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Background: The Clavien—Dindo (CD) classification is used to evaluate the severity
of surgical complications. However, its usefulness in esophageal reconstruction has
not been reported. To address this, this case series study used the CD classification
to evaluate the complications after cervical esophageal reconstruction with free
jejunum transfer or supercharged pedicled intestinal transfer.

Methods: All consecutive patients who underwent esophageal cancer surgery with
larynx-preserving free jejunum or pedicled ileocolic transfer in June 2012-December
2015 were identified. The postoperative complications were classified using the CD
classification.

Results: In total, 22 patients (20 men and 2 women; mean age, 63.3 years) under-
went esophageal cancer reconstruction with larynx-preserving free jejunum trans-
fer (n = 9) and supercharged pedicled intestinal transfer (n = 13). Seven patients
underwent prophylactic tracheotomy. Four patients underwent emergent tracheot-
omy 1 or 5 days after surgery. The most frequent complication was recurrent nerve
paralysis (RNP) (n =8). Of these 8 RNP cases, 6 and 2 were classified as CD I and III
complications, respectively. Pneumonia was the next most common complication
(n = 7). Of these 7 pneumonia cases, 5 and 2 were classified as CD II and III, re-
spectively. There were 2 cases of intestinal anastomosis leakage (CD II and III). On
average, patients were able to start oral alimentation 15.1 (9-35) days after surgery.
Conclusions: Our analysis with the CD classification suggested that vascularized
free jejunum transfer or supercharge-drainage pedicled ileocolic transfer prevents
postoperative intestinal anastomosis leakage and that prophylactic tracheotomy is
especially indicated in cases with significant surgical damage in the cervical region.
(Plast Reconstr Surg Glob Open 2016,4:¢1113; doi: 10.1097/GOX.0000000000001113;

Published online 11 November 2016.)

efore larynx-preserving esophageal reconstruction
is performed, it is essential that the plastic and di-
gestive surgeons reach a medical consensus on the
complications that could arise. This will enable the choice
of the most suitable surgical strategy. The Clavien—Dindo
(CD) classification, which classifies the surgical complica-
tions according to their severity, was first introduced in
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1992 and then revised in 2004. It has since become a stan-
dard practice to classify general surgical complications
with this system.'” One study has assessed whether the
CD classification is suitable for classifying complications
after head and neck reconstruction, whereas another has
identified the factors that lead to major (CD grade III-V)
complications.*® However, little has been published about
the efficacy of the CD classification in larynx-preserving
esophageal reconstruction.

In esophageal cancer surgery, many patients undergo
gastric tube interposition or pedicled colon transfer.® How-
ever, partial necrosis at the oral side of the intestinal tube,
fistula formation, or stricture sometimes occur, chiefly be-
cause of insufficient blood supply or excessive tension at
the gastric anastomosis.”® When these complications are
anticipated in our institution, we consider performing free
jejunum or pedicled ileocolic transfer with supercharging
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to avoid the risks. Kadota et al® and Miyata et al'’ have re-
ported that free jejunum transfer after larynx-preserving
esophagectomy helps to prevent complications.

In this case series study, we reviewed our experiences
with larynx-preserving esophagectomy with free jejunal
transfer or supercharging pedicled intestinal transfer. The
peri- and postoperative complications associated with ei-
ther method were assessed using the CD classification. In
light of the results, the indications and limitations of these
methods were discussed.

This study was approved by the Institutional Review
Board of Nippon Medical School Hospital (approval num-
ber, 26-6-380). The need for informed consent was waived
due to the retrospective nature of the study. The study was
conducted according to the principles of the Declaration
of Helsinki and its revisions.

Patients

All consecutive patients who underwent esophageal
cancer surgery with microsurgical reconstruction in our
tertiary care institution between June 2012 and December
2015 were identified by retrospective chart review. The
patients who underwent larynx-preserving surgery with
supercharge-drainage pedicled ileocolic transfer or free
jejunum transfer were then selected for further analysis.
The patients were diagnosed with esophageal cancer after
undergoing computed tomography, fluoroscopic exami-
nation, and esophagogastroduodenoscopy. The diagnosis
was then proven using biopsy.

Larynx-preserving Esophageal Cancer Surgery

Some but not all patients underwent chemotherapy be-
fore or after surgery or radiotherapy before surgery. Larynx-
preserving surgery consisted of cervicothoracic esophageal
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resection with a gastric pull-up technique and free jejunal
transfer. The gastric pullup technique was used in the
patients who received an insufficiently long free jejunal
segment between the pharynx and the gastric tube. Alterna-
tively, larynx-preserving surgery consisted of cervicothoracic
esophageal resection with gastric resection and intestinal
transfer with a microvascular technique for poor intestinal
blood flow. Some patients underwent intestinal transfer and
cervicothoracic esophageal resection without gastric resec-
tion because of a past total gastric resection. During surgery,
the blood circulation of the gastric tube and the intestines
was determined by subjectively assessing the intestinal color
and by performing the indocyanine green (ICG) test. Some
patients also underwent prophylactic tracheotomy.

Intestinal Blood Flow

Subjective evaluations of the intestinal color and the
ICG test were used to assess the intestinal blood circula-
tion. When the patient was considered to be at risk of
gastric tube necrosis or fistula, free jejunal transfer or mi-
crovascular anastomosis transfer was employed. Free jeju-
nal transfer is particularly required when the gastric tube
is of insufficient length, whereas the supercharge-drain-
age technique is required when there is poor intestinal
blood flow (Fig. 1).

Tracheotomy

Figure 2 shows our institutional policy regarding the
need for a tracheotomy during esophageal resection. Pro-
phylactic tracheotomy is recommended when bilateral re-
current nerve damage is suspected as an outcome or when
an esophageal reconstruction may result in severe edema.

Postoperative Care
All patients were taken to the intensive care unit and
received respirator support. The supercharged transferred

Esophageal resection
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Fig. 1. The algorithm of larynx-preserving esophageal reconstruction. Subjective evaluations
of intestinal color and the indocyanine green test were used to determine intestinal blood

circulation.
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Fig. 2. Institutional policy regarding the need for tracheotomy
during larynx-preserving esophageal reconstruction surgery. Pro-
phylactic tracheotomy is recommended in patients who probably
seem to experience bilateral recurrent laryngeal nerve damage and
extended cervical surgical damage.

intestinal blood flow was observed by Doppler blood flow
imaging. In all patients except the prophylactic tracheot-
omy cases, extubation was attempted 1 day after surgery
under the aegis of an anesthesiologist. The patients were
then moved to a general ward. They were allowed to leave
hospital when they were capable of oral ingestion. They
were then followed up by scheduled visits at 1 month and
then every 2 months thereafter. Complications—includ-
ing intestinal anastomosis leakage, recurrent nerve paraly-
sis (RNP), and pneumonia—were recorded.

Data Extraction and Analysis

The preoperative demographic and clinical character-
istics of the patients and the surgical factors and postop-
erative results were extracted from the medical records.
The postoperative leakage ratio of intestinal anastomosis,
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the relationship between tumor invasion of the recurrent
nerve and tracheotomy, the postoperative swallowing func-
tion, the vocal function, and the outcome of the patients
at the last follow-up were assessed. The peri- and postop-
erative (up to 30 days after surgery) complications were
categorized according to the CD classification (Table 1).

In total, 126 patients underwent esophageal cancer
surgery during the study period. Of these, 28 patients
underwent esophageal resection with microsurgical re-
construction. There were 23 men and 5 women, and their
mean age was 63.6 years.

Of these 28 patients, 22 underwent larynx-preserving
surgery with free jejunum or supercharge-drainage pedi-
cled ileocolic transfer. There were 20 men and 2 women,
and their mean age was 63.3 (range, 38-73) years (Table 2).

Squamous cell carcinoma was the most common his-
tological diagnosis (n = 21). There was no particular ten-
dency in terms of the distribution of primary esophageal
cancer sites (defined as cervical, upper thoracic, middle
thoracic, and/or lower thoracic esophagus) (Table 2).

Of the 22 patients, 9 underwent cervicothoracic esoph-
ageal resection with the gastric pull-up technique and free
jejunal transfer. Another 7 patients underwent cervicotho-
racic esophageal resection with gastric resection and intes-
tinal transfer with the microvascular technique for poor
intestinal blood flow. Six patients underwent intestinal
transfer and cervicothoracic esophageal resection without
gastric resection because of a past total gastric resection.
In 11, 6, and 5 patients, the presternal, retrosternal, and
mediastinal route was selected, respectively. In 8 patients,
the tumor invaded the recurrent laryngeal nerve, and thus
it was excised together with the recurrent laryngeal nerve.
In these patients, vagal-recurrent laryngeal nerve anasto-
mosis was performed. Seven patients also underwent pre-
operative prophylactic tracheotomy because of edema of
the larynx and pneumonia. One patient died during sur-
gery (Table 3).

The average survival rate of the transferred tissue was
96.4%. None of the patients received intraoperative or
postoperative antithrombotic medication. The blood flow

Table 1. The Clavien-Dindo Classification of Surgical Complications

Grades Definition
Grade I: The normal postoperative course (without pharmacological treatment or surgical, endoscopic, and radiological interventions).
Acceptable therapeutic regimens are drugs—such as antiemetics, antipyretics, analgetics, diuretics, and electrolytes—and physi-
otherapy. This grade also includes wound infections opened at the bedside.
Grade II: Complications requiring pharmacological treatment with drugs.
Blood transfusions and total parenteral nutrition are also included.
Grade III: ~ Requiring surgical, endoscopic, or radiological intervention
Grade Ill-a: Intervention not under general anesthesia
Grade III-b: Intervention under general anesthesia
Grade IV: Life-threatening complications (including CNS complications) requiring IC/ICU management
Grade IV-a: Single-organ dysfunction (including dialysis)
Grade IV-b: Multiorgan dysfunction
Grade V: Death of a patient
Suffix “d”:  If the patient suffers from a complication at the time of discharge, the suffix “d” (for “disability”) is added to the respective

grade of complication. This label indicates the need for follow-up to fully evaluate the complication.

CNS complications include brain hemorrhage, ischemic stroke, and subarachnoidal bleeding but exclude transient ischemic attacks.

CNS, central nervous system; IC, Intermediate care; ICU, Intensive care unit.



Table 2. Preoperative Characteristics of the Patients

Variable
Age, y (range) 63.3 (38-73)

Sex
Male 20
Female 2

Historical diagnosis
SCC 21
Carcinosarcoma 1

Stage
I 2
11 11
1
v

Chemotherapy
Preop 1
Postop

Preop radiotherapy

Primary site of esophageal cancer
(including duplicate data)

Cervical
Upper
Mid
Lower
Additional gastric resection

— 00

[SSIEN e

RN e cREIEN eyl

Cervical, cervical thoracic esophagus; lower, lower thoracic esophagus; Mid,
middle thoracic esophagus; preop, before surgery; postop, after surgery; stage,
classification of tumor, lymph nodes, and metastasis (Union for International
Cancer Control TMN staging system); SCC, squamous cell carcinoma; upper,
upper thoracic esophagus.

of the transferred jejunal flap was observed by monitoring
the jejunal flap that was resected 5 days after surgery.

In terms of postoperative complications, the most fre-
quent was pneumonia (n = 7). Recurrent laryngeal nerve
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resection caused comorbid and recurrent nerve paralysis
(RNP) in 8 patients. Four patients underwent emergent
tracheotomy 1 or 5 days after surgery because of edema of
the larynx and pneumonia. Two cases exhibited intestinal
anastomosis leakage in the neck (Table 3). Of the 18 post-
operative complications, 12 (67%) were classified as CD I
or II. However, 2 cases of RNP, 2 cases of pneumonia, and
1 case of intestinal anastomosis leakage were classified as
CD III (Fig. 3).

On average, oral ingestion started 15.1 (range, 9-35)
days after surgery. Most (n = 20) could start oral inges-
tion by day 22. The remaining patients (Patients 7 and 20)
only started oral ingestion 30 and 35 days after surgery,
respectively, because of pneumonia and anastomotic in-
sufficiency in the cervical region.

Although 5 patients complained of postoperative tra-
chyphonia, they had no trouble with daily life. As of May
10, 2016, after a mean follow-up duration of 16.6 (range,
1-34) months, 3 patients had died of systematic metastasis
(n = 2) or surgical complications (n = 1). Of the remain-
ing 19 patients, 17 were alive with no evidence of disease
and 2 patients with disease. The weak point of this manu-
script was the small number of patients; thus, we would
like to plan a multicenter study using the CD classification
in the future.

The CD classification is useful because it indicates
the severity of surgical complications. It also helps plas-
tic and digestive surgeons to realize how serious certain

Table 3. Reconstruction Method, Complications, Use of Tracheotomy, Start of Oral Ingestion, and Follow-up Duration

Patient Transferred Tissue/ Start of Oral  Follow-up (mo)/
No. Recipient Vessel Complications CD Classification = Tracheotomy  Ingestion (POD) Prognosis
1 Ileocolic/TCA and IJV Recurrent nerve paralysis 1IIb Postop, emergent 12 34/NED
2 Ileocolic/TCA and EJV  Recurrent nerve paralysis Id — 12 31/NED
3 Ileocolic/TCA and IJV — — — 12 30/NED
4 Ileocolic/TCA and EJV — — Periop 9 26/NED
5 FJ/TCA and IJV — — Periop 10 6/Dead
6 FJ/STA and IJV Recurrent nerve paralysis, Id, 11 Periop 15 28/NED
pneumonia
7 Ileocolic/IMA and EJV Pneumonia 1IIb Postop, emergent 30 26/NED
8 Ileocolic/TCA and IJV Pneumonia 1IIb Postop, emergent 15 23/NED
9 FJ/TCA and IJV Pneumonia, recurrent I — 12 24/NED
nerve paralysis
10 PJ/IMA and IMV Recurrent nerve paralysis I1Ib Postop, emergent 22 20/NED
11 FJ/TCA and IJV — — — 14 18/NED
12 FJ/lingual artery and IJV  Intestinal anastomotic I 1I Periop 16 18/AWD
leakage, pneumonia
13 FJ/TCA and IJV Perioperative death (due to A% Periop — 1/dead
total flap necrosis)
14 FJ/TCA and IJV Recurrent nerve paralysis Id Periop 13 14/NED
15 PJ/IMA and IMV - — — 12 14/NED
16 FJ/TCA and IJV Pneumonia, recurrent II, Id — 18 12/NED
nerve paralysis
17 PJ/IMA and IMV — — — 12 9/dead
18 Ileocolic/TCA and IJV — — — 12 8/NED
19 FJ/TCA and IJV — — — 12 7/NED
20 PJ/IMA and IMV Intestinal anastomosis IIIb, IT Periop 35 6/NED
leakage, pneumonia
21 PJ/IMA and IMV Recurrent nerve paralysis 1d — 12 6/AWD
22 PJ/IMA and IMV — — — 12 6/NED

AWD, alive with disease; EJV, external jugular vein; FJ, free jejunal transfer; IJV, internal jugular vein; ileocolic, supercharge-drainage pedicled ileocolic transfer;
IMA, internal mammary artery; IMV, internal mammary vein; NED, no evidence of disease; PJ, supercharge-drainage pedicled jejunal transfer; periop, periopera-
tive prophylactic tracheotomy; postop, postoperative emergent tracheotomy; POD, postoperative days; STA, superior thyroid artery; TCA, transverse cervical artery.
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Fig. 3. Frequency of specific complications of larynx-preserving esophageal reconstruction
after applying the Clavien-Dindo classification. Recurrent nerve paralysis was the most fre-
quent complication. Grade llI-V complications were considered to be major complications.

complications are. This CD classification-based analysis
of the complications after esophageal reconstruction re-
vealed the importance of prophylactic tracheotomy and
reconstructive microsurgery in this setting, as follows.

In our case series, 15 patients did not undergo prophy-
lactic preoperative tracheotomy. However, in 4 of these cas-
es (27%), the postoperative complications of pneumonia
and edema of the larynx led to the need for an emergent
tracheotomy. Of these 4 patients, 2 had CD III pneumo-
nia. In contrast, the patients who underwent prophylactic
preoperative tracheotomy generally had CD I or IT compli-
cations only; the exception was patient 13, who died dur-
ing surgery. These observations suggest that prophylactic
tracheotomy should perhaps be applied more liberally. In
fact, the main reasons for the emergent tracheotomy are
edema of the larynx and severe pneumonia, which suggest
that these factors are more important when deciding to
undergo prophylactic tracheotomy than the likelihood of
unilateral RNP. In addition, several studies have not found
a correlation between respiration-induced morbidity and
the occurrence of recurrent laryngeal nerve paralysis after
esophageal resection.”"? This study shows that there is no
strong relationship between unilateral recurrent laryngeal
nerve resection and postoperative emergent tracheotomy.
However, this may reflect the small numbers of patients.

In our series, 2 patients (9%) developed cervical in-
testinal anastomosis leakage. In the first patient (Patient
12), it was classified as CD I and was treated conservatively.
However, in the second patient (Patient 20), the intestinal
anastomosis leakage was treated by re-anastomosis surgery.
In another case (Patient 13), the total flap necrosis led to
mediastinitis and the perioperative death of the patient
(CD V).

The blood and oxygen supply to the gastric tube is a
major risk factor for anastomotic leakage and gastric tube
ischemia/necrosis. With regard to ischemia/necrosis af-

ter esophageal reconstruction, Wormuth and Heitmiller'*
reported that the average rates of ischemia after gastric
tube, colon, and jejunum interposition are 3.2%, 5.1%,
and 4.2%, respectively. Similarly, a retrospective analysis of
419 cases of esophageal cancer surgery at a single institute
showed that 5.3% (n =22) of the cases developed ischemic
complications of the esophageal conduit; these included
spontaneous closer necessitating longer than 1 month and
additional surgery."” In addition, the incidence of gastric
tube ischemia/necrosis has been reported to range from
0.5% to 10.4% globally.'"*'® However, in 2006, Shirakawa
et al'” reported that the supercharge technique for colon
interposition reduces the perioperative complications and
improves the patient quality of life. Moreover, in 2013,
Saeki et al'® reported the importance of superdrainage in
esophageal cancer surgery with colon interposition. In our
institute, superdrainage is performed with supercharging
to reduce blood circulation complications in patients who
undergo pedicled intestinal transfer. Both techniques
completely prevent congestion or ischemia of the trans-
ferred pedicled intestinal tissue. In addition, the tension
of intestinal anastomosis (which was caused by sclerotic
tissue) and the inflammation in the stomach (such as was
observed in Patient 1) are recognized as risk factors for
gastric tube necrosis; in such cases, reconstruction with
the microvascular technique should be considered.

Of the 22 patients, 21 (95.4%) were able to start oral
alimentation on average 15.1 (9-35) days after surgery.
Similarly, Matsumoto et al'® reported that after esophageal
reconstruction by ileocolic interposition, patients gener-
ally started receiving an elemental diet from the supple-
mental feeding tube within 2 weeks of surgery. Thus, the
results in our patient series were comparable to those ob-
served in other institutions. In our series, 2 patients exhib-
ited a particularly slow return to oral alimentation. Patient
7 could only start oral alimentation 30 days after surgery
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because of CD III pneumonia, whereas Patient 20 could
only begin 35 days after surgery because of CD II pneumo-
nia and CD III cervical intestinal leakage. The latter CD
IIT complication of this patient was treated by pectoralis
major musculocutaneous flap transfer.

Patients with cervical esophageal carcinoma have been
reported to have a poor prognosis, even when they are
treated with both laryngectomy and esophagectomy.?*!
However, patients who undergo cervical esophagectomy
with or without laryngectomy have similar survival rates®
and Kadota et al’ concluded that preservation of the larynx
does not decrease survival but does improve postoperative
quality of life. In our series, the complications and function-
al outcomes were acceptable; moreover, the oncological
outcomes were comparable to those in other institutions.’

The CD classification allowed us to better understand
the indications and limitations of free jejunum transfer
and supercharge-drainage pedicled intestinal transfer. In
addition, our study of a series of larynx-preserving esopha-
geal cancer surgery cases suggests that prophylactic tra-
cheotomy is particularly necessary in patients who are
likely to have bilateral RNP or who are likely to develop
edema of the larynx or severe pneumonia.
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