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Abstract
Background Cameron lesions (CL) are common complications of large hiatal hernia (HH) disease and are known to result in 
chronic blood loss with resultant microcytic anemia. There is support in the literature that repair of HH may lead to resolution 
of CL and restore normal hemoglobin levels. This study aimed to determine the impact of elective HH repair on resolution 
of anemia and the quality of life (QOL) in patients with CL.
Method A single-institution, retrospective review analyzed all patients with history of CL or anemia (hemoglobin < 12.0 gm/
dl in women, < 13.5 gm/dl in men) who underwent HH repair from January 2012 to May 2019. Four validated surveys were 
used to assess QOL: Reflux Symptom Index (RSI), gastroesophageal reflux disease health-related QOL (GERD-HRQL), 
laryngopharyngeal reflux health-related QOL (LPR-HRQL), and QOL and swallowing disorders (SWAL) survey. History 
of iron supplements and perioperative hemoglobin were also noted.
Result Ninety-six patients were included in this study. The mean age was 67.4 ± 10.8 years and 79% of patients were female. 
CL were endoscopically identified in 61.5% of patients preoperatively, and the rest of the patients experienced anemia of undi-
agnosed origin but had a high suspicion for CL. Mean follow-up after HH repair was 17.3 months (range, 1 month–5 years). 
Mean preoperative hemoglobin was 11.01 ± 2.9 gm/dl and 13.23 ± 1.6 gm/dl postoperatively (p < 0.01). Forty-two (73.7%) 
patients had resolution of anemia during follow-up and 94.5% stopped supplemental oral iron. Finally, QOL scores sig-
nificantly improved after surgical intervention: RSI (63%), GERD-HRQL (77%), LPR-HRQOL (72%), and SWAL (13%).
Conclusion Elective HH repair in patients with chronic anemia secondary to CL may potentially resolve CL and anemia and 
contribute to significant QOL improvements. Future studies will prospectively assess the resolution of CL with biochemical 
and endoscopic follow-up to confirm the preliminary findings of our analysis.

Keywords Cameron’s lesions · Hiatal hernia · Anemia resolution · Paraesophageal hernia · Quality of life outcomes · Hiatal 
hernia repair · Antireflux surgery · Fundoplication

Hiatal Hernia (HH) disease is a common pathology with a 
prevalence of 0.8–2.9%. [1–3] Iron deficiency anemia (IDA) 
is a known complication of large hiatal hernias owing to 
erosions on the gastric mucosal surface at the diaphragmatic 

hiatus. Cameron and Higgins (1986) described the forma-
tion of linear ulcerations along the herniated gastric mucosa 
and correlated these with occult gastrointestinal bleeding 
[4]. These linear erosions, known as Cameron lesions (CL), 
are endoscopically present in about 3–5% of patients with a 
known history of hiatal hernias and are the primary source 
of blood loss leading to chronic IDA [5]. Despite the decades 
since their identification and description, the pathophysi-
ology of CL remains unclear, although mechanical trauma 
secondary to traction forces at the hiatus during respiration 
and acid-related mucosal injuries have been suggested [6, 7].

HH repair entails the reduction of the herniated contents, 
closure of the diaphragmatic defect, and fundoplication, and 
some studies have demonstrated that repair of HH may lead 
to resolution of CL and restore normal hemoglobin levels 
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[5, 8, 9]. It is therefore reasonable to postulate whether cor-
rective strategies to resolving IDA due to CL should include 
surgical repair of HH. Most of these studies contained small 
surgical case series and lack data regarding improvement in 
quality of life (QOL) following surgical repair.

This study aimed to evaluate the resolution of anemia as 
well as the improvements in QOL outcomes among a cohort 
of patients with a history of chronic anemia due to CL after 
elective HH repair.

Methods

Study design

Institutional Review Board approval was granted for this pro-
tocol. We conducted a single-institution retrospective review 
of patients undergoing HH repair between January 2012 and 
May 2019. We identified all patients with preoperative ane-
mia defined, according to the World Health Organization 
(WHO) criteria, as serum hemoglobin (Hgb) levels < 12.0 
gm/dl in women and < 13.5 gm/dl in men measured within 
1 month before surgery [10]. When available, preoperative 
upper endoscopy results were reviewed for identification of 
CL. We excluded patients who had other identifiable cause 
of IDA such as, but not limited to, autoimmune diseases, 
iron-deficient diet, cancer, and other hematological disor-
ders. The majority of the study population were referred for 
surgical intervention at our center only after completing an 
extensive evaluation at outside centers to establish a diagno-
sis of IDA. As a result of this, further comprehensive hema-
tological data analysis was not performed. Some patients 
were not anemic at the time of preoperative evaluation but 
were included in the study due to a recurrent history of ane-
mia and continued dependency on iron supplementation. 
Patient demographic information, iron supplementation, 
transfusion history of packed red blood cells (PRBC), and 
perioperative data were analyzed. Follow-up was completed 
by review of outpatient records, a telephone interview with 
the patient, or both. The most recent recorded Hgb level, at 
least 1 month following surgery, was used to determine the 
presence and degree of anemia. Primary outcomes included 
anemia resolution, as determined by the return of Hgb to 
normal levels according to WHO criteria, and, when appli-
cable, complete discontinuation of iron supplementation or 
need for PRBC transfusion; we also examined postopera-
tive improvement in QOL outcomes. Secondary outcomes 
included perioperative complications including presence of/
development of postoperative ileus (> 5 days), urinary tract 
infection (UTI), venous thromboembolism (VTE), respira-
tory complications (pneumonia, atelectasis, etc.), acute renal 
insufficiency, and cardiac complications (congestive heart 

failure, myocardial infarction, etc.), and readmission and 
reoperation rates.

Operative technique

Our operative approach involves the reduction of all herni-
ated intrathoracic viscera including the stomach by taking 
down hernia sac adhesions. This is followed by division of 
the short gastric vessels with an energy device. Mediasti-
nal dissection of the esophageal adhesions is undertaken to 
obtain adequate intraperitoneal esophageal length, a mini-
mum of 2 cm. An esophageal lengthening procedure in the 
form of Collis gastroplasty is performed only with shortened 
esophagus following an unsuccessful dissection to return 
the gastroesophageal junction to an intraabdominal position 
[11]. Retroesophageal crural closure is performed around 
a (56 Fr) bougie within the esophagus. A Nissen or partial 
fundoplication is then performed in standard fashion based 
on parameters of preoperative esophageal manometry.

QOL outcome metrics

Quality of life (QOL) assessments were obtained either 
in-person, via telephone, or by electronic communication 
between the clinical team and patients who consented for 
data collection and participation in this research. Patient 
QOL metrics were analyzed using four validated surveys 
administered preoperatively and postoperatively at 1 month, 
6 months, and then annually following surgery. These 
included the Reflux Symptom Index (RSI), gastroesopha-
geal reflux disease health-related QOL (GERD-HRQL), lar-
yngopharyngeal reflux QOL (LPR-HRQL), and swallowing 
QOL (SWAL-QOL) instruments [12–15].

The RSI is a validated nine-item outcomes instrument 
that documents symptom severity for laryngopharyngeal 
reflux based on a five-point scale per question and ranging in 
total from 0 to 45 points [15]. The instrument was designed 
to evaluate both typical and atypical symptoms of GERD, 
such as difficulty breathing, chronic cough, hoarseness, or 
globus sensation. The 45-point GERD-HRQL tool is a quan-
titative method of measuring typical symptom severity in 
GERD patients and was used to assess for any measurable 
improvement in these symptoms when identified concomi-
tant to atypical symptoms [14]. Scores varied from 0 to 45 
as in the RSI also with a five-point scale per question. The 
LPR-HRQL questionnaire is a validated survey assessing the 
frequency and severity of vocal changes, dysphonia, cough, 
and the overall QOL impact of gastric reflux on a standard 
seven-point Likert scale [13]. Forty-three questions are sub-
divided into hierarchical categories including vocal qual-
ity, cough, throat clearing, swallow, and the overall impact 
of acid reflux scored to a ten point maximum per question 
with a total of 314 points possible. Lastly, the SWAL-QOL 
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survey assesses ten QOL concepts through a 44-item tool 
with a maximum of 70 points to differentiate normal swal-
lowing behaviors of patients suffering from oropharyngeal 
dysphagia [12]. The SWAL-QOL is especially sensitive to 
differences in the severity of clinical dysphagia compared 
to other survey instruments.

Statistical analysis

Study data were collected and managed using Research 
Electronic Data Capture (REDCap) electronic data capture 
tools hosted at Anne Arundel Medical Center [16]. REDCap 
is a secure, web-based application designed to support data 
capture for research studies, providing an intuitive interface 
for validated data entry; audit trails for tracking data manipu-
lation and export procedures; automated export procedures 
for seamless data downloads to common statistical packages; 
and procedures for importing data from external sources. 
Statistical analysis of study data included the utilization of 

Pearson’s χ2 and Student’s T tests for preoperative and post-
operative metrics, while one-way ANOVA was performed 
with post hoc analysis using a Tukey correction for QOL 
outcomes over the postoperative follow-up intervals. A 
logistic regression analysis was performed to determine pre-
dictors of anemia resolution. P value < 0.05 was considered 
statistically significant for all analyses. All statistical analy-
sis was performed using MathWorks MATLAB_R2018b 
(MathWorks, Natick, MA, USA).

Results

Ninety-six patients met the inclusion and exclusion cri-
teria and were included in the analysis [21 males (21%) 
and 75 females (79%)]. The mean age, Body Mass Index 
(BMI), HH diameter, and ASA score were 67.4 ± 10.8 years, 
29.8 ± 5.1 kg/m2, 6.1 ± 1.8 cm, and 2.5 ± 0.5, respectively 
(Table 1). Intraoperatively, the average herniated percentage 

Table 1  Patient demographics

CAD coronary artery disease, CVA cerebrovascular accident, TIA transient ischemic attack

Value Counts/mean ± SD Frequency of counts

N 96
Demographics
 Age (years) 67.4 ± 10.8
 Gender (male/female) 21/75 21%/79%
 ASA score 2.5 ± 0.5
 BMI 29.8 ± 5.1
 Hiatal hernia size (cm) 6.1 ± 1.8
 Herniated stomach (%) 66.0 ± 25.9

Comorbid disease
 Cameron’s lesion (CL) 96 100.0%
  Endoscopically confirmed 59 61.5%
  Diagnosis of exclusion 37 38.5%

 GERD 87 90.6%
 Barrett’s esophagus 4 4.2%
 Hypertension 55 57.3%
 Diabetes 9 9.4%
 Hyperlipidemia 40 41.7%
 COPD 5 5.2%
 Stroke (CVA)/TIA 5 5.2%
 CAD 4 4.2%
 Heart attack 2 2.1%
 Congestive heart failure 1 1.0%
 Arrhythmia 13 13.5%
 Renal disease 3 3.1%
 Immunosuppression 1 1.0%
 Active coumadin use 1 1.0%
 Active antiplatelet use 5 5.2%
 Active/recent (< 4 weeks) smoker 3 3.1%
 Alcohol abuse 1 1.0%
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of stomach in the mediastinum was 66% (range, 15–100%). 
Fifty-nine patients (61.5%) had preoperative endoscopic 
confirmation of CL, while the remainder had a high suspi-
cion of CL based on finding of a sizeable HH and a diagno-
sis of exclusion after a history of negative hematological and 
gastrointestinal investigations. Gastroesophageal reflux dis-
ease (GERD) was the leading comorbidity (90.6%) among 
the study population. The distribution of comorbidities is 
outlined in Table 1.

Patients had a mean operative time of 100 ± 25 min and 
blood loss 19.7 ± 28.4 mL on average. All patients under-
went a HH repair as the primary procedure. 89.6% of patients 
also underwent a Nissen fundoplication. 30.2% required a 
Collis gastroplasty in addition to a Nissen fundoplasty to 
return the gastroesophageal junction to the abdominal cav-
ity to ensure a short tension-free fundoplication in addition 
to re-establishing the angle of His. The remaining patients 
had a partial fundoplasty [11]. A subset of our patients were 
redo HH patients (2.1%) and redo Nissen fundoplication 
(1%). Four patients required gastropexy via gastrostomy tube 
placement. There was only one intraoperative complication 
involving a distal esophageal injury, which was recognized 
at the time of surgery and repaired in a primary fashion. 
Postoperative complications included venous thromboem-
bolic events (1%), arrhythmia (2.1%), pneumonia/pneumo-
nitis (2.1%), pneumothorax (2.1%), prolonged Ileus (2.1%), 
oral intolerance (2.1%), and need for antibiotic treatment 
(2.1%) (Table 2.). There were four readmissions (4.2%) 
within 30 days after surgery and three reoperations (3.1%) 
by the latest follow-up. Two re-operative patients presented 
with failure to thrive secondary to intractable nausea and 
vomiting. A gastrostomy tube was endoscopically placed 
in one patient and a jejunostomy tube in the other, both for 
nutritional support. The third re-operative patient presented 
with a perforation at the gastroesophageal junction 4 months 
after HH repair and antireflux surgery due to non-adherence 
to our dietary regimen and required open exploration.

Anemia-related outcomes are outlined in Table 3. Patients 
reported significant resolution of anemia and discontinuation 
of related treatments after surgical repair (p ≤ 0.05) during 
a mean follow-up of 17.3 months (range, 1 month–5 years). 
80.6% of anemic patients with endoscopic confirmation of 
Cameron’s Lesions achieved resolution of anemia at lat-
est follow-up compared to 65.4% of anemic patients with 
a diagnosis of exclusion (p = 0.199). Approximately 15% 
of patients remained persistently anemic following surgery. 
There was also a significant improvement in mean Hgb 
level, outline in Table 3, during an average follow-up of 
17.3 months (range, 1 month–5 years).

Post hoc ANOVA statistical analysis of QOL metrics 
revealed that patients reported significant improvements fol-
lowing HH repair for all metrics (Fig. 1). All of the validated 
QOL scores demonstrated significant improvement at latest 

follow-up. There were improvements in RSI (63%), GERD-
HRQL (77%), LPR-HRQOL (72%), and SWAL (13%), 
respectively. At latest follow-up, 70% of patients reported 
being satisfied with their condition and almost 60% discon-
tinued use of antireflux medication (Table 4). A logistic 
regression was performed to determine predictors of anemia 
resolution (Table 5). Results of this analysis showed discon-
tinuation of antireflux medication after surgical repair was 
predictive of anemia resolution, which we describe below.

Discussion

Hiatal hernia disease can manifest broadly including dyspha-
gia, reflux, shortness of breath, and anemia secondary to CL. 
First-line treatment of IDA due to CL is medical manage-
ment with long-term iron supplementation and high-dose 
proton pump inhibitors. Resolution of anemia following 
surgical repair has been well established in the literature 
[2, 5, 9]. Thus, surgical intervention is recommended when 
anemia is refractory to medical management, and reports 
show that about 70–90% of patients with IDA due to CL 
will achieve resolution of anemia following surgical repair. 
However, the majority of these studies contain small surgical 
case series [2, 9]. Also, there is a lack of data on the QOL of 
patients following surgical treatment.

Table 2  Perioperative outcomes

DVT/PE deep vein thrombosis/pulmonary embolism

Value Counts/mean ± SD Frequency 
of counts

Intraoperative
 Operative time (minutes) 100 ± 25
 Estimated blood loss (mL) 19.7 ± 28.4
 Nissen fundoplication 86 89.6%
 Collis gastroplasty 29 30.2%
 Hiatal hernia repair, primary 96 100%
 Gastrostomy tube placement 4 4.2%
 Redo hiatal hernia repair 2 2.1%
 Redo Nissen fundoplication 1 1.0%
 Intraoperative complications 1 1.0%

Postoperative
 Arrhythmia 2 2.1%
 Pneumonia/pneumonitis 2 2.1%
 Pneumothorax 2 2.1%
 DVT/PE 1 1.0%
 Prolonged ileus (> 5 days) 2 2.1%
 Oral intolerance 2 2.1%
 Need for antibiotic treatment 2 2.1%
 Reoperation 3 3.1%
 30-day readmission 4 4.2%
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To our knowledge, we present here the most extensive 
series of patients with a diagnosis of CL evaluated for reso-
lution of anemia and improvement in QOL outcomes after 
surgery. Our results demonstrate that patients whose anemia 

was attributed to diaphragmatic hernia experienced reso-
lution of their anemia and also achieved significant QOL 
improvements after surgical correction. Our experience 
and results support the efficacy of operative therapy for 

Table 3  Anemia-related 
outcomes

SD Standard Deviation

Anemia-related outcomes

Endoscopically 
confirmed

Based on diagnosis 
of exclusion

All P value

N 59 37 96
Age (mean ± SD) 66.8 ± 11.0 68.4 ± 10.6 67.4 ± 10.8 0.469
Gender (male/female %) 19%/81% 24%/76% 21%/79% 0.510
Preoperative
 Hemoglobin (mean ± SD) 11.25 ± 3.10 10.62 ± 2.41 11.01 ± 2.86 0.293
 Anemia (n, %) 31 52.5% 26 70.3% 57 59.4% 0.087
 Iron—oral (n, %) 11 18.6% 9 24.3% 20 20.8% 0.510
 Iron—intravenous (n, %) 8 13.6% 7 18.9% 15 15.6% 0.487
 Blood products (n, %) 20 33.9% 13 35.1% 33 34.4% 0.902

Postoperative
 Hgb (mean ± SD) 13.41 ± 1.37 12.94 ± 1.93 13.23 ± 1.62 0.169
 Anemia (n, %) 7 11.9% 10 27.0% 17 17.7% 0.059
 Iron—oral (n, %) 1 1.7% 0 0.0% 1 1.0% 0.431
 Iron—intravenous (n, %) 1 1.7% 0 0.0% 1 1.0% 0.431
 Blood products (n, %) 1 1.7% 1 2.7% 2 2.1% 0.740
 Anemia resolution (n, %) 25 80.6% 17 65.4% 42 73.7% 0.199

Fig. 1  Graphical representation for QOL outcomes from baseline 
to most recent follow-up. A Percentage of patients using a proton 
pump inhibitor (PPI). B Percentage of patients who had stated that 
they were satisfied with their present condition. C Average score for 
the validated survey instruments Reflux Symptom Index (RSI), gas-

troesophageal reflux disease health-related QOL (GERD-HRQL), 
laryngopharyngeal reflux QOL (LPR-HRQL) at each interval, and 
swallowing QOL (SWAL-QOL). Error bars are represented as 95% 
confidence interval
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paraesophageal hernia disease when diagnosed in appropri-
ately selected symptomatic patients. We believe early diag-
nosis and elective repair of symptomatic paraesophageal 
hernia is warranted. This approach will be most effective 
in the prevention of long-term sequelae from symptomatic 
HH including IDA secondary to CL. There is also support 
in the literature that emergent repair typically carries a sig-
nificantly increased risk of mortality and morbidity as well 
as a higher utilization of hospital resources compared with 
elective repair of large hiatal hernias [17]. As shown by our 
data (Table 5), patients with IDA secondary to CL did not 
benefit from preoperative antireflux medications. Although 
acid inhibition together with iron supplementation is effec-
tive in treating anemia secondary to CL, surgical interven-
tion may indeed provide a definite cure to the underlying 
etiology- HH [7, 18].

Our high-volume tertiary foregut disease center employs 
a comprehensive preoperative assessment to work up all 
patients presenting with anemia to determine underlying 
etiology. All patients suspected of CL and/or IDA should 
undergo a multi-disciplinary work-up, involving hemato-
logical and gastrointestinal evaluations. This significantly 
reduces the risk of missed diagnoses outside of advanced 
HH disorders, which may be concomitantly present and 
be responsible for IDA. Optimal postsurgical outcomes in 

this population are strongly linked to appropriate candi-
date selection based on this objective assessment. Patients 
suspected of having IDA secondary to CL should undergo 
hematological work-up, including a complete blood count 
and serum ferritin levels, to confirm evidence of anemia as 
well as low iron stores, respectively [19, 20]. A compre-
hensive endoscopic evaluation of the gastrointestinal tract 
including colonoscopy, small bowel studies, and esophago-
gastroduodenoscopy (EGD), with particular attention given 
to antegrade and retrograde visualization of the hernia neck 
and adjacent tissue, is also necessary to confirm evidence 
of CL and rule out other etiologies of blood loss. Due to the 
difficulty in identifying CL on initial EGD, repeat endoscopy 
may be needed in patients with persistent IDA of unknown 
cause [18, 21]. The presence of reflux symptoms requires 
further evaluation including 24-h pH test and esophageal 
motility testing in selected patients. Following a complete 
evaluation to rule out other causes of blood loss, surgery 
can then be offered to patients with HH and concomitant 
CL and/or IDA. Postoperative hematological and endoscopic 
follow-up, when indicated, may be necessary to confirm the 
resolution of IDA and CL.

In addition to significant improvements in QOL with sur-
gical therapy, the majority of our patients were able to dis-
continue antireflux therapy and iron supplementation after 
surgery. Discontinuation offers additional financial benefits 
to the patient and healthcare system, and reduces unnec-
essary pharmacologic therapy and the adverse side effects 
linked to long-term use of antireflux medications and iron 
supplements.

This was a retrospective study at a single high-volume 
foregut center with results that may not be broadly applica-
ble to all surgeons or surgical centers. A prospective study 
following patients with IDA due to CL, when present, with 
comprehensive biochemical (including iron studies) and 
endoscopic follow-up will provide a greater appreciation 
of the unique treatment outcomes associated with surgical 
repair. The possibility of recall bias is inherent to all studies 
that rely on any retrospective analysis. However, we prospec-
tively collect momentary QOL data at predetermined time 

Table 4  Analysis of QOL 
metrics from baseline to latest 
follow-up

RSI Reflux Symptom Index, GERD-HRQL gastroesophageal reflux disease health-related QOL, LPR-
HRQL laryngopharyngeal reflux QOL, SWAL-QOL swallowing QOL

Baseline Latest follow-up Change % Improve-
ment

p

On antireflux medication 78% 33% – – < .001
Satisfaction 12% 70% – – < .001
RSI 19 7 11 63 < .001
GERD-HRQL 13 3 10 77 < .001
LPR-HRQL 68 19 46 72 < .001
SWAL-QOL 56 63 6 13 < .001

Table 5  Logistic regression to determine predictors of anemia resolu-
tion

a Statistically significant

OR Low High p

Age 1.03 0.96 1.10 0.383
BMI 0.98 0.87 1.10 0.701
ASA score 0.73 0.25 2.12 0.566
Confirmed Cameron’s lesion 2.21 0.66 7.34 0.197
Suspected Cameron’s lesion 0.45 0.14 1.51 0.197
Satisfaction 0.74 0.12 4.69 0.750
Discontinuation of antireflux 

medication after surgery
22.50 3.85 131.46 < .001a
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points which reduce recall bias, and thus we are confident 
in the generalizability of our QOL data to the larger HH 
patient population.

Conclusions

Our findings suggest that CL are strongly associated with 
chronic anemia in patients with a history of large HH and 
require a high index of suspicion particularly in patients with 
a history of IDA of unknown cause. These findings present 
our initial investigations into the resolution of IDA and CL 
following successful HH repair. Our study demonstrates that 
surgical repair provides both clinical resolution of IDA and 
improvements in QOL for appropriately selected patients. 
Ongoing prospective evaluations at our center into labora-
tory testing and endoscopic follow-up for this patient popu-
lation are underway.
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