vitro. Citrate storage introduces 
another deviation from fresh samples by allowing blood 
to stagnate in the collection tube. Our findings support 
that these factors do not appear extensive enough to make 
citrated VHA discordant from fresh samples.

The TEG 6s,[26] (Haemonetics®, Braintree, MA) ROTEM 
Sigma,[27]  (Instrumentation Laboratory; Barcelona, 
Spain) and the Quantra Q Plus system[28] (HemoSonics, 
LLC; Charlottesville, VA) all use samples that are first 
placed in a citrate tube. This is a deviation from previous 
generations of  VHA, which used both fresh and citrated 

Figure 2: Bland-Altman plots for maximum amplitude after storage in citrate blood tubes for 30, 90, and 150 minutes before and after cardiopulmonary bypass

Figure 3: Bland-Altman plots for reaction time after storage in citrate blood tubes for 30, 90, and 150 minutes before and after cardiopulmonary bypass
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samples. Interestingly, a VHA modality currently 
unapproved for use in humans, the Viscoelastic Testing 
monitor  (Entergrion, Inc; Durham, NC), monitors 
coagulation between two glass plates. Marketing for this 
test highlights that it does not use chemicals in the test 
sample “avoiding modifications to the native properties 
of  the patient sample.”[29] Any concerns about the role of  
citrate in altering the validity of  the VHA samples in the 
cardiac surgery population seem unfounded.

This study has some limitations. R‑time has more variability 
than MA between populations.[30] This means that larger 
samples are needed to find a difference between samples 
for R‑Time than for MA. Designing a study with separate 
populations for each VHA parameter may allow for 
examination of  the changes in VHA values that are 
determined relevant by independent experts. Analysis of  
the change in VHA parameters before CPB compared to 
after CPB shows no significant differences in MA changes, 
and only significance for R‑Time at 90 min of  storage in 
citrate. This study was not designed to detect this difference, 
making this isolated difference difficult to interpret.

In conclusion, the storage of  blood in citrate does not 
appear to affect MA or R‑Time to a clinically relevant extent 
pre‑ and post‑CPB. This may help the understanding and 
interpretation of  abnormal or borderline VHA parameters 
if  multiple samples are discordant, particularly if  citrated 
samples are used. Future studies should continue to 
independently verify the reliability of  VHA modalities in 
clinical settings by end‑users.
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