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Abstract
Aim: Digestive reconstruction after pharyngolaryngectomy with total esophagec-
tomy (PLTE) remains challenging, with the optimal method remaining unclear. The 
current study aimed to clarify the short- term outcomes after PLTE and determine the 
optimal digestive reconstruction method.
Methods: Based on a nationwide survey of 151 patients who underwent PLTE, out-
comes of digestive reconstruction methods are described.
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1  | INTRODUC TION

Pharyngolaryngectomy with total esophagectomy (PLTE) is a radi-
cal surgical procedure for patients with synchronous head and neck 
(HN) and esophageal cancers or single cervicothoracic esophageal 
cancer in which laryngeal preservation could not be accomplished. 
During PLTE, nearly all of the upper digestive tract is resected with-
out preserving vocal function. Therefore, this procedure is highly 
invasive, with studies reporting high morbidity and mortality rates 
up to 63.1% and 4.8%, respectively.1- 4 Given that upper aero di-
gestive tract cancers share common risk factors,5 esophageal and 
HN cancers occasionally occur simultaneously. However, given the 
complexity of PLTE clinical outcomes following the same have yet 
to be fully elucidated in a large- scale study.

During PLTE, sufficient conduit length is required for digestive 
reconstruction, given the considerably long defect along the di-
gestive tract. Based on several previous studies, the gastric tube 
has been the most frequently used conduit in such circumstances. 
However, blood flow at the conduit tip may occasionally be insuf-
ficient, which increases the difficulty of reconstructive surgery 
after PLTE. To improve outcomes, some modifications, such as an 
additional microvascular anastomosis (MVA), an additional free 
graft transfer (FGT), and elongation of the gastric tube, have been 
proposed.1- 4,6- 15 However, only a few studies have elucidated the 
optimal reconstruction method.

Therefore, the current study aimed to clarify the current clini-
cal situation and outcomes of reconstruction after PLTE in Japan by 
conducting a nationwide survey spearheaded by the Japan Broncho- 
esophagological Society (JBES).

2  | PATIENTS AND METHODS

2.1 | Study design and patients

We conducted a nationwide survey targeting JBES- authorized train-
ing facilities (ATFs) for board- certified bronchoesophagologists. The 
ATFs included those for esophageal surgery, otorhinolaryngology, 
HN surgery, thoracic surgery, and respiratory medicine depart-
ments. The survey initially invited all 239 ATFs, and 48 responded to 
participate, whereas 45 responded not to participate because of no 
experience of PLTE during the study period. Ultimately, 31 facilities 
returned their electronic questionnaire forms. Patients who under-
went PLTE with immediate digestive reconstruction were eligible. 
Those who refused registration and had missing data were excluded 
from the study. The present study included 151 patients who under-
went PLTE at the ATFs between January 1, 2015 and December 31, 
2019. The study protocol was approved by the JBES (approval num-
ber 2020- 01) and the Institutional Review Board of the Japanese 
Foundation for Cancer Research (approval number 2020- 1147).

Results: Among digestive reconstruction methods, a simple gastric tube was most 
frequently used (37.1%), followed by gastric tube combined with free graft transfer 
(FGT) (35.1%), gastric tube with microvascular anastomosis (22.5%), and other pro-
cedures (5.3%). Intraoperative evaluation of microcirculation (IOEM) was utilized 
in 29 patients (19.2%). Among the included patients, 66.9% developed any- grade 
complications, 41.0% developed severe complications, and 23.8% developed diges-
tive reconstruction- related complications (DRRCs; leakage or necrosis). Reoperation 
within 30 days for any complications and DRRCs was required in 13.9% and 8.6% of 
the patients, respectively. Mortality within 90 days was observed in 4.6%. Among the 
three major methods, gastric tube combined with FGT promoted the least DRRCs in 
the gastric tube (P = .005), although the overall incidence of DRRCs was compara-
ble. The use of IOEM was significantly associated with a reduction of severe DRRCs 
(P = .005).
Conclusions: Pharyngolaryngectomy with total esophagectomy is a high- risk surgery 
significantly associated with the occurrence of postoperative morbidity and mortal-
ity. Nonetheless, the addition of FGT can help prevent gastric tip complications, while 
IOEM can be an effective method for improving outcomes.

K E Y W O R D S

esophagectomy, laryngectomy, pharyngectomy, postoperative complications, reconstructive 
surgery
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2.2 | Data collection and outcome measures

The questionnaire form obtained information regarding age, sex, 
body mass index, the American Society of Anesthesiologists- 
physical status (ASA- PS),16 diagnosis, preoperative treatment, op-
eration date, surgical approach, operative time, operative blood 
loss, details regarding digestive reconstruction, use of intraopera-
tive evaluation of microcirculation (IOEM), postoperative complica-
tions, reoperation within 30 days, and mortality within 90 days. As 
far as complications are concerned, we collected the details of fre-
quently observed events after PLTE, including anastomotic leakage, 
graft necrosis, tracheal necrosis, surgical site infection, pneumonia, 
hemorrhage, and sepsis. In addition, we collected the information 
on the highest grade of any complications by Clavien– Dindo classi-
fication.17 The Union for International Cancer Control TNM staging 
version 8 was adopted to classify tumor stage.

The current study described the clinical outcomes after PLTE and 
compared the incidence of all digestive reconstruction- related com-
plications (DRRCs), including anastomotic leakage and graft necrosis, 
DRRCs that developed in the gastric tube, severe DRRCs (grade ≥III), 
and reoperation for DRRCs within 30 days, according to the recon-
structive methods.

2.3 | Digestive reconstructions

In this survey, a gastric tube, the small intestine, and an ileocolic 
graft were utilized after PLTE. The gastric tube was used alone or 

with some modifications, such as MVA (Figure 1A), an additional 
FGT (Figure 1B), elongation with the supercharged reversed lesser 
curvature (Figure 1C), and elongation with the pedicled gastric tube 
(Figure 1D).

In the gastric tube with MVA, vascular anastomosis was added 
between the short gastric or left gastroepiploic vessels and the ap-
propriate cervical vessels. In the gastric tube with FGT, a free graft 
(eg, jejunum or colon) was harvested and interposed between the 
pharynx and the gastric tube. During elongation with the super-
charged reversed lesser curvature, the lesser curvature side of the 
stomach was turned over, after which the left gastric vessels were 
anastomosed with the appropriate cervical vessels. During elonga-
tion with the pedicled gastric tube, the gastric antrum was resected 
while preserving the right gastroepiploic vessels, after which the dis-
tal end of the stomach was reconstructed using the pedicled jejunum 
with the Roux- en- Y technique.

2.4 | Statistical analysis

Data are presented as medians (range) or numbers (%). Statistical 
comparisons among groups were performed using the chi- squared 
test. Unvariate logistic regression analysis was utilized to calculate 
the odds ratio (OR) and 95% confidence interval (CI). All statistical 
analyses were performed using the software package SPSS v. 25.0 
(IBM- SPSS, Armonk, NY), with a two- sided probability level ≤.05 in-
dicating statistical significance.

F I G U R E  1   Reconstructive 
modifications using a gastric tube. (A) 
Gastric tube with MVA. (B) Gastric tube 
combined with FGT. (C) Elongation 
with the supercharged reversed lesser 
curvature. (D) Elongation with pedicled 
gastric tube. LG, left gastric; LGE, left 
gastroepiploic; RGE, right gastroepiploic; 
SG, short gastric
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3  | RESULTS

3.1 | Patient characteristics and surgical procedures

Patient characteristics are summarized in Table 1. Among the 151 
patients with a median age of 67 (range, 30– 79 years), 132 (87.4%) 
were male, 74 (49.0%) had synchronous HN and esophageal can-
cers, and 77 (51.0%) had single cervicothoracic cancer. Preoperative 
chemotherapy and/or radiotherapy were administered in 100 pa-
tients (66.2%).

Regarding the surgical approach, 104 (68.9%) and 47 (31.1%) un-
derwent surgery via the transthoracic and transhiatal approach, re-
spectively. Open abdominal and laparoscopic procedures were used 
in 95 (62.9%) and 56 patients (37.1%), respectively, whereas IOEM 
was utilized in 29 patients (19.2%). For digestive reconstruction, a 
simple gastric tube was most frequently used (n = 56, 37.1%), fol-
lowed by gastric tube with FGT (n = 53, 35.1%), gastric tube with 
MVA (n = 34, 22.5%), and other procedures (n = 8, 5.3%), includ-
ing elongation with the pedicled gastric tube (n = 4, 2.6%), recon-
struction using the small intestine (n = 2, 1.3%), colonic interposition 
(n = 1, 0.7%), and elongation with the supercharged reversed lesser 
curvature (n = 1, 0.7%). Of 91.4%, the reconstruction was made 
through the posterior mediastinal route.

3.2 | Surgical outcomes

Surgical outcomes are summarized in Table 2. The median opera-
tive time and blood loss were 732 min (range, 357– 1305 min) and 
545 mL (range 60– 2366 mL), respectively. Postoperatively, 101 
(66.9%) and 62 patients (41.0%) developed any- grade and severe 
complications (CD grade ≥III), respectively. The DRRC rate was 
23.8%, including necrosis of the gastric tube (n = 4, 2.6%) and free 
jejunum (n = 3, 2.0%). Incidences of tracheal necrosis, surgical site 
infections, pneumonia, hemorrhage, and sepsis were 12.6%, 11.9%, 
10.6%, 4.6%, and 4.0%, respectively. Additionally, reoperation 
within 30 days for any cause and DRRCs were 13.9% and 8.6%, 
respectively. Mortality within 90 days was observed in seven pa-
tients (4.6%). The median postoperative hospital stay was 44 days 
(range, 3– 1595 days).

3.3 | Outcome comparisons according to the three 
major reconstructive methods

We compared the incidence of overall DRRCs (Figure 2A), DRRCs in 
the gastric tube (Figure 2B), severe DRRCs (CD grade ≥III) (Figure 2C), 
and reoperation for DRRCs within 30 days (Figure 2D) according to 
three major reconstructive methods, namely, a simple gastric tube, 
gastric tube with FGT, and gastric tube with MVA. Overall DRRCs 
in a simple gastric tube, gastric tube with FGT, and gastric tube 
with MVA were observed in 28.6%, 17.0%, and 26.5%, respectively. 

DRRCs in the gastric tube developed in 28.6%, 5.7%, and 26.5%, 
respectively. Although DRRCs in the gastric tube occurred less fre-
quently in patients who underwent reconstruction using a gastric 
tube with FGT (P = .005), overall and severe DRRCs were compa-
rable among the methods (P = .333 and .910, respectively). The fre-
quency of reoperation for DRRCs was also similar among the groups 
(P = .280). Additional MVA to a simple gastric tube promoted no 
reduction in the DRRCs compared to the simple gastric tube alone. 
The ORs of each reconstructive method for each outcome are also 
described in Table 3.

3.4 | Intraoperative evaluation of microcirculation

For IOEM, indocyanine green (ICG) angiography and pulse oxime-
try were used in 28 and 1 patients, respectively. Except for one 
case in which reconstruction was done using the small intestine, 
IOEM was used for the three major methods of reconstruction. 
Accordingly, outcomes among patients who underwent the three 
major reconstructions were compared according to whether or 
not they received IOEM (Figure 3A– D). The prevalence of IOEM 
use did not differ among the methods (P = .477). Patients who 
received IOEM tended to have fewer overall DRRCs and reop-
erations for DRRCs (P = .070 and .074, respectively) compared to 
those who did not. Moreover, none of the patients who received 
IOEM developed severe DRRCs, whereas 22.6% of the patients 
who did not receive IOEM experienced severe DRRCs (P = .005). 
The ORs of IOEM use for each outcome are also described in 
Table 3.

4  | DISCUSSION

By conducting a Japanese nationwide survey, the present study 
clarified the current clinical outcomes following PLTE. As previously 
reported, PLTE is a high- risk procedure that has been significantly 
associated with postoperative morbidity and mortality. Regarding 
digestive reconstruction, additional MVA to a simple gastric tube 
failed to decrease anastomotic leakage or necrosis. Meanwhile, gas-
tric tube with FGT was significantly associated with reduced rates 
of anastomotic leakage or necrosis in the gastric tube, although it 
did not decrease overall complications associated with digestive 
reconstruction. Interestingly, our findings showed that IOEM may 
help improve outcomes. This has been the first study to evaluate the 
clinical results of several digestive reconstructions after PLTE using 
a multicenter cohort.

In 1960, Ong and Lee had been the first to report rereading 
PLTE for HN cancer with digestive reconstruction using a gastric 
tube.6 Thereafter, Wei et al published their findings regarding the 
outcomes of 317 PLTEs with gastric tube reconstruction over their 
30 years of experience. Accordingly, they reported decreased post-
operative morbidities and mortality during the study period, with 
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improvement in patient management, including preoperative nu-
tritional support and a tension- free pharyngogastric anastomosis. 
However, given that the current nationwide study still demonstrated 
high postoperative morbidity and mortality rates, it may be neces-
sary to determine the optimal digestive reconstruction method fol-
lowing PLTE to further improve outcomes.

TA B L E  1   Patient characteristics and surgical procedures

Variables Value

Sex

Male 132 (87.4%)

Female 19 (12.6%)

Age, years 67 (30– 79)

BMI, kg/m2 19.6 
(14.3– 27.2)

ASA- PS

1 63 (41.7%)

2 78 (51.7%)

3 10 (6.6%)

PLTE indication

Double cancers 74 (49.0%)

Single cancer 77 (51.0%)

cStage (Double cancers)

HN cancer

cStage I– II 11 (14.9%)

cStage III 13 (15.6%)

cStage IV 50 (67.6%)

Esophageal cancer

cStage I– II 53 (71.6%)

cStage III 14 (18.9%)

cStage IV 6 (8.1%)

Not available 1

cStage (Single cancer)

cStage I– II 14 (18.2%)

cStage III 24 (31.2%)

cStage IV 37 (48.1%)

Not available 2

Preoperative treatment

None 51 (33.8%)

Chemotherapy 53 (35.1%)

CRT/RT 47 (31.1%)

Mediastinal approach

Open transthoracic 39 (25.8%)

Thoracoscopic 65 (43.0%)

Transhiatal 47 (31.1%)

Abdominal approach

Open 95 (62.9%)

Laparoscopic 56 (37.1%)

IOEM 29 (19.2%)

Digestive reconstruction

Simple gastric tube 56 (37.1%)

Gastric tube combined with FGT 53 (35.1%)

Gastric tube with MVA 34 (22.5%)

Elongation with pedicled gastric tube and jejunum 4 (2.6%)

(Continues)

Variables Value

Small intestine 2 (1.3%)

Ileocolic graft 1 (0.7%)

Elongation with the lesser curvature side of the 
stomach

1 (0.7%)

Route of reconstruction

Posterior mediastinal 138 (91.4%)

Retrosternal 9 (6.0%)

Subcutaneous 4 (2.6%)

Note: All data are presented as medians (range) or numbers (%).
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body 
mass index; CRT, chemoradiotherapy; FGT, free graft transfer; HN, 
head and neck; IOEM, intraoperative evaluation of microcirculation; 
MVA, microvascular anastomosis; PLTE, pharyngolaryngectomy with 
total esophagectomy; PS, physical status; RT, radiotherapy.

TA B L E  1   (Continued)

TA B L E  2   Surgical outcomes

Variables Value

Operative time, min 732 (357– 1305)

Operative blood loss, mL 545 (60– 2366)

Highest grade of any complications

0 50 (33.1%)

I 22 (14.6%)

II 17 (11.3%)

IIIa 31 (20.5%)

IIIb 18 (11.9%)

IV 6 (4.0%)

V 7 (4.6%)

Major complications

DRRCs 36 (23.8%)

Tracheal necrosis 19 (12.6%)

Surgical site infection 18 (11.9%)

Pneumonia 16 (10.6%)

Hemorrhage 7 (4.6%)

Sepsis 6 (4.0%)

Reoperation within 30 days 21 (13.9%)

Reoperation for DRRCs within 30 days 13 (8.6%)

Mortality within 90 days 7 (4.6%)

Postoperative hospital stay, days 44 (3– 1595)

Note: All data are presented as medians (range) or numbers (%).
Abbreviation: DRRCs, digestive reconstruction- related complications.
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Studies have shown that a gastric tube had been most commonly 
used method for digestive reconstruction after PLTE. In fact, stud-
ies have shown that among patients who underwent gastric tube 
reconstruction, 3.3%– 25.0% and 0%– 16.7% developed anastomotic 
leakage and gastric necrosis, respectivley.1- 4,9,10,12,14 In the present 
study, overall DRRCs in a simple gastric tube and gastric tube with 
MVA were observed in 28.6% and 26.5%, respectively. Previous 
studies have reported that additional MVA to a simple gastric tube 
could promote better outcomes compared to simple gastric tube re-
construction alone.4 However, our findings showed that additional 
MVA to a simple gastric tube promoted no superior outcomes. One 

possible explanation is that revascularization was not successful 
because of too narrow vessels to perform MVA and/or less intra-
mural vascular communications in the gastric tip. Meanwhile, given 
that MVA is usually utilized only in cases where gastric tip perfu-
sion was insufficient, it could help improve conduit microcirculation. 
Nonetheless, problems associated with tension in the pharyngogas-
tric anastomosis remain.

In contrast, studies have shown that the gastric tube with FGT 
method promoted relatively favorable outcomes, with anastomotic 
leakage and graft necrosis incidence rates of 0% and 0%– 4%, respec-
tively.4,15 Similarly, the current study also revealed that this method 

F I G U R E  2   Comparison of outcomes 
among the three major reconstruction 
methods. Incidence rates for overall 
DRRCs (A), DRRCs in the gastric tube 
(B), severe DRRCs (grade ≥III) (C), and 
reoperation for DRRCs within 30 days 
(D) among the three major reconstructive 
methods. DRRC, digestive reconstruction- 
related complications; G + FGT, gastric 
tube with free graft transfer; G + MVA, 
gastric tube with microvascular 
anastomosis; G, simple gastric tube

TA B L E  3   Significance of reconstructive methods and IOEM for DRRCs

Outcomes Variables Reference OR (95% CI) P value

Overall DRRCs Gastric tube with MVA Simple gastric tube 0.829 (0.346– 2.344) .829

Gastric tube combined with FGT 0.511 (0.203– 1.286) .154

IOEM (+) IOEM (−) 0.325 (0.092– 1.154) .082

DRRCs in the gastric tube Gastric tube with MVA Simple gastric tube 0.900 (0.346– 2.344) .829

Gastric tube combined with FGT 0.150 (0.041– 0.551) .004

IOEM (+) IOEM (−) 0.432 (0.120– 1.549) .198

Severe DRRCs Gastric tube with MVA Simple gastric tube 1.193 (0.406– 3.499) .748

Gastric tube combined with FGT 0.941 (0.349– 2.534) .904

IOEM (+) IOEM (−) 0.061 (0.008– 0.463) <.001

Reoperation for DRRCs within 30 days Gastric tube with MVA Simple gastric tube 1.104 (0.175– 6.968) .916

Gastric tube combined with FGT 2.688 (0.657– 11.00) .169

IOEM (+) IOEM (−) 0.153 (0.019– 1.210) .063

Abbreviations: CI, confidence interval; DRRCs, digestive reconstruction- related complications; FGT, free graft transfer; IOEM, intraoperative 
evaluation of microcirculation; MVA, microvascular anastomosis; OR, odds ratio.
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was significantly associated with decreased anastomotic leakage or 
necrosis rates in the gastric tube. However, it was not associated 
with a decrease in the overall occurrence of complications related to 
digestive reconstruction. Approximately 10% of patients could de-
velop complications associated with FGT, among whom reoperation 
within 30 days was relatively frequent. Although FGT could resolve 
blood perfusion problems in the gastric tube and tension in the anas-
tomotic site, additional digestive anastomosis and MVA could cause 
other complications. Indeed, our results showed that two patients 
developed free graft necrosis (3.8%).

Another noteworthy finding of the present study is that IOEM 
could help improve outcomes. Indeed, several previous studies have 
demonstrated the efficacy of real- time IOEM using ICG, thermal 
imaging, or laser Doppler flowmetry in gastric tube reconstruction 
after esophagectomy.18- 22 Given that the macroscopic appearance 
of the graft is unreliable for indicating viability, the introduction 
of IOEM may improve the safety of digestive reconstruction after 
PLTE. Nonetheless, further studies investigating the efficacy of 
IOEM on improving clinical outcomes in patients undergoing PLTE 
are required.

Several limitations of the present study should be addressed. 
First, this was a relatively small retrospective observational study. 
However, there were few multi- institutional studies on the infre-
quent PLTE procedures, and thus it is meaningful to acquire data 
through a nationwide survey. Second, this study was based on a 
questionnaire survey targeting ATFs for board- certificated bron-
choesophagologists and therefore may not reflect outcomes of 
all PLTE cases in Japan. Third, examining the details of each case 
was difficult due to the limited information obtained through the 
questionnaire survey, although the case volume of the surgeon or 

hospital in charge, the specialty of the surgeon, and the proficiency 
in microvascular surgery techniques could affect the outcomes. 
Nonetheless, this study has been the first to analyze such a large 
number of patients and provide novel information regarding diges-
tive reconstruction after PLTE. Ideally, a large- scale prospective in-
terventional study is required to verify our findings, despite being 
impractical. Thus far, at least, a prospective registration system for 
this rare surgical procedure is required to further clarify the clin-
ical outcomes and determine the optimal digestive reconstruction 
methods.

In conclusion, PLTE is a high- risk surgical procedure significantly 
associated with postoperative morbidity and mortality. Our find-
ings showed that reconstruction using a gastric tube with FGT was 
significantly associated with reduced rates of anastomotic leakage 
or necrosis in the gastric tube, although it did not decrease overall 
and severe complications associated with digestive reconstruction. 
Additionally, we identified IOEM as a valuable method for improving 
outcomes.
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