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Abstract

There is ample clinical evidence suggesting that the presence of large axial or
paraesophageal hernias may lead to iron deficiency anemia. So-called Cameron
lesions, as well as other small mucosa erosions, in the sliding area of these
diaphragmatic hernias lead to invisible chronic blood loss and consequently to
iron depletion. While the spectrum of symptoms in these patients is large, anemia
is often not the only indication and typically not the primary indication for
surgical correction of diaphragmatic hernias. Drug treatment with proton pump
inhibitors and iron substitution can alleviate anemia, but this is not always
successful. To exclude other possible bleeding sources in the gastrointestinal tract,
a comprehensive diagnostic program is necessary and reviewed in this
manuscript. Additionally, we discuss controversies in the surgical management of
paraesophageal hernias.

Key Words: Iron deficiency anemia; Paraesophageal hernia; Upside-down stomach;
Cameron lesions
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Core Tip: Large axial or paraesophageal hernias may cause iron deficiency anemia, but
the detailed mechanisms, necessary diagnostic procedures and therapeutic possibilities
are not completely clear and have not been standardized. This review summarizes the
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knowledge regarding these aspects in an often-neglected cause of anemia, especially in
older patients.
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INTRODUCTION

Iron deficiency anemia without acute bleeding signs is a common disease, especially in
older patients!". Possible causes are iron malabsorption or subclinical chronic iron loss
via occult bleeding. In older patients, chronic blood loss is the dominant cause!’,
leading to depletion of iron stores. In many cases, small, barely macroscopically visible
mucosal lesions lead to iron deficiency anemia via chronic erythrocyte loss over a very
long period of time.

As early as 1929, 1933, and 1949 and in a large case series in 1967, a clinical
connection between large hiatal hernias and iron deficiency anemia was
established™ ). However, since a causal relationship is difficult to prove clinically, this
pathogenesis for iron deficiency anemia has been repeatedly disputed®. In recent
years, however, it has become increasingly clear that larger diaphragmatic hernias,
resulting from intermittent incarceration and recurrent sliding movement in the
diaphragmatic orifice, can lead to small mucosal lesions that can cause chronic iron
deficiency anemia. Some of these lesions are visible during gastroscopy and then
labeled Cameron lesions after their initial descriptor!”l. However, at the patient level, it
remains in individual cases to assess the significance of these lesions in causing iron
deficiency anemia, and there are still many cases of iron deficiency anemia where the
importance of a hiatal hernia in the pathogenesis is not noticed in the workuptl.
Consequently, even comprehensive examinations of the gastrointestinal tract with
exclusion of further bleeding lesions are not always sufficient. Clear evidence of the
significance of these lesions and thus the significance of these hiatal hernias for the
development of iron deficiency anemia often cannot be provided prospectively.

This review summarizes the data on the clinical significance of larger diaphragmatic
hernias in the development and preservation of chronic iron deficiency anemia. It also
provides a review of diagnostic tests required to confirm the significance of hiatal
hernias for iron deficiency anemia. Finally, treatment options, including surgical
procedures, are discussed.

CLINICAL AND SCIENTIFIC EVIDENCE FOR THE IMPORTANCE OF
HIATAL HERNIAS IN IRON DEFICIENCY ANEMIA

For more than 50 years!*”], numerous case reports and case series have indicated that
larger hernias, especially paraesophageal hiatal hernias, are involved in the
pathogenesis of chronic iron deficiency anemia. According to many studies, women
are significantly more frequently affected”"'l. A total of 6%-7% of patients with iron
deficiency anemia show large hiatal hernias!'>", indicating at least their partial
involvement in causing anemia. In a study with an unselected cohort of patients with
iron deficiency anemia, large hiatal hernias were claimed to be responsible for
approximately 15% of cases of iron deficiency, especially in older patients!'.
Conversely, the prevalence of iron deficiency anemia in all patients with hiatal hernias
is reported to be 8%-42%""", with simple sliding hernias accounting for approximately
11% and paraesophageal hernias accounting for 30% in the first large case series.
However, this high prevalence of iron deficiency anemia is, depending on the study,
also generated by the occasional presence of esophagitis in hiatal hernias*!.

In the hiatal hernia itself, the so-called Cameron lesions are repeatedly referred to as
macroscopic correlates of bleeding activity!"” (Figure 1). These lesions are often
overlooked or misinterpreted on gastroscopy, hindering a clear estimate of their
prevalencel”'"l. According to different studies, they are present in 5%-50%"""*1 of all
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Figure 1 In the hiatal hernia itself, the so-called Cameron lesions are repeatedly referred to as macroscopic correlates of bleeding
activity. A: Typical fibrin-coated Cameron lesions; B: Atypical bleeding lesions with coarsening of the mucosal relief and redness.

hernias, occurring mainly in larger hernias (> 5 cm)®l. Although there are case series
reporting an association of Cameron lesions with overt bleeding”, most studies
indicate that the absence of such typical bleeding lesions does not exclude iron
deficiency anemia and that there is no correlation with the extent of anemia or visible
bleeding signs”'**\. Therefore, hiatal hernias without such lesions must also be
considered possible triggers of iron deficiency anemia. Anticoagulation therapy can
increase the bleeding tendency even in cases of slight mucosal lesions. However, there
have been no studies on the significance of oral anticoagulants in triggering iron
deficiency in hiatal hernia patients. Our own clinical experience indicates that
inhibition of platelet aggregation with ASA may play a major role in triggering chronic
blood loss rather than inhibition of plasmatic coagulation with phenprocoumon or
direct anticoagulants (own unpublished results).

Case series suggest that the size and complexity of the diaphragmatic hernia
correlates with the frequency and extent of anemial. In general, a small axial hiatal
hernia (type I, smaller than 3 cm) can probably be considered unproblematic in the
development of anemia. However, larger sliding hernias, initially gastroscopically
estimated as purely axial (type I), can lead to the presence of small lesions with chronic
blood loss due to the recurrent sliding movement through the hernial orifice. In
addition, a first-pass gastroscopic size and type estimation is not always reliable, and it
is sometimes unclear whether a paraesophageal portion (type II or IlI) and thus a
combined hernia is present (Figure 2). Depending on the clinical situation, additional
diagnostic procedures may be useful (see “DIAGNOSTICS” section).

In cases of more complex hernias, surgical correction can lead to a cessation of iron
deficiency anemia"'*l. Studies with H2 antagonists more than 20 years ago!'? showed
that gastric acid can also play an important role in hiatal hernias. The only prospective
controlled study involved 21 patients and compared surgery and proton pump
inhibitors (PPI) therapy (10 patients) to PPI therapy alone (11 patients). There were no
differences in hemoglobin increase at the 1-year follow-up!, so PPI therapy seemed to
be equivalent to surgery. However, these data are not in line with the results of large
retrospective studies. In a study with 96 analyzed surgical patients, a large proportion
of whom had been treated preoperatively without success with PPI and iron
substitution, there was a significant reduction in the need for PPI postoperatively
without the addition of iron and a simultaneous resolution of anemia™!. Obviously,
only in a few cases is inhibition of gastric acid secretion sufficient to prevent chronic
blood loss. For this reason, the diagnosis and the therapy that should be administered
remain a highly individual decision for all patients and should be carefully reached
jointly among the patient, the gastroenterologist and a surgeon experienced in this
clinical picture, based on careful exclusion diagnostics of the entire gastrointestinal
tract.

DIAGNOSTICS

The initial history of the patient should take into account red flags for tumours such as
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Figure 2 Differences in the size and extension of a hernia. A: Gastroscopically small sliding hernia; B: Significantly larger hernia (mixed type) on diagnostic
computed tomography for the same patient.

recent unintentional weight loss or localized pain. To assess the significance of iron
deficiency anemia, comprehensive laboratory diagnostics are important first. Ferritin
should not be assessed as the sole marker of iron deficiency because ferritin is an acute
phase marker and can therefore be falsely elevated in inflammatory conditions.
Laboratory diagnostics assessing iron deficiency anemia should therefore always
include the determination of C-reactive protein, transferrin saturation and
reticulocytes. In individual cases, determination of the soluble transferrin receptor can
also be helpful™“*. If there are no clear clinical signs of bleeding, only patients with
laboratory-proven iron deficiency should be referred to an appropriate diagnostic
procedure (Table 1).

Chronic iron deficiency anemia in elderly patients requires a comprehensive
(bidirectional) endoscopic examination of the entire gastrointestinal tract™!. First, an
immunological Fecal Occult Blood Test can be considered for documenting chronic
blood loss gastrointestinally. However, the value of this test is low in this case
(intermittent bleeding activity is possible).

The basis of endoscopic diagnostics is the performance of gastroscopy and
colonoscopy. Gastroscopy should be performed at least up to the band of Treitz and
may include routine small bowel and gastric biopsies, to test for celiac disease or
Helicobacter pylori, although this is controversial®l. Testing for celiac disease or
Helicobacter pylori can also be done in a non-invasive manner, as the American
Gastroenterological Association recommends?!. In addition, an iron absorption test
may be necessary (with reticulocyte determination a few days later) to rule out
malabsorption. A colonoscopy should always be performed up to the terminal ileum.
A conventional barium swallow may be helpful in the assessment of hiatal hernia
because functional imaging with contrast medium filling often measures the hernia to
be significantly larger than in the mere visual assessment from gastroscopy®’.

The most reliable imaging of the topography of a hiatal hernia is provided by
computed tomography of the lower thorax and the upper abdomen. This can be
performed natively; in cases of small or complexly shaped large hiatal hernias, oral
administration of a reduced amount of contrast medium (1-2 beakers) is advantageous.
This is the best way to image the three-dimensional extension of a paraesophageal
hernia retrocardially with demarcation of the position, nature and size of the
diaphragmatic passage. This examination thus not only provides information for an
even greater understanding of the individual pathomechanism but also provides the
surgeon with the most important information for precise risk assessment and planning
of the intervention. If the entire abdomen is additionally visualized with intravenous
contrast medium, this procedure can also help to further exclude other sources of
bleeding (Figure 3).

There are different recommendations for the assessment of the small intestine. Due
to the distribution of possible sources of bleeding in the small intestine, in some cases,
a simple push enteroscopy of the small intestine may be appropriate as the best
measure to exclude relevant bleeding lesions in the small intestinel*]. However, video
capsule endoscopy is generally considered the standard for small bowel examination™!
and should be performed for a clear exclusion of bleeding sources other than the hiatal
hernia®#1. Single- or double-balloon enteroscopy (or spiral enteroscopy) is not
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Table 1 Diagnostic procedures for primarily hernia-induced anemia

Methods The specific content

Laboratory parameters Hemoglobin, MCV, ferritin, iron, transferrin, transferrin saturation, soluble transferrin receptor, reticulocytes, vitamin B12,
folic acid, IgA transglutaminase and total IgA. Iron absorption test. Determination of reticulocytes after iron
administrationiFOBT

Endoscopy Gastroscopy (push-Enteroscopy if necessary). Colonoscopy (including insight into terminal Ileum). Video capsule

endoscopy. (enteroscopy only with abnormal capsule findings)

Radiology Barium swallow. CT of thoracoabdominal junction with oral contrast medium (if necessary whole abdominal CT with
intravenous contrast medium). Magnetic resonance imaging of the intestine only for certain symptoms

Functional investigations ~ 24-h pH-metry, urea breath test, High resolution manometry

Optional (only with Bronchoscopy, thoracic CT. Ear, nose, and throat examination up to panendoscopy of the nasal cavity
appropriate symptoms)

MCV: Mean corpuscular volume; iFOBT: Immunofecal occult blood test; IgA: Immunoglobulin A; CT: Computed tomography.

Figure 3 Three-dimensional presentation of an upside-down stomach. A: Axial view; B: Frontal view; C: Lateral view.

necessary if the capsule findings are inconspicuous. The importance of magnetic
resonance imaging in special small bowel technology for the detection of bleeding
sources can be considered rather low following the introduction of the video
capsule®. However, with appropriate water filling, this examination leads to high
sensitivity in the detection of stenoses, inflammatory mucosal sections or tumors in the
small intestine and is not affected by anatomical peculiarities that may occasionally
limit the sensitivity of endoscopic examinations, including capsule endoscopy. In the
presence of certain clinical symptoms (e.g., postprandial abdominal pain), magnetic
resonance imaging may therefore be the diagnostic imaging technique of choice even if
chronic bleeding lesions are suspected.

Investigations of the nasopharynx, trachea and lungs are only necessary in the event
of corresponding clinical symptoms or depending on the patient's medical history.
Clinically inapparent bleeding from these areas is extremely rare.

To plan the operation and to exclude manifested motility disorders, which can lead
to considerable swallowing difficulties postoperatively, it is recommended to perform
24-h pH-metry and high-resolution manometry preoperatively. Both the quantification
of relevant acid reflux in pH measurement and the determination of inefficient
esophageal motility (low distal contractility integral DCI) can influence the surgical
strategy for hernia repair in individual cases (see also the following part of the
manuscript).

INDICATIONS FOR AND IMPLEMENTATION OF SURGICAL THERAPY

The decision to surgically correct a paraesophageal hiatal hernia or an upside-down
stomach is frequently made because of dysphagia and/or postprandial thoracic
pain®, not because of anemia. In quite a few cases, the thoracic stomach occupying the
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space above the diaphragm competes with the lung volume, leading to noticeable
dyspneal or compression of the left atrium or a pulmonary vein”'l. The question of
whether a more or less pronounced paraesophageal hiatal hernia actually needs to be
corrected surgically always depends on the individual symptoms, patient conditions
and possible improvements after surgery"™. Extensive paraesophageal hernias are
often found incidentally in the course of an otherwise indicated thoracic computed
tomography examination in elderly patients, where the clinical relevance is at least
unclear. Of course, surgery does not necessarily have to be performed in such cases to
prevent any unnecessary risk for the patient. However, the patient and his or her
relatives should be appropriately informed about the possible symptoms and risks of
the newly diagnosed paraesophageal hernia. However, if significant dysphagia,
dyspnea and/or anemia exists and is not explained by other factors, surgery should be
considered, and the risks of the intervention should be related to the patient's
individual risk factors, such as age and cardiopulmonary conditions™.

Currently, the procedure itself is almost entirely minimally invasive”l. The
laparoscopic approach in the posterior upper abdomen, moving transabdominally into
the mediastinum, is much easier than the open approach. Conversion from
laparoscopic to open repair is more complex, and often, a clear view of the operation
field is lacking. In a beach-chair position, a capnoperitoneum is generated, and then a
total of five 10 mm trocars are inserted, the first approximately 4-5 cm supraumbilical,
the other 4 distributed evenly in a fan shape in the upper abdomen. From the right
side, the left lobe of the liver is lifted with a suitable retractor so that the wide open
hiatus esophagei can be seen. First, the stomach, which is often completely located in
the thorax, is manipulated back into the abdomen with grasping forceps and pedicles
as far as possible. Pulling the proximal stomach slightly downward to the left side, the
minor omentum is opened, from which the edge of the right diaphragm is reached.
Here, it is necessary to penetrate backwards into the mediastinum, partly with
ultrasound scissors but mostly with blunt dissection, very close to the muscle
structure. This must be achieved in a completely avascular layer, as, particularly, the
large vessels near the stomach in the small gastric curve must be avoided at all costs.
In this way, the anterior surface of the aorta can be reached. Here, we atraumatically
dissect in an avascular layer to the left behind the esophagogastric junction. The
entrance to the posterior mediastinum is then reached by pulling the stomach slightly
downwards to the right and dissecting again close to the left diaphragm towards the
aortic surface previously reached from the right (Figure 4).

Next, a plastic strap can be inserted from the right side and combined with clips in
front of the stomach, forming a loop for further complete atraumatic manipulation of
the organs, including the stomach and the esophagus, with both vagal trunks. In this
way, the anterior part of the intrathoracic hernial sac can be dissected with the
ultrasonic knife, and the esophagus can be released into the mediastinum. The
posterior part of the hernial sac is then dissected completely to expose the dorsal parts
of the diaphragm. This complete hernial sac dissection seems to be an important factor
in minimizing recurrence!, whereas the complete removal of the hernial sack from
the thoracic cavity not only seems to be unnecessary but can also incur risks of
bleeding and injury to the pleura. After 360-degree dissection at the hiatal level, the
stomach must lie completely tension-free in the abdomen, and the esophagus should
be circularly free. For dorsal closure of the wide diaphragmatic gap, we use 4 to 6
double-stitched nonabsorbable sutures. We advise against the use of mesh since it does
not provide any clinical advantage™ but can instead cause serious complications such
as erosion into and stenosis of the esophagust™l. Fundoplication has been
controversially discussed in the context of the correction of paraesophageal hernial™.
In our opinion, partial fundoplication (Toupet) might be helpful for patients with
relevant acid reflux but is not necessary for anchoring the stomach below the
diaphragm. Given the voluminous hernial sac collar, fundoplication is not always
technically feasible at the level of the cardia. However, the most important factor in
reducing the high risk of recurrence (up to 40%"™) is careful gastrophrenicopexy,
preferably by means of two double-stitched sutures each on the right and left side
between the cardia and His's angle and the corresponding diaphragmatic edges. After
removal of the holding loop, the procedure is finished. The patient can begin drink in
the evening, and after checking the position and tightness of the stomach by
swallowing contrast medium, the patient can start eating the next day, initially with
soft food.
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Figure 4 Laparoscopic repair of a large paraesophageal hernia type Ill (mixed type). A: Wide open hiatus esophagei with displaced stomach. The left
liver lobe is uplifted; B: View into the mediastinum; C: After preparation of both diaphragmatic edges; D: Hiatoplasty using double-stitched nonabsorbable sutures; E:
After completion of hiatoplasty; F: Relocalized stomach without tension in the abdomen.

JBaishideng®

CONCLUSION

The etiologic significance of a large hiatal hernia in iron deficiency anemia can be
regarded as basically certain. It remains unclear why many patients develop anemia,
while others with similar anatomical or clinical conditions of hiatal hernia do not. The
role of platelet aggregation, oral anticoagulation or other risk factors in this process
has not been sufficiently investigated.

Study data also suggest that not all patients benefit equally from surgery. In one
study, an analysis of surgical results showed that in particular, women and patients <
70 years of age experienced resolution of anemia after surgery, while postoperative
acid blockade with H2 antagonists or PPIs or the preoperative presence of Cameron
lesions played no role!'l. This suggests further minimal bleeding sources in some,
particularly male and elderly patients, for whom the bleeding may be more distally
located in the gastrointestinal tract.

The indication for surgical hernia reduction is always easy to establish when there
are clearly attributable symptoms such as dysphagia. In our opinion, existing iron
deficiency anemia alone can be an indication for surgical hernia correction, especially
in the following situations: (1) The morphological characteristics of the hiatal hernia
(size, paraesophageal portion, efc.) suggest a causal role of the hernia in the anemia
(Cameron lesions, however, are not obligatory); (2) PPI therapy and iron substitution
cannot control the anemia or are not feasible in the long run; (3) Other sources of
bleeding have been largely excluded; and (4) No functional deterioration is expected
after surgery.
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