ARTIGO ORIGINAL

MONITORIZACAO INTRAOPERATORIA DA
ANTICOAGULACAO EM CIRURGIA VASCULAR -
UMA DOSE CEGA SERVE PARA TODOS?

INTRAOPERATIVE ANTICOAGULATION MONITORIZATION IN VASCULAR SURGERY -
DOES ABLIND DOSISFITS ALL?

Nuno Henriques Coelho?, Raquel Laranja Pontes?, Rita Silva?, Victor Martins?, Carmen Oliveira?,
Jacinta Campos?, Pedro Sousa?, Andreia Coelho?, Rita Augusto?, Carolina Semido?, Evelise Pinto?,
Jodo Ribeiro?, Alexandra Canedo?, Carla Bentes?

1. Servicode Angiologia e Cirurgia Vascular, Centro Hospitalar Vila Nova de Gaia/Espinho
2. Servico de Anestesiologia, Centro Hospitalar Vila Nova de Gaia/Espinho

Recebidoa02dejulhode 2018
Aceiteal4 dejaneirode 2019

RESUMO

Introducao: A heparinando fracionada (HNF) tem sido usada ha décadas na Cirurgia Vascular como medida para prevencdo de
fenémenos tromboembdlicos. A sua farmacocinética complexa e ndo linear, associada a grande variabilidade individual, esta
amplamente documentada. Contudo, a monitorizacdo da anticoagulacdo ndo é realizada por rotina em Cirurgia Vasculareuma
dose standardé muitasvezes utilizada. O activatedclotting time (ACT)temmostrado serumaformasimples, confidvele econémica
de monitorizar o efeito da HNF, sendo usado por rotina durante a cirurgia cardiaca. Contudo, a monitorizacdo da heparinizacdo
mantém-se um dilemaem Cirurgia Vascular sendo escassos os estudos que enfatizamaimportanciadamonitorizacdo.

Objetivos:analisarse umadose fixade HNF (5000 Ul) usadadurante cirurgia arterial resultanumaheparinizacdo adequada
e homogénea em todos os doentes. Objetivos secundarios: identificar fatores pré-operatérios, eventos intraoperatérios
e outcomesque se correlacionemcomovalor de ACT obtido.

Métodos: Este estudo piloto observacional e prospetivo incluiu 30 doentes consecutivos sujeitos a cirurgia arterial.
Amonitorizacdodo efeitodaHNF foirealizada através de medicdes seriadas do ACT (antesdaclampageme 3,30 e 60 minutos
aposobdlusde heparina). Dados pré-, intra- e pds-operatérios foram também analisados. Dadaainexisténciade guidelines
ou recomendacdes concordantes quanto ao valor de ACT adequado para cirurgia arterial, foi tido em conta o menor valor
referido nas diversasrecomendac8es analisadas (ACT > 2005s).

Resultados: Aos 3 minutos constatou-se um ACT médio de 210.20 £ 28.82 s (1.61 + 0.25 vezes o ACT basal). Apds esta
medicdo verificou-se um declinio para0s 191.60 £ 21.86se 173.4 £ 21.37 s apds 30 e 60 minutos, respetivamente. Trés
minutos apés o bolus de heparina, apenas 53% dos doentes atingiram o ACT alvo, diminuindo esta percentagem para
um terco aos 30 minutos e apenas 7% aos 60 minutos. Mesmo quando ajustada ao peso, ndo se verificou uma correlacdo
estatisticamente significativaentre adose de heparina (UI/Kg) e o ACT medido apés o bélus (r=0.187; p = 0.322). Também
ndose constatouumacorrelacdoentre osvalores de ACT obtidos e osvalores pré-operatérios de hemoglobina, plaquetas,
clearance de creatinina e INR. Verificou-se uma correlacdo positiva entre o valor de aPTT pré-intervencdo e os valores de
ACT (r=0.432;p=0.017).Ndofoiconstatadadiferencaentre osvaloresde ACT obtidos eatomapréviade antiagregantese
anticoagulantes, bemcomondohouvediferencaentre osvaloresde ACT alcancados e as perdas sanguineasintraoperatorias.

Conclusdo: Este estudovemdemonstrarque, querumregime de heparinizacdo baseado numadose fixaquerbaseadono
pesododoente, sdoinsuficientes paraproporcionarumaanticoagulacdoadequadasugerindo que aheparinizacdointraope-
ratéria deve ser monitorizada e guiada pelos valores de ACT obtidos. Sdo necessdarios mais estudos para definir as reais
implicacdes desta monitorizacdo, os seus beneficios e asacGes necessdrias perante um determinado valor de ACT obtido.

*Autor para correspondéncia.
Correio eletrénico:nunoc.90@gmail.com (N. Coelho).
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ABSTRACT

Introduction: Unfractionated heparin (UFH) has been used for decades to prevent thrombotic events during vascular
surgery. Although it is known that UFH has a complex and nonlinear pharmacokinetics, with great individual variability,
anticoagulation monitorization in vascular surgery is not routine and a standard empirical dose is often used. Activated
clotting time (ACT) has been shown to be asimple, reliable and inexpensive way to monitor UFH anticoagulant effect, being
routinely used during cardiac surgery. However, heparinisation remains a dilemma in vascular surgery and few studies
emphasizedthe role of anticoagulation monitoring in this setting.

Objectives: To investigate whether a fixed heparin dose of 5000 IU in arterial vascular surgery results in adequate and
homogeneous heparinisation in all patients. Secondary endpoints: to identify preoperative factors for heparin response,
intraoperative events and outcomes.

Methods: This observational prospective pilot study included 30 consecutive patients undergoing arterial vascular surgery.
ACT monitoring was performed before clamping and at 3, 30 and 60 minutes after 5000 IU UFH bolus. Preoperative and
intraoperative data were also accessed. A target ACT of > 200 s was set, taking in account of the lowest ACT value admitted
by vascular surgery recommendations.

Results: The average ACT value increased to 210.20 = 28.82 s (1.61 * 0.25 times vs baseline) 3 minutes after bolus, then
declinedto191.60 +21.86sand 173.4 = 21.37 s after 30 and 60 minutes, respectively. Three minutes after UFH bolus, 53%
patientshad ACT 22005, decreasing to one thirdand 7% at 30 and 60 minutes, respectively. Even when weight-based, a correla-
tion between heparin dose per kilogram and ACT change was not found (r = 0.187; p = 0.322). There was also no correlation
between ACT values and preoperative hemoglobin, platelet count, creatinine clearance orINR. There was a positive correlation
between preoperative aPTT and intraoperative ACT measurements (r = 0.432; p = 0.017). There was no difference between
ACT values and previous antithrombotic/anticoagulant therapy and between intraoperative ACT and intraoperative blood loss.

Conclusions: This study confirms that administrating a fixed or even a weight-based heparinisation is insufficient to provide
consistentanticoagulation levelsinall patients. Perioperative anticoagulation should be monitored and ACT-based. Larger
clinical RCT's are warranted.

Keywords
Unfractionated heparin, Heparinization monitoring, Activated clotting time, Anticoagulation monitorization, Vascular surgery

INTRODUCTION

can either lead to bleeding or thrombotic events increasing
operation time, blood loss, transfusion requirements and

Since Murray first used heparin for arterial reconstruction in
1940™, unfractionated heparin (UFH) has been the anticoagu-
lantof choice to prevent thromboembolic events during open
and endhovascular arterial sugery®. It is known that UFH
is a heterogeneous molecule, with low volume distribution,
having a complex and unpredictable pharmacokinetics, with
wide individual dose-response and elimination variability®.
UFH response is even more unpredictable in patients with
already deregulated coagulation cascade, as it is the case of
the vascular surgery patients (often operated under antiag-
gregation and/or anticoagulation). This individual variability

re-interventions, enhancing infectious complications and
morbimortality. Despite of that, anticoagulation monitor-
ization in non-cardiac vascular interventions is not routine
and frequently a standardized bolus of 5000 U UFH is used®.
Activated clotting time (ACT) has been shown to be a simple,
reliable and inexpensive way to monitor UFH anticoagulant
effect, withnoneedforspecial training. ACT based UFH moni-
toring is routine during cardiac interventions and has well
definedtargets. However, heparinisation remains adilemma
innon-cardiacvascularsurgery, with different heparin dosing
algorithms (fixed dose, weight-based, redosing schedules,
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protamine reversal), frequently without any monitorization
and with no optimal ACT target defined®+5-9, Therefore, the
objective of this pilot study was toinvestigate if a fixed heparin

RESULTS

Patient characteristics

Monitorizacdo Intraoperatéria da Anticoagulacdo em Cirurgia Vascular - Umadose cega serve para todos?
|

dosingregimenresultedinadequate and homogeneous anti-
coagulationinall patients. Potential pre-operative factors for
heparinresponse were also studied as well as intra-operative

eventsandoutcomes with relationto ACT values.

MATERIALS AND METHODS

Study population and design

Thirty patients undergoing open arterial non-cardiac
vascular surgery (carotid n=7; aortoiliac n=9; infra-inguinal
n=14)wereincluded. The demographic characteristics of the
study group are summarizedin Table1. The average age was
64.9 £ 12.5years, with 70% males and a high prevalence of
hypertension (73.3%), diabetes (30%), coronary artery
disease and cerebrovascular disease (23.3% and 26.7%,
respectively). The periprocedural use of one or more anti-

This observational prospective pilot study resulted from a
multidisciplinary cooperation between Vascular Surgery and
Anesthetic Department of ourinstitution andthe protocolwas
approved by the Local Institution Ethics Committee. Patients
olderthan 18 years, able to sign or delegate a representative,
undergoing open arterial procedure requiring heparinization
were eligible. Patients with history of coagulation disorders,
glomerular filtration rate < 30 ml/min and emergency or early
re-operations were excluded. All eligible patients provided
written informed consent and patient inclusion started
in December 2017, ending in March 2018. Patient's demo-
graphics, preoperative laboratory data, surgical events and
clinicaloutcomes were accessed. Intraoperative blood samples
for ACT measurements were collected from an arterial line,
after rejecting heparinized saline solution from the system.
Allsamples were handled by the same operatorand processed
in the same device (I-STAT, Abbott Laboratories, lllinois, US).
Basal ACT (ACT-0) was measured after anesthesia induction.
Then all patients received a fixed intravenous bolus of 5000
IU UFH. Another three ACT measurements were performed
thereafter:at 3, 30and 60 minutes (ACT-3, ACT-30and ACT-60,
respectively). ACT elevation was expressed both as actual ACT
valueandACT ratio. Asthereisnooptimal ACT value defined for
non-cardiac vascularinterventions, atargetvalue of 200 s was
selected, considering the scarce data that show thataminimum
of 200 s or a two-fold extension of baseline ACT could be safe
inpreventing thromboembolic events®.,

Statistical analysis

Statistical analysis was performed using the SPSS statistical sof t-
warepackage 23.0(IBM, New York, NY, USA). Continuous, normally
distributed variables were expressed as mean * standard devia-
tion and analyzed using a t-test. Skewed and ordinal data were
shown as median with interquartile range (IQR) and analyzed
usingMann-Whitney test. Categorical variables were expressedas
frequenciesandanalyzedusingthe chi-square testorthe Fisher's
exacttest, asappropriate. Correlations between continuous vari-
ables were accessed using the Spearman correlation coefficient.
Apvalue of 0.05was consideredto be statistically significant.

platelet agents was also remarkable.

Table1

Cases,n=30

Age, years (+SD) 64.9+125
Male/female, n (%) 21(70%) /9 (30%)
BMI, kg/m2 253+4.13
Comorbidities

HTN, n (%) 22 (73.3%)
DM, n (%) 9(30%)
CAD, n (%) 7(23.3%)
CVD, n (%) 8(26.7%)
CKD, n (%) 2(6.7%)
ASA

11, n (%) 4(13.3%)
11, n (%) 25(83.3%)
IV, n (%) 1(3.3%)

Pre-operative antithrombotic/anticoagulant therapy

Antiplatelet, n (%) 23(76.6%)
Vit Kantagonist, n (%) 2(6.7%)
DOAC, n (%) 6 (20%)
LMWH, n (%) 9(30%)
Type of Surgery

Carotid endarterectomy, n (%) 7 (23.3%)
Aortoiliac, n (%) 9(30.0%)
Infra-inguinal, n (%) 14 (46.7%)

Table 1. BMI: body massindex; HTN: hypertension; DM: diabetes

mellitus; CAD: coronary artery disease; CVD: cerebrovascular disease;
CKD: chronic kidney disease; ASA: American Society of Anesthesiologists
DOAC: direct oral anticoagulant; LMWH: low molecular weight heparin;
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Anticoagulation monitoring

The baseline ACT values were 131.90 +17.30 (range, 83-160
s). Three minutes after 5000 U UFH bolus the average ACT
increased to 210.20 *+ 28.82 s (range, 168-266 s) corre-
sponding to a 1.61 + 0.25 times baseline increase (range,
1.23-2.36 times baseline). After 30 minutes ACT declined to
191.60 £ 21.86 s (range, 152-245s) and to 173.40 + 21.37 s
(range, 119-217s), after 60 minutes (Figure 1 and 2).
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Figure 1. ACT response to 5000 Ul UFH, absolute values
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Figure 2. ACT response to 5000 Ul UFH, ratios

Althoughall patients received 5000 Ul UFH, the dose received
perkilogram varied between 49.02 and 102.04 U/kg (mean
73.70 +£12.44 U/kg). However, even when weight-adjusted,
a correlation between heparin dose per kilogram and ACT
change was not found at all measurement points (r = 0.19,
p=0.322, at3minutes; r=0.36, p =0.062, at 30 minutes and
r=0.27,p =0.145, at 60 minutes) (Figure 3).
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There was also no correlation between preoperative hemo-
globin, platelet count, creatinine clearance and ACT values

neither between ACT measurements and intraoperative

bloodloss. There was however a positive correlation between

preoperative aPTT and intraoperative ACT measurements
(Table 2). There was no difference between preoperative anti-
thrombotic/anticoagulant therapy and ACT values (Table 3).

Peri- and post-operative complications
Aftercarotidendarterectomy, a patient developedacervical
hematoma requiring immediate surgical re-exploration
(perioperatively: ATC-0 =144 s; ACT-3 =266 5; ACT-30 = 222
sandACT-60 =2175s).

DISCUSSION

UFH is extensively advised and used in all types of vascular
procedures (openandendovascular) as periprocedural anti-
thrombotic prophylaxis, despite its known variable response.
In contrast with cardiac interventions, the measurement of
actual anticoagulation has not been widely incorporated
as standard of care during non-cardiac vascular interven-
tions. Recent reports state that only a minority of vascular
surgeonsrequestsintraoperative monitoring®®. Most proce-
dures undergo without monitorization, with potential armto
the patient. Vascularsurgery patients are a high-risk cohort
with multiple comorbidities. Therefore, itis important to
minimize bleeding risk and, at the same time, to maintain
adequate anticoagulation level. The present study demon-
strates a wide variation in the response to heparin and
suggests that neither a fixed or a weight-based regimen
provide adequate and homogeneous anticoagulation and
this may influence patient’s surgical risk. In our population,
as previously described, 3 minutes after heparin bolus
nearly only half of the patients had an adequate ACT value,
decreasing to one third after 30 minutes. After 60 minutes,
we foundonly two patients withan ACT > 200s. Theseresults
areinagreementwith the currentliterature (like the MANCO
study) and suggest that asignificant percentage of vascular
interventions undergo without appropriate anticoagulation.
The multifactorial origin of surgical complications, along with
the small sample size, makes impossible to take statistically
significant conclusions about intraoperative ACT monitor-
ization and adverse events. However, it is worthy to note
that the patient who developed a cervical hematoma after
carotidendarterectomy presented withan ACT value of 217
s, one hour after heparin bolus (around the time of closure).
Recent studies, state that the use of protamine at the time
of closure of a carotid endarterectomy is associated with a
reduction of the incidence of cervical hematomas without
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Figure 3. Weak correlation between heparin dose (U/Kg)and ACT-3(r=0.19,p = 0.322); ACT-30(r = 0.36,p =0.062) and ACT-60(r= 0.27,p = 0.145)

Table2 No correlation between preoperative hemoglobin, platelet count, creatinine clearance. Positive correlation
between preoperative aPTT and intraoperative ACT

ACT-0 ACT-3 ACT-30 ACT-60
Mean = SD
p value p value p value p value
r=0.321 r=-0.187 r=-0.360 r=-0.273
BMI, kg/m? 65.00 £14.75
p=0.083 p=0.322 p=0.051 p=0.145
r=0.086 r=-0.125 r=-0.203 r=-0.230
Creatinin clearance, ml/min/1.73m? 0.90+0.42
p =0.650 p=0.510 p=0.282 p=0.221
23550 + r=0.267 r=0.208 r=0.181 r=0.191
Platelet count, 109/L
7575 p=0.154 p=0.271 p=0.338 p=0.311
r=0.364 r=0.432 r=0.411 r=0.481
Haemoglobin, mmol/L 13.40+2.02
p=0.048 p=0.017 p=0.024 p =0.007
r=0.131 =-0.007 r=0.033 r=0.191
INR 1.10+0.08
p=0.490 p=0.972 p=0.861 p=0.321
r=0.364 r=0.432 r=0.411 r=0.481
aPTT 31.10+2.73
p=0.048 p=0.017 p=0.024 p =0.007
Table3 No correlation between pre-operative antiplatelet/anticoagulant therapy and intra-operative ACT
ACT-0 ACT-3 ACT-30 ACT-60
n
p value p value p value p value
yes 23
Antiplatelet p=0405 p=0552 p=0547 p=0.786
no 7
yes 6
DOAC p=0.768 | p=0.102 | p=0.094  p=0.103
no 24
yes 9
LMWH p=0.266 p=0.768 p=0.574 | p=0.822
no 21
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increasing major thrombotic outcomes®®Y, Additionally,
regular ACT monitoringis suggested as a guide to selectively
evaluate the need of heparin reversion with protamine in
the same type of intervention®?'4, Extensive research
has been performed in interventional and cardiac surgery
about perioperative anticoagulation. However, different
hemodynamics, distinct target vessels and different proce-
dures demand specific answers. Larger clinical studies are
warranted to further define what should be the optimal
ACT range in vascular surgery procedures, to understand
its consequences and what actions should be taken when
faced with different ACT values.

CONCLUSION

There is a multifactorial nature for surgical complications,
howeverthe non-uniformresponse toheparinmay be one factor
to take in account. This pilot study intends to be a starting point
foralarger study population in our institution, already in prog-
ress. Theseinitialresults (inaccordance with recent publications)
reinforce thatempiric heparinization, even whenweight-based,
is insufficient to provide consistent anticoagulation levels in all
patients, suggesting that it should be monitoredand ACT-based.
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