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Abstract

Background—Free radial forearm flap (FRFF) reconstruction is a valuable technique in head 

and neck surgery, that allows closure of large defects while striving to maintain functionality. 

Anticoagulative drugs are often administered to improve flap survival, although evidence 

regarding effectiveness is lacking.

Objective of review—To investigate the effectiveness of postoperative anticoagulants to 

improve survival of the FRFF in head and neck reconstruction.

Type of review—Systematic review and multicenter, individual patient data meta-analysis.

Search strategy—MEDLINE, EMBASE, Web of Science and CINAHL were searched for 

synonyms of ‘anticoagulants’ and ‘free flap reconstruction’.

Evaluation method—Studies were critically appraised for directness of evidence and risk of 

bias. Authors of the highest quality publications were invited to submit their original data for 

meta-analysis.

Results—Five studies were of adequate quality and data from four studies (80%) were available 

for meta-analysis, describing 759 FRFF procedures. Anticoagulants used were: aspirin (12%), 
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low-molecular weight dextran (18.3%), unfractioned heparin (28.1%), low-molecular weight 

heparin (49%) and prostaglandin-E1 (2.1%). Thirty-one percent did not receive anticoagulants. 

Flap failure occurred in 40 of 759 patients (5.3%) On univariate analysis, use of unfractioned 

heparin was associated with a higher rate of flap failure. However, these regimens were often 

administered to patients who had revision surgery of the anastomosis. In multivariate logistic 

regression analysis, anticoagulant use was not associated with improved flap survival or flap-

related complications.

Conclusions—The studied anticoagulative drugs did not improve FRFF survival or lower the 

rate of flap-related complications. In addition some anticoagulants may cause systemic 

complications.
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Background

In head and neck surgery microsurgical free flap reconstructions following ablative surgical 

procedures are often used. Free flap reconstruction has several advantages over primary 

closure. Wound surface is minimized, to reduce pain and risk of infection1. Second, tissue 

volume is maintained, leading to better functional outcomes in terms of speech and 

swallowing2, 3. And thirdly, delicate structures such as vessels or nerves are covered to offer 

protection, for instance if postoperative radiotherapy is performed. Flaps can be raised from 

various sites on the body and the success rate is generally high (90–99%)4– 6. In head and 

neck reconstruction, the free radial forearm flap (FRFF) is the most commonly used 

fasciocutaneous flap.

Flap loss, however, is considered a serious complication, often caused by arterial or venous 

thrombus formation in the anastomosis7. To improve flap patency and prevent thrombus 

formation, anticoagulative drugs can be administered in the postoperative period. Nowadays, 

administering anticoagulative drugs postoperatively is still popular: 96% of surgeons use 

some form of anticoagulative treatment after microvascular surgery, in particular aspirin, 

low-molecular weight dextran and subcutaneous heparin710.

The efficacy of anticoagulative drugs to prevent flap loss has been the focus of many 

studies5, 6, 11–13. However, the effect of anticoagulants on flap survival, and the FRFF in 

particular, is unclear. We performed a systematic review and multicenter (meta-) analysis of 

the current literature to investigate the effect of anticoagulants on survival of the FRFF used 

for reconstruction in the head and neck region.

Methods

Search and selection

A literature search was performed using PubMed, EMBASE, the Cochrane database and 

Web of Science for a combination of the domain (free tissue transfer) and the determinant 
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(anticoagulants) (Appendix A). Duplicates were removed using RefWorks. Title and abstract 

screening was performed using predefined in- and exclusion criteria (Figure 1).

Appraisal of the evidence

The full text of relevant publications was retrieved. To select only high quality evidence, 

studies were critically appraised for directness of evidence and risk of bias, using predefined 

criteria (Table 1). Every study received a satisfactory score (sufficient or insufficient) for 

each criterion. When information concerning an item was not reported in the study, it was 

classified as insufficient. Concerning treatment, the following drugs have been described 

best in current literature and were seen as most relevant: aspirin, dextran-40, prostaglandin-

E1, heparin or low molecular-weight heparin. Studies describing these drugs were valued 

highest in the critical appraisal.

Statistical analysis

Authors who performed a study that compared at least two types of anticoagulants (or 

anticoagulant versus placebo) and included at least 10% FRFFs were invited to participate in 

the meta-analysis. Authors were invited to submit the raw data file of their original study. 

Data on age, sex, smoking, drinking, T- and N-staging (in the case of reconstruction after 

oncological resections), American Society of Anaesthesiologists (ASA-) score for physical 

status, type of anticoagulant, flap survival, revision surgery and flap or systemic 

complications were requested if available, since these factors were suspected for 

confounding the outcome. When the anticoagulative regimen was missing, patients were 

excluded from further analysis.

The main outcome was final flap failure, defined as flap failure with or without revision 

surgery. First, per study, the rate of initial flap failure, successful revision surgery, final flap 

failure, and complications (flap or systemic complications) according to anticoagulation type 

were determined. Flap complications included bleeding, wound infection, seroma, fistula 

formation and (partial) flap failure. Absolute risk (AR), absolute risk reduction (ARR) and 

number needed to treat (NNT) or harm (NNH) were calculated for the studies that had 

available data of controls that did not use anticoagulation.

Second, to identify factors associated with flap failure and complications, data were pooled 

and logistic regression analyses were performed. Variables that were significantly associated 

with initial flap failure, final flap failure, or complications in the univariable model were 

added to the corresponding multivariable model. Statistical significance was set at α=0.05. 

Data were analyzed using IBM SPSS Statistics 20 (SPSS Inc., Chicago, Illinois).

Results

Search and selection

The search yielded 4,472 unique publications. After title/abstract screening, 22 publications 

were deemed potentially relevant. Two studies did not collect individual patient data9, 14, but 

described a survey held among surgeons. Four studies described only free flap 

reconstruction outside the head and neck region (lower leg15–17 and post-mastectomy18). 

Swartz et al. Page 3

Clin Otolaryngol. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



One study was not in English, Dutch or German19. These seven studies were excluded; 

hence 15 publications remained for critical appraisal20–34 (Table 1).

Critical appraisal

Most studies were retrospective cohort studies, only two were randomized trials. There was 

a great variety in the type of anticoagulants studied, and the flap patency was high in all 

studies (>91%). The studied drugs included aspirin, low-molecular-weight dextrans, low 

molecular-weight heparins, unfractioned heparin, prostaglandin-E1, but also milrinone, 

which is a vasodilator31, and recombinant human tissue factor pathway inhibitor, which 

inhibits the tissue factor pathway of coagulation33.

After critical appraisal on directness of evidence and risk of bias, five studies met the criteria 

for participating in the meta-analysis21–25. Four authors replied positively to participating in 

the meta-analysis. Finally, raw data from four studies (80%) were received and 

analysed21–24. The remaining study by Sun et al could not be included in the meta-

analysis25. Sun et al described 55 cases of free flap transfer after tumor ablation in the upper 

aerodigestive tract. Of these patients, 25 received dextran-40 intravenously, while the 

remaining 30 did not. There were 18 FRFF procedures in each arm. One patient required 

anastomosis revision after venous congestion in the dextran-treated group. All flaps 

survived, indicating no beneficial effect of Dextran administration.

Meta-analysis

Baseline patient characteristics of the four studies in the meta-analysis, as well as the entire 

cohort are shown in Table 2. All patients underwent FRFF reconstruction in the head and 

neck area. Data on pre-operative ASA classification were often not available and are not 

shown. Only two studies had data available on T- and N-staging. Compared to the other 

studies, the patients described by Riva et al. were younger and more often male. Excessive 

alcohol use was more prevalent in the study of Lighthall et al., compared to the other studies.

Table 3 describes the failure and flap-related complication rates per study according to type 

of coagulation, along with risk differences. In two studies, data were available on a sufficient 

number of patients that did not use anticoagulants (Figure 2). A comparison of Dextran-40 

or prostaglandin-E1 use versus no anticoagulant use did not show a significant difference on 

flap failure in the study of Riva et al27. In the study of Lighthall et al, comparisons could be 

made between patients using aspirin, (low molecular-weight) heparin and no anticoagulative 

drugs23. The use of heparin resulted in a higher frequency of flap failure (OR: 3.950, p=.

279) as compared to no anticoagulative drugs, but this difference was not statistically 

significant. However, heparin was administered to patients in whom intraoperative 

anastomosis revision had to be performed. Flap-related complications were available from 

the studies of Riva, Lighthall and Disa. Flap complications occurred in 26.7% (135/505) of 

patients. Wound infection was most often observed (10.1%, n=51), followed by fistula 

(5.7%) and hematoma (3.8%). In both the studies of Riva and Lighthall, the use of 

anticoagulative drugs resulted in a higher number of flap-related complications.

Finally, pooled analyses of all 759 patients were performed. Initial flap failure occurred in 

90 (12%) patients. Of these patients, 74 underwent revision surgery, which was successful in 
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50 cases (67.6%). Sixteen patients with flap failure did not receive revision surgery, or data 

were not available. Thus, final flap failure was observed in 40 of 758 patients (5.3%, data 

missing for 1 patient). In the meta-analysis, the use of heparin and LMWH was associated 

with an increased risk of flap failure in univariate analysis (Figure 2).

Univariate regression analysis identified that several factors were associated with flap failure 

(Table 4). In univariate analysis, final flap failure occurred more often in patients that used 

anticoagulants, especially heparin and aspirin, compared to patients not using 

anticoagulants. The study by Gerressen22 was chosen as the reference standard, as this 

population was most average in terms of alcohol use, male-female ratio and age, compared 

to the other studies. Compared to this study, significantly less flap failure occurred in the 

studies of Riva and Lighthall. Age, smoking and alcohol use were not associated with flap 

failure. Two multivariate models were constructed. In the first model (Model A), the use of 

anticoagulant (yes/no) and the study cohort a patient participated in were included. Flap 

failure occurred significantly less in patients in the cohort of Lighthall23 and Riva24. The use 

of anticoagulants was not significantly associated with a higher flap patency. A second 

model (Model B) was constructed to compare the effect of the individual anticoagulants. In 

this multivariate model, the use of anticoagulation was no longer a determinant for final flap 

failure, also there was no longer an association between cohort and flap failure when the 

type of anti-coagulation was taken into account.

Flap complications were reported by Riva24, Disa21 and Lighthall23. Using univariate 

logistic regression, use of anticoagulants was associated with higher risk of flap 

complications, while smoking was associated with lower risk of complications. However, in 

multivariate analysis these associations were no longer present.

Discussion

Summary of main results

With our comprehensive search and meta-analysis on the effect of anticoagulants on survival 

of the free radial forearm flap used for reconstruction in head and neck surgery we found 

that the evidence concerning this topic is weak. After analysis of the current available 

evidence, we found no significant protective effect of anticoagulation regimens on overall 

FRFF-survival. Also, in this study, flap failure was not related to smoking or alcohol use.

Remarkably, heparin and LMWH use were significantly associated with an increased risk of 

flap failure in univariate analyses. However, these drugs were often administered in patients 

who had undergone anastomosis revision during primary surgery, or when the surgeon 

decided that the flap was at higher risk of failure for any other reason. This negative 

association of heparin or LMWHs could not be detected after correction for other covariates 

in multivariate analysis.

Overall completeness, quality and applicability of evidence

We approached the literature in a broad fashion, by including all studies that compared 

anticoagulative regimens. All potentially relevant studies were obtained and could be 

appraised for directness of evidence and risk of bias. To avoid missing important, relevant 

Swartz et al. Page 5

Clin Otolaryngol. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



publications, only after the critical appraisal we excluded studies that did not describe the 

FRFF. The most relevant and highest quality studies were considered for meta-analysis. Of 

the studies finally selected, data from the four most recent studies were available for 

analysis. Unfortunately, the data from Sun et al could not be retrieved25. Moreover, the 

quality of the evidence on this subject is generally low, for instance because of a lack of 

randomization, which is prone to introduce selection bias as addressed below. However, the 

direction of the evidence of each of the different studies is similar, giving value to the 

outcome to support our daily practice.

Comparison with other reviews

While the success rate of free flap reconstruction is already high, free flap failure does occur 

and can be a serious complication, resulting in loss of function and cosmesis2. Therefore, the 

comparison of anticoagulative regimens to optimize free flap survival has been a focus of 

many, mostly retrospective, trials and reviews5, 6, 11–13. Unfortunately, in these trials no 

significant benefit was found from treatment with anticoagulants (including aspirin, (low-

molecular weight) heparins, dextran-40 and prostaglandin E1) versus no additional 

treatment. Studies on flap patency have always described heterogeneous groups of flaps 

from different donor- and recipient sites. As the size of the flap, the vessel diameter and the 

pedicle length vary between flaps from various donor sites, it can be assumed that the donor 

site of the flap may be of influence on flap outcomes. We therefore investigated the 

protective effect of anticoagulants in a single-flap, single recipient site population. Our 

individual patient data meta-analysis is the first to show that administration of 

anticoagulative drugs does not result in higher FRFF patency in head and neck in head and 

neck reconstruction in particular.

Potential biases in review

Several aspects of this meta-analysis should be addressed. First, data were received from 

only four of the five studies that met the criteria to participate in the meta-analysis, all 

studies were retrospective in design and treatment allocation was not randomized, with 

exception of the study by Disa21, but always according to the preference of the operating 

surgeon, i.e selection bias was introduced. Selection bias in general can lead to an 

overestimation of effect of a treatment. In this meta-analysis we found no such beneficial 

effect supporting the conclusion that anticoagulants have no additional protective effect on 

flap failure.

Second, we aimed to correct for factors that might influence flap outcomes, including 

smoking, drinking, tumor TNM staging (in the case of reconstruction after cancer 

resections) and ASA-score. However, due to the low number of flap failures and the limited 

availability of several of these variables, it was not possible to correct for all these factors in 

a single multivariable model. In addition, critically important variables, such as history of 

previous radiation therapy, history of previous neck surgery, history of previous free flap 

surgery, use of couplers for the venous anastomoses or the use of loupes versus operative 

microscopes for the anastomoses were not recorded and could not be commented on.
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Third, it is known that cancer causes a hypercoagulable state due to expression of various 

procoagulants35. Unfortunately, data were not always clear whether patients had undergone 

reconstruction after cancer resection, or for a different indication, such as trauma. Therefore, 

it was not possible to compare flap outcomes in oncology versus non-oncology patients.

Implications for clinical practice

Since our meta-analysis revealed no beneficial effect of anticoagulants on the occurrence of 

flap failure of the FRFF, the use in daily practice seems not justifiable. Moreover, since 

some anticoagulants, such as dextrans, have shown a higher risk of systemic complications, 

including anaphylaxis, renal failure and adult respiratory distress syndrome, the risk of harm 

of these anticoagulants simply outweighs the lack of benefit21, 36, 37. In addition, because of 

the lack of effect, administering anticoagulants to prevent flap failure will probably not be 

cost-effective. It should be noted that this study concerns only those cases where 

anticoagulants are administered solely to prevent FRFF failure. This meta-analysis does not 

comprise other purposes to administer anticoagulative drugs like an expected duration of 

immobilization and the standard prophylaxis to prevent a hypercoagulable state in head and 

neck oncology patients.

Conclusion

The current review suggests that there is weak evidence that administering anticoagulative 

drugs to prevent failure of FRFFs in the head and neck region has no beneficial effect. In 

addition, literature has shown that the use of postoperative anticoagulants can result in a 

higher rate of systemic complications. Since the evidence is weak, and certain possible 

confounding factors were not analyzed, a surgeon may still have clinical arguments to 

administer anticoagulants.
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Appendices

Appendix A. Search strategy

Database Search string Results

PubMed (“tissue transfer”[tiab] OR “donor flap”[tiab] OR “skin flap”[tiab] OR “skin
transplant”[tiab] OR “forearm flap”[tiab] OR “tissue transplant”[tiab] OR
“microvascular surgery”[tiab] OR “anterolateral thigh flap”[tiab] OR “fibula
flap”[tiab] OR “fibular flap”[tiab] OR “latissimus dorsi flap”[tiab] OR “head
and neck reconstruction”[tiab] OR “free flap”[tiab] OR “thoracodorsal artery
perforator”[tiab] OR “tram flap”[tiab] OR “deep inferior epigastric artery
perforator”[tiab] OR “dieap”[tiab] OR “rectus abdominis”[tiab] OR “free tissue
flaps”[MeSH terms]) AND (“acenocoumarol”[Tiab] OR “anticoagulant”[Tiab]
OR “anticoagulation”[Tiab] OR “antithrombogenic”[Tiab] OR
“antithrombotic”[Tiab] OR “anti-thrombus”[Tiab] OR “Ascal”[Tiab] OR
“Aspirin”[Tiab] OR “Dalteparine”[Tiab] OR “Dextran”[Tiab] OR
“Fragmin”[Tiab] OR “Fraxiparine”[Tiab] OR “Heparin”[Tiab] OR
“Ketorolac”[Tiab] OR “LMWH”[Tiab] OR “Milrinone”[Tiab] OR
“Prostaglandin”[Tiab] OR “Pharmacotherapy”[Tiab] OR
“Rheomacrodex”[Tiab] OR “Ticlopidine”[Tiab] OR “Warfarin”[Tiab] OR
“Anticoagulants”[MeSH Terms] OR “Fibrinolytic Agents”[MeSH Terms])

367

EMBASE ('free tissue transfer'/syn OR 'tissue transfer':ti,ab OR 'donor flap':ti,ab OR 'skin
flap'/syn OR 'skin transplant'/syn OR 'forearm flap':ti,ab OR 'tissue
transplant':ti,ab OR 'microvascular surgery'/syn OR 'anterolateral thigh flap'/syn
OR 'fibula flap'/syn OR 'fibular flap'/syn OR 'latissimus dorsi flap'/syn OR
'head and neck reconstruction':ti,ab OR 'free flap'/syn OR 'thoracodorsal artery
perforator'ti,ab OR 'tram flap'/syn OR 'deep inferior epigastric artery
perforator':ti,ab OR 'dieap':ti,ab)
AND ('acenocoumarol'/syn OR 'anticoagulant'/syn OR 'anticoagulation'/syn OR
'antithrombogenic':ti,ab OR 'antithrombotic'/syn OR 'anti-thrombus':ti,ab OR
'ascal'/syn OR 'aspirin'/syn OR 'dalteparine':ti,ab OR 'dextran'/syn OR
'fragmin'/syn OR 'fraxiparine'/syn OR 'heparin'/syn OR 'ketorolac'/syn OR
'lmwh':ti,ab OR 'milrinone'/syn OR 'prostaglandin'/syn OR 'rheomacrodex'/syn

4393
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Database Search string Results

OR 'ticlopidine'/syn OR 'warfarin'/syn)

CinAHL See PubMed 11

Web of Science See PubMed 311
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Key points

1. Aspirin, low-molecular weight dextran and (low-molecular weight) 

heparin are among the most frequently used anticoagulants to improve 

FRFF survival.

2. Unfortunately, evidence towards the effectiveness of postoperative 

anticoagulant us on FRFF survival is generally of low quality; there is a 

need for randomized controlled studies.

3. Despite the low quality of the individual studies, all studies describe 

that administration of anticoagulants did not significantly improve flap 

survival.

4. Combination of these results in the present meta-analysis supports the 

hypothesis that anticoagulants may not contribute to increased flap 

patency.

5. This meta-analysis did not comprise anticoagulant use for other 

indications, such as DVT prophylaxis. Postoperative administration of 

anticoagulants may still be indicated for these reasons.
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Figure 1. Flowchart
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Figure 2. Results and meta-analysis of final flap failure
Univariate forest plot of studies that had a sufficient number of controls are shown (Riva and 

Lighthall23,24), as well as the meta-analysis of all included studies (Disa, Gerressen, 

Lighthall and Riva21–24). Limits represent 95% confidence interval. Flap failure occurred 

more often in patients taking heparin or LMWHs. Flap success in other treatment regimens 

did not differ from untreated patients.
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