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ABSTRACT T 

Patientss with mechanical heart valves are at increased risk for thromboembolism and 

thereforee should receive life-long anticoagulation. However there is no consensus about 

thee optimal management of anticoagulation in these patients during surgery or other 

invasivee procedures. Aim of the study was to desribe the available anticoagulant 

strategiess and to evaluate the incidence of thromboembolic and bleeding complications 

accordingg to the different periprocedural anticoagulant strategies in a large series of 

patientss with mechanical heart valves who underwent non-cardiac surgical 

interventions.. All patients who underwent heart valve replacement between January 

19977 and December 1999 were included in the study and were followed during a 4 to 6 

yearr period. A total of 567 patients underwent heart valve replacement between 1997 

andd 1999. Of these, 124 patients underwent 171 non-cardiac surgical procedures. Data 

wass available from 153 interventions. Unfractionated heparin (UFH) was the most 

frequentlyy used anticoagulant in the perioperative period. Fifteen bleeding 

complicationss occurred during 153 interventions (10%). There is an increased risk for 

bleedingg when the UFH is restarted within 6 hours after the end of surgery (relative risk 

1.86,, 95% confidence interval 0.42 to 8.10). No thromboembolic event was observed in 

thee perioperative period. We conclude that therapeutic dose of UFH are frequently used 

too bridge interruption with vitamin K antagonists. Overall this strategy seems safe to 

preventt thromboembolic complications. The risk for bleeding complications appears to 

bee increased when the UFH is reinitiated within 6 hours. The overall safest therefore 

seemss to be to restart UFH 12 to 24 hours after surgery. 
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INTRODUCTION N 

Patientss with mechanical heart valves are at increased risk for valve thrombosis and 

systemicc embolism, predominantly stroke. The incidence rates of these serious 

complicationss can be reduced by vitamin K antagonist (VKA) therapy and therefore life-

longg anticoagulation is recommended in patients with mechanical heart valves1. A 

differentiationn in thromboembolic risk can be made on the basis of localisation of the 

valve.. Patients with a prosthesis in the mitral position have a significantly higher risk of 

thromboembolicc complications than those with an aortic valve prosthesis2. In addition, 

thee presence of atrial fibrillation will further increase the risk for thromboembolism. 

Inn case of surgery or other invasive procedures the VKA needs to be interrupted to 

ensuree surgical hemostasis and to prevent excessive perioperative bleeding. Temporary 

discontinuationn of anticoagulants increases the risk for valve thrombosis and embolism 

whichh may be higher than expected since the prothrombotic effect of the surgery itself 

andd the rebound hypercoaguability-phenomenon could further increase the 

thromboembolicc risk. On the other hand, continuation of anticoagulants perioperatively, 

orr restarting too soon after surgery may cause serious bleeding. 

Theree is no consensus about the optimal management of anticoagulation during 

thee perioperative period for patients with artificial heart valves receiving VKA, largely 

becausee good clinical studies are lacking. Current guidelines are mainly based on 

quantificationn of thromboembolic risk during discontinuation of anticoagulation and the 

riskk estimates for bleeding associated with re-institution of the anticoagulation. These 

guideliness are diverse, varying from temporary discontinuation of VKA a few days before 

surgeryy and reinstitution after surgery to complete coverage with intravenous 

unfractionatedd heparin (UFH) only shortly interrupted during the surgical procedure34. 

However,, the outcomes of these approaches have been documented only occasionally5^ 
8.. The aim of our study was to describe the anticoagulant strategies and to 

systematicallyy evaluate the incidence of thromboembolic and bleeding complications in 

aa large cohort of consecutive patients with prosthetic heart valves who underwent non-

cardiacc surgical interventions during a 4 to 6 year follow up after heart valve 

replacementt and to analyse the outcomes according to the different periprocedural 

anticoagulantt strategies. 
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METHODS S 

Patients Patients 
Alll patients who underwent heart valve replacement between January 1997 and 

Decemberr 1999 at the Department of Cardiothoracic Surgery of the Academic Medical 

Centree in Amsterdam, The Netherlands were included in the study. Inclusion criteria for 

thee present study were aortic and/or mitral valve replacement with or without 

concomitantt coronary artery bypass grafting (CABG) and/or tricuspid annuloplasty. 

Follow-upp was started from the date of valve replacement and ended when a patient 

diedd or at the end of the data collection (between January and June 2003). 

Non-cardiacNon-cardiac surgery 
Alll non-cardiac surgical interventions after the valve replacement were evaluated. A 

questionnairee was sent to the general practitioners of all patients. Information was 

obtainedd about all non-cardiac surgical interventions and, if indicated, causes of death. 

Thee non-responding general practitioners were contacted by telephone. From those 

patientss who had undergone non-cardiac surgery, the medical records were analysed. 

Thee information from the surgical intervention was retrieved from the patients charts, 

andd from anaesthesiology and surgery reports. Outcomes of interest were start and stop 

dataa of VKA, initiation of periprocedural unfractionated heparin (UFH) or low molecular 

weightt heparin (LMWH) and the occurrence of bleeding and thromboembolic 

complications. . 

Definitions Definitions 
Non-cardiacc surgery was defined as any non-cardiac surgical intervention, both elective 

andd non-elective, during the follow-up period requiring local or general anaesthesia. 

Dentall procedures and gastrointestinal endoscopies were excluded. 

AA postoperative bleeding episode was recorded if the hospital charts reported on a 

bleedingg complication e.g. massive hematoma in the operated region, postoperative 

dropp of hemoglobin level (more than 2 mmol/l), need for bloodtransfusion or a bleeding 

necessitatingg re-operation. A postoperative thromboembolic event was defined as a 

symptomaticc cerebral or peripheral thromboembolism occurring after the surgical 

intervention.. Cerebral events had to be confirmed with the use of a CT-scan. Peripheral 

thromboembolismm had to be confirmed by angiography or surgically. Valve thrombosis 

wass defined as any thrombus, in the absence of infection, that occluded (part of) the 

transvalvularr bloodflow and/or that interfered with the function of the valve. Valve 

thrombosiss had to be documented by, ultrasound, operation or autopsy. 
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Thee surgical interventions were catagorised into major, intermediate or minor 

surgicall interventions. Major surgical interventions include neurosurgery, orthopedic 

surgery,, vascular surgery (including peripheral bypass), breast surgery or abdominal 

surgery.. Minor surgery included surgery for cataract, dermatological excisions and local 

biopsies.. All other interventions that did not meet the criteria for minor or major surgery 

weree categorized as intermediate surgical procedure. 

Thee following perioperative anticoagulation strategies were registered: (1) 

Discontinuationn of VKA and temporary institution of intravenous unfractionated heparin; 

(2)) Discontinuation of VKA and temporary institution of subcutaneous low molecular 

weightt heparin in a therapeutic dose; (3) Discontinuation of VKA without institution of 

(loww molecular weight) heparin; (4) Perioperative continuation of VKA. 

Statistics Statistics 
Wee calculated frequencies and 95% confidence intervals for bleeding a thromboembolic 

events.. After adjusting for age, position of the valve and type of intervention (minor, 

intermediatee or major) the relationship between the method of bridging and bleeding 

eventss was explored using logistic regression analysis. Selection of these variables was 

basedd on the univariate analysis and the literature. 

RESULTS S 

Betweenn January 1997 and December 1999, a total of 567 consecutive patients 

underwentt heart valve replacement at the Department of Cardiothoracic Surgery of the 

Academicc Medical Center. The in-hospital mortality was 7% (41 patients). Of the 

remainingg 526 patients, 124 patients underwent 171 non-cardiac surgical procedures. 

Thee mean age at valve implantation was 68 year; 55% was male. Ninety-six patients 

hadd a mechanical valve in the aortic position, 23 patients in the mitral position and 4 

patientss had a double valve. The mean follow up period was 45 patient-months. The 

meann time from valve replacement to the first surgical intervention was 22 months. 

Eighty-fivee patients had single operations, 31 patients had 2 operations and 8 patients 

hadd 3 operations. Seventy-five percent of the surgical interventions was elective. Data 

wass available from 153 of the 171 interventions. Orthopedic surgery was most 

common,, followed by eye surgery and gastro-intestinal surgery. Other characteristics of 

thee study cohort are summarized in Table I. 
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Tablee I. Characteristics of the study cohort of 124 patients who underwent non-cardiac surgical 
procedures. . 

Characteristic c 

Malee (%) 

Agee (mean) 

Valvee type 

Aortic c 

Bio-prostheticc valve 

Mitral l 

Doublee valve 

Other/unknown n 

Comorbidity y 

CADD (reported as % CABG) 

Numberr of procedures per patients 

11 intervention 

22 interventions 

33 interventions 

Totall number of interventions 

Dataa available 

Electivee surgery 

Meann duration of follow-up (months) 

Timee from valve replacement to first operation (months) 

Number r 

688 (55%) 

68 8 

96 6 

10 0 

23 3 

4 4 

1 1 

36% % 

85 5 

31 1 

8 8 

171 1 

153 /171 1 

74% % 

45 5 

22 2 

CADD = coronary artery disease: CABG = cornary artery bypass grafting 

PerioperativePerioperative anticoagulant strategies 
UFHH as bridging method was used in 74 interventions and LMWH in therapeutic dose 

wass used in 11 interventions. Some patients received only a single preoperative or a 

postoperativee dose of UFH or LMWH. Complete interruption (i.e. stopping VKA 

preoperativelyy and reinstitution after surgery) was applied in 44 interventions and VKA 

usee was not interrupted in 17 interventions. Table II summarizes the characteristics of 

thee surgical interventions and the perioperative anticoagulant strategies. In 113 

interventionss in patients with a prosthetic aortic valve, UFH was administered during 47 

interventions,, LMWH during 8 interventions, VKA was interrupted in 40 interventions 

andd continued in 13 interventions. A total of 32 surgical interventions were performed in 

patientss a mitral valve. UFH was given during 22 interventions, LMWH in 1 intervention, 

VKAA was interrupted in 2 interventions and continued in 5 interventions. In 6 
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interventionss in patients with double valves UFH (n=4) and LMWH (n=2) as perioperative 

anticoagulantss was administered. 

Tab lee II. Characteristics of non-cardiac surgery and the perioperative anticoagulant regimen 

Interventions s Perioperativee anticoagulation regimen 

Gastro-intestinall surgery 

Orthopedicc surgery 

Ophtalmologicall surgery 

Vascularr surgery 

Urogenitall surgery 

Inguinall hernia repair 

Breastt surgery 

Dermatologiee surgery 

Other r 

Total l 

UFHH LMWH Interruption Continue Unknown 

VKAA VKA 

22 2 

25 5 

23 3 

14 4 

9 9 

11 1 

7 7 

7 7 

35 5 

153 3 

13 3 

9 9 

4 4 

11 1 

4 4 

6 6 

5 5 

3 3 

19 9 

74 4 

4 4 

11 1 

4 4 

14 4 

7 7 

1 1 

1 1 

5 5 

1 1 

3 3 

8 8 

44 4 

1 1 

1 1 

4 4 

17 7 

UFHH = unfractionated heparin: LMWH = low molecular weight heparin: VKA = vitamin K antagonist 

BleedingBleeding complications 
Fifteenn patients experienced 15 bleeding complications during 153 operations, 

includingg bleeding necessitating re-operation (n=5), drop of hemoglobin of more than 2 

mmol/ll (n=3), need for bloodtransfusion (n=3) and significant post-operative hematoma 

inn the operated region (n=3). Of these 15 patients, 11 patients received UFH as bridging 

method.. The number of bleeding complications related to each perioperative strategy 

aree listed in Table III. 

Figuree I gives an overview of the timing of presurgical interruption of UFH before 

surgery,, related to the bleeding complications. In Figure II the timing of reinstitution of 

UFHH after surgery related to the bleeding complications is depicted. All bleeding 

episodess were observed when the UFH was restarted within 12 hours after surgery. 

Tablee IV gives an overview of bleeding events related to the start and stop time of UFH. 

Theree is a trend to an increased risk for bleeding when the UFH is restarted within 6 

hourss after the end of surgery (relative risk 1.86, 95% confidence interval 0.42 to 8.10 ). 
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F i g u r ee I 

O) ) 

c c 

m m 

1-33 4-6 7-12 13-18 19-24 24 + 

Stopp UFH before surgery (hrs) 

total l 

Figuree I. Timing of pre-surgical interruption of UFH before surgery, related to the bleeding 

complications s 

Inn the univariate analysis only type of surgery (minor, major, intermediate) was 

statisticallyy significant associated with a major bleeding episode. Other variables that 

weree explored were age and bridging method (UFH, LMWH, interruption of VKA or 

continuee of VKA) and these were found not to be predictive for a bleeding complicat ion. 

AA mult ivariate logistic regression analysis of age, type of surgery and bridging method 

revealedd that corrected for the other variables only type of surgery was statistically 

signif icantt related to a bleeding complicat ion. 

Tab l ee III. Number of bleeding complications in relation to bridging method 

Bridgingg method Numberr of interventions Bleedingg events in % 

(95%% CI) 

15%% (9%-25%) 

0%% (0%-25%) 

7%% (2%-18%) 

6%% (l%-27%) 

0%% (0%-35%) 

10%% (7%-17%) 

n n 

n = l l l 

n=0 0 

n=3 3 

n = l l 

n=0 0 

n=15 5 

UFH H 

LMWHH (therapeutic dose) 

Interruptionn of VKA 

Continue e 

Unknown n 

Total l 

74 4 

11 1 

44 4 

17 7 

7 7 

153 3 

UFHH = unfractionated heparin: LMWH = low molecular weight heparin: VKA = vi tamin K antagonist 
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ThromboembolicThromboembolic complications 
Noo thromboembolic event was observed in the perioperative period of the 153 

interventions.. Although myocardial infarction was not considered as a thromboembolic 

complicationn specifically related to patients with artificial heart valves, the incidence 

wass studied. One myocardial infarction was observed in a 62 year old patient with a 

aorticc valve prosthesis 2 days after peripheral bypass surgery. At the time of the event, 

thee patient received therapeutic dosage of UFH and VKA. 

Figuree II 

3? ? 

c c 

0) 0) 

CQ CQ 

60 0 

50 0 

40 0 

300 : 

20 0 

100 | 

00 L 

n=255 n=15 n=10 n=155 n=10 n=3 n=6 n=2 n=61 

fh fh 

1-33 4-6 7-12 13-18 19-24 2 4 H 

Startt UFH after surgery (hrs) 

total l 

Figuree II. The timing of reinstitution of UFH after surgery related to the bleeding complications 

ElectiveElective versus non-elective surgery 
Wee included both elective and non-elective surgical interventions. In case of non-elective 

surgery,, reversal of the anticoagulant effect of VKA was often achieved with the 

administrationn of vitamin K. In emergency situations, some patients were treated with 

freshh frozen plasma or prothrombin complex concentrate to correct the preoperative 

anticoagulantt state. 
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Tablee IV. Bleeding eventss according to timepoint of stop and start UFH. 

Interventionn Timepoint of start and stop UFH Relative Risk (95% CI) 

<< 6 hrs > 6 hrs 

(Noo events/total) (No events/total) 

Stopp UFH before surgery 8/50 1/6 0.96 (0.14-6.41) 

Startt UFH after surgery 7/40 2/21 1.84(0.42-8.10) 

UFHH = unfractionated heparin; LMWH = low molecular weight heparin: VKA = vitamin K antagonists 

Tablee V. Characteristics of the 13 bleeding complications occurring after first intervention. 

Characteristicc Patients with bleeding (n= 

Meann age 

Mortalityy after 6 months 

Durationn of hospitalization (days) 

Durationn of surgery (min) 

Electivee surgery 

Typee of valve (aortic) 

7 1 1 

8% % 

22 2 

161(45-422) ) 

92% % 

85% % 

=13)Patientss without bleeding 

( n = l l l ) ) 

68 8 

9% % 

2 1 1 

766 (25-265) 

77% % 

77% % 

DISCUSSION N 

Thee optimal management of perioperative anticoagulation in patients with mechanical 

heartt valves is a matter of debate. Major problems are the risk for bleeding when the 

perioperativee anticoagulant regimen is too aggressive or, the risk for thromboembolism 

whenn the anticoagulation is interrupted. In this study we evaluated perioperative 

anticoagulantt strategies in a cohort of consecutive patients with mechanical heart 

valvess who underwent non-cardiac surgery and the incidence of thromboembolic and 

bleedingg complications. The main findings of this study are that: (1) UFH is the most 

frequentlyy used anticoagulant in the perioperative period, (2) there appears to be an 

increasedd risk for bleeding when the UFH is started within 6 hours after surgery and (3) 

thee risk for thromboembolism in the immediate perioperative period appears to be low. 

Ourr finding that UFH was the most frequently used bridging method deserves 

somee comment. The rationale for this approach is based on an assumed increased 
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thromboembolicc risk. This evidence is derived from small retrospective studies, with in 

onee study high incidences of valve thrombosis7. However, patients in this series had 

cagedd ball valves, which have a higher thrombogenic potential than the newer types. 

Thee prevention of stroke, peripheral embolism and valve thrombosis is a persuasive 

argumentt for clinicians to use this aggressive anticoagulant regimen, especially 

becausee of the high case-fatality of valve thrombosis. In a survey among Canadian 

physicians,, UFH was the most selected anticoagulant option. The risk of 

thromboembolismm had a strong influence on anticoagulation preferences, whereas the 

preferencee was not influenced by the risk of bleeding9. 

Sixteenn percent of the patients who used intravenous UFH as perioperative 

anticoagulantt experienced a bleeding complication. Initiation of the UFH within 6 hours 

afterr surgery was related to an increased the risk for bleeding complications. Guidelines 

forr the optimal timepoint of reinistution of UFH are lacking, although it is reasonable to 

startt when adequate hemostasis is achieved. A wider interval of restarting UFH after 

surgery,, at least 12 to 24 hours, may prevent bleeding complications. 

Wee did not observe any thromboembolic complication. This is in contrast to 

severall other studies, who observed incidences between 2% and 53%, depending on 

typee of operation and position of the valve5"8. We may have underestimated the 

thromboembolicc risk of mechanical valves. Clinical information could have been 

incompletee in this retrospective series and we cannot exclude the possibility of small 

neurologicall defects. In addition, prosthetic valve dysfunction and the formation of small 

valvee thrombi cannot always be detected and valve thrombosis may develop several 

weekss after subtherapeutic levels of anticoagulation10. However, there were no 

significantt differences in long-term outcome between operated and non-operated 

patientss (data not shown). 

Theree is only limited data on the absolute risk of thromboembolism in the absence 

off VKA-therapy. These estimates are based on studies performed 25 years ago and 

involvee patients with first-generation valves. An yearly incidence of 9% has been 

reportedd in patients who do not receive anticoagulant therapy2. If we assume that 1 day 

offf VKA carries a risk that is 1/365 of the annual risk, this will correspond to a 3 days 

interruptionn risk of 0.07% (3/365 x 9% =). Considering a 10-fold increased 

thromboembolicc risk due to the thromboembolic state of the surgical intervention, this 

willl lead to a 0.7% risk for thromboembolism, which might be acceptable. There is more 

dataa existing that withholding VKA for a longer period is safe. Two studies reported on 

677 patients with prosthetic heart valves withholding VKA for 1 to 2 weeks after a major 

bleedingg event1112. None of the patients developed a thromboembolic complication and 

thereforee these data suggest that short interruption may not be as dangerous as often 

presumed. . 
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Onee fifth of the surgical interventions was on a non-elective basis. Since after 

stoppingg with VKA approximately 3 days are needed to reach an INR of 1.4, a more 

aggressivee approach is needed for patients who require urgent surgery. Vitamin K 

reversess therapeutic levels of VKA within 16-36 hours13. In emergency situations, some 

patientss were treated with fresh frozen plasma or prothrombin complex concentrate to 

reducee the INR. The administration of these prothrombotic agents theoretically carries 

thee risk for thromboembolic complications. In our series, however, we did not observe 

thesee complications although the number of patients may have been too low. 

Wee were not able to identify patient-characteristics for increased risk for bleeding 

complicationss with the use of multivariate analysis. In general, malignancy, increasing 

age,, previous bleeding and hypertension are known risk factors for bleeding 

complicationss during treatment with vitamin K antagonists14. Although not proven, 

speciall care is needed when these conditions are present in patients undergoing 

surgery. . 

Thee small number of patients using LMWH as perioperative anticoagulant do not 

alloww us to assess to safety of this approach. LMWH has been shown to be at least as 

safee as UFH in venous and arterial thrombotic disease15. Although the safety and 

efficacyy of LMWH as bridging therapyy has never been established in randomized clinical 

trials,, several observational studies demonstrated the feasibility of this approach1617. 

Potentiall benefits are the convenience of LMWH and avoiding hospitalization solely for 

anticoagulationn with intravenous UFH. However, the half-life of LMWH is longer as 

comparedd to UFH and the clearance is not always predictable. This makes it difficult to 

timee the last preoperative injection and therefore this strategy carries a certain risk for 

perioperativee bleeding. 

Inn this study we have evaluated the perioperative anticoagulant strategies in 

patientss with mechanical heart valves undergoing non cardiac surgery. To minimize the 

riskk for bleeding complications, UFH should be stopped 6 hours prior to surgery. Since 

thee incidence of thromboembolic complications is low and the risk for bleeding 

complicationss is increased when the UFH is reinitiated within 6 hours, it seems safe to 

startt the UFH after 12 to 24 hours. A large randomised clinical trial comparing different 

perioperativee anticoagulant strategies with riskstratification is needed to further 

optimalizee the management during surgery. 

SupportedSupported by a grant of the Netherlands Heart Foundation (2000.068) 
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