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INTRODUCTION
Reconstruction of the hypopharynx due to extensive oncologic 
surgery is one of the most difficult and challenging procedures 
for a surgeon. According to advancements in microsurgical 
techniques, free tissue transfer for reconstruction of the hypo-
pharyngeal defect has become the primary choice of treatment 
[1,2]. Although free flap surgery is a single-stage repair proce-
dure and could minimize any postoperative complications, 
morbidity after hypopharyngeal reconstruction remains high 
[3]. In particular, stricture and fistula are the most common 
and threatening complications [4,5]. These local complications 
can lead to salivary leakage, swallowing problems, and even fa-
tal carotid artery rupture.

For minimizing the occurrence of these local complications 
such as stricture and fistula, verifying the predisposing factors 

affecting the postoperative results has been an important issue 
in previous studies. Considering the predisposing treatment 
factors for hypopharyngeal defect is important because the cli-
nician can predict the postoperative results and try to prevent 
or minimize these complications. Among these treatment op-
tions, preoperative and postoperative radiation treatments have 
been often implicated in stricture and fistula formation [6,7]. 
However, the radiation factors for such postoperative complica-
tions are still controversial, and no definite studies are presently 
available. Therefore, the establishment of an association be-
tween radiation treatment and postoperative complications, 
such as stricture and fistula formation, would be beneficial for 
oncologic patients of the hypopharynx. 

Through a review of relevant studies, this study aimed to ex-
plore the stricture and fistula formation rate after preoperative 
or postoperative radiation treatment in patients who under-
went hypopharyngeal reconstruction and to determine the de-
gree of association between radiation and these complication 
rates. 
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IDENTIFICATION OF RELEVANT 
STUDIES 
A search for eligible articles using the PubMed, Embase, and 
Cochrane Library databases for all studies published prior to 
January 2020 was conducted according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses checklist 
[8]. The purpose of the literature search was to verify the effect 
of perioperative radiation treatment in patients who underwent 
hypopharyngeal reconstruction. The search terms included 
“hypopharynx,” “pharyngoesophageal,” “pharyngolaryngecto-
my,” “pharyngectomy,” and “pharyngeal.” Only human studies 
were included, and relevant articles were examined for refer-
ences to additional eligible studies.

The inclusion criteria were as follows: (1) a full-length article 
that provided sufficient data to evaluate the treatment results of 
preoperative or postoperative radiation treatment in patients 
who underwent hypopharyngeal reconstruction; (2) a brief de-
scription of the location of the operation and whether radiation 
treatment was used; (3) prospective or retrospective trials; (4) a 
brief explanation of outcome variables (complication rate such 
as stricture or fistula formation). Studies were excluded if they 
involved incomplete or interim data; were written in languages 
other than English; did not contain information regarding the 
treatment results; were a case report, review article, letter, or 

communication; or the authors were overlapping. 
Fig. 1 shows the flow diagram of how the eligible studies were 

investigated. The database searches identified 451 publications 
that potentially met the study criteria. Duplicate 85 records 
from 451 studies were excluded. The screening process, consist-
ing of a review of titles and abstracts, excluded 210 studies that 
did not meet the inclusion criteria. A total of 156 full-text arti-
cles were reviewed for eligibility. The reasons for study exclu-
sion during the final review were as follows: incomplete data 
(n= 114), letter (n= 3), and case report (n= 18). The remaining 
21 non-randomized studies were included in the final analysis 
[1,5,7,9-26]. 

CHARACTERISTICS OF STUDIES 
INCLUDED IN THE FINAL ANALYSIS
Among the 21 studies, we identified a total of 675 patients who 
underwent hypopharyngeal reconstruction and received peri-
operative radiation treatment. The clinical data and pooled 
analysis of the enrolled studies are shown in Table 1. In the en-
rolled studies, the stricture rate associated with preoperative 
and postoperative radiation treatment was 0% to 75%. The fis-
tula rate associated with preoperative and postoperative radia-
tion treatment was 0% to 100%. The mean stricture rate associ-
ated with preoperative and postoperative radiation treatment 

Fig. 1. Flow diagram for identification of relevant studies.

Records identified through database (n = 451)
  - PubMed (n = 319)
  - Embase (n = 132)
  - Cochrane Library (n = 0)

Full-text articles assessed for eligibility 
(n = 156)

Records which did not meet inclusion 
criteria excluded (n = 210)

Full-text articles excluded, for (n = 135)
   - Incomplete data (n = 114)
   - Letter (n = 3)
   - Case (n = 18)

Studies included in quantitative synthesis 
(n = 21)

Records screened (n = 366)

Duplicate records excluded (n = 85)
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was 16.3% and 21.1%, respectively. The mean fistula rate asso-
ciated with preoperative and postoperative radiation treatment 
was 22.5% and 16.1%, respectively. 

THE EFFECTS OF PREOPERATIVE 
RADIATION TREATMENT  
The stricture rate after preoperative radiation treatment was 
analyzed in six studies. A meta-analysis yielded a pooled odds 
ratio for stricture formation of 1.882 (95% confidence interval 
[CI], 0.756–4.684; p = 0.174) with low heterogeneity (Fig. 2). 
The fistula rate after preoperative radiation treatment was ana-
lyzed in 13 studies. A meta-analysis yielded a pooled odds ratio 
for fistula formation of 2.410 (95% CI, 1.240–4.686; p= 0.010) 
with low heterogeneity (Fig. 3). Fistula formation was shown to 
be significantly associated with preoperative radiation treat-
ment.

THE EFFECTS OF POSTOPERATIVE 
RADIATION TREATMENT 
The stricture rate after postoperative radiation treatment was 
analyzed in six studies. A meta-analysis yielded a pooled odds 

ratio for stricture formation of 2.711 (95% CI, 1.029–7.140; 
p= 0.044) with low heterogeneity (Fig. 4). The fistula rate after 
postoperative radiation treatment was analyzed in 12 studies. A 
meta-analysis yielded a pooled odds ratio for fistula formation 
of 0.811 (95% CI, 0.400–1.643; p= 0.560) with low heterogene-
ity (Fig. 5). The stricture formation was shown to be signifi-
cantly associated with postoperative radiation treatment.

INFLUENCE OF RADIATION 
TREATMENT 
Additional radiation treatment after extensive dissection of the 
remnant esophagus makes the vascularity worse, and it can lead 
to fibrosis and stricture. The effect of radiation on stricture for-
mation is a controversial issue. Some authors suggest that radia-
tion and stricture formation are not related [27,28]. However, 
other studies identified that there is a significant association of 
radiation with stricture formation [29,30]. Perhaps, stricture in-
duction could be dependent on the dose of radiation. A radia-
tion dose greater than 50–60 Gy may possibly cause stricture 
formation [31-33]. Typically, the total dose of postoperative ra-
diation was more than 60 Gy in our enrolled studies [9,11]; 
therefore, the results of our meta-analysis support a meaningful 

Table 1. Clinical data of studies included in analysis
Study No. of patient Stricture rate (pre-radiation) Stricture rate (post-radiation) Fistula rate (pre-radiation) Fistula rate (post-radiation)

Hsueh et al. [9] 10 16.7 (1/6) 12.5 (1/8)   0 (0/6) 12.5 (1/8)

Zhang et al. [10] 23 22.2 (2/9)     0 (0/20)

Song et al. [11]  8   0 (0/5)    0 (0/5)

Andrades et al. [12] 104 33.3 (19/57)   28.3 (26/92)

Zhang et al. [13] 21 23.8 (5/21)   4.8 (1/21)

Chahine et al. [14] 15  30.0 (3/10) 70.0 (7/10)

Scharpf et al. [5] 28  38.9 (7/18) 16.7 (3/18)

Amin et al. [15] 10   0 (0/5)

Yang et al. [16]  8 16.7 (1/6)

Hsiao et al. [17] 16 18.8 (3/16)   6.3 (1/16)

Kim et al. [18]  6   0 (0/1)   0 (0/5) 100 (1/1) 20.0 (1/5)

Fujiwara et al. [19] 10 10.0 (1/10)

Laing et al. [20] 31 18.2 (2/11) 11.1 (2/18) 27.3 (3/11) 11.1 (2/18)

Lee et al. [21] 18  8.3 (1/12)

Disa et al. [1] 165 5.6 (4/71) 12.7 (9/71)

Choi et al. [7] 100 10.8 (4/37)   5.7 (2/35)

Ooi et al. [22] 13 23.1 (3/13) 66.7 (2/3) 23.1 (3/13)    0 (0/3)

Scaglioni et al. [23] 14 23.1 (3/13) 25.0 (1/4)

Parmar et al. [24]  6   0 (0/1) 75.0 (3/4) 100 (1/1) 50.0 (2/4)

Zelken et al. [25] 12 30.0 (3/10) 40.0 (2/5) 40.0 (4/10) 40.0 (2/5)

Yu et al. [26] 57 26.3 (5/19)

Values are presented as percent (number/number). Empty table cells mean the data unextractable, unclear, or unavailable. 
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relationship between postoperative radiation and stricture for-
mation.

The effect of radiation on wound healing is somewhat well 
known. Microvascular thrombosis by radiation can lead to im-
paired wound healing and increased tissue friability [34]. This 
vessel injury is associated with diminished smooth muscle den-
sity and fibrosis of the vessel wall [35,36]. Although the im-
paired wound healing state induced by radiation may be con-
sidered to cause fistula formation, some studies stated that there 
was not a significant association between radiation and fistula 
formation [37,38]. Our study verified that preoperative radia-
tion treatment is significantly associated with fistula formation. 
The reason why postoperative radiation may not be associated 
with fistula formation is that fistula formation is a rather early 

complication, and the radiation effect is typically seen 3 months 
after completion of radiation treatment [32].

LIMITATIONS AND CONCLUSION
This study is a review study investigating the effect of perioper-
ative radiation treatment on stricture and fistula formation in 
patients with hypopharyngeal reconstruction. The thorough 
search for the enrolled studies and robust meta-analysis 
strengthen this study. On the other hand, our study has several 
limitations. First, we could not analyze the detailed effect of ra-
diation according to the method used because almost no stud-
ies stated the exact parameters of radiation such as the total 
dose, duration, etc. Therefore, this analysis can provide impor-

Fig. 2. Forest plot of the stricture formation rate associated with preoperative radiation. The diamond indicates the summary estimate of the 
pooled studies. CI, confidence interval.

Fig. 3. Forest plot of the fistula formation rate associated with preoperative radiation. The diamond shape indicates the summary estimate of 
the pooled studies. CI, confidence interval.

Heterogeneity: χ2=2.774, df = 5 (p = 0.735); I2 = 00.000% 
Test for overall effect: Z = 1.360 (p = 0.174)

Heterogeneity: χ2=13.888, df = 12 (p = 0.308); I2 = 13.592% 
Test for overall effect: Z = 2.593 (p = 0.010)
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tant indicators that support the need for further study. Second, 
some stated that the water-tight exquisite suture technique 
could prevent fistula formation [12]. However, due to the na-
ture of the meta-analysis, we had to use extraction data from 
the results of many different surgeons. In addition, more ran-
domized or prospective studies should be conducted to verify 
the radiation effect on postoperative complications with long-
term follow-up. 

In conclusion, preoperative and postoperative radiation treat-
ment had a significant effect on the fistula and stricture forma-
tion rate at the hypopharyngeal reconstruction site. Depending 
on the use of perioperative radiation treatment, this study can 
support the surgeon’s ability to predict and prevent postopera-
tive complications. 
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