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Abstract
Introduction  Chronic anemia is a common, coinciding or presenting diagnosis in patients with paraesophageal hernia (PEH). 
Presence of endoscopically identified ulcerations frequently prompts surgical consultation in the otherwise asymptomatic 
patient with anemia. Rates of anemia resolution following paraesophageal hernia repair (PEHR) often exceed the prevalence 
of such lesions in the study population. A defined algorithm remains elusive. This study aims to characterize resolution of 
anemia after PEHR with respect to endoscopic diagnosis.
Materials and methods  Retrospective review of a prospectively maintained database of patients with PEH and anemia 
undergoing PEHR from 2007 to 2018 was performed. Anemia was determined by preoperative labs: Hgb < 12 mg/dl in 
females, Hgb < 13 mg/dl in males, or patients with ongoing iron supplementation. Improvement of post-operative anemia 
was assessed by post-operative hemoglobin values and continued necessity of iron supplementation.
Results  Among 56 identified patients, 45 were female (80.4%). Forty patients (71.4%) were anemic by hemoglobin value, 
16 patients (28.6%) required iron supplementation. Mean age was 65.1 years, with mean BMI of 27.7 kg/m2. One case was 
a Type IV PEH and the rest Type III. 32 (64.0%) had potential source of anemia: 16 (32.0%) Cameron lesions, 6 (12.0%) 
gastric ulcers, 12 (24.0%) gastritis. 10 (20.0%) had esophagitis and 4 (8%) Barrett’s esophagus. 18 (36%) PEH patients had 
normal preoperative EGD. Median follow-up was 160 days. Anemia resolution occurred in 46.4% of patients. Of the 16 
patients with pre-procedure Cameron lesions, 10 (63%) had resolution of anemia. Patients with esophagitis did not achieve 
resolution. 72.2% (13/18) of patients with no lesions on EGD had anemia resolution (p = 0.03).
Conclusion  Patients with PEH and identifiable ulcerations showed 50% resolution of anemia after hernia repair. Patients 
without identifiable lesions on endoscopy demonstrated statistically significant resolution of anemia in 72.2% of cases. 
Anemia associated with PEH adds an indication for surgical repair with curative intent.
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Paraesophageal hernia (PEH), encompassing type II-IV 
hiatal hernias, are due to enlargement of the space between 
the diaphragmatic crura, resulting in protrusion of the stom-
ach into the mediastinal space. Combined, these three types 
comprise 5% of hiatal hernias, while the remaining 95% 
are type 1, or sliding hiatal hernias [1, 2]. The development 
of paraesophageal hernias are thought to be secondary to 

increased intraabdominal pressure creating a pressure gra-
dient between the thoracic and abdominal cavities, weak-
ening the phrenoesophageal ligament and pleuroperitoneal 
membrane, and widening the diaphragmatic hiatus. The GEJ 
remains in the intraabdominal location, fixed by the pos-
terolateral attachments of the phrenoesophageal ligaments; 
however, the fundus and body of the stomach may herniate 
into the thorax potentially resulting in [1] clinical sequelae 
including symptoms of dysphagia, regurgitation, vomiting, 
chest pain, upper GI bleeding, and iron deficiency anemia.

The association between paraesophageal hernia and ane-
mia has been well documented for decades. Anemia is three 
times more frequent in patients with true paraesophageal 
hernia as compared to sliding hiatal hernia [2]. Previously 
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hypothesized correlation between the presence of endo-
scopic findings of Cameron lesions and anemia in the set-
ting of PEH may be true [3, 4]. Cameron lesions are linear 
erosions of the gastric mucosal folds, located at or near the 
level of the diaphragm, that frequently cause chronic iron 
deficiency anemia, occult bleeding, and occasionally life-
threatening upper GI hemorrhage [3]. The lesions are attrib-
uted to mechanical trauma at the herniation site, although 
focal mucosal ischemia and gastric acid secretion are also 
associated [2, 3]. The lesions demonstrate a female predomi-
nance at 75% and tend to occur in patients over the age of 
60. Recent studies have shown Cameron lesions to correlate 
with hernia size, with their presence noted in 10–20% of 
hiatal hernias over 5 cm in size [5].

In a study assessing resolution of anemia after PEHR, 
88% of patients who had preoperative esophagogastric 
erosion or ulceration had resolution of their anemia post-
operatively. This is compared to only 50% anemia resolu-
tion in patients without ulceration or erosion (p = 0.015) 
[2]. Another review cited the presence of Cameron lesions 
varying between 27 and 45% in patients with anemia under-
going any hiatal hernia repair, with post-operative resolu-
tion ranging from 60 to 100% [6–9]. Camus et al. attempted 
to quantify the utility of surgical repair versus PPI therapy 
in patients with bleeding Cameron’s lesions but did not 
detect any statistical difference between the two groups [4]. 
Furthermore, association with iron deficiency anemia and 
esophagitis has been studied with increased hazard ratio but 
without statistical significance [10].

Materials and methods

A retrospective review of a prospectively maintained IRB-
approved UCSD database was performed of 154 patients 
who underwent laparoscopic or robotic repair of a parae-
sophageal hernia from April 2007 to January 2018. A par-
aesophageal hernia was defined as a type II, III, or IV hiatal 
hernia. PEH was diagnosed via barium swallow and upper 
endoscopy. Patient characteristics collected included age, 
sex, BMI, medical comorbidities, past surgical history, and 
ASA score. Additionally, data on initial symptomatic pres-
entation and duration of symptomatology were collected. 
Presenting signs, symptoms, and preexisting comorbidities 
were collected, along with duration of symptoms prior to 
surgical intervention, and presence of esophageal or gastric 
ulcers or erosions by endoscopy. Prior history of anemia 
was documented, along with prior need for blood transfu-
sion. Anemia was defined using the 2011 WHO guidelines: 
Hgb < 12 mg/dl in females, and Hgb < 13 mg/dl in males. 
Type of surgical repair was documented and included our 
standard approach with full mobilization of esophagus as 
required to attain intraabdominal position of the esophagus 

and GEJ. This was combined with primary crural repair with 
non-absorbable heavy suture and biosynthetic mesh crural 
reinforcement with suture or surgical glue fixation in all but 
one case. Alloderm (Allergan) was used in all cases in 2007, 
while BioA (Gore) mesh was utilized in cases from 2008 
to 2018. Nissen or Toupet fundoplication was performed 
based on preoperative manometry or clinical status. Resolu-
tion or persistence of anemia, and continued need for iron 
supplementation were assessed. A p value of 0.05 was con-
sidered significant. Patients were also assessed for proton 
pump inhibitor (PPI) use before and after surgery. Finally, 
the cohort was then divided into anemia based on Hgb levels 
and anemia based on iron supplementation requirements.

Results

A total of 154 patients underwent laparoscopic or robotic 
paraesophageal hernia repair between April 2007 and Janu-
ary 2018. Within this group, a total of 56 (36.6%) patients 
met criteria for anemia: 40 (71.4%) were anemic by hemo-
globin value, and 16 (28.6%) were on iron supplementation 
for documented iron deficiency anemia. The mean age was 
65.1 (range 35–89) and mean BMI was 27.7 kg/m2 (range 
17.8–39.6). Forty-five patients were female (80.4%). All 
patients had type III and IV hernias with rates of 98.2% and 
1.8%, respectively. We had a 0% 30-day mortality rate and 
3.6% (2/56) complication rate including dysphagia neces-
sitating dilation, and left pneumothorax (Clavien-Dindo 
3a,b, 4). Length of stay was median 2 days (range 0–25), 
and median follow-up time was 160 days (range 10–2179) 
(Table 1).

Preoperative esophagoduodenoscopy (EGD) was per-
formed in 50 (89.3%) patients. According to EGD results, 
32 patients (64%) had a potential identifiable source for 
their anemia. 16 patients (32%) had Cameron lesions, 6 
patients (12%) had gastric ulcers, and 10 patients (20%) had 

Table 1   Clinical characteristics of patients and post-operative out-
comes

BMI body mass index, PEH paraesophageal hernia

Number of patients 56
Median age (years) 65 (35–89)
Male/female 11/45
Median BMI (kg/m2) 27.8 (17.8–39.6)
PEH classification
 III 55 (98.2%)
 IV 1 (1.8%)

Post-operative complications 2 (3.6%)
In-hospital mortality 0 (0.0%)
Median length of stay (days) 2 (0–25)
Median follow-up period (days) 160 (10–2179)
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esophagitis. The remaining 18 patients (36%) had no abnor-
mal findings on EGD apart from the hernia itself (Table 2).

Resolution of anemia occurred in 26 of the total 56 
patients (46.4%) (Table 3). Of those who had demonstrated 
Cameron’s lesions or gastric ulcers on EGD, 10/16 patients 
(63%) had anemia resolution. Uncomplicated esophagitis 
was refractory to surgical treatment, as 100% of patients with 
preprocedure esophagitis did not demonstrate an improve-
ment in anemia (p = 0.001). 25% (1/4) of patients with Bar-
rett’s esophagus had resolution of anemia post-procedure. 
13/18 patients (72.22%) with no preoperative findings on 
EGD demonstrated resolution of anemia following PEHR 
(p =0.03) (Table 4).

Outcomes in those anemic patients presenting with low 
hemoglobin levels compared to those on iron supplementa-
tion were similar. The rates of resolution were 18/40 (45%) 
and 8/16 (50%), respectively (Tables 3a, b). When assessed 
based on EGD findings there remained no notable difference 
in outcomes (Table 4a, b).

Finally, the use of PPI in the group was 91.1% (51/56) 
prior to surgical intervention. Of these patients, 51 were 
followed for post-operative use of PPI and 49% (25/51) 
were able to discontinue PPI therapy. However, only 11/25 
(44%) showed resolution of their anemia. Of the remaining 
26 patients who continued PPI therapy from the preopera-
tive to post-operative phase, 46% (12/26) had resolution of 
anemia (Table 5).

Discussion

The association between paraesophageal hernia and chronic 
anemia is well documented [11, 12]. In the literature, ane-
mia prevalence in patients with paraesophageal hernia is 
reported to be between 27 and 45%. This is in keeping with 
our observed value of 36.6%. In the absence of other identifi-
able sources of iron deficiency anemia, the role of surgical 
repair of paraesophageal hernias has been a poorly outlined 
treatment. Several studies have depicted successful results 
with high to complete resolution of anemia in the setting 
of surgical repair [8, 9, 13, 14]. Others allude to a poten-
tial toward resolution but fail to quantify these findings [6, 
15]. The American Gastroenterology Association in 2000 

highlighted PEHR in the algorithm of obscure GI bleeding 
lending to anemia, but this has yet to be widely adapted and 
seems to have been lost in more recent guidelines [16].

Endoscopic findings in patients with PEH, seemingly 
causative contributors to anemia, may direct medical or 
surgical management. Cameron’s lesions are a recurring 
discussion with regard to etiology of anemia with respect 
to large (> 5 cm) hernias. The obvious mechanical shear-
ing at the level of the diaphragmatic pinch is only one pro-
posed mechanism. Our prevalence of detectable Cameron’s 
lesions was only 32% which is lower than other studies and 
deserves further discussion [15]. Perhaps nomenclature for 
gastric ulcers is misleading but this is difficult to discern 
in this retrospective review. If these patients are included, 
the rates of Cameron’s lesions detected on EGD would be 
44%. Other factors lending to anemia may involve mucosal 
ischemia and injury due to acid secretion. This has prompted 
many evaluations of the role of acid reduction therapy via 

Table 2   Findings 
on preoperative 
esophagogastroduodenoscopy

Number of patients 50
Cameron lesions 16 (32.0%)
Gastric ulcer 6 (12.0%)
Gastritis 12 (24.0%)
Barrett’s esophagus 4 (8.0%)
Esophagitis 10 (20.0%)
No findings 18 (36.0%)

Table 3   Univariate analysis with resolution of anemia, anemia before 
PEHR (n = 56). (a) Group A (diagnosis by Hgb value), anemia before 
PEHR (n = 40). (b) Group B (diagnosis by iron supplementation 
requirement), anemia before PEHR (n = 16)

Resolution No resolution p value

26 30
Gender
 Male 4 7 0.455
 Female 22 23

Age
 < 70 17 17 0.505
 ≥ 70 9 13

Post-operative complications 0 2 0.494
(a) Group A

18 22
 Gender
  Male 3 5 0.709
  Female 15 17

 Age
  < 70 13 11 0.154
  ≥ 70 5 11

 Post-operative complica-
tions

0 1 1.000

(b) Group B
8 8

 Gender
  Male 1 2 1.000
  Female 7 6

 Age
  < 70 4 6 0.608
  ≥ 70 4 2

 Post-operative complica-
tions

0 1 1.000
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H2 blockers or PPI as a treatment for anemia in this subset 
of patients with varying results and no strong evidence sup-
porting superiority of surgical repair [4, 17]. The role of acid 
suppression may also be supported by the decreased use of 
PPI in the post-operative setting with PEH repair [18]. Our 
results did not support any trend toward resolution based 
on acid suppression in the pre- or post-operative setting. 
One could consider further evaluation in this regard focus-
ing more specifically on medical versus surgical intervention 
with more objective follow-up. Finally, malabsorption with 
a chronically incarcerated stomach may be a provoking fac-
tor but one would suspect this would resolve with surgery.

Haurani et  al. separated their study population of 68 
patients with PEH and anemia into patients with and with-
out evidence of Cameron lesions on preoperative upper 
endoscopy. They found that 88% of patients with esophago-
gastric erosion or ulceration achieved a normal hemoglobin 
level after surgical repair, while 50% of the patients with-
out preoperative endoscopic findings were able to achieve 

normalization of their hemoglobin levels. With regard to pre-
operative esophagitis our findings are consistent with other 
studies with low to zero association with PEHR in the setting 
of anemia [10]. This was a statistically significant finding.

Our study demonstrates a more conservative finding with 
regard to anemia resolution in the setting of a known PEH, 
with or without preoperative endoscopic findings. The results 
draw to light a lack of confidence in PEHR for the treatment 
of anemia, given our 50% anemia resolution rate post-pro-
cedure. However, resolution pattern in the patients with no 
preoperative endoscopic findings was significant with a rate 
of 72.2% (p = 0.03). It also highlights the potential for cure 
in patients where no bleeding source is found. This “flip-of-
the-coin” outcome could be due to the multifactorial etiology 
of the anemia itself. Formal pan-endoscopy, thorough overt 
bleeding history, and small bowel evaluation may tailor the 
patient population further adding diagnostic certainty prior 
to surgical evaluation. Practices of preoperative evaluation 
vary, but consideration of all causes of overt bleeding should 
be considered. However, investigations should be kept on 
balance with the probability of detection as well as overall 
preoperative symptomatology to avoid undue cost.

Further studies may look prospectively into medical ver-
sus surgical management based on the presence of endo-
scopic abnormalities in the setting of an otherwise asymp-
tomatic PEH with close objective endoscopic and laboratory 
follow-up. Additionally, there may be utility in consistent 
intraoperative performance of prefundoplication endoscopy 
to again assess for abnormalities.

Limitations to our study include the retrospective nature 
of the data review leaving us without a true control group, 
lack of formal objective follow-up, and limited sample 
size. Additionally, the patient groups investigated for this 
study were heterogenous in nature, with some taking iron 
supplementation and PPI, and others without. While this 
might initially appear concerning for applicability of the 
study findings to a broader population, it should be noted 
that this heterogeneity reflects the characteristics of patients 
presenting to our clinic. Lastly, we do not routinely perform 
post-operative endoscopy to assess for healing of the Cam-
eron lesions after PEH repair. The preoperative evaluation 
in otherwise asymptomatic patients aside must be thorough 

Table 4   Univariate analysis with resolution of anemia for those with 
preoperative EGD, patient with preoperative EGD (n = 50). (a) Group 
A (diagnosis by Hgb value), patients with preoperative EGD (n = 35), 
(b) Group B (diagnosis by iron supplementation requirement), 
patients with preoperative EGD (n = 15)

Resolution No resolution p value

23 27
Cameron lesion 10 6 0.108
Gastric ulcer 4 2 0.395
Cameron or gastric ulcer 10 8 0.309
Gastritis 5 7 0.73
Barrett’s esophagus 1 3 0.614
Esophagitis 0 10 0.001
No findings 13 5 0.03
(a) Group A

16 19
 Cameron lesion 8 4 0.072
 Gastric ulcer 3 2 0.642
 Cameron or gastric ulcer 8 6 0.268
 Gastritis 2 5 0.415
 Barrett’s esophagus 1 2 1.000
 Esophagitis 0 7 0.009
 No findings 9 14 0.279

(b) Group B
7 8

 Cameron lesion 2 2 1.000
 Gastric ulcer 1 0 0.467
 Cameron or gastric ulcer 2 2 1.000
 Gastritis 3 2 0.608
 Barrett’s esophagus 0 1 1.000
 Esophagitis 0 3 0.200
 No findings 4 5 1.000

Table 5   PPI use

Anemic patients preoperatively (n = 56)
 Preoperative PPI use 91.1% (51/56)

Patients tracked for post-operative PPI use (n = 51)
 Patients able to cease PPI use post-operatively 49% (25/51)

Patients able to cease PPI use post-operatively (n = 25)
 Patients off PPI with anemia resolution 44% (11/25)

Patients requiring continued PPI post-operatively (n = 26)
 Patients on PPI with anemia resolution 46% (12/26)
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as there may be other underlying causes of obscure bleeding 
[19]. There are no guidelines as to the formal testing neces-
sary and certainly the expense of exhaustive testing must be 
balanced with the rate of detection that is clinically relevant. 
Based on our outcomes, patients with PEH who have no 
underlying detectable cause for iron deficiency anemia and 
no endoscopic abnormalities may find resolution with sur-
gical correction challenging the role of exhaustive testing.

The increasing use of minimally invasive surgical tech-
niques in PEHR has provided a less morbid operative repair 
[20, 21]. Based on our outcomes, this should also be consid-
ered when assessing risk/benefit of a surgical intervention and 
management plan should be tailored to individual patients.

Conclusion

PEHR in anemic patients, with endoscopically identifiable 
sources, may lend to resolution of anemia in 50% of cases. 
The presence of Cameron’s ulcers portends a higher resolu-
tion rate of 63%. Patients with no abnormalities on endos-
copy demonstrated a resolution rate of 72.2% (p = 0.03) 
Esophagitis remains a non-contributing source of ane-
mia in these patients with 0% resolution following repair 
(p = 0.001). Preoperative workup and surgical intervention 
should remain individualized. However, in the absence of 
other identifiable etiologies of overt bleeding, PEHR may 
be considered a viable surgical option for anemia treatment 
with low perioperative risk. Anemia associated with PEH 
adds an indication for surgical repair with curative intent.
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