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Abstract

Purpose It has been suggested that a larger heparin dose
during cardiopulmonary bypass (CPB) is associated with
reduced perioperative coagulopathy and thromboembolic
complications. We investigated the effect of different
heparin doses during routine elective cardiac surgery.
Our primary outcomes include blood loss and transfusion
and secondary outcomes investigate the effects on
coagulation biomarkers.

Methods In this prospective pilot trial, we allocated
60 patients undergoing cardiac surgery on CPB in a

T. N. Lwin, MBBS, MMed, FANZCA -

R. Mudannayake, MBBS, BSc, FRCA -

J. E. Arrowsmith, MD, FRCP, FRCA, FFICM -

C. Burt, BChir, MA (cantab), FRCA, LLM, RCPathME
Department of Anaesthesia and Intensive Care, Royal Papworth
Hospital NHS Foundation Trust, Cambridge, UK

S. MacDonald, MPhil - M. Besser, MD, MRCP, FRCPath, MA
Division of Clinical Haematology and Blood Transfusion,
Cambridge University Hospitals NHS Foundation Trust,
Cambridge, UK

F. Falter, MD, FRCA, FFICM, PhD (D<)
Department of Anaesthesia and Intensive Care, Royal Papworth
Hospital NHS Foundation Trust, Cambridge, UK

Department of Anaesthetics and Critical Care, The Royal
Papworth Hospital NHS Foundation Trust, Papworth Road,
Cambridge Biomedical Campus, Cambridge CB2 0AY, UK

e-mail: florian.falter@gmail.com

@ Springer

single tertiary cardiac centre into three groups to receive
an initial dose of 300, 400, or 500 units (U) per kilogram of
intravenous heparin prior to the commencement of CPB.
Blood was sampled after induction of anesthesia, at
30 and 60 min of CPB, and three minutes after heparin
reversal with protamine. Samples were analyzed for
fibrinopeptide A (FPA), fibrinopeptide B (FPB), D-dimer,
and thrombin-antithrombin (TAT) complexes.
Postoperative blood loss and transfusion was measured
for the first 24-hr period after surgery.

Results The total mean (95% CI) administered heparin
dose in the 300 U-kg™', 400 U-kg™', and 500 U-kg™'
groups were 39,975 (36,528 to 43,421) U, 43,195
(36,940 to 49,449) U and 47,900 (44,807 to 50,992) U,
respectively. There were no statistically significant
differences in FPA, FPB or D-dimer levels at the
measured time intervals. There was a trend towards
lower TAT levels while on CPB with greater heparin
dosing, which was statistically significant after the
administration of protamine. The clinical significance
appears to be negligible, as there is no difference in
overall blood loss and amount of packed red blood cell
transfusion or other blood product transfusion.
Conclusion This pilot study indicates that, while larger
heparin dosing for routine cardiac surgery results in subtle
biochemical changes in coagulation, there is no
demonstrable benefit in postoperative blood loss or
transfusion requirements.
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Résumé

Objectif 1l a et suggere qu’'une dose plus elevee
d’heparine pendant la circulation extracorporelle (CEC)
serait associee d une reduction de la coagulopathie
perioperatoire et des complications thromboemboliques.
Nous avons etudie” ’effet de differentes doses d’heparine
au cours d’une chirurgie cardiaque non urgente de routine.
Nos criteres d’évaluation principaux comprenaient la perte
de sang et la transfusion, et les criteres d’evaluation
secondaires exploraient les effets sur les biomarqueurs de
la coagulation.

Méthode Dans cette etude pilote prospective, nous avons
reparti 60 patient-es beneficiant d’une chirurgie cardiaque
sous CEC dans un seul centre cardiaque tertiaire en trois
groupes a recevoir une dose initiale de 300, 400 ou 500
unites (U) par kilogramme d’heparine intraveineuse avant
le debut de la CEC. Le sang a ete preleve apres Iinduction
de ’anesthesie, a 30 et 60 minutes de CEC, et trois minutes
apres la neutralisation de I’heparine avec la protamine.
Les echantillons ont ete” analyses pour les complexes
fibrinopeptide A (FPA), fibrinopeptide B (FPB), D-dimere
et thrombine-antithrombine (TAT). La perte de sang
postoperatoire et la transfusion ont ete’ mesurees pendant
la premiere periode de 24 heures apres la chirurgie.
Résultats La dose moyenne totale (IC 95 %) d’heparine
administree dans les 300 U~kg71, 400 U~kg71, et
500 U-kg™" etait de 39 975 (36 528 d 43 421) U, 43 195
(36 940 a 49 449) U et 47 900 (44 807 a 50 992) U,
respectivement. Il n’y avait aucune difference
statistiquement significative dans les taux de FPA, FPB
ou D-dimeres aux intervalles de temps mesures. Une
tendance a des niveaux de TAT plus bas pendant la CEC a
ete observee avec une dose d’heparine plus elevee, ce qui
etait statistiquement significatif apres I’administration de
protamine. La signification clinique semble negligeable,
car il n’y a pas de difference dans la perte de sang globale
et la quantite de transfusion de concentres globulaires ou
d’autres produits sanguins.

Conclusion Cette etude pilote indique que, bien qu’une
dose plus importante d’heparine pour la chirurgie
cardiaque de routine entraine des changements
biochimiques subtils dans la coagulation, il n’y a aucun
avantage saignement
postoperatoire ou de besoins transfusionnels.

demontrable en matiere de

Keywords anticoagulation - cardiopulmonary bypass -
heparin - transfusion

Bleeding after cardiac surgery is a serious complication
associated with significant morbidity and mortality.
Despite  advances in  modern  circuit  design,

cardiopulmonary bypass (CPB)-associated coagulopathy
is considered to be a significant contributor to perioperative
blood loss after cardiac surgery.” Reliable suppression of
the coagulation system is mandatory in preparation for and
throughout CPB. Thromboembolic events during CPB are
often fatal or lead to significant morbidity. Unfractionated
heparin is universally the most used anticoagulant during
CPB, but, despite its widespread use, optimal dosing of
heparin remains contentious.” There is no clear consensus
regarding the ideal dose of heparin or the target
concentration for safe conduct of CPB. Although highly
unspecific, the activated clotting time (ACT) is the most
commonly used test to assess adequacy of anticoagulation
for CPB.® Global practice favours an initial fixed weight-
based dose of 250 up to 500 units (U) per kilogram of
unfractionated heparin, targeting an ACT of 450 to
550 sec.® After repeat sampling, further adjustments in
heparin doses are guided by the measured ACT.

Studies have suggested a paradoxical trend towards
lower bleeding and rate of transfusion when larger heparin
dosing strategies were used for CPB.”* A greater heparin
dose is thought to potentially reduce activation of contact
factor, consumption of downstream clotting factors (IX, X,
XI, XII),° thrombin activation, platelet aggregation, and
fibrinogen depletion, thereby reducing coagulopathy after
CPB by preserving the integrity of the coagulation system.
During CPB, the ACT is typically measured every
20 to 30 min. Greater upfront dosing of heparin can yield
more stable and consistent “safe range” ACTSs, making
fewer additional bolus doses on CPB necessary. This may
avoid critical troughs in the levels of anticoagulation with
low ACT readings in the interval between two
measurements, during which there can be periods of
potentially significant activation of the coagulation
cascade before additional heparin can be administered.
Early markers of coagulation activation, such as thrombin-
antithrombin complexes, D-dimer, and fibrinopeptides can
detect such subclinical activation.”

No data about the presence of early markers of
coagulation at different doses of heparin exist. We
conducted this pilot as a feasibility study for a potential
large-scale randomized control trial investigating different
heparin dosing regimens for safe conduct of CPB. We
hypothesized that a larger upfront heparin dose will lead to
lower postoperative bleeding and transfusion and will be
more reliable at suppressing activation of the coagulation
cascade.

Methods

We performed a prospective, open-labelled, cohort pilot
study involving patients undergoing uncomplicated open-
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heart surgery at the Royal Papworth Hospital, a specialized
cardiothoracic centre in the UK. A data analysis and
statistical plan was written and filed with the Royal
Papworth Hospital Tissue Bank committee, which
authorizes ethical approval for studies involving tissue
and/or blood samples obtained during surgical procedures.
Ethics approval was granted by the Cambridge Research
Ethics Committee (18/EE/0269) and Royal Papworth
Hospital Tissue Bank committee. All patients gave
written informed consent prior to participating.

Study population

Between December 2019 and November 2020, 60 patients
were included in this study. Exclusion criteria included age
less than 18 yr, known or suspected blood dyscrasia,
platelet  dysfunction or coagulopathy, abnormal
preoperative clotting screen, preoperative hemoglobin
concentration less than 120 g-L™', total body weight less
than 45 kg or greater than 130 kg, end-stage renal failure
(on dialysis), and previous thromboembolic events. Patient
were also excluded if they were on unfractionated or low
molecular weight heparin until surgery or did not cease
P2Y12 antagonist, vitamin K antagonist, or direct oral
anticoagulant treatment within seven, five, and three days
respectively. Surgical exclusion factors encompassed
emergency surgery, complex surgical requirements
(anticipated CPB duration greater than two hours, redo
sternotomy, aortic arch  surgery, solid organ
transplantation, pulmonary thromboendarterectomy), and
therapeutic hypothermia less than 32 °C.

Study intervention and coagulation management

Sixty patients were allocated to one of three different
groups and were administered an intravenous bolus dose of
either 300 U-kg™", 400 U-kg™", or 500 U-kg™" of heparin
(heparin sodium, Fannin, UK) according to the consultant
anesthesiologist’s usual heparin dosing preference. Patients
were excluded at this point of the study if they failed to
achieve our institution’s bypass threshold ACT
(HemochronTM Signature Elite, Werfen, Barcelona,
Spain) of greater than 400 sec and required additional
boluses of heparin before CPB was initiated. All patients in
the study achieved this target ACT and none were
excluded. Antifibrinolytic treatment with tranexamic acid
(2 g) was given prior to heparinization. An additional 5,000
U of heparin was added to the CPB pump prime. The CPB
circuit for all included cases comprised nonheparin-bonded
LivaNova tubing and an Inspire 8F oxygenator (LivaNova
PLC, London, UK).

Additional doses of 5,000-10,000 U of heparin were
given in collaboration between the anesthesiologist and the

@ Springer

perfusionist if the ACT dropped below 450 sec during
CPB. While the anesthesiologist was aware of the heparin
dose, the surgeon and the intensive care unit were blinded.
Conduct of anesthesia was at the discretion of the treating
anesthesiologist. Heparin reversal with protamine was
standardized using the previously validated
pharmacokinetic PRODOSE algorithmic mathematical
model.'® Because the study was a pilot investigation, it
was concluded when 20 patients were recruited to each

group.
Blood sampling and analysis

Blood sampling was performed via the indwelling radial
arterial catheter or directly from the circuit while on CPB.
Samples were collected in 0.109 M sodium citrate tubes
following induction of anesthesia, at 30 min and 60 min of
CPB and three minutes after heparin reversal with
protamine. They were immediately transferred to be
centrifuged and stored for batch testing to maintain
consistency. Once thawed, samples were analyzed for
fibrinopeptide A (FPA), fibrinopeptide B (FPB), D-dimer,
and thrombin-antithrombin (TAT). Fibrinopeptide A and
FPB (MyBioSource, Inc., San Diego, California, USA) and
TAT (Abcam, Cambridge, UK) were quantified using
enzyme linked immunosorbent assays while D-dimer was
measured using the latex agglutination method (Werfen,
Bedford, USA). Postoperative bleeding was assessed using
the anesthetic and intensive care unit electronic patient
record system MetaVision (iMDsoft, Dusseldorf,
Germany).

Primary and secondary outcomes

The primary outcomes for the study were total blood loss,
measured by chest tube drainage, and blood product
requirements, measured by the number of transfused
allogenic packed red blood cells, fresh frozen plasma,
platelets and cryoprecipitate transfused after separation
from CPB until intensive care unit discharge. Postoperative
transfusion was guided by our institutional transfusion
protocol, based on laboratory hemoglobin < 80 gL'
and/or a platelet count of < 100 x 10° L™ and viscoelastic
testing with ROTEM (Werfen, Barcelona, Spain) based on
EXTEM A5, FIBTEM AS, EXTEM CT, and HEPTEM
CT, which is similar to other transfusion algorithms in the
UK. Secondary outcomes included analysis of the
quantities of heparin administered on CPB and statistical
differences in plasma concentrations of FPA, FPB,
D-dimer, and TAT at predefined intervals during CPB
and after administration of protamine.
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Statistical analysis

A power calculation was not possible because of the
exploratory nature of the study and the absence of any
previously published similar data. It was therefore not
possible to know the standardized effect size prior to
conducting this pilot. We anticipated the main trial to be
designed with 90% power and a two-sided significance of
5% and a small to medium effect size. In this case, the
recommended pilot size was 15-25 per treatment arm'' and
the group size of 20 was agreed after seeking statistician
advice. Statistical analysis was performed using MDCalc
(Ostend, Belgium) comprising Kolmogorov—Smirnov and
Shapiro—Wilk tests, alongside histogram evaluation and
values of skewness and kurtosis to assess distribution. Chi
squared tests were used for group comparison of
categorical data while normally distributed continuous
variables were analyzed using Student 7 test or analysis of
variance. The Kruskal-Wallis test was used for
nonparametric continuous variables.

Table 1 Demographic and intraoperative characteristics

Results
Study population

Patient baseline characteristics were comparable among the
three groups (Table 1). There were no significant
differences in age, gender, body surface area,
EuroSCORE 1I, and creatinine. The average duration of
CPB and aortic cross clamp time were 99, 106, and
122 min and 72, 74, and 91 min respectively for the 300,
400, and 500 U-kg™' heparin groups. None of these
differences were statistically significant.

Primary endpoints
BLOOD LOSS AND TRANSFUSION

There were no clinical or statistically significant
differences in mean total blood loss between the
300 U-kg™ ', 400 U-kg™ ', and 500 U-kg™' heparin groups
(see Figure). We excluded one patient in the 500 U-kg ™'
heparin group who lost 1,240 mL blood in the 24-hr
postoperative period and who was re-explored in the
operating room with a surgical cause of bleeding identified.

Heparin Heparin Heparin P value
300 U-kg™! 400 Ukg™! 500 U-kg™!
N=20 N=20 N=20
Age (yr) 69.1 (65.2 to 73.0) 69.8 (64.5 to 75.2) 70.3 (65.5 to 75.1) 0.6
Sex 0.37
Male 16/20 (80%) 14720 (70%) 16/20 (80%)
Female 4/20 (20%) 6/20 (30%) 4/20 (20%)
BSA (m?) 2.05 (1.95 to 2.25) 1.93 (1.78 to 2.1) 1.93 (1.85 to 2.02) 0.21
EuroSCORE II 1.55 (1.14 to 1.96) 2.22 (1.42 to 3.02) 2.26 (1.74 to 2.79) 0.11
Creatinine (umol-Lfl) 85.6 (75.9 t0 95.2) 82.9 (72.0 to 93.7) 78.9 (72.9 to 85.0) 0.62
Priority 0.42
Elective 17/20 (85%) 17/20 (85%) 16/20 (80%)
Urgent 3/20 (15%) 3/20 (15%) 4/20 (20%)
Operation 0.56
AAR 1/20 (5%) 1/20 (5%) 1720 (5%)
CABG 6/20 (30%) 5/20 (25%) 4/20 (20%)
Valve 8/20 (40/%) 7120 (35%) 7/20 (35%)
CABG + valve 3/20 (15%) 6/20 (30%) 5/20 (25%)
Valve + AAR 2/20 (10%) 1/20 (5%) 3/20 (15%)
CPB (min) 99 (84 to 115) 106 (90 to 123) 122 (105 to 139) 0.11
AOX (min) 72 (59 to 85) 74 (62 to 85) 91 (75 to 106) 0.08

Values are mean (95% CI) and n/total N (%)

AAR = ascending aorta replacement; AOX = aortic cross clamp; BSA = body surface area; CABG = coronary artery bypass grafting;

CPB = cardiopulmonary bypass; CI = confidence interval
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Table 2 Blood loss and transfusion
Heparin Heparin Heparin P value
300 U-kg™! 400 Ukg™! 500 U-kg™!
N=20 N=20 N=19
6-hr blood loss (mL) 185 (121 to 249) 174 (127 to 222) 139 (87 to 190) 0.36

Total blood loss 24 hr (mL)

Postoperative PRBC transfusion, n/total N (%)
Postoperative FFP transfusion, n/total N (%)
Postoperative platelet transfusion, n/total N (%)
Postoperative cryoprecipitate transfusion, n/total N (%)

458 (363 to 553) 443 (391 to 495) 409 (315 to 505) 0.68
4120 (20%) 5/20 (25%) 4120 (21%) 0.92
1/20 (5%) 0/0 (0%) 1/20 (5%) 0.59
1/20 (5%) 3/20 (15%) 3/20 (16%) 0.50
0/20 (0%) 0/20 (0%) 1/20 (5%) 0.34

Values are mean (95% CI) and n/total N (%)

CI = confidence interval; FFP = fresh frozen plasma; PRBC = packed red blood cell

Further analysis of transfusion records showed no
significant differences in transfusion of red cells, fresh
frozen plasma, platelets or cryoprecipitate in the first 24-hr
postoperative period. None of the patients required further
doses of protamine after admission to the intensive care
unit. The results are summarized in Table 2.

Secondary endpoints

HEPARIN/PROTAMINE DOSING AND ACTIVATED CLOTTING TIME
Significantly greater doses of heparin were given before
CPB in the largest heparin dosing group, which resulted in
a reduced requirement for additional boluses of heparin on

CPB (Table 3). A larger total quantity of heparin was
administered throughout the operation in the 500 U-kg™'
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group compared with the 400 U-kg™' and 300 U-kg™'
heparin groups. The increasing doses of heparin were
reflected in prolonged ACT measurements immediately
after heparin administration and at 30 and 60 min of CPB.
In analogy to the heparin doses, the increase in the
protamine doses given after separation from CPB was
statistically ~significant. The protamine/heparin ratio,
however, was similar between the 300 U~kg71,
400 Ukg™', and 500 U-kg™' groups. The results are
summarized in Table 3.

Coagulation parameters
Baseline heparin activity, measured with anti Xa, was

similar in all three groups. At 30 min of CPB, heparin
activity was significantly higher in the 500 U-kg~" group
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Table 3 Heparin dosing and activated clotting time
Heparin Heparin Heparin P value
300 U-kg™! 400 U-kg™ 500 U-kg™!
N=20 N=20 N=19
Heparin pre-CPB (U) 33,500 (31,035 to 35,964) 37,645 (33,992 to 41,297) 45,400 (42,569 to 48,230) < 0.001
Heparin total (U) 39,975 (36,528 to 43,421) 43,195 (36,940 to 49,449) 47,900 (44,807 to 50,992) 0.04
Additional heparin (U) within 6,475 (3,941 to 9,008) 5,550 (851 to 10,248) 2,500 (564 to 4,435) 0.03
60 min of CPB
Protamine dose (mg) 210 (180 to 250) 242 (198 to 302) 298 (360 to 350) 0.007
Ratio protamine/total heparin 0.56 (0.52 to 0.57) 0.57 (0.48 to 0.66) 0.6 (0.55 to 0.63) 0.44
ACT baseline (sec) 109.15 (104.93 to 113.37) 109.7 (96.0 to 123.0) 109.95 (105.06 to 114.84) 0.96
ACT pre-CPB (sec) 513.85 (483.3 to 544.39) 630.5 (555.83 to 705.18) 720.85 (616.83 to 999.0) 0.002
ACT 30 min CPB (sec) 516.8 (459.8 to 573.8) 594.8 (541.99 to 647.61) 684.85 (599.46 to 770.24) < 0.001
ACT 60 min CPB (sec) 493.2 (456.38 to 530.02) 541.7 (497.56 to 585.43) 640.95 (539.68 to 742.22) 0.04
Values are mean (95% CI)
ACT = activated clotting time; CI = confidence interval; CPB = cardiopulmonary bypass
Table 4 Coagulation parameters at baseline, 30 min, 60 min, and after protamine administration
Heparin Heparin Heparin P value
300 Ukg™ 400 Ukg™' 500 Ukg™'
N=20 N=20 N=19
Anti Xa baseline 0.0015 (0.0008 to 0.0038) 0 0 0.13
Anti Xa 30 min CPB 3.78 (3.45 to 4.15) 4.26 (3.84 to 4.68) 4.45 (4.17 to 4.74) 0.04
Anti Xa 60 min CPB 3.78 (3.42 to 4.15) 3.72 (3.22 to 4.22) 4.19 (3.83 to 4.55) 0.18
Anti Xa after protamine 0.74 (0.65 to 0.92) 0.79 (0.69 to 0.89) 0.68 (0.58 to 0.78) 0.27
D-dimer baseline 115.0 (85.9 to 164.5) 121.0 (100.3 to 168.0) 126.12 (96.7 to 155.6) 0.82
D-dimer 30 min CPB 109.5 (76.2 to 151.9) 107.0 (79.3 to 186.5) 120.5 (99.1 to 174.9) 0.59
D-dimer 60 min CPB 105.5 (85.7 to 158.4) 94.0 (82.3 to 183.4) 93.5 (78.5 to 243.8) 0.98
D-dimer after protamine 203.05 (99.7 to 398.4) 173.3 (174.9 to 392.4) 204.0 (157.7 to 369.1) 0.67
FPA baseline 0.82 (0.8 to 1.33) 0.94 (0.66 to 1.66) 0.66 (0.5 to 1.2) 0.76
FPA 30 min CPB 2.76 (2.69 to 3.36) 2.77 (2.51 to 3.18) 2.32 (2.17 to 2.81) 0.11
FPA 60 min CPB 3.45 (3.01 to 3.86) 3.82 (3.41 to 4.01) 3.1 (2.94 to 3.59) 0.18
FPA after protamine 3.52 (2.68 to 3.87) 3.4 (3.02 to 3.85) 3.7 (2.64 to 3.87) 0.87
FPB baseline 24.54 (20.54 to 27.35) 26.46 (21.11 to 29.51) 19.92 (17.31 to 26.62) 0.49
FPB 30 min CPB 28.3 (27.38 to 33.42) 32.0 (27.37 to 33.78) 28.3 (26.18 to 33.85) 0.97
FPB 60 min CPB 33.24 (29.25 to 35.87) 34.3 (30.91 to 37.18) 25.36 (24.49 to 33.02) 0.09
FPB after protamine 31.29 (27.59 to 35.15) 37.24 (32.39 to 38.68) 34.38 (27.6 to 36.55) 0.23
TAT baseline 3.57 (2.73 to 5.25) 3.11 (2.67 to 4.81) 2.86 (2.25 to 3.76) 0.45
TAT 30 min CPB 1.76 (1.25 to 3.71) 1.48 (1.14 to 2.18) 1.12 (0.83 to 1.89) 0.32
TAT 60 min CPB 1.82 (1.12 to 3.76) 1.72 (1.18 to 2.31) 1.26 (0.98 to 2.04) 0.58
TAT after protamine 2.68 (2.15 to 4.74) 2.37 (1.81 to 3.54) 1.3 (1.07 to 2.59) 0.03

Values are median (95% CI)

CI = confidence interval; FPA = fibrinopeptide A; FPB = fibrinopeptide B; TAT = thrombin-antithrombin complex

and evened out by 60 min of CPB and after protamine.
There were no statistically significant differences between
D-dimer, FPA, and FPB measurements at any measurement
points. Although there was no statistically significant

difference in TAT, FPA, and FPB measurements at
baseline, there was a decrease in TAT at 30 and 60 min
of CPB and a significant difference after cessation of CPB
and protamine administration in the 500 U-kg ™" group. The
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results are summarized in Table 4. Thrombin-antithrombin
after protamine was significantly lower in the 500 U-kg ™'
group than in the other subgroups.

Discussion

Several studies have previously reported activation of the
coagulation system during CPB.'*'? In this study, we
investigated the relationship between different pre-CPB
heparin doses and markers of early coagulation activation,
postoperative blood loss and transfusion rates. Contact with
foreign surfaces results in contact factor activation,
triggering the intrinsic pathway and a resultant
consumptive coagulopathy beginning at initiation of
perfusion.'*!> We hypothesized that a larger heparin
bolus could therefore minimize the initial insult, thereby
limiting the degree of early clotting factor activation and
depletion of substrates seen during CPB. Our pilot study
was not able to show a difference in transfusion rates
between the various predetermined initial heparin doses.
We did, however, see a difference in TAT after protamine
administration.

The dose of heparin and ACT threshold required to
commence CPB differs greatly among centres. The ACT is
influenced not only by plasma heparin levels in blood but

also by factors such as platelet dysfunction,
thrombocytopenia, fibrinogen levels, reduced kidney
function, inflammation via factor VIII levels, and

concomitant drugs such as aprotinin.” Earlier studies have
established a threshold range of 400-480 sec to account for
the interindividual variability dose-response, ongoing
heparin metabolism, and margin of safety.'® In spite of
this, some institutions routinely and safely employ ACT
targets as low as 300 sec prior to CPB.!” Furthermore, the
evidence on the safety of maintaining higher than
conventional ACT values (i.e., greater than 600 sec) for
CPB'®?° remains contentious. Our study found that
heparin doses of 300, 400, and 500 U-kg™"' resulted in an
average pre-CPB ACT of greater than 500, 600, and
700 sec, respectively. While administering a larger initial
dose of heparin significantly reduced the requirement for
additional doses of heparin, it did not reduce the
cumulative dose of heparin overall. A heparin dose rather
than an ACT target was chosen to reflect the clinical
applicability of the project and to account for the difference
in patients’ individual heparin response.”'

There was no difference in baseline heparin activity
between the groups. Anti Xa levels were significantly
higher only at 30 min of CPB even though the difference in
ACT was significant at all three points during CPB. We
chose not to use heparin activity (such as anti Xa or
measures of thrombin suppression) as our heparin target to
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keep the study as relevant to clinical practice as possible.
There were two reasons for that. Firstly, in our practice, the
draw to result time for anti Xa is in excess of one hour, so
this measure is impractical. Secondly, most centres use
bedside ACT over laboratory tests to ascertain adequate
anticoagulation for CPB.

Fibrinopeptide A is a 16-amino-acid peptide generated
following thrombin cleavage of the fibrinogen alpha chain.
It quantifies thrombin activity at the first stage of fibrin
polymerization and represents the main determinant of
fibrin polymerization. Initially, FPA is generated more
quickly than the similar cleavage product of the fibrinogen
beta chain (FPB). As FPA generation increases, so does
FPB; therefore, higher FPB values represent polymer
generation. The relative balance of fibrin polymerization
(through FPA and FPA generation) and the inactivation of
thrombin (through formation of TAT complexes) dictates
clot structure as a consequence of thrombin availability.
High thrombin results in thin, numerous, highly branched
clots whereas low thrombin results in clots with large pores
and fewer thicker, less-branched fibres.

The measurement of FPA and FPB and D-dimers is
more sensitive than measuring fibrinogen levels alone and
allows a differential assessment of residual fibrinogen
polymerization and fibrinolytic activity***®  while
anticoagulated with heparin. Therefore, raised FPA and
FPB plasma concentrations reflect cumulative fibrin
activation by thrombin.**> Our results indicate that the
three groups were well matched at baseline and that there
were no statistically significant differences between them
at 30 min and 60 min of CPB and after protamine
administration.

The rate of FPA release influences the rate of FPB
cleavage.”* The increase in FPA levels during CPB has
been described previously and the lack of return to pre-
CPB levels over time has been explained with potentially
inadequate heparinization.”> The fact that FPA shows
similar behaviour in all three groups makes this unlikely.
This also throws into question our hypothesis that greater
heparin doses suppress early onset of coagulation during
CPB more effectively than lower doses.

D-dimer is one of multiple cross-linked fibrin polymers
generated through the action of factor XIII. They are a
specific subset of the numerous fibrin degradation products
present from fibrinolysis but are considered the most
sensitive marker for full fibrin polymerization. D-dimer
levels were similar between the three groups at all four
measuring points, albeit increasing after heparin
neutralization with protamine.” The administration of
protamine showed greater effect on the D-dimer levels than
on FPA and FPB levels.

Thrombin is inactivated to TAT and its plasma
concentration reflects the amount of thrombin generation
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during CPB. There is a reduction in antithrombin plasma
level at the end of CPB.?® The elevation of TAT levels
represents an imbalance towards excessive thrombin
production, which is increased within five minutes of
commencing CPB and peaks after protamine
administration.”” This rate of increase is also regularly
observed in prothrombotic states or in the advent of
thrombotic events.?”*® In our study, there was increased
thrombin suppression with increasing doses of heparin at
both 30 and 60 min of CPB, reflected by lower TAT levels.
This relationship was statistically significant after
protamine administration, reflecting reduced thrombin
generation in larger heparin dosing after heparin
neutralization. This trend is evident from the first
measurement on CPB, suggesting that the generation of
TAT complex is independent of surgery duration and can
be attenuated by increased heparin doses.

Cleavage of fibrinogen to fibrin monomers by thrombin
releases FPA and FPB*’ and subsequently degrades fibrin
by plasmin, resulting in the release of D-dimer. Our study
suggests that, despite decreasing TAT levels during and
after CPB, there were no significant dose-dependent
differences in FPA, FPB, or D-dimer levels at 30 and
60 min of CPB and after protamine administration. There is
a marked difference in half-lives between these parameters:
TAT has a half-life of ten minutes,3 O D-dimer 15 hr,3 and
FPA five minutes.*” It is therefore also likely that there is a
different ratio between the enzyme thrombin and its
substrate fibrinogen at the end of CPB, and this may be
the underlying reason for the differential effects on FPA,
FPB, D-dimer, and TAT levels. Interestingly, there is no
data on the half-life of FPB.

High doses of protamine are known to downregulate
thrombin production.>® We have dosed protamine guided
by a pharmacokinetic algorithm with no difference in the
protamine/heparin ratio between the three groups. The
level of heparin reversal was the same in all patients, as
evidenced by the similar anti Xa levels and ACT
measurements after protamine. Based on this, we are
confident that the difference in TAT between the groups is
a heparin effect and not caused by the different doses of
protamine.

Although the protamine doses were, for obvious reasons,
significantly different between the groups, there was no
difference in the amount of protamine given for each unit
of heparin i.e., the protamine/heparin ratio. As previously
described by several groups, a protamine/heparin ratio of
roughly 0.6 is safe to reverse heparin after separation from
CPB'%**> and was achieved here in equal measure in all
three groups, making it unlikely that any differences in
coagulation could be attributed to differences in protamine
dosing.

The clinical significance of these subtle differences in
biochemical markers of coagulation appears to be
negligible in our cohort. There was no difference in
overall blood loss or in the amount of transfusion of blood
or blood products after protamine administration. The
transfusion endpoints were chosen to reflect the clinical
relevance of this pilot study and the applicability of the
intervention to power a future larger randomized control
trial. High doses of heparin, however, might become
obsolete in future as heparin-bonded and newer third-
generation heparin-polymer-bonded CPB circuits might
lead to improved clinical outcomes and biocompatibility in
patients undergoing cardiac surgery, making them a
preferable option over standard nonheparin-bonded
circuits.*

Limitations

It should be noted that findings from our study need to be
interpreted in the context of a pilot project. Firstly, we were
unable to adequately analyze statistical power required
prior to commencement because preexisting data were
scarce. Our inclusion criteria aimed to select a
homogeneous group of patients with a lower bleeding
risk, which may have minimized the magnitude of the
intervention on outcomes. The impact of larger heparin
doses in cohorts with high bleeding risk (i.e., patients with
long CPB times, pre-existing coagulopathy or congenital
heart disease) where the suppression of microtriggers of
coagulation might be beneficial, remains unknown.

The anesthesiologist was not blinded to the dose of
heparin given, while the surgeon and the intensive care team
were. This potential bias was mitigated by 1) standardizing
the amount of protamine given by using a pharmacologic
algorithm to determine the dose and 2) strictly adhering to
our institutional transfusion protocol.

As this was a pilot study, participants were also not
randomized, and the intervention was instead influenced by
the treating anesthesiologist’s usual heparin dosing
preference. The potential for selection bias is evident by
those having relatively longer predicted surgeries being
given the largest heparin doses. There is a potential to skew
outcomes given that length of surgery is known to be
associated with perioperative bleeding. It is probable that—
if at all possible—standardizing duration of surgery could
further reduce bleeding rates in the larger heparin dosing
groups, and this magnitude of effect could become
significant. Nevertheless, it is evident from our plasma
biomarker trends and from the postoperative blood loss
data that there are no significant differences among the
three heparin groups during the early (30 and 60 min) and
immediately post-CPB period or in postoperative bleeding
in the population included in the study at our institution.
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We have not considered measuring any harmful side
effects related to over anticoagulation in this pilot study as
there are numerous institutions around the world using high
doses, such as 500 U-kg™' that were used in this pilot
study.® These centres have not reported higher morbidity or
mortality than others.

We did collect all data necessary to assess the feasibility
of designing and running a large randomized, controlled
trial based on this pilot. As our results do not justify a
larger trial, we are not reporting on these in the interest of
maintaining a compendious manuscript.

Conclusion

Our pilot study shows that in low-risk cardiac surgery
patients an increased upfront heparin dose is associated
with subtle biochemically detectable changes in
coagulation parameters at our institution. While it
appears to be safe to administer such doses, they do not
confer any clinically significant benefits in postoperative
bleeding or rate of transfusion in this population.
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