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Introduction
!

Mallory-Weiss tears (MWTs), characterized by
mucosal lacerations in the region of the esophago-
gastric junction (EGJ), are a common cause of non-
variceal gastrointestinal bleeding. MWTs are
usually caused by retching or forceful vomiting,
and the reported incidence is as high as 15% of all
cases of acute upper gastrointestinal bleeding [1–
3]. MWTs have also been recognized as an iatro-
genic adverse event occurring during upper gas-
trointestinal endoscopic procedures, initially
documented in 1976 [4]. The incidence has been
estimated to range from 0.007% to 0.49% of all
endoscopic procedures [5–7]. However, most of
these findings were reported in the 1990s, and no
reports have been presented regarding changes in
theclinical characteristics andendoscopic features
of MWTs during a recent decade, although signifi-
cant changes in the endoscopic management of
upper gastrointestinal diseases have occurred.

Recent technologic advances in endoscopic ima-
ging and treatment procedures, such as image-
enhanced endoscopy and endoscopic submucosal
dissection (ESD), have dramatically changed the
clinical approaches to gastrointestinal tumors
[8, 9]. These techniques are particularly attractive
in the management of early cancer because they
enable endoscopic resection and accurate staging,
although a longer procedure time is generally re-
quired for precise evaluation and treatment of the
lesions. Accordingly, case reports of MWTs occur-
ring during endoscopic procedures have recently
been increasing; these MWTs are likely due to ex-
cessive air inflation and/or longer procedure
times [7,10].
The pathologic lesions that form in the EGJ show
circumferential asymmetry, which is caused by
the anatomical and physiologic properties of the
gastrointestinal tract [11]. In previous studies,
we focused on the circumferential distribution of
various lesions at the EGJ, including mucosal
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Background and study aims: Mallory-Weiss tears
(MWTs) are not only a common cause of acute
nonvariceal gastrointestinal bleeding but also an
iatrogenic adverse event related to endoscopic
procedures. However, changes in the clinical char-
acteristics and endoscopic features of MWTs over
the past decade have not been reported. The aim
of this study was to investigate recent trends in
the etiology and endoscopic features of MWTs.
Patients and methods: We retrospectively re-
viewed the medical records of patients with a di-
agnosis of MWT at our university hospital be-
tween August 2003 and September 2013. The in-
formation regarding etiology, clinical parameters,
endoscopic findings, therapeutic interventions,
and outcome was reviewed.
Results: A total of 190 patients with MWTs were
evaluated. More than half (n=100) of the cases
occurred during endoscopic procedures; cases
related to alcohol consumptionwere less frequent

(n=13). MWTs were most frequently located in
the lesser curvature of the stomach and right lat-
eral wall (2– to 4-o’clock position) of the esopha-
gus, irrespective of the cause. The condition of
more than 90% of the patients (n=179) was im-
proved by conservative or endoscopic treatment,
whereas 11 patients (5.8%) required blood trans-
fusion. Risk factors for blood transfusion were a
longer laceration (odds ratio [OR] 2.3) and a loca-
tion extending from the esophagus to the stom-
ach (OR 5.3).
Conclusions:MWTs were frequently found on the
right lateral wall (2– to 4-o’clock position) of the
esophagus aligned with the lesser curvature of
the stomach, irrespective of etiology. Longer la-
cerations extending from the esophagus to the
gastric cardia were associated with an elevated
risk for bleeding and requirement for blood trans-
fusion.



breaks in reflux esophagitis, ruptured esophageal varices, ton-
gue-like Barrett’s esophagus, and Barrett's esophagus-associated
neoplasia, and found that these lesions have a uniquely asymmet-
ric circumferential distribution [12–15]. MWTs have been re-
ported to occur typically on the lesser curvature of the stomach
and infrequently in the esophagus [16]. However, it remains un-
clear whether MWTs that differ in pathogenesis occur in the
same circumferential spatial locations. The aim of this study was
to investigate recent trends in the etiology and endoscopic fea-
tures of MWTs, with a focus on their circumferential distribution
and location according to etiology, in patients treatedwithin a re-
cent decade.

Methods
!

Patients and data collection
We retrospectively reviewed the medical records of patients giv-
en a diagnosis of MWT between August 2003 and September
2013at our university hospital, a tertiary referral medical center
in western Japan. The diagnosis of MWTwas based on the detec-
tion of mucosal lacerations of the esophagus or stomach adjacent
to the EGJ during endoscopic inspection, with or without active
bleeding. Patients with MWTs whose location could not be clear-
ly shown by endoscopic imaging were excluded. Information
about etiology, clinical parameters, associated co-morbidities,
endoscopic findings, therapeutic interventions, and outcome
was collected.
The study protocol was approved by the ethics committee of the
Shimane University School of Medicine, and the study was car-
ried out in accordance with the principles of the Helsinki Decla-
ration.

Assessment of endoscopic findings
The endoscopic findings were assessed by a single expert endos-
copist (M.O.). Based on their location, the MWTs were divided
into three groups according to Zeifer’s classification: group I, la-
cerations only in the esophagus; group II, lacerations limited to
the stomach; group III, lacerations extending from the esophagus
across the cardia into the stomach (●" Fig.1) [17]. The number
and location of the mucosal lacerations, and the length of the
MWTs, were recorded. When multiple lacerations were present
in a single patient, the circumferential and longitudinal locations
of all the lacerations were counted.

The circumferential distribution of MWTs in the esophageal wall
was evaluated based on the face of a clock, as follows. The ante-
rior wall of the esophagus was always positioned at 12 o’clock,
and the 3-o’clock position was defined as the right lateral wall of
the esophagus aligned with the lesser curvature of the stomach.
MWTs from a cardiac lesion of the stomach were also assessed
with the same axial position of the endoscope. Representative
endoscopic images for the evaluation of circumferential distribu-
tion are shown in●" Fig.2. A laceration related to an endoscopic
procedure was diagnosed at the end of the procedure. When an
MWT with gastric bleeding was suspected during endoscopic
retrograde cholangiopancreatography (ERCP) with a side-view-
ing endoscope, we changed to a forward-viewing endoscope to
analyze the entire circumference of the cardia and esophagus.
An esophageal hiatal hernia was defined as the presence of a part
of the gastric wall above the diaphragmatic hiatus that was unac-
companied by underlying longitudinally arrayed vessels, as pre-
viously described [18]. The presence of gastric mucosal atrophy
was assessed based on endoscopic findings.

Risk factors for a complicated course in Mallory-Weiss
tear
A complicated clinical coursewas defined as one inwhich a blood
transfusion was required. The decision whether to treat with
blood transfusion was based on the judgment of the clinician
and depended on the patient's underlying condition and clinical
presentation. A blood transfusion was generally administered
once the hemoglobin level dropped below 7g/dL. In patients
with active bleeding or exposed vessels, endoscopic hemostasis
was performed. Risk factors predicting a complicated course in
MWTwere evaluated with multivariate analysis.

Statistical analysis
Chi-squared and Mann-Whitney U tests were used to examine
significant differences. Comparisons among the three groups
were performed with a Kruskal-Wallis test. After the identifica-
tion of significant predictors by univariate analysis, multivariate
logistic regression analysis was performed to evaluate indepen-
dent predictors of a complicated course that required a blood
transfusion; then, we determined relative risks as an OR with a
95% confidence interval (CI). A P value below 0.05 was consid-
ered to indicate statistical significance. All statistical analyses
were performed with SPSS Statistics Desktop Version 22.0 (IBM,
Armonk, New York, USA).

Fig.1 Based on their location, the Mallory-Weiss tears were divided into three groups according to Zeifer’s classification: group I, lacerations only in the
esophagus (a); group II, lacerations limited to the stomach (b); group III, lacerations extending from the esophagus across the cardia into the stomach (c).
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Results
!

Patient profiles
In the period between August 2003 and September 2013, 217 pa-
tients received a diagnosis of MWT; of these, 190 were finally en-
rolled in this study and 27 were excluded because their mucosal
lacerations could not be assessed on endoscopic images. Of the
190 patients, 135 were male and 65 were female, for a male-to-
female ratio of 2.1:1, and their age (mean±SD) was 66.7±16.1
years (range 7–94). Co-morbidities in the enrolled patients in-
cluded malignant disease (n=46), peptic ulcer (n=30), liver dis-
ease (n=17), heart disease (n=8), and cerebrovascular disease
(n=6). Oral antiplatelet drugs and/or anticoagulants were admi-
nistered to 32 patients (16.8%). Of the 140 patients noted to have

an alcohol drinking habit, 55 (39.3%) were regular drinkers and 4
had a history of chronic alcoholism.

Etiology
In 100 of the patients (52.6%), lacerations developed during
endoscopic procedures as an iatrogenic adverse event. During
the study period, 25,549 endoscopic examinations were per-
formed at our institution. Of the 100 cases of iatrogenic MWT,
most (n=82) occurred during diagnostic endoscopy rather than
therapeutic endoscopy (n=18) (●" Table 1). The incidence of
MWT for each endoscopic procedure is shown in●" Table 2. The
incidence of MWT during therapeutic endoscopy, especially ESD,
was much higher than the incidence during diagnostic endos-
copy, as previously reported [5–7]. There were no significant as-
sociations between the incidence of MWT and endoscopic exper-

Fig.2 Definition of circumferential distribution at
the esophagogastric junction as shown by endos-
copy. Representative endoscopic images for the
evaluation of circumferential distribution are shown
in an upper gastrointestinal model. The 3-o’clock
position (red closed circle) was defined as the right
lateral wall of the esophagus aligned with the lesser
curvature of the stomach, as indicated by the white
lines. a Esophagogastric junction. b Cardia. c Stom-
ach (view looking down). d Stomach (reversed
view). A, anterior wall; P, posterior wall; R, right
lateral wall; L, left lateral wall.

Table 1 Etiology of Mallory-
Weiss tears.

n %

Related to endoscopic procedure 100 52.6

Diagnostic endoscopy

EGD 74 38.9

ERCP 4 2.1

EUS 3 1.6

Upper DBE 1 0.5

Therapeutic endoscopy

ESD 11 5.8

ERCP 5 2.6

EMR 1 0.5

EVL 1 0.5

Other causes 90 47.4

Vomiting 44 23.2

Coughing 1 0.5

No preceding history of vomiting 45 23.7

Total 190 100

EGD, esophagogastroduodenoscopy; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound; DBE, double-
balloon enteroscopy; ESD, endoscopic submucosal dissection; EMR, endoscopic mucosal resection; EVL, endoscopic variceal ligation.
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tise (data not shown). As for patient position, ERCP and double-
balloon enteroscopy (DBE) were performed with the patient in a
prone position, whereas others, including esophagogastroduode-
noscopy (EGD) and ESD, were performedwith the patient in a left
lateral decubitus position (●" Table 3). In all patients undergoing
ERCP, endoscopic ultrasonography (EUS), DBE, ESD, endoscopic
mucosal resection (EMR), or endoscopic variceal ligation (EVL),
sedation was administered with intravenous midazolam. Most
of the patients undergoing EGD did not receive sedation (n=69),
but 5 patients did request and receive sedation. Because the
number of patients in a prone position was small (n=10), the
relationship between patient position and risk for MWT could
not be evaluated.

The remaining 90 patients presented to our emergency unit with
hematemesis, and MWTwas diagnosed based on endoscopic in-
spection. The incidence of MWT was 9.3% in all patients with
acute upper gastrointestinal bleeding during this period. Half of
the patients (n=45) did not have a preceding history of retching
or vomiting, and there were 13 with alcohol-induced vomiting.
The clinical and endoscopic characteristics of the patients with
and without iatrogenic MWT are shown in●" Table 4. The mean
agewas significantly higher in the patients with iatrogenic MWT.
Most patients had a single laceration, and multiple lacerations
were rare among the patients with iatrogenic MWT (P=0.02). Lo-
calized gastric lesions were more frequent in the patients with
endoscopic procedure-related MWT, whereas esophagogastric
lesions were more frequent in the patients with other types of
MWT (P<0.001). Lacerations tended to be located in the right lat-
eral wall (2– to 4-o’clock position) in both the patients with ia-
trogenic MWT and those with MWTof other causes (●" Fig.3).

Characteristics of Mallory-Weiss tears
MWTsweremost frequently located in the stomach (84.7%), with
only 15.3% (n=29) located in the esophagus (●" Table 5). The
presence of atrophic gastritis or a hiatal herniawas not associated
with MWT location.
The circumferential distribution of mucosal lacerations in each
group was assessed (●" Fig.4). A total of 243 lacerations were
found in 190 patients. MWTs were frequently located in the right
lateral wall (2– to 4-o’clock position) in group I (esophagus). Like-
wise, the location of most tears in group II (stomach) and group
III (esophagus-stomach) was the lesser curvature (3-o’clock posi-
tion), indicating that mucosal lacerations occurred mainly in the
right side of the esophagus aligned with the lesser curvature of

Table 2 Incidence of Mallory-Weiss tears (MWTs) during endoscopic proce-
dures.

Endoscopic

procedure

Total number

of cases

Cases with

MWTs, n

Incidence, %

EGD 21060 74 0.35

ERCP 1873 9 0.48

EUS 1717 3 0.17

Upper DBE 40 1 2.50

ESD 424 11 2.59

EMR 303 1 0.33

EVL 132 1 0.76

Total 25 549 100 0.39

EGD, esophagogastroduodenoscopy; ERCP, endoscopic retrograde cholangio-
pancreatography; EUS, endoscopic ultrasound; DBE, double-balloon enteroscopy;
ESD, endoscopic submucosal dissection; EMR, endoscopic mucosal resection; EVL,
endoscopic variceal ligation.

Table 3 Conditions associated with Mallory-Weiss tears (MWTs) during endoscopic procedures.

Endoscopic procedure Patients with MWT Patient position Sedation with midazolam,

n

Median time (range), min

EGD 74 Left

Screening 57 Left 0 10 (3–24)

Further examination 17 Left 5 32.5 (9–75)

ERCP 9 Prone 9 59 (25–90)

EUS 3 Left 3 55 (26–63)

Upper DBE 1 Prone 1 49

ESD 11 Left 11 112 (33–368)

EMR 1 Left 1 60

EVL 1 Left 1 6

Total 100

EGD, esophagogastroduodenoscopy; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound; DBE, double-balloon enteroscopy; ESD, endoscopic
submucosal dissection; EMR, endoscopic mucosal resection; EVL, endoscopic variceal ligation

Table 4 Characteristics of patients with Mallory-Weiss tears.

Patients with tears related to endoscopic

procedure (n=100)

Patients with tears with other causes

(n=90)

P value

Age, mean ± SD, y 69.2 ±14.7 64.0 ± 16.8 0.02

Male, n (%) 65 (65.0) 70 (77.8) 0.05

Regular drinker, n (%) 26 (26.0) 29 (32.2) 0.07

Antithrombotic drug, n (%) 13 (13.0) 19 (21.1) 0.65

Atrophic gastritis, n (%) 58 (58.0) 47 (52.2) 0.54

Hiatal hernia, n (%) 52 (52.0) 55 (61.0) 0.18

Multiple lacerations, n (%) 15 (15.0) 26 (28.9) 0.02

Length, mean ± SD, cm 0.9± 0.6 0.9 ±0.6 0.99

Location (esophagus/stomach/both) 16/67/17 13/36/41 < 0.001

SD, standard deviation.
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the stomach. Next, we focused on the relationship between the
MWT location and the presence of hiatal hernia. The frequency
of hiatal hernia was not associated with the MWT location (●" Ta-
ble 5). In addition, the circumferential distribution of MWT did
not differ significantly between the group with and the group
without hiatal hernia (data not shown).

Clinical course
Approximately 70% of the patients (n=130) were managed con-
servatively without undergoing any endoscopic hemostatic pro-
cedures, whereas endoscopic hemostasis was performed in the
other 60 patients. The modalities used to achieve endoscopic he-
mostasis included hemoclip placement, saline plus epinephrine
injection, argon plasma coagulation, thrombin spray, and place-
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Fig.3 Circumferential distribution of Mallory-
Weiss tears in patients (a) with and (b) without
endoscopic procedures. Mallory-Weiss tears were
frequently located in the right lateral wall (2- to
4-o’clock position) at the esophagogastric junction
in both groups. A, anterior wall; P, posterior wall;
R, right lateral wall; L, left lateral wall.
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(esophagus-stomach). Mucosal lacerations were frequently located in the right lateral wall (2- o 4-o’clock position) at the esophagogastric junction in all
groups. A, anterior wall; P, posterior wall; R, right lateral wall; L, left lateral wall.

Table 5 Characteristics of Mallory-Weiss tears.

Location of Mallory-Weiss tear P value

I, esophagus (n=29) II, stomach (n=103) III, esophagus-stomach (n=58)

Age, mean± SD, y 64.7 ±16.1 69.4 ± 15.5 62.9 ± 16.7 0.02

Male, n (%) 20 (69.0) 67 (65.0) 48 (82.8) 0.06

Atrophic gastritis, n (%) 13 (44.8) 58 (56.3) 34 (58.6) 0.27

Hiatal hernia, n (%) 14 (48.3) 57 (55.3) 36 (62.0) 0.39

Multiple lacerations, n (%) 4 (13.8) 15 (14.6) 22 (37.9) < 0.01

Laceration length, mean± SD, cm 0.77 ±0.53 1.0 ± 0.71 0.91 ± 0.53 0.11

SD, standard deviation.
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ment of a Sengstaken–Blakemore tube (●" Table 6). Only 11 pa-
tients (5.8%) required a blood transfusion, 3 of whom had iatro-
genic WMT and 8 of whom had WMTwith other causes. Recur-
rent bleeding during the same hospital staywas observed in 6 pa-
tients (3.2%). No patient required surgical treatment, and none
had a fatal outcome.
When the risk factors for requiring a blood transfusion were in-
vestigated, the absence of a hiatal hernia, a longer laceration, and
a lesion extending from the esophagus to the stomach were
found to be statistically significant on univariate analysis. In mul-
tivariate analysis, a longer laceration (OR 2.3, 95%CI 1.1–5.1) and
a lesion extending from the esophagus to the stomach (OR 5.3, 95
%CI 1.4–19.9) remained significant risk factors.

Discussion
!

The occurrence of MWT during an endoscopic examination as an
iatrogenic adverse event has been increasingly recognized over
the past decade. Both diagnostic and therapeutic endoscopy ex-
aminations are known as possible causes of MWT. In the present
study, 11 cases of MWTwere found in a total of 424 patients un-
dergoing ESD, for an incidence of 2.59%, which is approximately
7-fold higher than the incidence during standard diagnostic
endoscopy procedures (0.35%). Kawano et al. reported a similar
incidence of MWT (3.4%) during ESD procedures [19]. That study
suggested that a low body mass index (BMI) (<18.5) is a risk fac-
tor for endoscopy-related MWT because patients with a low BMI
may be more strongly affected by air insufflation and excessive
pushing of the scope during the procedure. Recently, insufflation
with carbon dioxide (CO2) during gastric ESD has been increas-
ingly used to avoid adverse events, but its use to reduce the fre-
quency of MWT during ESD remains controversial [10,20]. Ad-
justment of the intragastric pressure during ESD may be more
useful and effective to avoid this kind of adverse event [21].
Non-iatrogenic MWTs accounted for 9.3% of the cases of acute
upper gastrointestinal bleeding during the study period. These
findings are comparable with those of previous reports [1,3],
which together suggest that the frequency of MWT in patients
with acute upper gastrointestinal bleeding has not changed over
the past decade; however, the proportion of cases caused by alco-
hol abuse in this study was significantly lower than that in pre-
vious studies [16,22]. According to a Japanese national health
and nutrition examination survey, alcohol consumption has not
changed over the past decade. On the other hand, the prevalence
of Helicobacter pylori infection has decreased significantly over
recent decades in Japan as a consequence of improved sanitation
and the reduced chance of infection during childhood [23]. In ad-

dition, H. pylori eradication therapy for atrophic gastritis has
been approved by the Japanese health insurance regulating com-
mittee. The decrease in H. pylori infection is related to a decrease
in peptic ulcer disease and bleeding ulcers. Therefore, MWT still
remains a common cause of acute upper gastrointestinal bleed-
ing despite the decrease in alcohol consumption-related MWT.
In the present study, consistent with previous reports, MWTs, ir-
respective of cause, were most frequently located in the lesser
curvature of the stomach and the right lateral wall (2- to 4-
o’clock position) of the esophagus, which are coaxial positions.
Although the mechanism of MWT that occurs at these circumfer-
ential positions has not been clarified, it appears to be closely
associated with the anatomical and physiologic properties of the
EGJ. The EGJ is a complex valvular structure that controls bolus
entry into the stomach and gastric reflux into the esophagus.
Among the components of EGJ function, the lower esophageal
sphincter (LES) is an important anti-reflux barrier. The LES is not
a muscular ring; rather, it is anatomically represented by a com-
bination of gastric sling fibers and semicircular clasp fibers. Mus-
cle thickness at the EGJ is greatest toward the side of the greater
curvature, corresponding to the gastric oblique fibers, and least
toward the side of the lesser curvature, corresponding to the
semicircular fibers [24,25].
External compression by surrounding organs, such as the dia-
phragm, aorta, and fornix of the stomach, is another important
factor related to EGJ function. Intraluminal manometry has
helped to reveal EGJ physiology, and previous reports have indi-
cated that circumferential intraesophageal pressure at the LES is
asymmetric–highest at the left posterior side and lowest at the
right anterior wall [26]. Collectively, the asymmetric LES pressure
produced by the combination of intrinsic contractions of the cir-
cular muscle layer of the LES and extramural compression is
thought to result in the asymmetric circumferential distribution
of various diseases occurring in the area of the EGJ.
Indeed, we reported that distal esophageal lesions, such as muco-
sal breaks in low grade reflux esophagitis, tongue-like short-seg-
ment Barrett's esophagus, and Barrett's esophagus-associated
neoplasia, were most frequently found in the right side of the dis-
tal esophagus [12,13,15]. Moreover, our initial findings were
soon confirmed by studies conducted later in Western countries
[27,28]. The predominantly right-sided distribution of these dis-
eases may be due to a longer period of acid exposure of the right
lateral wall of the esophagus, caused by asymmetric LES pressure
generated by the thinner right wall of the distal esophagus [29].
Such asymmetric LES pressure may also cause the occurrence of
MWT predominantly in the right lateral wall of the EGJ. In addi-
tion, mucosal fragility caused by persistent gastric acid reflux at
the right lateral wall may decrease resistance to an abrupt rise in
intraesophageal pressure [30]. Awareness of the tendency of le-
sions to form in the right lateral wall in the area of the EGJ can
help clinicians to detect lesions within a shorter observation
time during endoscopic procedures.
In addition to the circumferential distribution and location of
MWTs, we assessed the risk factors for a complicated course in
patients with MWT. Because no patient required surgical treat-
ment and none had a fatal outcome, we defined a complicated
clinical course as one in which a blood transfusion was required.
Consistently, a longer laceration (OR 2.3) and a lesion extending
from the esophagus to the stomach (OR 5.3) remained significant
risk factors in multivariate analysis. It is important to note that
etiology (iatrogenic or non-iatrogenic cause) was not associated
with risk for a complicated course. With all these factors consid-

Table 6 Treatment of Mallory-Weiss tears.

Treatment n (%)

Conservative management 130 (68.4)

Endoscopic hemostasis 60 (31.6)

Hemoclip placement 41 (21.6)

Hemoclip placement + thrombin spray 9 (4.7)

Thrombin spray 8 (4.2)

Argon plasma coagulation 1 (0.5)

Hemoclip placement + SB tube + saline + epinephrine
injection

1 (0.5)

Total 190 (100)

SB tube, Sengstaken – Blakemore tube.
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ered together, an endoscopic hemostatic procedure, such as the
placement of a hemoclip, should be considered when a longer la-
ceration extending from the esophagus to the gastric cardia is
found, irrespective of etiology.
There are some limitations to the present findings. This was a ret-
rospective study conducted at a single tertiary referral center,
which is also an educational and training facility. Furthermore,
the circumferential directions of the esophageal and gastric le-
sions were determined in a retrospective manner based on re-
corded endoscopic photographs. Despite these shortfalls, our re-
sults show the recent trend of MWTs and provide useful informa-
tion regarding their endoscopic features. The risk factors for the
development of iatrogenic MWTs in each type of endoscopic pro-
cedure should be clarified in more detail in the future.
In summary, MWTs were frequently found in the right lateral
wall (2- to-4 o’clock position) of the esophagus aligned with the
lesser curvature of the stomach, irrespective of etiology. Longer
lacerations extending from the esophagus to the gastric cardia
were associated with a higher risk of bleeding and requirement
for blood transfusion.

Competing interests: None
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