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Abstract

OBJECTIVES: Thoracotomy is a reliable approach for descending necrotizing mediastinitis (DNM), and the use of video-assisted thoracic
surgery (VATS), a minimally invasive procedure, has been increasing. However, which approach is more effective for DNM treatment is
controversial.
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METHODS: We analysed patients who underwent mediastinal drainage via VATS or thoracotomy, using a database with DNM from 2012
to 2016 in Japan, which was constructed by the Japanese Association for Chest Surgery and the Japan Broncho-esophagological Society.
The primary outcome was 90-day mortality, and the adjusted risk difference between the VATS and thoracotomy groups using a regres-
sion model, which incorporated the propensity score, was estimated.

RESULTS: VATS was performed on 83 patients and thoracotomy on 58 patients. Patients with a poor performance status commonly
underwent VATS. Meanwhile, patients with infection extending to both the anterior and posterior lower mediastinum frequently under-
went thoracotomy. Although the postoperative 90-day mortality was different between the VATS and thoracotomy groups (4.8% vs 8.6%),
the adjusted risk difference was almost the same, -0.0077 with 95% confidence interval of -0.0959 to 0.0805 (P = 0.8649). Moreover, we
could not find any clinical and statistical differences between the 2 groups in terms of postoperative 30-day and 1-year mortality.
Although patients who underwent VATS had higher postoperative complication (53.0% vs 24.1%) and reoperation (37.9% vs 15.5%) rates
than those who underwent thoracotomy, the complications were not serious and most could be treated with reoperation and intensive
care.

CONCLUSIONS: The outcome of DNM treatment does not depend on thoracotomy or VATS.
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ABBREVIATIONS

DNM Descending necrotizing mediastinitis
ECOG PS Eastern Cooperative Oncology Group perfor-

mance status
VATS Video-assisted thoracic surgery

INTRODUCTION

Descending necrotizing mediastinitis (DNM) is a serious infection
that spreads from the neck, oral cavity and pharynx to the medi-
astinum. DNM spreads rapidly. Furthermore, it can lead to sepsis,
which is fatal if immediate and aggressive treatment, particularly
sufficient neck and mediastinum drainage, is delayed [1, 2]. DNM
is a rare disease, and only �100 patients undergo mediastinal
drainage for DNM annually in Japan [3]. There are various reports
about the methods of mediastinal drainage [4–8]. However, sev-
eral surgeons prefer thoracotomy, which is a reliable drainage
method [9–12]. In recent years, there are concerns about the in-
vasiveness of this procedure among patients with severe general
condition. The number of patients who underwent video-assisted
thoracic surgery (VATS), a minimally invasive approach, has in-
creased [3, 13–15]. However, the efficacy of mediastinal drainage
via VATS compared with thoracotomy remains questionable, and
which approach is more effective for DNM treatment is
controversial.

Therefore, further studies to examine the type of approach
that is better for patients with DNM are desired. However, this
has been challenging because DNM is a rare disease. Thus far, we
have collected data and constructed a database with >200 DNM
cases for the last 5 years in the joint study of the Japanese
Association for Chest Surgery and the Japan Broncho-
esophagological Society. A previous study reported the charac-
teristics, pathophysiological examination results, and prognosis of
patients with DNM [16]. The present study aimed to assess the
usefulness of thoracotomy and VATS in mediastinal drainage
among patients with DNM.

PATIENTS AND METHODS

Ethical statement

The protocol was in accordance with the principles of the
Declaration of Helsinki, and the study was approved by the
Clinical Research Area Ethics Committee of Kobe University
Graduate School of Medicine (# B210202). The need for in-
formed consent was waived owing to the nature of the study.

Study design

Similar to the joint retrospective study of Japanese Association
for Chest Surgery and Japan Broncho-esophagological Society,
clinical information including patient characteristics, treatments,
and outcomes was collected. In total, 225 patients with DNM
who were treated from January 2012 to December 2016 at 131
institutions in Japan were included, and a DNM database was
constructed (Supplementary Material, Appendix S1) [16]. Using
the collected clinical information, the efficacy of VATS and thora-
cotomy was retrospectively assessed.

Patient population

Using data collected from the database, we analysed patients
with DNM who underwent transthoracic mediastinal drainage
via VATS or thoracotomy. Patients who underwent mediastinal
drainage using other approaches, such as subcutaneous, transcer-
vical and subxiphoid, and those with missing data were excluded
from the study.

Diagnosis and classification of DNM

The definition of DNM was established using the Esterera’s diag-
nostic criteria, which were as follows: (i) clinical evidence of se-
vere oropharyngeal infection, (ii) characteristic roentgenographic
features of mediastinitis, (iii) presence of necrotizing mediastinal
infection during surgery and (iv) establishment of the association
between oropharyngeal or cervical infection and the development
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of necrotizing mediastinal infection [16, 17]. The extent of medias-
tinal infection based on the classification proposed by Endo is
as follows: type I, infection localized to the upper mediastinum
above the carina; type IIA, infection extending to the anterior
lower mediastinum; type IIB, infection extending to both the
anterior and posterior lower mediastinum; and type IIC
(a new classification), infection extending to the posterior lower
mediastinum [16, 18].

Study outcomes

The primary outcome was 90-day mortality, and the secondary
outcomes were 30-day mortality, 1-year mortality and reopera-
tion rate. The other outcomes were surgery-related morbidity,
surgical duration, volume of blood loss, indwelling time of medi-
astinal drainage, need for mechanical ventilation after surgery
and length of hospital stay. Surgical mortality was defined as
death from any cause after the initial surgery.

Postoperative complications were classified into 4 categories:
pulmonary (prolonged air leakage, bronchopleural fistula, pneu-
monia, interstitial pneumonia, atelectasis and respiratory insuffi-
ciency), cardiovascular (cardiac infarction, heart failure, cerebral
Haemorrhage, cerebral stroke, arrhythmia and pulmonary embo-
lism), infectious (wound infection) and others. Prolonged air leak-
age was defined as postoperative air leakage that persisted for
>7 days or that required additional postoperative procedure,
such as surgery and adhesion therapy, within 7 days. Pneumonia
was defined as the development of infection and lung consolida-
tion on chest radiography or computed tomography scan. In
terms of comorbidity, interstitial pneumonia was defined as the
presence of characteristic features such as honeycombing and re-
ticular pattern on chest computed tomography scan. If consid-
ered a postoperative complication, interstitial pneumonia was
defined as acute exacerbation. Respiratory insufficiency was de-
fined as the need for reintubation, tracheostomy or ventilatory
assistance >48 h after surgery. Arrhythmia was defined as heart-
beat irregularities that developed after surgery and required
treatment.

VATS was defined as all intrathoracic procedures during sur-
gery performed under monitor viewing and wound measuring
<_8 cm without rib dissection. The selection of either VATS or tho-
racotomy was based on the surgeon’s discretion at each
institution.

Statistical analysis

Categorical variables, such as clinical characteristics and postop-
erative outcomes, were expressed as frequency and proportion
and were compared using the Fisher’s exact test. Continuous vari-
ables were presented as mean and range and were compared us-
ing the Wilcoxon’s rank-sum test.

The primary outcome and the dichotomous secondary end
points were expressed as proportion. To adjust the measured
confounders, after the propensity scores of each participant were
calculated based on age, sex, comorbidity, Eastern Cooperative
Oncology Group performance status (ECOG PS) score and level
of mediastinal extent, the adjusted risk difference was estimated
by applying the generalized linear model for the binary outcome
with the identity link function and robust standard error, in
which the treatment approach and the logit-transformed pro-
pensity score were included as covariates. The unadjusted and

adjusted risk differences between the VATS and thoracotomy
groups and the 95% confidence intervals of 90-day mortality, 30-
day mortality, 1-year mortality and reoperation rate were exam-
ined. The risk differences in postoperative complications were
assessed using the same method. P-values were calculated with
the Wald statistics. The unadjusted and adjusted Kaplan–Meier
plots of 1-year survival were drawn. The confounding variables of
the plot were adjusted using the Cox regression model with the
logit transformation of the propensity score. Statistical analyses
were performed using SAS 9.4 (SAS Institute, Inc., Cary, NC, USA).

RESULTS

Figure 1 shows the flowchart of patient inclusion. VATS was per-
formed on 83 patients and thoracotomy on 58. Table 1 depicts
the clinical characteristics of patients with DNM who underwent
transthoracic mediastinal drainage. There was no clinical and sta-
tistical difference between the VATS and thoracotomy groups in
terms of age, sex, body mass index and symptoms at diagnosis.
In terms of preoperative comorbidity, patients with hypertension
commonly underwent thoracotomy. Meanwhile, patients with
poor ECOG PS scores were more likely to undergo VATS.

Table 2 shows the extent and details of mediastinitis.
Regarding the type of mediastinal extent, patients with type IIB
and pleural effusion were more likely to undergo mediastinal
drainage under thoracotomy.

Table 3 shows the intraoperative and postoperative outcomes
based on the thoracic approach. Patients who underwent thora-
cotomy had a significantly longer surgical duration than those
who underwent VATS. Patients who underwent thoracotomy
were more likely to require mechanical ventilation after surgery
than those who underwent VATS. Patients who underwent thora-
cotomy had a higher mean volume of blood loss and longer in-
dwelling time of mediastinal drainage, duration of mechanical
ventilation and length of hospital stay than patients who under-
went VATS. However, the results did not significantly differ.

Figure 2 shows the distribution of the logit-transformed pro-
pensity scores of preoperative characteristics between the VATS
and thoracotomy groups. The distributions differed between the
2 groups. Hence, the confounders should be adjusted. The 90-
day mortality rates of the VATS and thoracotomy groups were
4.8% and 8.6%, respectively, and the risk difference between the
2 groups was -3.8%. The adjusted risk difference became close to

Figure 1: Flowchart of patient inclusion in this study.
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zero. Regarding secondary outcomes, the 30-day mortality, 1-
year mortality and reoperation rates did not differ between the
thoracotomy and VATS groups (Table 4). Figure 3 shows the
Kaplan–Meier curves of overall survival after the initial surgery.
Patients who underwent VATS had a high incidence of all com-
plications and cardiovascular complications. Meanwhile, infec-
tious complications were more common in patients who
underwent thoracotomy. However, there were no significant dif-
ferences between the VATS and thoracotomy groups in terms of
complication rates (Table 5). Supplementary Material, Table S1
presents detailed data on postoperative complications.

DISCUSSION

The mortality rate of DNM is >40% until the 1980s [2, 17]. In
1994, Marty-Ane et al. showed the importance of thoracotomy
for mediastinal drainage, which is a good approach to all com-
partments of the mediastinum, thoracic cavity and pericardial re-
gion. Furthermore, aggressive mediastinal drainage under
thoracotomy is recommended regardless of mediastinitis extent.
The study assessed the outcomes of only 6 patients. However,
the mortality rate was <20%, which was better than that of previ-
ous reports [9]. Thereafter, some case series had similar results
about thoracotomy at various institutions in the 2000s. Currently,
mediastinal drainage for DNM under thoracotomy is widely rec-
ognized as an effective approach [2, 10, 11, 18, 19]. Around 2010,

progress in diagnostic imaging, antibiotic treatment and under-
standing of DNM led to early diagnosis and appropriate treat-
ment, and the mortality rates became <10% in recent reports
[6, 12, 15, 20]. Simultaneously, the number of institutions per-
forming VATS, which is a minimally invasive procedure, has in-
creased [3, 14–16]. Previously, the subxiphoid, parasternal and
transcervical approaches were used because of concerns about
the invasiveness of thoracotomy [5, 14, 18]. Compared with these
approaches, VATS is more advantageous because it could be
used to approach the entire mediastinum similar to thoracotomy.
However, no study has compared VATS and thoracotomy.
Hence, whether VATS can facilitate the sufficient removal of ne-
crotic material and opening of the mediastinum from the top of
the upper mediastinum to the diaphragm compared with thora-
cotomy remains controversial.

In this large-scale study of DNM, there was an interesting bias
in the characteristics of patients who underwent VATS and thora-
cotomy. No differences in sex, age and comorbidity were found.
However, patients with poor ECOG PS were more likely to un-
dergo VATS. In the classification of DNM extent, thoracotomy
was often performed for type IIB, which is the most severe extent
of mediastinitis. These results indicated that surgeons recognize
that VATS is minimally invasive but lesser effective in mediastinal
drainage than thoracotomy because choosing between VATS and
thoracotomy is at the discretion of the surgeon. Compared with
the thoracotomy group, the VATS group had a significantly
shorter operative time and a lower proportion of patients

Table 1: Characteristics of the patients

Factors All patients VATS Thoracotomy P-Value
n = 141 n = 83 n = 58

Age Mean (range) 62.6 (19–93) 62.4 (25–86) 62.8 (19–93) 0.8471
Sex Male 56 (39.7) 34 (41.0) 22 (37.9) 0.7304

Female 85 (60.3) 49 (59.0) 36 (62.1)
BMI Mean (range) 22.5 (13.7–22) 22.2 (13.7–38) 22.9 (14.1–33.1) 0.1608
Comorbidity Diabetes mellitus 40 (28.4) 24 (28.9) 16 (27.6) 1

Malignancy 4 (2.8) 2 (2.4) 2 (3.4) 1
Autoimmune disease 3 (2.1) 2 (2.4) 1 (1.7) 1
Steroid use 6 (4.3) 3 (3.6) 3 (5.2) 0.6900
Ischaemic cardiac disease 5 (3.5) 4 (4.8) 1 (1.7) 0.6487
Cerebrovascular disease 5 (3.5) 4 (4.8) 1 (1.7) 0.6487
Renal failure 10 (7.1) 4 (4.8) 6 (10.3) 0.3177
Hypertension 23 (16.3) 8 (9.6) 15 (25.9) 0.0190
Others 32 (22.7) 16 (19.3) 16 (27.6) 0.3077

ECOG PS score 0 67 (47.5) 32 (38.6) 35 (60.3) 0.0167
1 27 (19.1) 21 (25.3) 6 (10.3)
2 14 (9.9) 8 (9.6) 6 (10.3)
3 17 (12.1) 14 (16.9) 3 (5.2)
4 16 (11.3) 8 (9.6) 8 (13.8)

Symptoms Fever 104 (73.8) 63 (75.9) 41 (70.7) 0.5609
Pain 107 (75.9) 65 (78.3) 42 (72.4) 0.4313
Palpitation 9 (6.4) 7 (8.4) 2 (3.4) 0.3077
Redness 52 (36.9) 35 (42.2) 17 (29.3) 0.1560
Swelling 90 (63.8) 58 (69.9) 32 (55.2) 0.0787
Subcutaneous emphysema 10 (7.1) 7 (8.4) 3 (5.2) 0.5252
Dysphagia 52 (36.9) 32 (38.6) 20 (34.5) 0.7233
Dyspnoea 58 (41.1) 33 (39.8) 25 (43.1) 0.7300
Impaired consciousness 10 (7.1) 6 (7.2) 4 (6.9) 1
Sepsis 27 (19.1) 17 (20.5) 10 (17.2) 0.6700
Others 16 (11.3) 8 (9.6) 8 (13.8) 0.5906

Values for categorical variables were presented as n (%) and were assessed using the Fisher’s exact test. Variables for continuous variables were expressed as mean
and range and were examined using the Wilcoxon rank-sum test.
BMI: body mass index; ECOG PS: Eastern Cooperative Oncology Group performance status; VATS: video-assisted thoracic surgery.

4 Y. Tanaka et al. / Interdisciplinary CardioVascular and Thoracic Surgery

https://academic.oup.com/icvts/article-lookup/doi/10.1093/icvts/ivad053#supplementary-data


requiring postoperative mechanical ventilation. Therefore, VATS
can be useful as it is minimally invasive.

In the current study, the primary outcome was postoperative
90-day mortality because the average length of hospital stay is
�60 days, and most patients were not followed up for >1 year as
DNM is a non-cancerous disease. The VATS group had better 30-
day, 90-day and 1-year mortality rates than the thoracotomy
group. However, the results did not significantly differ. Based on
these results, the invasiveness of thoracotomy is not extremely
significant to affect the prognosis of DNM compared with VATS.
By contrast, the VATS group had higher rates of reoperation and
cardiovascular and pulmonary complications than the thoracot-
omy groups. Debridement of necrotic tissue was not completely
performed in VATS compared with thoracotomy. Prolonged mild
mediastinitis could have been caused by incomplete drainage
under VATS, which could have resulted in a higher rate of cardio-
pulmonary complications in patients with VATS compared with

thoracotomy. In general, reoperation is often considered if
mediastinitis does not improve even after the initial surgery and
if various symptoms such as fever, cough and circulation insuffi-
ciency are prolonged. Moreover, previous studies have shown
that delay or incomplete mediastinal drainage for DNM leads to
cardiopulmonary complications [20, 21]. However, the VATS
group had better outcomes such as length of hospital stay, dwell-
ing time of mediastinal drainage, need for mechanical ventilation
and duration of mechanical ventilation than the thoracotomy.
That is, the incidence rate of VATS-related complications is high.
However, they were not serious, and most could be treated with
reoperation and intensive care. Patients with a poor PS who un-
dergo VATS are more likely to benefit from a shorter operative
time. In addition, since VATS could preserve the respiratory
muscles, it is sufficiently advantageous for the treatment of DNM.
However, treatment is based on sufficient drainage and necrotic
tissue removal. Therefore, surgeons should consider conversion

Table 2: Extent level and cause of mediastinitis

Extent level and cause All patients VATS Thoracotomy P-Value
n = 141 n = 83 n = 58

Level of mediastinal extent Above the carina (type I) 47 (33.3) 32 (38.6) 15 (25.9) 0.1797
Anterior lower mediastinum (type IIA) 16 (11.3) 8 (9.6) 8 (13.8)
Anterior and posterior lower mediastinum (type IIB) 51 (36.2) 25 (30.1) 26 (44.8)
Posterior lower mediastinum (type IIC) 27 (19.1) 18 (21.7) 9 (15.5)

Type of origin Traumatic 3 (2.1) 2 (2.4) 1 (1.7) 0.7428
Medical procedure related 5 (3.5) 2 (2.4) 3 (5.2)
Infection 133 (94.3) 79 (95.2) 54 (93.1)

Source of infection Odontogenic 24 (17.0) 14 (16.9) 10 (17.2) 0.3229
Oral 5 (3.5) 4 (4.8) 1 (1.7)
Pharyngeal 71 (50.4) 43 (51.8) 28 (48.3)
Cervical 33 (23.4) 16 (19.3) 17 (29.3)
Oesophageal 1 (0.7) 1 (1.7)
Others 7 (5.0) 6 (7.2) 1 (1.7)

Pleural effusion Without effusion 33 (23.4) 24 (28.9) 9 (15.5) 0.0451
Right 28 (19.9) 20 (24.1) 8 (13.8)
Left 9 (6.4) 5 (6.0) 4 (6.9)
Bilateral 71 (50.4) 34 (41.0) 37 (63.8)

Empyema Without empyema 94 (66.7) 58 (69.9) 36 (62.1) 0.2618
Right 19 (13.5) 13 (15.7) 6 (10.3)
Left 11 (7.8) 5 (6.0) 6 (10.3)
Bilateral 17 (12.1) 7 (8.4) 10 (17.2)

Values were presented as n (%) and assessed using the Fisher’s exact test.
VATS: video-assisted thoracic surgery.

Table 3: Postoperative outcomes

Outcomes All patients VATS Thoracotomy P-Value
n = 141 n = 83 n = 58

Operative time (min) Mean (range) 223.9 (22–667) 206.6 (22–199) 248.9 (79–667) 0.0479
Volume of blood loss (mL) Mean (range) 231.4 (0–110) 186.3 (0–1100) 296 (0–2560) 0.2421
Length of hospital stay (days) Mean (range) 57.1 (0–237) 54.8 (10–223) 60.2 (0–237) 0.5188
Indwelling time of mediastinal drainage (days) Mean (range) 21.6 (1–80) 19.3 (3–59) 25 (1–80) 0.1188
Mechanical ventilation No 29 (20.6) 22 (26.5) 7 (12.1) 0.0555

Yes 112 (79.4) 61 (73.5) 51 (87.9)
Duration of mechanical ventilation (days) Mean (range) 18.7 (1–218) 14.7 (1–58) 23.6 (1–218) 0.3245

Values for categorical variables were presented as n (%) and assessed with the Fisher’s exact test. Values for continuous variables were expressed as mean and range
and evaluated with the Wilcoxon rank-sum test.
VATS: video-assisted thoracic surgery.
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to thoracotomy if sufficient drainage cannot be achieved during
VATS.

In this study, 90-day mortality was the primary end point and
1-year mortality was investigated as a secondary end point.
Moreover, this study revealed similar 90-day and 1-year

mortality rates. Since limited reports on transthoracic mediastinal
drainage for DNM are available, we could not compare long-
term outcomes of our study with other studies. However, limited
late mortality in the present study suggested that DNM treat-
ments have improved in the recent years.

Limitations

This study had several limitations. First, it was a retrospective
database study. Although a prospective randomized study is
ideal, it is extremely challenging to perform because of the small
number of cases, urgency of treatment, and different patient
characteristics. Second, selection bias for the surgical procedure
could have existed because VATS or thoracotomy is chosen
based on the surgeon’s discretion. However, we could not avoid
the bias leading to unmeasured confounders in our analysis,
which is a limitation of this database study. Third, detailed preop-
erative status of the patient, including PS, symptoms and comor-
bidities, was collected. With respect to the extent of mediastinal
infection, we used the classification proposed by Endo. However,
we could not collect additional information, such as severity of
necrosis, the duration since onset, detailed anatomic mediastinal
infected compartments and years of experience of the attending
surgeon, since our database did not include this information.
Fourth, the definition of VATS in this study was wound measuring

Figure 2: Logit-transformed propensity score comprised the preoperative
characteristics of the VATS and thoracotomy groups. The distributions differed
significantly between the VATS (mean: -0.7, SD: 0.81) and thoracotomy (mean:
0, SD: 0.95) groups (P < 0.0001). VATS: video-assisted thoracic surgery; SD:
standard deviation.

Table 4: Postoperative mortality and reoperation rates

Outcomes VATS (n = 83) Thoracotomy (n = 58) Unadjusted Adjusted

RD 95% CI P-Value RD 95% CI P-Value

90-Day mortality 4 (4.8) 5 (8.6) -0.038 -0.1237 to 0.0477 0.3845 -0.0077 -0.095 to 0.0805 0.8649
30-Day mortality 2 (2.4) 4 (6.9) -0.0449 -0.118 to 0.2289 0.2289 -0.0277 -0.11 to 0.0545 0.5088
1-Year mortality 5 (6.0) 7 (12.1) -0.0604 -0.1587 to 0.0378 0.2278 -0.0415 -0.1517 to 0.0687 0.4604
Reoperation rate 20 (24.1) 9 (15.5) 0.0858 -0.0452 to 0.2167 0.1991 0.066 -0.0664 to 0.1985 0.3286

Values were presented as n (%). The unadjusted RD is the crude value. The adjusted RD including group and logit-transformed propensity scores was examined us-
ing the regression formula.
CI: confidence interval; RD: risk difference; VATS: video-assisted thoracic surgery.

Figure 3: Kaplan-Meier curves of the overall survival after the initial mediastinal drainage. No significant differences were found between the VATS and thoracotomy
groups based on the unadjusted (A) and estimated survival time analysed using the Cox regression model, which included approach and propensity scores as covari-
ates (B). VATS: video-assisted thoracic surgery.
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<_8 cm, corresponding to the domestic definition. However, most
institutions performed VATS with a few ports of <_2 cm for DNM
treatment.

CONCLUSION

In conclusion, no clinical and statistical differences in prognosis
were found between the VATS and thoracotomy groups. VATS is
a useful minimally invasive procedure. However, DNM pro-
gresses rapidly, and inflammation and abscess often extend be-
yond the region identified on preoperative imaging. Therefore,
thoracotomy should be considered if sufficient drainage cannot
be performed under VATS.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.
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