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Abstract: Background: Gastric volvulus (GV) is a life-threatening emergency condition that prompts
emergent surgical management. With the advent of high-resolution computed tomography (CT),
the role of radiologists in its diagnosis has become essential. Although many cases of GV have
been described in the literature, its pathophysiology is still poorly understood. In addition, there is
substantial terminological confusion with associated entities such as paraesophageal hernia, upside-
down stomach, organo-axial or chronic GV. Methods: We conducted a retrospective review of
clinical, radiological findings and other relevant data for seven patients with previous radiological
diagnoses of a large hiatus hernia who presented with acute GV to the emergency department of our
institution. We report data on age, sex, medical history, clinical presentation, imaging, treatment and
outcomes for each case. Results: The CT findings at acute presentation showed the antrum lying
above the diaphragm and dilated fundus below the diaphragm. By comparing the position of the
stomach at acute presentation with previous imaging examinations, we confirmed a hypothesis put
forward by a few authors decades ago that re-herniation of the gastric fundus into the abdomen is a
common pathophysiologic trigger leading to acute GV. This hypothesis has not been supported by
modern imaging examinations. Conclusions: We have provided imaging evidence supporting that the
pathophysiology of many GVs is based on caudal re-descent of hiatal hernia into the abdominal cavity.
Given the terminological disparity used in the literature in this context, we believe it appropriate to
introduce and extend the term ‘back-and-forth stomach’ to refer to this type of GV.

Keywords: gastric volvulus; computed tomography; back-and-forth stomach; emergency; radiology

1. Introduction

Gastric volvulus (GV) is a rare complication secondary to twisting of the stomach
more than 180◦ around its own axis, either transversally or longitudinally, resulting in a
closed-loop obstruction [1–4]. The first reports of this entity date back to the end of the 19th
century [5]. Since then, numerous case reports and series have been published, contributing
to a better understanding of GV. Although sociodemographic data are limited [6], no
significant differences in its incidence have been described in terms of sex or race, and
it is more frequent in the fifth decade of life [2,7–9]. Because the clinical presentation of
GV is nonspecific, imaging examinations are required for appropriate diagnosis. Multi-
detector computerized tomography (MDCT) scanners offer excellent temporal and spatial
resolution with multiplanar reformatting capability, high image quality and diagnostic
reliability. Accordingly, MDCT is currently considered the ‘gold standard’ in the diagnosis
of GV [10,11].

Several classification systems of GV have been described in the literature, emphasizing
different aspects such as the degree of rotation (partial, <180◦ vs. total, >180◦), etiology
(primary vs. secondary), or time from onset of symptoms (acute vs. chronic) [12]. However,
the most relevant classification of GV, which was described as early as 1912 [13] and
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completed in 1940 by Singleton [14,15], is topographic. This classification is based on the
main axis of rotation and differentiates two main types of GV, namely organoaxial and
mesenteroaxial. The former group is more frequent [16] and characterized by a longitudinal
axis of rotation (imaginary line that joins the gastroesophageal and antropyloric junctions),
so that the greater curvature lies above the lesser curvature. The latter group is defined by
rotation around the axial axis of the stomach (imaginary line joining the greater and lesser
curvatures), so that the gastroesophageal junction (GEJ) lies below the gastroduodenal
junction. There is also a less frequent (incidence around 2%) form of GV in which rotation
occurs in both rotational axes [16]. Although the topographic classification is useful,
imaging findings are often confusing and difficult to interpret, leading to over- and under-
diagnosis of GV [6]. Moreover, they provide little information regarding the underlying
pathophysiological mechanism.

In this article, we describe a series of acute GV occurrences diagnosed by CT which
were caused by re-herniation of previous large hiatal hernias (HHs) into the abdomen.
We review patients’ characteristics, imaging findings and the previous literature on the
topic, discuss terminological inconsistencies and review the pathophysiological mechanism
underlying this type of GV.

2. Materials and Methods

An observational study designed from a retrospective case series was conducted at
the Virgen de las Nieves University Hospital (Granada, Spain). We consulted our hospital’s
radiological information system database and reviewed all CT exams in which the radiology
report contained the terms ‘gastric’ or ‘stomach’ and ‘volvulus’. The study period was
from 1 January 2010 to 31 October 2021. Of the total of eligible CT exams (43 studies),
we excluded redundant examinations (i.e., performed on the same patient) and selected
those with prior imaging exams demonstrating an HH. Accordingly, we report the clinical,
radiological findings and other relevant data for seven patients with a previous radiological
diagnosis of large HH who presented with acute GV to the emergency department of our
institution. We report data on age, sex, medical history, clinical presentation, imaging
findings, management and patient outcomes for each case.

CT studies were performed on 16 and 64 MDCT scanners with axial slice thickness of
1 mm. Contrast-enhanced CTs, when performed, were acquired at 60 s with contrast bolus
tracking and flow rates of 4 mL/s.

3. Results

Three of the seven patients with acute GV in our series were women. The mean
age of patients was 70.57 years (standard deviation [SD], 12.38; range, 47–85 years). The
mean time from diagnosis of HH was 4.73 years (SD, 3.23, range, 1 month–10 years),
and these patients were diagnosed with different imaging techniques. Specifically, four
HHs were diagnosed with CT, one with PET-CT, one with barium swallow and one with
conventional radiography (CR). The CT findings at acute presentation showed the antrum
lying above the diaphragm and the gastroesophageal junction (GEJ) and dilated fundus
below the diaphragm in all seven cases (i.e., mesentero-axial according to the topographic
classification of GV) (Figures 1D,E, 2C,D, 3B,C and 4B; Table 1).
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Table 1. Sociodemographic data, hiatal hernia (HH) characteristics and type of acute gastric volvulus
(GV). M, male; F, female; (PET-)CT: (positron emission tomography)-computed tomography; BS: bar-
ium swallow; CR: conventional radiography; WBC, white blood cell; GEJ, gastroesophageal junction.

Case Sex Age History of HH Type of HH Part of the Stomach
Herniated Prior to GV Type of GV

1 M 76 10 years
[symptomatic]

Sliding
[barium swallow] Fundus Mesentero-axial (antrum

above diaphragm and GEJ)

2 M 67 1 month
[incidental] Sliding [PET-CT] Entire stomach Mesentero-axial (antrum

above diaphragm and GEJ)

3 F 69 5 years
[symptomatic] Sliding [CT] Fundus Mesentero-axial (antrum

above diaphragm and GEJ)

4 M 81 7 years
[incidental] Sliding [CT] Entire stomach Mesentero-axial (antrum

above diaphragm and GEJ)

5 M 69 2 years
[symptomatic] Sliding [CT] Entire stomach Mesentero-axial (antrum

above diaphragm and GEJ)

6 F 85 5 years
[symptomatic] Sliding [CT] Entire stomach Mesentero-axial (antrum

above diaphragm and GEJ)

7 F 47 4 years
[incidental] Sliding [CR] At least fundus 1 Mesentero-axial (antrum

above diaphragm and GEJ)
1 In this patient the HH was diagnosed by CR findings; thus, the exact amount of stomach herniated is unknown
(see Figure 1).

Figure 1. (A,B) Chest radiography 3 years prior to acute presentation, posteroanterior and lateral
views. Large retrocardiac round radiolucency containing an air-fluid level, which corresponds
to a sliding hiatal hernia containing the entire stomach. (C) Axial-oblique MPR non-contrast CT
image corroborates the presence of the entire stomach and first duodenal segment (orange arrow) in
the mediastinum. (D,E) Contrast-enhanced at the acute presentation, coronal-oblique MPR views.
Marked dilatation of the stomach and esophagus. The antrum (A) lies above the diaphragm, and the
fundus (F) is herniated through the esophageal hiatus (yellow arrow). Note the hernia neck, dotted
arrow in (E). The antropiloric junction originates from the posterior part of the antrum (bending
arrow in (E) and lies to the right side of the esophageal hiatus. These findings indicate that the fundus,
which was previously located in the mediastinum, re-herniated into the abdominal cavity, triggering
the gastric volvulus. Note the absence of nasogastric tube, which could not be inserted in this patient.
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Figure 2. (A,B) Contrast-enhanced abdominal CT after oral contrast administration 5 years prior to
the acute presentation, coronal and sagittal MPR views. The superior slices of the images show a
hiatal hernia containing the gastric fundus (F). The antrum lies below the diaphragm, and there is
no evidence of the esophagogastreal junction because it lies superiorly and was not included in the
study (sliding hernia). (C,D) Non-contrast chest CT scan, coronal and oblique-coronal MPR views.
The antrum (A) lies above the diaphragm, and the fundus (F) is re-herniated through the esophageal
hiatus (note the hernia neck, dotted arrow). The antropiloric junction originates from the posterior
part of the antrum and lies to the right side of the esophageal hiatus (asterisk). These findings indicate
that the fundus, which was previously located in the mediastinum, re-herniated into the abdominal
cavity, triggering the gastric volvulus. Note the nasogastric tube in the fundus (yellow arrows).

Figure 3. (A) Barium swallow performed 10 years prior to acute presentation, anteroposterior view.
The gastroesophageal junction (white arrow) along with part of the gastric fundus (F) are located
above the diaphragm. These are typical findings of sliding hiatal hernia. (B,C) Contrast-enhanced
abdominal CT image at the acute presentation, coronal-oblique MPR view. Acute gastric volvulus
showing the antrum (A) and fundus (F) above and below the diaphragm, respectively. Note the
nasogastric tube (yellow arrows) at the level of the diaphragm. E, esophagus.
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Figure 4. (A) PET-CT exam performed 1 month prior to the acute presentation, coronal MPR view.
The entire stomach is located in the mediastinum and shows an abnormal position with the lesser
curvature downwards, the antrum (A) in the right side and the fundus (F) in the left side. This has
been referred to as ‘upside-down stomach’, but it is simply an exaggerated form of sliding hiatal
hernia with horizontal rotation of the stomach. Note the presence of retrocrural lymphadenopathies
(circle) related to a previously known patient’s lymphoma. (B) Non-contrast chest CT exam at
the acute presentation, coronal oblique MPR view. The antrum lies above the diaphragm, and the
fundus (F) is herniated through the esophageal hiatus (note the hernia neck, dotted arrow). The
antropiloric junction originates from the posterior part of the antrum and lies to the right side of the
esophageal hiatus (asterisk). These findings indicate that the fundus, which was previously located
in the mediastinum, re-herniated into the abdominal cavity, triggering the gastric volvulus.

As shown in Table 2, all patients except one presented with both severe vomiting
and epigastric/lower chest pain. In three of these patients (42.9%), inability to pass a
nasogastric tube (NT) also occurred (Borchardt’s triad). Laboratory findings showed
significantly elevated white blood cell count (>10,000 cells/µL) in five cases. One patient
was found to have a significantly decreased WBC count (<4500 cells/µL), but this was
judged to be due to a known diagnosis of lymphoma. Regarding complications, CT findings
demonstrated stomach microperforation in three cases, always involving the fundus, with
associated gastric wall pneumatosis in one of them. These findings were confirmed in
subsequent emergency surgery. In fact, all patients were surgically managed, with complete
or partial stomach resection being required in three patients. Five patients survived and
remain asymptomatic to date (mean, 21.4 months; SD, 11.82; range, 7–36 months), one
patient died during the postoperative period and another patient died 7 months later due
to unrelated reasons.
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Table 2. Clinical and laboratory parameters at acute presentation, complications and associated findings on imaging, treatment and outcomes of patients in our
series. GV, gastric volvulus; LDH, lactate dehydrogenase; WBC, white blood cell; CRP, C-reactive protein; bpm, beats per minute; NG, nasogastric tube.

Case Clinical Presentation (GV) Blood Test Workup (GV) Complications of GV Relevant Associated
Findings Treatment Outcome

1
Dark vomits, abdominal pain, food
and fluids intolerance, dehydration,

tachycardia [100 bpm]

WBC count [16,700/µL],
CRP [12.0 mg/L],
LDH [968 U/L]

Microperforation of fundus - Surgery [partial resection +
fundoplication]

Died during post-operative
period

2

Abdominal and lower chest pain,
nausea and vomiting, fever

[38.5 ◦C], inability to pass NG tube
(Borchardt’s triad)

WBC count [660/µL],
CRP [41.4 mg/L],
LDH [542 U/L]

- Lymphadenopathies
(lymphoma)

Surgery [partial resection +
fundoplication]

Alive (died 7 years later due
to lymphoma)

3 Abdominal and lower chest pain,
severe vomiting

WBC count [12,370/µL], CRP
[46.9 mg/L],

K+ [3 mEq/L]
- Prostatic tumor Surgery [fundoplication +

cardioplasty] Alive (4 years follow-up)

4

Intense abdominal pain, severe
vomiting, tachycardia [150 bpm],

signs of peritonitis, inability to pass
NG tube (Borchardt’s triad)

WBC count [18,730/µL],
CRP [2.7 mg/dL]

Lactic acid [69.6 mg/dL]
K+ [2.9 mEq/L]

Gastric pneumatosis and
microperforaation of fundus

Splenic laceration, left
hernioplasty

Surgery [partial resection +
fundoplication + cardioplasty +

splenectomy]
Alive (2 years follow-up)

5
Abdominal pain, severe vomiting,
inability to pass nasogastric tube

(Borchardt’s triad)

WBC count [14,980/µL],
CRP [13 mg/L] - - Surgery [cardioplasty +

fundoplication + jejunostomy] Alive (3 years follow-up)

6 Dark vomits, food and fluid
intolerance, tachycardia [100 bpm]

WBC count [9,070/µL],
LDH [286 U/L] - - Surgery [cardioplasty +

fundoplication] Alive (2 years follow-up)

7 Abdominal pain, vomitting, mass in
left hypochondrium

WBC count [21,670/µL]
CRP [35 mg/L]
K+ [2.2 mEq/L]
Cl− [76 mEq/L]

Microperforation of fundus - Surgery [Hernia repair +
fundoplication] Alive (3 years follow-up)
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4. Discussion

Despite the more than 300 cases of GV that have been published in the literature [12]
and the significant improvement of imaging techniques in recent decades, the pathophysi-
ology of GV has not been fully elucidated [17]. One of the main problems motivating this
poor understanding of GV is terminological inconsistencies and overlapping entities that
are frequently confused, even by imaging experts. In fact, careful reading of the available
literature reveals several misconceptions related to (i) the role of paraesophageal hernia
(PH) in the pathophysiology of GV; (ii) the concept of an upside-down stomach; and (iii) the
imaging findings that allow the diagnosis of the type of GV described in this series (i.e.,
back-and-forth stomach). Therefore, it is worth discussing some of these points in the light
of the imaging findings of our series.

4.1. Pathophysiology of Acute Gastric Volvulus
4.1.1. Association between GV and PH

In our series, all cases of GV originated from HHs containing the gastric fundus or the
entire stomach. This is contradictory to previous reports, which have consistently reported
that most GV cases are associated with PHs [16,18–20]. Despite the presumed importance
of this type of hernia in the pathophysiology of GV, there are very few insights on this
aspect in recent literature. Paradoxically, excellent descriptions on the role of PH in GV
can be found in old works by Culver [21] and by Gerson and Lewicki [22]. The former
wrote an exhaustive description on the process that leads to GV through a case series of
four patients with identical mechanisms. According to Culver, PH in GV develops through
a diaphragmatic defect that is contiguous but not continuous with the esophageal hiatus.
Herniation of the cardias into the chest through the said defect would result in the fundus
and antrum eventually being located in the thoracic cavity. Re-herniation of the antrum
into the abdomen through the diaphragmatic defect would then cause a space compromise,
leading to GV after peristaltic movements originating from the herniated antrum. Although
this theory reproduces a plausible mechanism based on the imaging findings of our series,
no diaphragmatic defect was observed in any of our patients, neither during imaging
examinations nor intraoperatively. Thus, Culver’s theory is not fully supported by the
findings present in our series.

Twelve years after the study by Culver, Gerson and Lewicki [22] shed more light on
this topic. They published a series including two cases through which they elucidated
the more likely pathophysiologic mechanism involved in GV, namely subdiaphragmatic
redescent of the fundus with fundic distension and crowding of the hernial orifice. To our
knowledge, this is the only existing publication in which the pathophysiologic theory of
GV is supported by consistent imaging examinations. However, it should be noted that
all imaging exams used by these authors were based on barium swallow studies (i.e., not
multiplanar imaging), and that they did not provide information on the type of HH before
the acute presentation. Remarkably, these authors did not make the mechanism underlying
GV contingent upon PH.

The question arises: why is PH so frequently associated with GV? PH is defined
by stomach herniation with the gastroesophageal junction (GEJ) remaining in its normal
anatomical position (i.e., the gastric fundus herniates into the mediastinum) [23]. Although
not explicit in this definition, it is virtually assumed that the GEJ never moved from its
normal location. However, in the case of a caudal re-herniation of a previously herniated
stomach, the GEJ is pulled downward, mimicking a PH. This explains the common misin-
terpretation of previously published series and is supported by the imaging findings in our
series, in which all cases of GV occurred in previous sliding (i.e., not paraesophageal) HHs.

Despite the illustrative and pedagogical nature of the studies by Culver and by Gerson
and Lewicki, the underlying mechanisms of GV seem to have had no significant impact
on the current understanding of GV. In fact, very few publications have discussed this
theory and only in a marginal manner (e.g., [22]). Nevertheless, when analyzing images
presented in most publications reporting GVs, it seems that this mechanism is fairly
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common. Finally, we would like to emphasize that, regardless of the type of HH associated
with GV, the development of the latter mainly depends on the lack of sufficient abdominal
anchorage of the stomach. This point has been largely discussed in previous works, which
highlighted that the stomach is a highly mobile organ whose mobility increases when the
supporting ligaments become loose or detached, initiating a cascade of events that may
lead to GV [15,24].

4.1.2. Terminological Inconsistencies: Upside-Down Stomach, Chronic GV, Organoaxial GV

On the other hand, we would like to emphasize another controversial issue which
concerns the concept of ‘upside-down stomach’ (UDS). Some of the sliding HHs that were
present in our series would correspond to UDSs according to the definitions given by
some authors, since there was a complete stomach herniation in the mediastinum with
an inverted position of the lesser and greater curvatures. However, in our opinion, the
term UDS has been used in a particularly inconsistent manner in the literature, being
frequently interchanged with other terms, including ‘chronic GV’, ‘organoaxial GV’, and
even ‘paraesophageal hernia’. For instance, Umemura et al. [23] pointed out that the UDS
is usually caused by organoaxial volvulus, referencing a study by Gryglewski et al. [25],
in which they present a case of ‘incarcerated UDS’ that is quite reminiscent of the cases
in our series. According to some authors, UDS is a type of mixed (i.e., type 3) HH, whilst
for others it is a different type of hernia [26]. Other authors have described it as a ‘type
of large paraesophageal hernia’ [27]. In the above-mentioned article by Umemura et al.
it is stated that organoaxial volvulus ‘is often called UDS’. Similarly, al Daoud et al. [19]
stated that ‘paraesophogeal hernias (. . . ) show up as an inverted stomach’, which coincides
with the description by Carter et al., who refer to PH directly as UDS [15]. To top it all off,
some authors have discussed the concept of ‘chronic GV’ and have posed the debate on
whether chronic intrathoracic VG is -an end-stage of the evolution of a sliding hernia or an
extension of a true type II paraesophageal hernia’, which remains unresolved to date [28].
For these reasons, we classified all patients in our series as having sliding hiatal hernias,
regardless of the degree of torsion in their thoracic cavity.

These are just but a few examples that illustrate the obvious terminological inconsisten-
cies and heterogeneous definitions of these concepts. However, beyond the terminological
debates, one might wonder: should the finding of an entire herniated stomach result in
surgical correction to prevent the development of GV? In this regard, radiologists should
be aware of current controversies regarding the management of large HHs. It is crucial to
distinguish between symptomatic PH and asymptomatic or minimally symptomatic HH.
According to Collet et al. [29], only patients with symptomatic hernias should undergo
surgery, and prophylactic repair to prevent acute incarceration should only be undertaken
in patients younger than 75 in good condition. In addition, authors such as Andolfi et al. [30]
have suggested that asymptomatic patients younger than 50 should also be considered
for surgery, provided that a comprehensive review of the risks, benefits and alternatives
available is thoroughly discussed with the patients. In conclusion, current opinions seem
to advocate offering elective surgery to all symptomatic patients and to asymptomatic
individuals at low operative risk. Nevertheless, more studies are needed to address the
unanswered questions regarding the optimal management of large PHs [31].

4.1.3. Pathophysiology of GV: The ‘Back-and-Forth Stomach’

Based on the previous literature and on the imaging findings in our series, we propose
a simplified mechanism explaining the development of GV from an HH. First, a sliding
HH originates (Figure 5A), which progressively increases in size until it includes a large
part or all of the stomach (including the antrum) in the thorax (Figure 5B,C). At this site
it usually undergoes an axial rotation, predisposing the fundus to re-herniate into the
abdomen, although horizontal rotation is not always present. Finally, there is a downward
re-herniation of the fundus into the abdominal cavity through the esophageal hiatus,
giving rise to obstruction due to inability to drain its content, and thus triggering acute
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GV (Figure 5D). The re-herniation of the fundus could be secondary to a sudden increase
in intrathoracic pressure. It is logical to think that the three cases in our series in which
an HH containing only the fundus was demonstrated probably evolved into a hernia
containing the entire stomach since the antrum was located above the diaphragm in the
acute presentation. In fact, the mean time from diagnosis of HH to the development of GV
was similar in the group of patients in whom the hernia was demonstrated to contain only
the fundus (x = 6.3 years, SD = 3.1) in comparison with those containing the entire stomach
(x = 3.5 years, SD = 3.1). This supports the hypothesis that patients with HH containing
the fundus eventually developed a complete HH prior to the development of GV, but this
should be confirmed in future studies.

Figure 5. Diagram of the stages leading to the ‘back-and-forth’ stomach. (A) Normal stomach. (B) A
portion of the cardias/fundus slides upwards into the mediastinum, leading to a sliding hiatal hernia,
which increases progressively over time to eventually include most or all of the stomach in the
mediastinum (including the antrum). (C) The entire stomach is located in the mediastinum and
may rotate horizontally, predisposing the fundus to re-herniate into the abdomen. (D) A downward
re-herniation of the fundus into the abdominal cavity through the esophageal hiatus occurs; the
antrum normally lies above the diaphragm. The inability of the fundus content to be drained through
the hernia neck leads to acute obstruction, i.e., gastric volvulus.

This pathogenesis gives rise to a highly specific CT semiology, characterized by the
presence of the antrum lying above the diaphragm and the fundus below (usually dilated
in the absence of NGT aspirate). We believe that these findings should be interpreted
unequivocally as a sign of GV in the clinical context of acute epigastric or low chest pain.

4.2. Clinical Features, Laboratory Abnormalities and Outcomes of GV in Our Series

Regarding the presenting symptoms, these depend on the rapidity of onset, degree
of gastric rotation, amount of obstruction and final position of the stomach [1,8,12,32–34].
Our series is in agreement with previous studies [9,35], with epigastric or lower thoracic
abdominal pain associated with vomiting being the most frequent clinical presentation and
common in all cases. Borchardt’s triad, which includes the inability to pass the NGT, was
found in three cases (42.9%), a significantly lower percentage than that described in classic
series (70%) [7]. This could suggest that this type of GV allows better passage of the NGT
than other subtypes and is in agreement with previous studies [21].

Abnormalities in blood parameters described in the literature are very broad and var-
ied, and they include elevated aldolase, CK [36], amylase, alkaline phosphatase (secondary
to a kinking of the common bile duct when the duodenum is rotated) [37] and elevated
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white blood cell count [21]. The findings in our series show leukocytosis with neutrophilia
and discrete increase in CRP values in all cases.

Regarding patient management, all cases in our series were treated surgically by
laparotomy, gastropexy and/or partial resection of the stomach, with or without fun-
doplication. These procedures represent the most traditional management of the acute
episode [30,34], although other techniques have been described (e.g., gastrojejunostomy,
Opolzer’s procedure, Tanner’s procedure) [20]. Endoscopic decompression and gastros-
tomy, described in elderly [1] and high-surgical-risk [38] patients as a conservative method
of management, was not performed in any of our patients. Of note, these conservative
strategies are not without risk since there is a significant risk of perforation [7], and cases
of GV have even been reported in patients with gastrostomy [9,39]. All the approaches
were performed by laparotomy, although the use of laparoscopy has been described in
the literature since 2004 [40] in high-risk elderly patients [37,38], and successful outcomes
have been reported using endoscopic techniques [41]. Currently, some authors consider it a
safe and acceptable approach [34]. Finally, mortality associated with acute GV is variable.
Classic series report mortality rates of 30–50% [18], while more recent series estimates are
around 15–20% [28]. In our series, only one of the patients died during the postoperative
period, which makes up 14.2% mortality, in agreement with mortality estimates.

4.3. Limitations

This study has several limitations. First, it is retrospective in nature; thus, it is possible
that some data regarding clinical presentation were not collected, and some previous
imaging studies do not optimally show the type of HH. In addition, we lack imaging
correlates of the entire stomach being herniated into the thorax prior to GV in three patients.
However, imaging findings at acute presentation were analogous in all patients, and the
time from diagnosis of HH to development of GV was longer in patients with fundus-only
HH compared to entire-stomach HH. These observations support the hypothesis that the
underlying mechanism of GV is shared by all patients in our study. Another limitation
concerns the small sample size, which limits the generalizability of our conclusions despite
the specificity of the findings. Finally, no histologic information of the surgical specimens
was available, which would have allowed us to better correlate the ischemic findings seen
on CT. The main strength compared to previous studies is the possibility of having previous
imaging studies that allow us to demonstrate the proposed pathophysiological mechanism.

5. Conclusions

We have presented a series of cases of GV that confirms a theory that was proposed
more than half a century ago but which has been largely ignored in subsequent publications.
In addition, a number of overlapping entities and the inconsistent use of terminology has
generated much confusion in the understanding of GV.

The pathophysiological mechanism that underlies these types of GV is the following:
first, a sliding HH occurs, which progressively increases until it includes a large part or all
of the stomach in the mediastinum. Then, the stomach rotates horizontally, predisposing
the fundus to re-herniate to the abdomen. Finally, there is a caudal re-herniation of the
fundus, triggering GV. This mechanism is reflected by a highly specific CT semiology,
characterized by the presence of the antrum above the diaphragm and the fundus below.
These findings should be interpreted unequivocally as a sign of GV in the clinical context
of acute pain.

Given the terminological discrepancies in the literature, we believe it is appropriate
to introduce and extend the term ‘back-and-forth stomach’ in view of imaging findings
reflecting the above-explained mechanism. Further research is needed to determine the
specificity of this presentation of GV in terms of symptoms, diagnosis, complications
and management.



Tomography 2022, 8 255

Author Contributions: Conceptualization, A.J.L.R.-B. and E.R.C.; methodology, A.J.L.R.-B.; formal
analysis, A.J.L.R.-B.; investigation, A.J.L.R.-B. and E.R.C.; resources, A.J.L.R.-B.; data curation, A.J.L.R.-
B.; writing—original draft preparation, A.J.L.R.-B.; writing—review and editing, E.R.C.; visualization,
M.D.R.C.; supervision, E.R.C.; project administration, A.J.L.R.-B. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of the Virgen de las Nieves
University Hospital (code: 2101-N-21).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data related to the case series presented in this article are available
from the corresponding author upon reasonable request.

Acknowledgments: The authors are grateful to Ferrer Soriano (Virgen de las Nieves University
Hospital) and Rivera Izquierdo (University of Granada) for his valuable assistance in the external
review of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Okeny, P.K.; Abbassi, O.; Warsi, A. Second-look laparostomy for perforated gangrenous gastric volvulus to prevent total

gastrectomy. BMJ Case Rep. 2018, 2018, bcr2017223060. [CrossRef] [PubMed]
2. Rashid, F.; Thangarajah, T.; Mulvey, D.; Larvin, M.; Iftikhar, S.Y. A review article on gastric volvulus: A challenge to diagnosis

and management. Int. J. Surg. 2010, 8, 18–24. [CrossRef] [PubMed]
3. Peterson, C.M.; Anderson, J.S.; Hara, A.K.; Carenza, J.W.; Menias, C.O. Volvulus of the gastrointestinal tract: Appearances at

multimodality imaging. Radiographics 2009, 29, 1281–1293. [CrossRef]
4. Millet, I.; Orliac, C.; Alili, C.; Guillon, F.; Taourel, P. Computed tomography findings of acute gastric volvulus. Eur. Radiol. 2014,

24, 3115–3122. [CrossRef] [PubMed]
5. Berti, A. Singolare attortigliamento dell’esofago col duodeno sequito da rapida morte. Gazz. Med. Ital. 1866, 9, 139–141.
6. Mazaheri, P.; Ballard, D.H.; Neal, K.A.; Raptis, D.A.; Shetty, A.S.; Raptis, C.A.; Mellnick, V.M. CT of gastric volvulus: Interobserver

reliability, radiologists’ accuracy, and imaging findings. Am. J. Roentgenol. 2019, 212, 103–108. [CrossRef]
7. Chau, B.; Dufel, S. Gastric volvulus. Emerg. Med. J. 2007, 24, 446–447. [CrossRef]
8. Verde, F.; Hawasli, H.; Johnson, P.T.; Fishman, E.K. Gastric volvulus: Unraveling the diagnosis with MPRs. Emerg. Radiol. 2019,

26, 221–225. [CrossRef]
9. Cavanagh, Y.; Carlin, N.; Yuridullah, R.; Shaikh, S. Acute Gastric Volvulus Causing Splenic Avulsion and Hemoperitoneum. Case

Rep. Gastrointest. Med. 2018, 2018, 2961063. [CrossRef]
10. Coulier, B.; Ramboux, A. Acute obstructive gastric volvulus diagnosed by helical CT. JBR-BTR 2002, 85, 43.
11. Singham, S.; Sounness, B. Mesenteroaxial volvulus in an adult: Time is of the essence in acute presentation. Biomed. Imaging

Interv. J. 2009, 5, e18. [CrossRef] [PubMed]
12. Shivanand, G.; Seema, S.; Srivastava, D.N.; Pande, G.; Sahni, P.; Prasad, R.; Ramachandra, N. Gastric volvulus: Acute and chronic

presentation. Clin. Imaging 2003, 27, 265–268. [CrossRef]
13. Von Haberer, H. Volvulus des Magens bei Carcinom. Dtsch. Z. Chir. 1912, 115, 497–532. [CrossRef]
14. Singleton, A. Chronic gastric volvulus. Radiology 1940, 34, 53–61. [CrossRef]
15. Carter, R.; Brewer, L.A.; Hinshaw, D.B. Acute gastric volvulus. A study of 25 cases. Am. J. Surg. 1980, 140, 99–106. [CrossRef]
16. Wastell, C.; Ellis, H. Volvulus of the stomach a review with a report of 8 cases. Br. J. Surg. 1971, 58, 557–562. [CrossRef] [PubMed]
17. Al-Balas, H.; Hani, M.B.; Omari, H.Z. Radiological features of acute gastric volvulus in adult patients. Clin. Imaging 2010, 34,

344–347. [CrossRef]
18. Teague, W.J.; Ackroyd, R.; Watson, D.I.; Devitt, P.G. Changing patterns in the management of gastric volvulus over 14 years. Br. J.

Surg. 2000, 87, 358–361. [CrossRef] [PubMed]
19. Al Daoud, F.; Daswani, G.S.; Perinjelil, V.; Nigam, T. Acute Organoaxial gastric volvulus: A massive problem with a twist-case

report. Int. J. Surg. Case Rep. 2017, 41, 366–369. [CrossRef] [PubMed]
20. Tanner, N.C. Chronic and recurrent volvulus of the stomach with late results of “colonic displacement”. Am. J. Surg. 1968, 4,

505–515. [CrossRef]
21. Culver, G.J.; Pirson, H.S.; Bean, B.C. Mechanism of Obstruction in Para-Esophageal Diaphragmatic Hernias. JAMA J. Am. Med.

Assoc. 1962, 181, 933–938. [CrossRef]
22. Gerson, D.E.; Lewicki, A.M. Intrathoracic stomach: When does it obstruct? Radiology 1976, 119, 257–264. [CrossRef]

http://doi.org/10.1136/bcr-2017-223060
http://www.ncbi.nlm.nih.gov/pubmed/29764844
http://doi.org/10.1016/j.ijsu.2009.11.002
http://www.ncbi.nlm.nih.gov/pubmed/19900595
http://doi.org/10.1148/rg.295095011
http://doi.org/10.1007/s00330-014-3319-2
http://www.ncbi.nlm.nih.gov/pubmed/25278244
http://doi.org/10.2214/AJR.18.20033
http://doi.org/10.1136/emj.2006.041947
http://doi.org/10.1007/s10140-019-01669-0
http://doi.org/10.1155/2018/2961063
http://doi.org/10.2349/biij.5.3.e18
http://www.ncbi.nlm.nih.gov/pubmed/21611054
http://doi.org/10.1016/S0899-7071(02)00549-1
http://doi.org/10.1007/BF02800929
http://doi.org/10.1148/34.1.53
http://doi.org/10.1016/0002-9610(80)90424-9
http://doi.org/10.1002/bjs.1800580802
http://www.ncbi.nlm.nih.gov/pubmed/5558165
http://doi.org/10.1016/j.clinimag.2010.02.001
http://doi.org/10.1046/j.1365-2168.2000.01385.x
http://www.ncbi.nlm.nih.gov/pubmed/10718808
http://doi.org/10.1016/j.ijscr.2017.11.016
http://www.ncbi.nlm.nih.gov/pubmed/29156231
http://doi.org/10.1016/0002-9610(68)90194-3
http://doi.org/10.1001/jama.1962.03050370001001
http://doi.org/10.1148/119.2.257


Tomography 2022, 8 256

23. Umemura, A.; Suto, T.; Fujiwara, H.; Ikeda, K.; Nakamura, S.; Hayano, M.; Nitta, H.; Takahara, T.; Hasegawa, Y.; Katagiri, H.;
et al. Cardiopulmonary impairments caused by a large hiatal hernia with organoaxial gastric volvulus showing upside-down
stomach: A case report. Am. J. Case Rep. 2019, 20, 1530–1535. [CrossRef]

24. Dalgaard, J. Volvulus of the stomach. Acta Clin. Scand. 1952, 103, 131–153.
25. Gryglewski, A.; Kuta, M.; Pasternak, A.; Opach, Z.; Walocha, J.; Richter, P. Hiatal hernia with upside-down stomach. Management

of acute incarceration: Case presentation and review of literature. Folia Med. Crac. 2016, 56, 61–66.
26. Schiergens, T.S.; Thomas, M.N.; Hüttl, T.P.; Thasler, W.E. Management of acute upside-down stomach. BMC Surg. 2013, 13, 55.

[CrossRef] [PubMed]
27. Sakran, N.; Nevo, H.; Hadar, N.; Raziel, A.; Hershko, D. Laparoscopic Repair of a Large Paraesophageal Hernia with Migration of

the Stomach into the Mediastinum Creating an Upside-Down Stomach. Case Rep. Surg. 2017, 2017, 7428195. [CrossRef] [PubMed]
28. Katkhouda, N.; Mavor, E.; Achanta, K.; Friedlander, M.H.; Grant, S.W.; Essani, R.; Mason, R.J.; Foster, M.; Mouiel, J. Laparoscopic

repair of chronic intrathoracic gastric volvulus. Surgery 2000, 128, 784–790. [CrossRef]
29. Collet, D.; Luc, G.; Chiche, L. Management of large para-esophageal hiatal hernias. J. Visc. Surg. 2013, 150, 395–402. [CrossRef]

[PubMed]
30. Andolfi, C.; Jalilvand, A.; Plana, A.; Fisichella, P.M. Surgical Treatment of Paraesophageal Hernias: A Review. J. Laparoendosc. Adv.

Surg. Technol. A 2016, 26, 778. [CrossRef]
31. Dellaportas, D.; Papaconstantinou, I.; Nastos, C.; Karamanolis, G.; Theodosopoulos, T. Large Paraesophageal Hiatus Hernia: Is

Surgery Mandatory? Chirurgia 2018, 113, 765–771. [CrossRef] [PubMed]
32. Chiechi, M.V.; Hamrick-Turner, J.; Abbitt, P.L. Gastric herniation and volvulus: CT and MR appearance. Gastrointest. Radiol. 1992,

17, 99–101. [CrossRef]
33. Lee, H.Y.; Park, J.H.; Kim, S.G. Chronic gastric volvulus with laparoscopic gastropexy after endoscopic reduction: A case report. J.

Gastric Cancer 2015, 15, 147–150. [CrossRef]
34. Palanivelu, C.; Rangarajan, M.; Shetty, A.R.; Senthilkumar, R. Laparoscopic suture gastropexy for gastric volvulus: A report of

14 cases. Surg. Endosc. Other Interv. Technol. 2007, 21, 863–866. [CrossRef]
35. Jacob, C.E.; LoPasso, F.P.; Zilberstein, B.; Bresciani, C.J.C.; Kuga, R.; Cecconello, I.; Gama-Rodrigues, J.J. Gastric volvulus: A

review of 38 cases. ABCD Arq. Bras. Cir. Dig. 2009, 22, 96–100. [CrossRef]
36. Woon, C.Y.L.; Chung, A.Y.F.; Low, A.S.C.; Wong, W.K. Delayed diagnosis of intermittent mesenteroaxial volvulus of the stomach

by computed tomography: A case report. J. Med. Case Rep. 2008, 2, 343. [CrossRef]
37. Godshall, D.; Mossallam, U.; Rosenbaum, R. Gastric volvulus: Case report and review of the literature. J. Emerg. Med. 1999, 17,

837–840. [CrossRef]
38. Jeong, S.-H.; Ha, C.-Y.; Lee, Y.-J.; Choi, S.-K.; Hong, S.-C.; Jung, E.-J.; Ju, Y.-T.; Jeong, C.-Y.; Ha, W.-S. Acute gastric volvulus treated

with laparoscopic reduction and percutaneous endoscopic gastrostomy. J. Korean Surg. Soc. 2013, 85, 47–50. [CrossRef] [PubMed]
39. Schrag, S.P.; Sharma, R.; Jaik, N.P.; Seamon, M.J.; Lukaszczyk, J.J.; Martin, N.D.; Hoey, B.A.; Stawicki, S.P. Complications related to

percutaneous endoscopic gastrostomy (PEG) tubes. A comprehensive clinical review. J. Gastrointest. Liver Dis. 2007, 16, 407–418.
[PubMed]

40. Naim, H.J.; Smith, R.; Gorecki, P.J. Emergent Laparoscopic Reduction of Acute Gastric Volvulus with Anterior Gastropexy. Surg.
Laparosc. Endosc. Percutaneous Technol. 2003, 13, 389–391. [CrossRef]

41. Jamil, L.H.; Huang, B.L.; Kunkel, D.C.; Jayaraman, V.; Soffer, E.E. Successful gastric volvulus reduction and gastropexy using a
dual endoscope technique. Case Rep. Med. 2014, 2014, 136381. [CrossRef] [PubMed]

http://doi.org/10.12659/AJCR.918191
http://doi.org/10.1186/1471-2482-13-55
http://www.ncbi.nlm.nih.gov/pubmed/24228771
http://doi.org/10.1155/2017/7428195
http://www.ncbi.nlm.nih.gov/pubmed/28770120
http://doi.org/10.1067/msy.2000.108658
http://doi.org/10.1016/j.jviscsurg.2013.07.002
http://www.ncbi.nlm.nih.gov/pubmed/24060742
http://doi.org/10.1089/lap.2016.0332
http://doi.org/10.21614/chirurgia.113.6.765
http://www.ncbi.nlm.nih.gov/pubmed/30596364
http://doi.org/10.1007/BF01888519
http://doi.org/10.5230/jgc.2015.15.2.147
http://doi.org/10.1007/s00464-006-9089-4
http://doi.org/10.1590/S0102-67202009000200006
http://doi.org/10.1186/1752-1947-2-343
http://doi.org/10.1016/S0736-4679(99)00092-X
http://doi.org/10.4174/jkss.2013.85.1.47
http://www.ncbi.nlm.nih.gov/pubmed/23833761
http://www.ncbi.nlm.nih.gov/pubmed/18193123
http://doi.org/10.1097/00129689-200312000-00009
http://doi.org/10.1155/2014/136381
http://www.ncbi.nlm.nih.gov/pubmed/24563653

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Pathophysiology of Acute Gastric Volvulus 
	Association between GV and PH 
	Terminological Inconsistencies: Upside-Down Stomach, Chronic GV, Organoaxial GV 
	Pathophysiology of GV: The ‘Back-and-Forth Stomach’ 

	Clinical Features, Laboratory Abnormalities and Outcomes of GV in Our Series 
	Limitations 

	Conclusions 
	References

