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Comparison of the surgical 
outcomes of free flap 
reconstruction for primary 
and recurrent head and neck 
cancers: a case‑controlled 
propensity score‑matched study 
of 1,791 free flap reconstructions
Kuan‑Hua Chen, Spencer C. H. Kuo, Peng‑Chen Chien, Hsiao‑Yun Hsieh & Ching‑Hua Hsieh*

This study was designed to compare the outcome and analyze the operation‑related risk factors in free 
flap reconstruction for patients with primary and recurrent head and neck cancers. A 1:1 propensity 
score‑matched analysis of the microsurgery registry database of the hospital. The primary outcome 
of the free flap reconstruction had a higher failure rate in the recurrent group than the primary group 
(5.1% vs. 3.1%, p = 0.037). Among the 345 pairs in the matched study population, there were no 
significant differences between the primary and recurrent groups regarding the rate of total flap loss 
(3.5% vs. 5.5%, p = 0.27) and secondary outcomes. This study revealed that free flap reconstruction 
had a higher failure rate in the recurrent group than the primary group, but such a difference may be 
attributed by the different patient characteristics.

Microvascular free flap reconstruction has been regarded as a standard procedure following head and neck cancer 
 resection1. Its technique has progressed well over time and nowadays has achieved a success rate of 91–99%2–4. 
However, 50–60% of these patients develop a loco-regional recurrence within two  years5,6 and eventually required 
a second or even more repetitive cancer resections and free flap  reconstructions7–9. Because the previous sur-
gery would result in scar tissue and possible anatomy changes, chemotherapy and concurrent radiotherapy may 
cause tissue change in the local  region10–12, and the patient’s condition may be more vulnerable to future surgical 
 procedures13–15. These patients with recurrent cancer are expected to have a lower success rate and higher risk 
of complication than those who undergo their first free flap reconstruction for primary head and neck cancer. 
However, such a hypothesis is yet validated in the literature. In addition, although many efforts have been devoted 
to clarifying the possible risk factors that were associated with the complications of free flap  reconstruction15,16, 
exploration of the association of surgical complications with free flap reconstruction in primary or recurrent 
cancers was rather limited. Therefore, via a selected propensity-score matched population, this study aimed to 
investigate the outcome of free flap reconstruction following cancer resection for those patients with primary 
and recurrent head and neck cancer.

Methods
This was a retrospective study and the work has been reported with the STROCSS  criteria17. This study was 
approved with the reference number 201800440B0 by the institutional review board (IRB) of the Kaohsiung 
Chang Gung Memorial Hospital, a 2,686-bed medical center located in Kaohsiung city and serves as an impor-
tant healthcare provider for patients in southern  Taiwan18–20. According to IRB regulations, the requirement 
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for informed consent was waived. All methods were performed in accordance with the relevant guidelines and 
regulations. We designed a retrospective study to review the microsurgery registry database of all 2,004 patients 
with head and neck cancer who underwent cancer resection and free flap reconstruction between March 2008 
and February 2017. After excluding missing and incomplete data, 1,700 patients with a total of 1,791 free flap 
reconstructions (21 patients received double free flap reconstructions) were enrolled into the study. Detailed 
patient information was retrieved from medical records, including information regarding the following variables: 
age; sex; body mass index (BMI); status of alcohol drinking, betel nut chewing, and smoking; co-morbidities, such 
as diabetes mellitus (DM), hypertension (HTN), cerebrovascular accident (CVA), heart diseases (ICD-9 codes 
402, 410–416, 420–429), renal diseases (ICD-9 codes 403–405, 580–589), and liver diseases (ICD-9 code 571); 
cancer stage groups (assigned as group 1 to 6) and locations (assigned as group 1 to 3) (Supplemental Table 1); 
preoperative chemotherapy and radiotherapy; flap types (anterolateral thigh (ALT), anteromedial thigh (AMT), 
freestyle, medial sural artery perforator (MSAP), fibula, and forearm), use of vein graft, contralateral microa-
nastomosis, number of microanastomosis (1 artery and 1 vein, 1 artery and 2 veins, and 2 arteries and 2 veins); 
operator experience (years after getting a plastic surgeon board), and operation time (hours). Freestyle flaps are 
the flaps that were harvested in a free-style manner, once the perforator could be identified visually by doppler 
signals present in a specific  region21–23. The primary outcome of this study was determined as the survival or 
failure of the flap, while the secondary outcomes were the associated complications, including wound infection, 
fistula, hematoma, and partial flap necrosis.

A comparison was made between the group of patients with primary cancer (n = 1,145) and the group of 
patients with recurrent cancer (n = 625). The collected data were compared using IBM SPSS Statistics for Win-
dows version 23.0 (IBM Corp., Armonk, NY, USA). A two-sided Fisher’s exact test or Pearson Chi-square test 
was used to compare categorical data. The Mann–Whitney U-test was used to compare non-normally distributed 
data, which are presented as a median (interquartile range [IQR], Q1–Q3). Subsequently, to minimize the con-
founding effects due to a nonrandomized assignment in the evaluation of patient-related covariates, we created 
1:1 propensity score-matched study population by the Greedy method using R software (version 3.5.0; package: 
Matchit, method: match it) calculated with a 0.2 caliper width to attenuate the influence of patient characteristics 
on the outcome assessment. The Greedy method is a matching algorithm widely applied by researchers to create 
a new sample of cases that share approximately similar likelihoods of being assigned to the treatment condition 
after obtaining estimated propensity scores. It selects a subject in primary group and then selects as a matched 
control subject, the subject in recurrent group whose propensity score is closest to that of the primary one. In 
the 1:1 ratio, if multiple subjects with recurrent tumor are equally close to the primary one, only one of these 
subjects with recurrent tumor is selected at  random24–26. All results are presented as median with interquartile 
range (IQR, Q1-Q3) or number with percentage (n, %). A p-value of < 0.05 was considered statistically significant.

Results
Demographics of patient characteristics. The demographics of patient characteristics for patients with 
primary and recurrent head and neck cancer who received free flap reconstruction following cancer resection 
are summarized in Table  1. Compared to the patients with primary cancer, patients in the recurrent group 
were older, chewed betel nut, were diabetic and hypertensive, and underwent preoperative chemotherapy and 
radiotherapy. The cancer stages and locations were significantly different between the patients with primary 
and recurrent cancers. In terms of operation-related covariates, the flaps in the recurrent group had more con-
tralateral microanastomosis (1.4% vs. 3.7%, p = 0.003) than those in the primary group. The types of flap and 
number of microanastomosis used in free flap reconstruction were different between the patients with primary 
and recurrent cancers. Among them, less ALT flaps (82.7% vs. 88.6%, p < 0.001) but more AMT flaps (5.1% vs. 
1.8%, p < 0.001) and freestyle flaps (3.0% vs. 1.3%, p < 0.001) were used in patients with recurrent cancers than 
those with primary cancers. Reconstruction for recurrent cancer was performed by more experienced operators 
(median [IQR]; 3.6 years [1.2, 7.1] vs. 4.4 years [1.8, 10.4], p < 0.001). The operation time and the rate of vein 
graft use were not significantly different between these two groups (Table 1).

Surgical outcomes of the unmatched and matched groups of patients. As shown in Table  2, 
the primary outcome of free flap reconstruction had a higher failure rate in the recurrent group than the pri-
mary group (5.1% vs. 3.1%, p = 0.037). Among 1145 patients with primary cancer, 35 of which had a total flap 
loss in the free flap reconstruction, whereas 32 out of 625 recurrent patients underwent a failed reconstruc-
tion surgery. However, there were no significant differences between the two groups of patients regarding the 
secondary outcomes of wound infection rate, fistula, hematoma, and partial necrosis of the flap. Further, a 1:1 
propensity score-matched study population was created by including 345 well-balanced pairs by adjusting all 
patient-related covariates, including age, betel nut use, DM, hypertension, tumor stage groups, tumor locations, 
and radiotherapy.

These matched groups of patients did not present significantly different patient-related covariates (Supple-
mental Table 2). Among these 345 pairs of matched subjects, there were no significant differences between the 
primary and recurrent groups regarding the primary outcome, the rate of total flap loss (3.5% vs. 5.5%, p = 0.27), 
and secondary outcomes (wound infection, fistula, hematoma, and partial necrosis).

Operation‑related covariates of the matched groups of patients. Among these 345 pairs, there 
were more contralateral microanastomosis in the recurrent group (1.4% vs. 4.6%, p = 0.024). The types of flaps 
were different between patients with primary and recurrent cancers. Less ALT flaps (83.2% vs. 91.3%, p < 0.001) 
but more AMT flaps (5.5% vs. 1.4%, p < 0.001) and MSAP flaps (6.7% vs. 2.3%, p < 0.001) were used in patients 
with recurrent cancers than those with primary cancers. The rate of vein graft use, the number of microanas-
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tomosis, the operator’s experience, and operation time were not significantly different between the two groups 
(Table 3).

Discussion
In this study, there was significantly different use of flap types for reconstruction in patients with primary and 
recurrent cancers either before or after propensity score matching. Notably, less ALT flaps were used for patients 
with recurrent cancers than patients with primary cancers. This may be attributed to the fact that the ALT flap 
has generally been the first choice and is used for reconstruction in prior  surgery27,28, leaving the surgeons to no 
longer choose an anterolateral thigh flap, even from the contralateral thigh, for further free flap reconstruction 

Table 1.  Demographics of patients with primary and recurrent head and neck tumor who underwent free flap 
reconstruction following head and neck tumor resection. ALT = anterior lateral thigh; AMT = anterior medial 
thigh; BMI = body mass index; DM = diabetes mellitus; HTN = hypertension; CVA = cerebrovascular accident; 
IQR = interquartile range; MSAP = medial sural artery perforator.

Primary n = 1,145 Recurrent n = 625 P-value

Covariates, patient-related

Age (years, median [IQR]) 53 [46,60] 57 [50,62]  < 0.001

Male gender (n, %) 1,093 (95.5) 595 (95.2) 0.814

BMI (median [IQR]) 23.7 [21.0,26.6] 23.3 [20.8,26.1] 0.168

Alcohol (n, %) 940 (82.1) 530 (84.8) 0.164

Betel nut (n, %) 979 (85.5) 560 (89.6) 0.015

Smoking (n, %) 1,008 (88.0) 552 (88.3) 0.878

DM (n, %) 192 (16.8) 131 (21.0) 0.034

HTN (n, %) 294 (25.7) 201 (32.2) 0.004

CVA (n, %) 21 (1.8) 11 (1.8)  > 0.999

Heart disease (n, %) 60 (5.2) 36 (5.8) 0.661

Renal disease (n, %) 18 (1.6) 9 (1.4)  > 0.999

Liver disease (n, %) 61 (5.3) 32 (5.1) 0.911

Tumor stage groups (n, %)  < 0.001

1 126 (11.0) 108 (17.3)

2 190 (16.6) 132 (21.1)

3 69 (6.0) 19 (3.0)

4 259 (22.6) 217 (34.7)

5 495 (43.2) 145 (23.2)

6 6 (0.5) 4 (0.6)

Tumor locations (n, %)  < 0.001

1 613 (53.5) 389 (62.2)

2 371 (32.4) 156 (25.0)

3 161 (14.1) 80 (12.8)

Radiotherapy (n, %) 162 (14.1) 370 (59.2)  < 0.001

Chemotherapy (n, %) 202 (17.6) 317 (50.7)  < 0.001

Covariates, operation-related

Use of vein graft (n, %) 11 (1.0) 9 (1.4) 0.357

Contralateral microanastomosis (n, %) 16 (1.4) 23 (3.7) 0.003

Flap types (n, %)  < 0.001

ALT 1,015 (88.6) 517 (82.7)

AMT 21 (1.8) 32 (5.1)

Freestyle 15 (1.3) 19 (3.0)

MSAP 7 (0.6) 4 (0.6)

Fibula 70 (6.1) 39 (6.2)

Forearm 17 (1.5) 14 (2.2)

Number of microanastomosis (n, %)  < 0.001

1 artery, 1 vein 853 (74.5) 527 (84.3)

1 artery, 2 veins 282 (24.6) 98 (15.7)

2 arteries, 2 veins 10 (0.9) 0 (0.0)

Operator experience (years, median [IQR]) 3.6 [1.2,7.1] 4.4 [1.8,10.4]  < 0.001

Operation time (hours, median [IQR]) 7.1 [5.8,8.6] 7.2 [5.9,8.6] 0.314
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following repeated cancer resection. This is also reflected by the more frequently used AMT flap and that the 
freestyle flap was used in patients with recurrent cancers compared to those with primary cancers.

The use of vein grafts has been associated with significantly higher flap losses than those with direct 
 microanastomosis29. Although the most common scenario in which vein grafting is required is the lack of nearby 
or even ipsilateral healthy recipient vessels, and such conditions were generally encountered in those who had 
a prior failed reconstruction, a repeated cancer resection, or those who already received radical neck dissection 
or  radiotherapy16. However, in this study, there was no significant difference of vein graft use between those who 
had primary or recurrent cancers either before or after propensity score matching. In contrast, there was a higher 
rate of contralateral microanastomosis of the patients with recurrent cancers than those with primary cancers 
during free flap reconstruction either before or after propensity score matching. This might be contributed by the 
fact that the vessels nearby have already been used in a previous reconstruction surgery for the patient’s primary 
 cancer30,31. Since vascular microanastomosis is the critical step for a successful free flap  transfer32,33, the surgeons 
might have foreseen the disadvantages of using the vessels in the same side in a prior surgery or radiotherapy and 
also choose not to use a vein graft but rather proceed with contralateral microanastomosis instead. Accordingly, 
the reconstructive option seemed to be different in handling the recurrent cancers and the primary cancers.

In this study, reconstructions for the recurrent cancers were performed by surgeons with more experience 
than those in the primary cancers. This study also revealed that the free flap reconstruction had a higher failure 
rate in the recurrent group than the primary group, but this difference was not found in the matched groups of 
patients who had similar patient-related covariates. This result implied that the higher failure rate of the free 

Table 2.  Comparison of outcomes between the primary and recurrent groups after propensity score matching 
of patient-related factors.

Primary n = 1,145 Recurrent n = 625 P-value

Outcomes, before matching

Total flap loss (n, %) 35 (3.1) 32 (5.1) 0.037

Wound infection (n, %) 272 (23.8) 133 (21.3) 0.261

Fistula (n, %) 106 (9.3) 54 (8.6) 0.729

Hematoma (n, %) 69 (6.0) 37 (5.9)  > 0.999

Partial necrosis (n, %) 149 (13.0) 92 (14.7) 0.346

Primary n = 345 Recurrent n = 345 P-value

Outcomes, after matching patient-related factors

Total flap loss (n, %) 12 (3.5) 19 (5.5) 0.27

Wound infection (n, %) 84 (24.3) 84 (24.3)  > 0.999

Fistula (n, %) 32 (9.3) 33 (9.6)  > 0.999

Hematoma (n, %) 16 (4.6) 22 (6.4) 0.404

Partial necrosis (n, %) 51 (14.8) 51 (14.8)  > 0.999

Table 3.  Comparison between the primary and recurrent groups after propensity score matching of patient-
related covariates. ALT = anterior lateral thigh; AMT = anterior medial thigh; IQR = interquartile range; 
MSAP = medial sural artery perforator.

Primary
n = 345

Recurrent
n = 345 P-value

Use of vein graft (n, %) 1 (0.3) 2 (0.6)  > 0.999

Contralateral microanastomosis (n, %) 5 (1.4) 16 (4.6) 0.024

Flap types (n, %) 0.004

ALT 315 (91.3) 287 (83.2)

AMT 5 (1.4) 19 (5.5)

Freestyle 8 (2.3) 9 (2.6)

MSAP 8 (2.3) 23 (6.7)

Fibula 6 (1.7) 5 (1.4)

Forearm 3 (0.9) 2 (0.6)

Number of microanastomosis (n, %) 0.169

1 artery, 1 vein 274 (79.4) 284 (82.3)

1 artery, 2 veins 68 (19.7) 61 (17.7)

2 arteries, 2 veins 3 (0.9) 0 (0.0)

Operator experience (years, median [IQR]) 4.1[1.4,7.9] 4.38[1.6,9.8] 0.233

Operation time (hours, median [IQR]) 7.2[5.8,8.7] 7.1[5.8,8.6] 0.92
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flap reconstruction in patients with recurrent cancers than primary cancers may be mostly attributed by the 
different patient characteristics. The above observation may also sketch a situation that, in the reconstruction 
of the recurrent cancers, the experienced surgeons may choose an alternative flap other than the ALT flap for 
reconstruction, prefer contralateral microanastomosis, but somehow intentionally not to use the vein grafts to 
prevent anticipated challenges. However, such a hypothesis requires more studies for validation, seeing there are 
still debates regarding the successful rates of different flap  types3,34 and the altitude and circumstance in doing 
the reconstruction for patients with primary or recurrent cancers were unknown.

In this study, the use of propensity score-matching analysis presented a specific strength to markedly reduce 
bias on covariate analysis. However, this study also has a number of limitations. First, we must consider the 
inherent bias of the retrospective studies. For example, the indication of flap use and the reconstruction option 
may vary among different  surgeons35,36. Second, it is not likely to guarantee an even distribution of unmeasured 
confounders between the primary and recurrent groups. For example, patients with recurrent cancers may have 
had a worse nutrition status or immunocompromised status that caused their cancer to  recur8,37, their vessels 
conditions and hemostasis may also be worse than the patients with primary  cancers38. In addition, the selection 
of matched study population in this study only represented 55.2% (345/625) of the patients with recurrent can-
cers, indicating a remarked difference of patient characteristics between the patients with primary and recurrent 
cancers, which may lead to some selection bias in the data analysis. Last, the study population was limited to a 
single urban medical center in southern Taiwan, which may not be representative of other populations. A more 
comprehensive, prospective, and protocol-based study is needed to address these issues.

Conclusion
This study revealed that the free flap reconstruction had higher failure rate in the recurrent group than the pri-
mary group, but such a difference may be mostly attributed by the different patient characteristics. In addition, 
the reconstructive option determined by the surgeons seemed to vary in handling recurrent and primary cancers.

Received: 1 September 2020; Accepted: 14 January 2021

References
 1. Neligan, P. C. Head and neck reconstruction. Plast. Reconstr. Surg. 131(2), 260e–269e (2013).
 2. Bui, D. T. et al. Free flap reexploration: indications, treatment, and outcomes in 1193 free flaps. Plast. Reconstr. Surg. 119(7), 

2092–2100 (2007).
 3. le Nobel, G. J., Higgins, K. M. & Enepekides, D. J. Predictors of complications of free flap reconstruction in head and neck surgery: 

analysis of 304 free flap reconstruction procedures. The Laryngoscope 122(5), 1014–1019 (2012).
 4. Yadav, P. Recent advances in head and neck cancer reconstruction. Indian J. Plast. Surg. 47(02), 185–190 (2014).
 5. Prabhu, R. S. et al. Lymph node ratio influence on risk of head and neck cancer locoregional recurrence after initial surgical resec-

tion: implications for adjuvant therapy. Head Neck 37(6), 777–782 (2015).
 6. Denaro, N., Merlano, M. C. & Russi, E. G. Follow-up in head and neck cancer: do more does it mean do better? A systematic review 

and our proposal based on our experience. Clin. Exp. Otorhinolaryngol. 9(4), 287–297 (2016).
 7. Wong, L. Y., Wei, W. I., Lam, L. K. & Yuen, A. P. W. Salvage of recurrent head and neck squamous cell carcinoma after primary 

curative surgery. Head Neck: J. Sci. Spec. Head Neck 25(11), 953–959 (2003).
 8. Roostaeian, J. et al. Factors affecting cancer recurrence after microvascular flap reconstruction of the head and neck. The Laryn-

goscope 115(8), 1391–1394 (2005).
 9. Hamoir, M. et al. D‘Cruz AK: The current role of salvage surgery in recurrent head and neck squamous cell carcinoma. Cancers 

10(8), 267 (2018).
 10. Dassonville, O. et al. Head and neck reconstruction with free flaps: a report on 213 cases. Eur. Arch. Otorhinolaryngol. 265(1), 

85–95 (2008).
 11. Benatar, M. J. et al. Impact of preoperative radiotherapy on head and neck free flap reconstruction: a report on 429 cases. J. Plastic 

Reconstr. Aesth. Surg. 66(4), 478–482 (2013).
 12. Krijgh, D. D. & Mureau, M. A. M. Reconstructive options in patients with late complications after surgery and radiotherapy for 

head and neck cancer: remember the deltopectoral flap. Ann. Plast. Surg. 71(2), 181–185 (2013).
 13. Ayala, C. & Blackwell, K. E. Protein C deficiency in microvascular head and neck reconstruction. The Laryngoscope 109(2), 259–265 

(1999).
 14. Peter, F., Wittekindt, C., Finkensieper, M., Kiehntopf, M. & Guntinas-Lichius, O. Prognostic impact of pretherapeutic laboratory 

values in head and neck cancer patients. J. Cancer Res. Clin. Oncol. 139(1), 171–178 (2013).
 15. Ishimaru, M. et al. Risk factors for free flap failure in 2,846 patients with head and neck cancer: a national database study in Japan. 

J. Oral Maxillofac. Surg. 74(6), 1265–1270 (2016).
 16. Kuo, S. C. H. et al. Association between operation- and operator-related factors and surgical complications among patients under-

going free-flap reconstruction for head and neck cancers: a propensity score-matched study of 1,865 free-flap reconstructions. 
Microsurgery 39(6), 528–534 (2019).

 17. Agha, R. et al. STROCSS 2019 guideline: strengthening the reporting of cohort studies in surgery. Int. J. Surg. (Lond., Engl.) 72, 
156–165 (2019).

 18. Hsieh, C.-H., Hsu, S.-Y., Hsieh, H.-Y. & Chen, Y.-C. Differences between the sexes in motorcycle-related injuries and fatalities at 
a Taiwanese level I trauma center. Biomed. J. 40(2), 113–120 (2017).

 19. Rau, C.-S. et al. Same abbreviated injury scale values may be associated with different risks to mortality in trauma patients: a 
cross-sectional retrospective study based on the trauma registry system in a level I trauma center. Int. J. Environ. Res. Public Health 
14(12), 1552 (2017).

 20. Hsieh, C. H., Chen, Y. C., Hsu, S. Y., Hsieh, H. Y. & Chien, P. C. Defining polytrauma by abbreviated injury scale >/= 3 for a least 
two body regions is insufficient in terms of short-term outcome: a cross-sectional study at a level I trauma center. Biomed. J. 41(5), 
321–327 (2018).

 21. Wallace, C. G., Kao, H.-K., Jeng, S.-F. & Wei, F.-C. Free-style flaps: a further step forward for perforator flap surgery. Plast. Reconstr. 
Surg. 124(6S), e419–e426 (2009).

 22. Wei, F.-C. & Mardini, S. Free-style free flaps. Plast. Reconstr. Surg. 114(4), 910–916 (2004).



6

Vol:.(1234567890)

Scientific Reports |         (2021) 11:2350  | https://doi.org/10.1038/s41598-021-82034-5

www.nature.com/scientificreports/

 23. Feng, K. M., Hsieh, C. H. & Jeng, S. F. Free-style puzzle flap: the concept of recycling a perforator flap. Plast. Reconstr. Surg. 131(2), 
258–263 (2013).

 24. Gu, X. S. & Rosenbaum, P. R. Comparison of multivariate matching methods: Structures, distances, and algorithms. J. Comput. 
Graph. Stat. 2(4), 405–420 (1993).

 25. Guo, S. & Fraser, M. W. Propensity Score Analysis: Statistical Methods and Applications Vol. 11 (SAGE Publications, New York, 
2014).

 26. Austin, P. C. A comparison of 12 algorithms for matching on the propensity score. Stat. Med. 33(6), 1057–1069 (2014).
 27. Liu, W.-W. et al. Reconstruction of soft-tissue defects of the head and neck: radial forearm flap or anterolateral thigh flap?. Eur. 

Arch. Otorhinolaryngol. 268(12), 1809–1812 (2011).
 28. Xu, Z. et al. A 10-year retrospective study of free anterolateral thigh flap application in 872 head and neck tumour cases. Int. J. 

Oral Maxillofac. Surg. 44(9), 1088–1094 (2015).
 29. Loos, M. S., Freeman, B. G. & McClellan, W. T. Free muscle flap reconstructions using interpositional vein grafts vs. local anasto-

mosis: a 5-year experience at a rural tertiary care center. W. Va. Med. J. 106(3), 19–24 (2010).
 30. Roche, N. A., Houtmeyers, P., Vermeersch, H. F., Stillaert, F. B. & Blondeel, P. N. The role of the internal mammary vessels as 

recipient vessels in secondary and tertiary head and neck reconstruction. J. Plast. Reconstr. Aesth. Surg. 65(7), 885–892 (2012).
 31. Iida, T., Yoshimatsu, H., Yamamoto, T. & Koshima, I. A pilot study demonstrating the feasibility of supermicrosurgical end-to-side 

anastomosis onto large recipient vessels in head and neck reconstruction. J. Plast. Reconstr. Aesth. Surg. 69(12), 1662–1668 (2016).
 32. Shih, H.-S., Hsieh, C.-H., Feng, G.-M., Feng, W.-J. & Jeng, S.-F. An alternative option to overcome difficult venous return in head 

and neck free flap reconstruction. J. Plast. Reconstr. Aesth. Surg. 66(9), 1243–1247 (2013).
 33. Garg, R. K. et al. Recipient vessel selection in the difficult neck: outcomes of external carotid artery transposition and end-to-end 

microvascular anastomosis. Microsurgery 37(2), 96–100 (2017).
 34. Wu, C. C., Lin, P. Y., Chew, K. Y. & Kuo, Y. R. Free tissue transfers in head and neck reconstruction: complications, outcomes and 

strategies for management of flap failure: analysis of 2019 flaps in single institute. Microsurgery 34(5), 339–344 (2014).
 35. Hanasono, M. M., Matros, E. & Disa, J. J. Important aspects of head and neck reconstruction. Plast. Reconstr. Surg. 134(6), 

968e–980e (2014).
 36. Chim, H., Salgado, C. J., Seselgyte, R., Wei, F.-C. & Mardini, S. Principles of head and neck reconstruction: an algorithm to guide 

flap selection. In: Seminars in plastic surgery: 2010: Thieme Medical Publishers, 148 (2010).
 37. Leoncini, E. et al. Clinical features and prognostic factors in patients with head and neck cancer: results from a multicentric study. 

Cancer Epidemiol. 39(3), 367–374 (2015).
 38. Dorth, J. A., Patel, P. R., Broadwater, G. & Brizel, D. M. Incidence and risk factors of significant carotid artery stenosis in asymp-

tomatic survivors of head and neck cancer after radiotherapy. Head Neck 36(2), 215–219 (2014).

Acknowledgments
We would like to thank the Biostatistics Center, Kaohsiung Chang Gung Memorial Hospital, for their assistance 
in the statistical analyses.

Author contributions
K.-H.C. wrote the manuscript; S.C.H.K. reviewed the literature; P.-C.C. performed the statistical analyses; H.-Y.H. 
was responsible for the integrity of registered data; C.-H.H. designed the study and contributed to the analysis 
and interpretation of data. All authors read and approved the final manuscript.

Funding
This research was supported by a grant from Chang Gung Memorial Hospital CDRPG8H0013 to Ching-Hua 
Hsieh.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https ://doi.
org/10.1038/s4159 8-021-82034 -5.

Correspondence and requests for materials should be addressed to C.-H.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2021

https://doi.org/10.1038/s41598-021-82034-5
https://doi.org/10.1038/s41598-021-82034-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Comparison of the surgical outcomes of free flap reconstruction for primary and recurrent head and neck cancers: a case-controlled propensity score-matched study of 1,791 free flap reconstructions
	Methods
	Results
	Demographics of patient characteristics. 
	Surgical outcomes of the unmatched and matched groups of patients. 
	Operation-related covariates of the matched groups of patients. 

	Discussion
	Conclusion
	References
	Acknowledgments


