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Abstract
BACKGROUND
Acute esophageal necrosis (AEN) is a rare entity with multifactorial etiology,
usually presenting with signs of upper gastrointestinal bleeding.

AIM
To systematically review all available data on demographics, clinical features,
outcomes and management of this medical condition.

METHODS
A systematic literature search was performed with respect to the PRISMA
statement (end-of-search date: October 24, 2018). Data on the study design,
interventions, participants and outcomes were extracted by two independent
reviewers.

RESULTS
Seventy-nine studies were included in this review. Overall, 114 patients with
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was prepared and revised
according to the PRISMA 2009
Checklist.
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AEN were identified, of whom 83 were males and 31 females. Mean patient age
was 62.1 ± 16.1. The most common presenting symptoms were melena,
hematemesis or other manifestations of gastric bleeding (85%). The lower
esophagus was most commonly involved (92.9%). The most widely implemented
treatment modality was conservative treatment (75.4%), while surgical or
endoscopic intervention was required in 24.6% of the cases. Mean overall follow-
up was 66.2 ± 101.8 d. Overall 29.9% of patients died either during the initial
hospital stay or during the follow-up period. Gastrointestinal symptoms on
presentation [Odds ratio 3.50 (1.09-11.30), P = 0.03] and need for surgical or
endoscopic treatment [surgical: Odds ratio 1.25 (1.03-1.51), P = 0.02; endoscopic:
Odds ratio 1.4 (1.17-1.66), P < 0.01] were associated with increased odds of
complications. A sub-analysis separating early versus late cases (after 2006)
revealed a significantly increased frequency of surgical or endoscopic
intervention (9.7 % vs 30.1% respectively, P = 0.04)

CONCLUSION
AEN is a rare condition with controversial pathogenesis and unclear optimal
management. Although the frequency of surgical and endoscopic intervention
has increased in recent years, outcomes have remained the same. Therefore,
further research work is needed to better understand how to best treat this
potentially lethal disease.

Key words: Acute esophageal necrosis; Black esophagus; Acute necrotizing esophagitis
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Core tip: This manuscript’s aim was to systematically review and synthesize all available
data on demographics, clinical features, outcomes and the management of acute
esophageal necrosis. According to our results, acute esophageal necrosis is a rare
condition with controversial pathogenesis and unclear optimal management. Although
the frequency of surgical and endoscopic intervention has increased in recent years,
outcomes have remained the same. Therefore, further investigations are needed to better
understand how to best treat this potentially lethal disease.
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INTRODUCTION
Acute esophageal necrosis (AEN), also known as acute necrotizing esophagitis (ANE)
or black esophagus is a rare and potentially devastating medical condition. Diagnosis
is typically made with upper endoscopy. The most common endoscopic finding is a
striking diffuse circumferential black discoloration of the esophageal mucosa which is
associated with histologic evidence of extensive mucosal necrosis. The pathogenesis of
AEN appears to be multifactorial. That said, ischemia has been reported as the most
common  etiology[1,2].  Gastric  outlet  obstruction  with  massive  reflux  of  gastric
secretions, viral infection, hypersensitivity to antibiotics, hypothermia, and corrosive
trauma can also lead to AEN[1,3]. Typically, patients present at the emergency room
with signs of upper gastrointestinal (GI) hemorrhage such as coffee-ground emesis,
melena or hematemesis[4]. Conservative management with adequate hydration, proton
pump inhibitors, antibiotics, acid suppression or sucralfate suspension administration
is employed either as definitive or first-line treatment depending on disease severity[4].
Emergency  surgical  intervention  followed  by  patient  support  until  clinical
stabilization can also be considered in case of necrosis and perforation[5].

Given the rarity of AEN, our experience with this condition is primarily based on
case reports and small case series. To better understand the demographics, clinical
features,  and  outcomes  of  this  uncommon esophageal  disease,  we  performed a
systematic review of literature published within the period 1990 to 2018. Our study
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includes  160  cases  of  AEN  and  constitutes  the  largest  to  date  review  of  “black
esophagus”[6].  Overall, the present work may serve as a useful guide to clinicians
contemplating how to best treat this rare condition.

MATERIALS AND METHODS

Search strategy and data extraction
We performed a PubMed/Medline search for English-language case reports and case
series, using the keywords "acute esophageal necrosis" OR "black esophagus" OR
"acute necrotizing esophagitis". Articles were screened by 2 independent reviewers
(Theochari NA, Schizas D) and conflicts were resolved by a third reviewer (Kanavidis
P). The reference lists of systematically reviewed articles were hand-searched for
potentially eligible, missed studies. Data extraction of the articles included in our
review was performed by Theochari NA and Schizas D.

Eligibility criteria for inclusion and exclusion
Eligible articles were identified on the basis of the following inclusion criteria: (1)
Papers published in English; (2) Primary research papers; (3) Papers that included
patients older than 18 years old; and (4) Papers that included patients who were
treated  for  AEN.  Exclusion  criteria  were  the  following:  (1)  Papers  that  are  not
published in English; (2) Reviews, letters to the editor; and (3) Papers with inadequate
data.

Statistical analysis
Variables were summarized as mean and standard deviation when continuous, or
frequencies and percentages when categorical. Continuous variables were analyzed
with independent samples student’s t-test,  for normally distributed variables,  or
Mann-Whitney U-test otherwise (Kolmogorov-Smirnov test of normality was used).
For categorical variables Pearson’s Chi-Square test was used, with Yates’ continuity
correction when appropriate, whereas for ordinal variables we used Wilcoxon rank
sum test. Univariate logistic regression was performed with logit transformation of
data. Exploratorily, the outcome “death” was dichotomized and logistic regression
was utilized since performing valid time-to-event analyses was not deemed feasible
due to missing data and inadequate follow-up data. The level of statistical significance
was set at 5%. Statistical analysis was performed with R-project environment for
statistical computing (https://www.r-project.org/).

Protocol registration
This study is  registered with the PROSPERO registry and its  unique identifying
number is: CRD42018112571.

RESULTS

Literature search results
The  search  produced  820  PubMed  results  (October  24,  2018).  The  publications
matching our selection criteria were 81. Ultimately, 79 studies satisfied our inclusion
criteria  and  were  selected  for  data  collection  (Figure  1).  Of  those,  69  were  case
reports[3,5,7-64] and 10 were cases series[2,65-73] including 69 and 45 patients respectively. A
total of 114 of 160 patients were selected for the pooled analysis, as some case series
did not publish individual patient data.

Demographics and clinicopathological features
There were 114 patients who were diagnosed with AEN included in our study, of
which 83 male and 31 female (M:F ratio of 2.7:1). Mean age was 62.1 ± 16.1. The most
common presenting symptom was melena, hematemesis or other manifestation of
gastric bleeding (85%), followed by epigastric or chest pain (29.2%) and other peptic
symptoms (25.7%), including nausea, vomiting and dysphagia. Other symptoms such
as fever, weakness, dyspnea, hypotension were less common (23.9%).

Patients had a diverse medical  history,  including diabetes mellitus or diabetic
ketoacidosis,  cardiopulmonary  disease  (chronic  obstructive  pulmonary  disease,
hypertension, heart failure, atrial fibrillation, myocardial infarct, angina), alcohol
abuse, chronic kidney disease or other kidney-related disease (i.e.,  nephrectomy),
liver-related  disease  (cirrhosis,  liver  transplantation)  and  others  (stroke,
gastroesophageal  reflux  disease,  GI  ulcers,  chronic  pancreatitis,  prostate
hypertrophy). Relative frequencies are displayed in Table 1, grouped by affected
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Figure 1

Figure 1  Prisma flow chart.

system.
Clinical  findings on admission were not always reported,  but the most severe

among  them  were  signs  of  hypovolemic  or  septic  shock/multiple  organ
dysfunction/sepsis (73%), acute kidney injury (20%) and malnutrition (7%). Lower
esophageal involvement was almost always present (92.9%), with extension to the
middle esophagus in many cases (64.3%). Upper esophagus was involved in only
33.7% of the cases.

Treatment
Surgical or endoscopic intervention was required in 24.6% of the cases, whereas 75.4%
were treated conservatively.  Data available for the cases where intervention was
required reveals that endoscopic treatment was preferred in 15 cases (14%), 2 of which
later required surgical re-intervention, while surgical-first approach was used in 11
cases  (10%).  Most  survivors  received  a  follow-up  endoscopy  (89%),  with  a
complication rate of 18.7%. A total of 32 patients died (29.9%), either during the initial
hospital stay or during the follow-up period. Follow-up data was available for 78.9%
of the patients. Mean overall follow-up was 66.2 ± 101.8 d, (or 82.9 ± 113.2 d among
survivors) (Tables 2 and 3).

Outcomes
On univariate logistic regression, GI symptoms on presentation [Odds ratio (OR) 3.50
(1.09-11.30), P = 0.03] and need for surgical or endoscopic treatment [surgical: OR 1.25
(1.03-1.51), P = 0.02; endoscopic: OR 1.4 (1.17-1.66), P < 0.01] were associated with
increased odds of complications (Table 4). Patients that underwent both endoscopic
and surgical intervention had even higher complication rate; OR 2.58 (1.7-3.93), P <
0.01. Exploratory logistic regression for the dichotomized “death” endpoint (Table 5)
did not reveal any statistically significant prognostic factors.

Publication year
A sub-analysis separating early versus late cases (after 2006) revealed a significantly
increased frequency of surgical or endoscopic intervention of 30.1% for the late cases,
compared to 9.7% for the early cases (P = 0.04). Mortality rate, however, was similar,
for the late (30.3%) and the early cases (29%) (P = 1.00).

DISCUSSION
ANE was first described by Goldenberg et al[1] in 1990 . The largest case series of AEN
published to date included 29 and 16 cases respectively[74,75]. In 2007, Gurvits et al[6]

attempted for the first time to present a review of the literature and described 88
patients  with black esophagus.  Since then,  no systematic  or  broad review of  the
published literature has been performed. To guide clinicians treating patients with
AEN using up-to-date information we systematically reviewed relevant literature
from  1990  until  2018.  Our  analysis  includes  114  patients  and  provides  a
comprehensive overview of the demographics, clinical features, treatment options,
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Table 1  Clinicopathological features

Clinicopathological features

Gender Σ = 114

Male 83 72.8%

Female 31 27.2%

Age (yr) 62.1 ± 16.1 114

Admission symptoms Σ = 113

Bleeding 96 85.0%

Peptic 29 25.7%

Pain 33 29.2%

Other symptom 27 23.9%

Medical history Σ = 110

Cardiopulmonary 52 47.3%

Diabetes 40 36.4%

Alcohol 31 28.2%

Kidney 17 15.5%

Liver 19 17.3%

Other 61 55.5%

Clinical findings Σ = 38

Shock 11 28,9%

Malnutrition 1 2.6%

AKI 3 7.9%

Other 24 63.2%

Involvement of esophagus (relative to GEJ) Σ = 98

Upper 33 33.7%

Middle 63 64.3%

Lower 91 92.9%

AKI: Acute kidney injury; GEJ: Gastroesophageal junction.

and outcomes of patients with AEN.
Several theories have been proposed to explain the pathogenesis of AEN. The most

popular is ischemia due to low flow rates or shock. Reichart et  al[3]  reported that
ischemic AEN is typically secondary to cardiac dysfunction, prolonged hypotension
or sepsis. Our findings support this statement with 47.3% of the patients described in
this review having a cardiopulmonary medical history. Another factor that argues in
favor of an ischemic etiology in the present study is the predominance of esophageal
necrosis in the middle and lower thirds of esophagus (64.3% and 92.9% respectively)
which are usually less vascularized and thus more prone to ischemic injury. Other
causes  of  AEN include  gastric  outlet  obstruction  with  massive  reflux  of  gastric
secretions, viral infection, hypersensitivity to antibiotics, hypothermia and corrosive
trauma[3].

According to our analysis, AEN affects predominately men (72%) at a mean age of
62 years. Nevertheless, AEN can develop at virtually any age. In our review AEN,
was seen in 6 patients in the third decade of life and in male patient at the age of 10
year[17]. The majority (85%) of patients presented at the ER with symptoms of upper GI
bleeding  i.e.,  melena,  hematemesis  or  other  manifestations  of  gastric  bleeding.
Associated  clinical  findings  were  not  always  reported,  but  the  most  commonly
reported ones were hypovolemic or septic shock[74]. Patients’ medical history may also
be a serious risk factor for ANE[76]. Most patients included in this systematic review
had history of a significant cardiopulmonary disease (47.3%) while others suffered
from diabetes mellitus (36.4%), alcohol abuse (28.2%), as well as liver (17.3%) and
kidney related disease (15.5%).

The  diagnosis  of  AEN  is  made  endoscopically  by  identifying  diffuse
circumferential  progressive  black  discoloration  of  the  esophagus  with  abrupt
demarcation at the Z-line. In six cases reported in this review, the mucosa of the
esophagus  was  also  covered  by  yellow  or  white  exudates  at  the  time  of  initial
scoping[8,73].  Histologically,  AEN specimens  shows necrotic  debris,  mucosal  and
submucosal necrosis with a local inflammatory response[8,73].
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Table 2  Treatment modalities, follow-up

Treatment modalities

Intervention Σ = 114

Yes 28 24.6%

No 86 75.4%

Management Σ = 105

Conservative 79 75.2%

Surgical 11 10.5%

Endoscopic 13 12.4%

Endoscopic + surgical 2 1.9%

Follow-up endoscopy Yes 67 58.8%

Complications Yes 14 12.3%

Death Yes 32 29.9%

FUP (overall; mean; SD) 66.2 ± 101.8 90 90/114

FUP (dead; mean; SD) 16.6 ± 21.8 23 23/32

FUP (alive; mean; SD) 82.9 ± 113.2 65 65/75

FUP: Follow up; SD: Standard deviation.

Given the rarity of the condition, there are no clear guidelines regarding how to
best manage patients with AEN. Most authors recommend a conservative treatment
approach  which  includes  correction  of  underlying  disorders,  total  parenteral
nutrition, adequate intravenous hydration, broad spectrum antibiotics, proton pump
inhibitors and sucralfate suspension[4]. Blood cell transfusion is also recommended
when necessary.  In  case  of  necrosis  or  perforation,  early  surgical  or  endoscopic
intervention is required[5]. In this systematic review, surgery was performed as first
line treatment in 11 cases whereas endoscopic treatment was used in 15 patients, 2 of
which later required surgical re -intervention. Surprisingly, a sub- analysis that we
conducted, separating cases before and after 2006 (i.e., when the last systematic review
was published) showed that the frequency of surgical or endoscopic intervention was
significantly increased from 9.7% (before 2006) to 30.1% (after 2006) (P = 0.04). That
said, the increased rate of operative intervention did not seem to affect overall patient
outcomes.

The most commonly reported complication is stricture while others can be stenosis,
abscesses,  tracheoesophageal  fistula  and perforation  of  the  esophagus[1].  In  this
systematic review only 14 (12.3% of the patients) developed complications. Of them,
10 (70%) developed an esophageal  stricture and four (30%) a  tracheoesophageal
fistula. Interestingly, univariate logistic regression revealed an association between
the presence of  GI  symptoms on admission [OR 3.50 (1.09-11.30),  P  =  0.03]  with
increased  odds  of  post-AEN  complications.  Patients  that  required  surgical  or
endoscopic treatment [surgical: OR 1.25 (1.03-1.51), P = 0.02; endoscopic: OR 1.4 (1.17-
1.66), P < 0.01] were also more likely to develop complications. This is not surprising
since patients with more severe disease at presentation are more likely to receive
surgical  intervention.  Moreover,  patients  that  underwent  both  endoscopic  and
surgical intervention had an even higher complication rate [OR 2.58 (1.7-3.93), P <
0.01].

A total of 32 patients included in our study died (29.9%), either during the initial
hospital stay or subsequently at follow-up. The high mortality rate that is seen in AEN
may be potentially related to patient characteristics such as serious medical history,
older age and higher incidence of malignancy[1].

Methodological  strengths  of  the  present  paper  include:  (1)  Comprehensive
literature search using rigorous and systematic methodology; and (2) Detailed data
extraction. We also performed a sub-analysis separating early versus late cases[6] (after
2006  when  the  last  systematic  review  was  published)  which  showed  that  the
implementation of surgical/endoscopic interventions have increased threefold.

This analysis has certain limitations. As with any systematic review, certain studies
did not report on all outcomes of interest and therefore all cumulative results were
estimated based on available data. Only papers published in English were eligible and
all included studies were retrospective case reports or small case series. Lastly, due to
missing data, performing strong survival modeling was not possible and therefore we
treated “death” as a binary outcome and performed logistic regression to provide an
approximation of mortality predictors.

WJGS https://www.wjgnet.com March 27, 2020 Volume 12 Issue 3

Schizas D et al. Acute esophageal necrosis

109



Table 3  Endoscopic intervention

Endoscopic intervention

Modalities n (%)

Stenting 1 (7.5)

Savary dilatations 1 (7.5)

Balloοn dilatations 11 (85)

Total 13

In conclusions, AEN is a rare condition with high mortality. Although, the etiology
of  this  disease  is  likely  multi-factorial,  ischemia  seems to  play  a  pivotal  role  in
pathogenesis.  The  diagnosis  of  AEN  is  mainly  based  on  upper  GI  endoscopy
revealing a black-appearing esophageal mucosa circumferentially. Although the rate
of operative interventions has increased in recent years, conservative treatment still
seems  to  be  the  most  commonly  used  treatment  approach.  Black  esophagus  is
anticipated to become a more commonly recognized and described entity. To that
end,  a  staging  system  that  classifies  the  patients  with  AEN  according  to  their
symptoms on admission, their medical history and the endoscopic findings would be
meaningful. Overall, further investigations are needed to better understand the risk
factors, pathogenesis, diagnostic challenges and optimum treatment approach for this
rare but potentially lethal condition.
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Table 4  Univariate logistic regression for complications

OR LCI HCI P value

Gender Male 0.95 0.83 1.09 0.45

Female (ref)

Age +1 yr 0.990 0.957 1.025 0.553

Admission symptoms Bleeding 0.60 0.16 2.91 0.48

Peptic 3.50 1.09 11.30 0.03

Pain 2.00 0.61 6.29 0.24

Other symptom 0.86 0.18 3.04 0.83

None (ref)

Medical history Cardiac 0.63 0.18 1.95 0.43

Diabetes mellitus 1.46 0.45 4.53 0.52

Alcohol abuse 1.08 0.28 3.54 0.90

Kidney diseases 0.94 0.14 3.94 0.94

Liver diseases 3.41 0.94 11.49 0.05

Other 0.85 0.27 2.66 0.78

Clinical findings Malnutrition 0.87 0.44 1.74 0.70

AKI 0.87 0.58 1.30 0.50

Other 1.15 0.77 1.73 0.50

Involvement of esophagus (to GEJ)

Upper 2.67 0.74 9.99 0.13

Middle 0.97 0.27 3.94 0.96

Lower 1.13 0.88 1.44 0.33

Intervention Yes 11.39 3.41 45.44 < 0.01

No (ref)

Management Conservative (ref)

Surgical 1.25 1.03 1.51 0.02

Endoscopic 1.4 1.17 1.66 < 0.01

Endoscopic + surgical 2.58 1.7 3.93 < 0.01

OR: Odds ratio; LCI: Lower confidence interval; HCI: Higher confidence interval; AKI: Acute kidney injury; GEJ: Gastroesophageal junction.
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Table 5  Univariate logistic regression for death

OR LCI HCI P value

Gender Male 0.99 0.40 2.58 0.99

Female (ref)

Age +1 yr 1.02 0.99 1.05 0.30

Admission symptoms Bleeding 1.33 0.42 5.09 0.64

Peptic 0.72 0.26 1.85 0.51

Pain 0.31 0.10 0.84 0.03

Other symptom 0.83 0.29 2.15 0.70

None (ref)

Medical history Cardiac 1.06 0.46 2.44 0.88

Diabetes mellitus 0.81 0.32 1.92 0.64

Alcohol abuse 0.80 0.30 2.01 0.65

Kidney diseases 2.34 0.75 7.21 0.13

Liver diseases 1.47 0.50 4.10 0.47

Other 0.55 0.23 1.26 0.16

Clinical findings malnutrition 0.75 0.30 1.87 0.54

AKI 1.05 0.61 1.83 0.85

Other 0.95 0.55 1.65 0.85

Involvement of esophagus (to GEJ)

Upper 0.57 0.20 1.49 0.27

Middle 0.59 0.24 1.49 0.26

Lower 1.37 0.91 2.08 0.13

Intervention Yes 0.63 0.21 1.69 0.38

No (ref)

Management Conservative (ref)

Surgical 0.96 0.71 1.30 0.79

Endoscopic 0.77 0.59 1.00 0.06

Endoscopic + surgical 0.71 0.29 1.75 0.46

OR: Odds ratio; LCI: Lower confidence interval; HCI: Higher confidence interval; AKI: Acute kidney injury; GEJ: Gastroesophageal junction.

ARTICLE HIGHLIGHTS
Research background
Acute esophageal necrosis (AEN) is a severe medical condition with multifactorial etiology. Our
experience is mainly based on case reports and small case series.

Research motivation
Given the rarity of this entity, further investigations are needed to better understand the risk
factors, pathogenesis, diagnostic challenges and how to best treat this potentially lethal disease.

Research objectives
Our objective was to investigate all available data on demographics, clinical features, outcomes
of this condition and to suggest the best management.

Research methods
We performed a systematic literature search with respect to the PRISMA statement. Univariate
logistic regression was performed with logit transformation of data.

Research results
Overall, 114 patients with AEN were included in this study. The most common symptoms on
admission were melena, hematemesis or other manifestations of gastric bleeding. With regards
to  treatment  modalities,  conservative  treatment  was the  most  widely  implemented choice
followed by surgical or/and endoscopic intervention. A sub-analysis separating early versus late
cases  (after  2006)  revealed  a  significantly  increased  frequency  of  surgical  or  endoscopic
intervention. Nevertheless, further research work is needed to better understand how to best
treat this potentially deadly disease.

Research conclusions
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To the best of our knowledge, this is the most up to date and comprehensive systematic review
regarding AEN. This rare entity seems to have multi-factorial etiology, but ischemia seems to
play the most significant role in pathogenesis.  Diagnosis is made by upper gastrointestinal
endoscopy,  while  conservative  treatment  seems  to  be  still  the  most  popular  modality.
Nevertheless, our study revealed that operative interventions have increased the last years. Black
esophagus is a medical condition that is still difficult recognized. To that end, a staging system
that classifies the patients with AEN according to their symptoms on admission, their medical
history and the endoscopic findings would be meaningful.

Research perspectives
Further investigations are needed to better understand the risk factors, pathogenesis, diagnostic
challenges and optimum treatment approach for this rare but potentially lethal condition.
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