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Abstract
Background  The increased incidence of anemia in patients with hiatal hernias (HH) and resolution of anemia after HH repair 
(HHR) have been clearly demonstrated. However, the implications of preoperative anemia on postoperative outcomes have 
not been well described. In this study, we aimed to identify the incidence of preoperative anemia in patients undergoing pri-
mary HHR at our institution and sought to determine whether preoperative anemia had an impact on postoperative outcomes.
Methods  Using our IRB-approved institutional HH database, we retrospectively identified patients undergoing primary HHR 
between January 2011 and April 2017 at our institution. We identified patients with anemia, defined as serum hemoglobin 
levels less than 13 mg/dL in men and 12 mg/dL in women, measured within two weeks prior to surgery, and compared this 
group to a cohort of patients with normal preoperative hemoglobin. Perioperative outcomes analyzed included estimated 
blood loss (EBL), operative time, perioperative blood transfusions, failed postoperative extubation, intensive care unit 
(ICU) admission, postoperative complications, length of stay (LOS), and 30-day readmission. Outcomes were compared by 
univariable and multivariable analyses, with significance set at p < 0.05.
Results  We identified 263 patients undergoing HHR. The median age was 66 years and most patients were female (78%, 
n = 206). Seventy patients (27%) were anemic. In unadjusted analyses, anemia was significantly associated with failed post-
operative extubation (7 vs. 2%, p = 0.03), ICU admission (13 vs. 5%, p = 0.03), postoperative blood transfusions (9 vs. 0%, 
p < 0.01), and postoperative complications (41 vs. 18%, p < 0.01). On adjusted multivariable analysis, anemia was associated 
with 2.6-fold greater odds of postoperative complications (OR 2.57; 95% CI 1.36–4.86; p < 0.01).
Conclusions  In this study, anemia had a prevalence of 27% in patients undergoing primary HHR. Anemic patients had 2.6-
fold greater odds of developing postoperative complications. Anemia is common in patients undergoing primary HHR and 
warrants consideration for treatment prior to elective repair.
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Hiatal hernias (HH) are being diagnosed with increasing 
frequency and have an estimated prevalence of 0.8–2.9% in 
patients undergoing esophagogastroduodenoscopy (EGD) 

[1]. The indications for surgical repair have changed in 
recent years, with surgery now reserved for symptomatic 
hernias [2]. Although most patients with HH are asymp-
tomatic, patients referred for repair generally present with 
symptoms related to reflux, gastrointestinal obstruction, or 
gastrointestinal bleeding (GIB) [3, 4]. GIB in the setting of 
HH can be acute or chronic, is often occult, and can lead to 
significant iron-deficiency anemia [5–7]. In patients with 
HH, GIB has been attributed to the presence of Cameron 
lesions (CL), which are linear erosions or ulcerations result-
ing from friction of opposing mucosal surfaces at the level 
of the diaphragm in the setting of HH [8]. Today, a signifi-
cant number of patients are referred for hiatal hernia repair 
(HHR) specifically as treatment of their anemia [2].
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Since the identification of CL, resolution of anemia after 
HHR has been demonstrated in numerous studies [3, 9–12], 
particularly in large hernias [10, 13]. However, despite a 
reported incidence of preoperative anemia ranging from 15% 
to as high as 45% in patients with HH [3, 9, 10, 12, 14], the 
implications of anemia on surgical outcomes following HHR 
have not been evaluated in the literature. In this study, we 
aimed to determine the incidence of preoperative anemia in 
all patients undergoing primary HHR at our institution and 
to determine whether preoperative anemia was associated 
with poorer perioperative outcomes.

Materials and methods

Patient selection and preoperative workup

Utilizing our IRB-approved institutional hiatal hernia data-
base, we retrospectively identified all patients undergoing 
HHR at our institution between January 2011 and April 
2017. Preoperative evaluation included a full history and 
physical examination, as well as a chest X-ray, EGD, esoph-
ageal manometry, 24-h PH study, and routine bloodwork 
including a complete blood count (CBC).

Hernia repair

All hiatal hernia repairs were performed by one of the four 
surgeons (MP, KC, ER, and FP) and surgical approach was 
defined as minimally invasive surgery (MIS) if performed 
laparoscopically or with robotic assistance. Hernia size was 
defined according to the intraoperative measurement of the 
antero-posterior diameter of the diaphragmatic defect as 
small if less than 3 cm, moderate if 3.0–4.9 cm, large if 
5 cm or greater with less than 50% gastric herniation, and 
giant if 5 cm or greater with over 50% gastric herniation. 
With respect to operative technique, all patients underwent 
general anesthesia and all repairs were started in minimally 
invasive fashion, with conversion to an open procedure per-
formed as deemed necessary at the time of repair. The sur-
gical procedure always included excision of the hernia sac, 
reduction of the hernia with at least 3 cm of distal esopha-
gus into the abdomen, crural closure with interrupted non-
absorbable suture, and partial or total fundoplication. Most 
patients also had synthetic absorbable mesh reinforcement 
at the time of cruroplasty as deemed necessary by the oper-
ating surgeon.

Data collection

When available, preoperative EGD records were reviewed 
for completeness and identification of Cameron lesions, 
which were defined as either linear erosions or ulcers present 

at or near the level of the diaphragmatic hiatus. Baseline 
characteristics collected during chart review included age, 
sex, Body Mass Index (BMI), Charlson Comorbidity Indices 
(CCI) [15, 16], hernia type, hernia size, surgical approach, 
and urgency of repair (emergent vs. elective).

Study design and evaluated outcomes

We identified all patients with preoperative anemia, defined 
according to the World Health Organization (WHO) as 
serum hemoglobin (Hgb) levels less than 13 mg/dL in men 
and less than 12 mg/dL in women [17], measured within 
2 weeks prior to surgery. We excluded patients who did 
not have preoperative bloodwork available for determina-
tion of anemia status and patients with recurrent hiatal her-
nias. Perioperative outcomes were then compared between 
anemic and non-anemic patients, focusing on estimated 
blood loss (EBL), operative times, need for blood transfu-
sion, failure to extubate postoperatively, intensive care unit 
(ICU) admission, postoperative complications, length of stay 
(LOS), and 30-day readmission. Postoperative complications 
were graded in severity using the modified Clavien–Dindo 
(CD) Scale [18].

Statistical analysis

Summary statistics and unadjusted associations between 
groups were performed using χ2 tests for categorical vari-
ables and exact χ2 tests for variables with an incidence of 
5 or less. Student’s t tests were used to compare normally 
distributed numerical variables and Wilcoxon rank-sum 
tests were utilized for non-normally distributed numerical 
variables. Multiple regression or logistic regression analy-
ses were used to estimate the associations of preoperative 
anemia with postoperative outcomes adjusted for potential 
confounding variables, including CCI, urgency of repair 
(elective vs. emergent), and presence of CL on EGD. All 
statistical analyses were conducted in SAS v9.4 (SAS Insti-
tute, Cary, NC, USA) and all statistical hypothesis tests were 
evaluated at the 0.05 significance level.

Results

Demographic and preoperative characteristics

Two hundred and seventy-six patients underwent hiatal her-
nia repair during the study period. Thirteen patients were 
excluded (6 for reoperation and 7 for missing lab work), 
leaving 263 patients to be included in this study. Of these, 
70 patients (27%) were found to be anemic and 193 patients 
(73%) did not demonstrate anemia on preoperative blood-
work. The median age of the entire study population was 
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66 years, with 143 patients (54%) being 65 years of age or 
older. Of these elderly patients, 42 (29%) were anemic. Two 
hundred and six patients were female (78%), of whom 26% 
were anemic; 57 patients were male (22%), of whom 30% 
were anemic. Of the 184 women aged 50 years or older, 27% 
were anemic as compared to only 18% of the 22 women aged 
49 years or younger (data not shown).

The average BMI was 30 kg/m2 (± 6), and the average 
CCI was 3.1 (± 1.9) for the entire study population. A total 
of 67 patients (30%) demonstrated CL on EGD. Thirty 
patients (11%) had Type I HH, 7 (3%) had Type II HH, 206 
(78%) had Type III HH, and 20 (8%) had Type IV HH. With 
respect to hernia size, 21 patients (8%) had small hernias, 48 
(18%) had moderate, 157 (60%) had large, and 37 (14%) had 
giant HH. Twenty-one patients (8%) underwent emergent 
repair and 11 patients (4%) underwent conversion to open 
repair, with the remaining 252 patients (96%) undergoing 
minimally invasive repair.

Demographic and preoperative characteristics for each 
group are summarized in Table 1. Patients were similar with 
respect to age, gender, BMI, hernia types and sizes, and 

surgical approach. However, anemic patients had a signifi-
cantly higher mean CCI of 3.7 (± 2.3) as compared to only 
2.9 (± 1.7) in non-anemic patients (p < 0.01). In the anemic 
group, 43% of patients had evidence of CL compared to only 
25% of non-anemic patients (p < 0.01). The anemic group 
also had a significantly higher incidence of emergent repair, 
with 10 patients (14%) undergoing emergent surgery com-
pared to 11 patients (6%) in the non-anemic group (p = 0.02).

Perioperative outcomes

Comparisons of perioperative outcomes according to ane-
mia status for all 263 patients are summarized in Table 2. 
Median EBL for all 263 patients was 20 ml and median 
operative time was 240 min, with neither outcome dif-
fering significantly between groups. Only two patients 
required intraoperative blood transfusions, and both were 
anemic preoperatively. Five anemic patients (7%) failed 
to extubate successfully and remained intubated postop-
eratively compared to only three patients (2%) in the non-
anemic group (p = 0.03). Similarly, nine anemic patients 

Table 1   Patient demographic 
and perioperative factors

Hernia size defined as small if diaphragmatic defect < 3 cm, moderate if 3–4.9 cm, large if 5 cm or greater, 
and giant if 5 cm or greater with > 50% of stomach intrathoracic
IQR interquartile range expressed as [Q1, Q3] where Q1 = 1st quartile and Q3 = 3rd quartile, BMI body mass 
index, CCI Charlson Comorbidity Index, CL Cameron lesion, MIS minimally invasive surgery

Demographic All patients
(n = 263)

Preoperative anemia
(n = 70)

No preoperative 
anemia
(n = 193)

p value

Age, median [IQR] 66 [57, 72] 67 [57, 74] 65 [57, 71] 0.12
Gender, n (%)
 Male 57 (22) 17 (24) 40 (21) 0.54
 Female 206 (78) 53 (76) 153 (79)

BMI (kg/m2), mean (SD) 30 (6) 31 (6) 30 (6) 0.26
CCI, mean (SD) 3.1 (1.9) 3.7 (2.3) 2.9 (1.7) < 0.01
Presence of CL, n (%) 67 (30) 26 (43) 41 (25) < 0.01
Hernia type, n (%)
 I 30 (11) 8 (11) 22 (11) 0.92
 II 7 (3) 2 (3) 5 (3)
 III 206 (78) 56 (80) 150 (78)
 IV 20 (8) 4 (6) 16 (8)

Hernia size, n (%)
 Small 21 (8) 6 (9) 15 (8) 0.98
 Moderate 48 (18) 12 (17) 36 (19)
 Large 157 (60) 43 (61) 114 (59)
 Giant 37 (14) 9 (13) 28 (14)

Urgency of repair, n (%)
 Elective 142 (92) 60 (86) 182 (94) 0.02
 Emergent 21 (8) 10 (14) 11 (6)

Surgical approach, n (%)
 MIS 252 (96) 67 (96) 185 (96) 0.99
 Open 11 (4) 3 (4) 8 (4)
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(13%) required ICU admission during their hospitaliza-
tion compared to ten non-anemic patients (5%) requiring 
ICU admission (p = 0.03). Six total patients required post-
operative blood transfusions, and all six were anemic at 
baseline (p < 0.01). Sixty-four total patients (24%) devel-
oped complications postoperatively, with 41% of anemic 
patients (n = 29) developing one or more complication 
compared to only 18% (n = 35) in the non-anemic group 
(p < 0.01). When graded on the modified CD scale, the 
majority of all complications (84%) were either grade I or 
II, and there was no significant difference in the severity of 
complications according to anemia status, as demonstrated 
in Table 2 (p = 0.50). Of note, there was no mortality in 
either group. Although patients in the anemia group had a 

longer median LOS of 3 days, as compared to only 2 days 
in the non-anemic group, this difference did not reach sta-
tistical significance (p = 0.08). Finally, both groups had the 
same 30-day readmission rate of 9%.

In multivariable logistic regression analysis, anemia 
was associated with significantly higher odds of devel-
oping any complication (OR 2.57; 95% CI 1.36–4.86; 
p < 0.01). The presence of preoperative anemia was not 
associated with any significant difference in operative 
time, EBL, LOS, or 30-day readmission rate, as shown in 
Table 3. Due to the limited number of outcomes, we were 
unable to assess the association of anemia with failure to 
extubate postoperatively, ICU admission, or perioperative 
blood transfusion by multivariable analysis.

Table 2   Perioperative outcomes according to anemia status

Complications graded on the modified Clavien–Dindo Scale from I to V, with grade I complications requiring no intervention or simple medica-
tions, and grade V complications corresponding to postoperative mortality
EBL estimated blood loss, OR operating room, ICU intensive care unit, LOS length of stay, IQR interquartile range expressed as [Q1, Q3] where 
Q1 = 1st quartile and Q3 = 3rd quartile

Outcome All patients
(n = 263)

Preoperative anemia
(n = 70)

No preoperative anemia
(n = 193)

p value

EBL (ml), median [IQR] 20 [10, 30] 25 [15, 30] 20 [10, 35] 0.38
OR time (min), median [IQR] 240 [207, 284] 251 [217, 300] 236 [205, 281] 0.10
Intraoperative blood transfusion, n (%) 2 (1) 2 (2) 0 (0) 0.07
Failure to extubate in OR, n (%) 8 (3) 5 (7) 3 (2) 0.03
ICU admission, n (%) 19 (7) 9 (13) 10 (5) 0.03
Postoperative blood transfusion, n (%) 6 (2) 6 (9) 0 (0) < 0.01
Any postoperative complication, n (%) 64 (24) 29 (41) 35 (18) < 0.01
Complication grade, n (%)
 Grade I 32 (50) 13 (45) 19 (54) 0.50
 Grade II 22 (34) 12 (41) 10 (29)
 Grade III 7 (11) 2 (7) 5 (14)
 Grade IV 3 (5) 2 (7) 1 (3)
 Grade V 0 0 0

LOS (days), median [IQR] 3 [2, 5] 3 [2, 5] 2 [2, 4] 0.08
30-day readmission, n (%) 25 (9) 6 (9) 17 (9) 0.95

Table 3   Association between anemia and specific perioperative outcomes by multivariable analysis

EBL estimated blood loss, LOS length of stay, OR odds ratio, ß regression coefficient, CI confidence interval

Outcome OR 95% CI p value

Any complication 2.57 1.36–4.86 < 0.01
30-day readmission 0.76 0.27–2.12 0.60

Outcome ß 95% CI p value

EBL (ml) 9.67 − 15.76 to 35.09 0.46
Operative time (mins) 9.12 − 12.56 to 30.79 0.41
LOS (days) 0.62 − 0.12 to 1.36 0.10
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Anemia severity and overall complications

Of the 70 anemic patients in this study, 9% had preopera-
tive Hgb levels of 7.0–9.0 mg/dL, 10% had Hgb levels of 
9.1–10.0 mg/dL, 21% had Hgb levels of 10.1–11.0, 44% 
had Hgb levels of 11.1–12.0, and 16% had Hgb levels of 
12.1–13.0 (Table 4). There was no significant difference in 
the incidence of overall complications according to Hgb 
level (p = 0.57).

Discussion

The majority of patients with hiatal hernias are asympto-
matic or minimally symptomatic from their disease. How-
ever, when symptomatic, most patients present with varying 
degrees of reflux, obstruction, or gastrointestinal bleeding 
depending on the type of hernia present. Type I hernias 
account for about 90–95% of all hiatal hernias and gener-
ally present with symptoms of reflux. Hernia types II, III, 
and IV account for the remaining 5–10% of all hiatal hernias 
and are collectively referred to as paraesophageal hernias 
(PEH) [19]. These hernias generally present with symptoms 
related to gastric and other intra-abdominal organ migra-
tion into the chest, including obstruction, postprandial full-
ness, chest pain, and shortness of breath [2]. Although less 
common, GIB is another relatively frequent presentation in 
patients referred for HHR. GIB can present as acute, chronic, 
or occult bleeding [5], and has long been the suspected cause 
of iron-deficiency anemia in patients with HH [6, 20].

The likely culprit lesion responsible for blood loss in 
patient with HH is referred to as the Cameron lesion. CL is a 
collective term used to refer to both erosions and more severe 
ulcerations detected endoscopically within the stomach at or 
near the level of the diaphragmatic hiatus in patients with 
HH. Cameron lesions are classically thought to result from 
mechanical trauma due to friction of opposing gastric sur-
faces at the level of the diaphragmatic hiatus with respiration 
[8, 12]. However, mucosal ischemia due to extrinsic pres-
sure from the diaphragm and acid-related mucosal injury 
have also been implicated [5, 21–24]. Resolution of CL and 

anemia after HHR have been well established [3, 9–12], but 
the implications of preoperative anemia on perioperative 
outcomes of HHR have not been characterized in the litera-
ture. In this study, we aimed to first evaluate the incidence 
of preoperative anemia in patients undergoing primary HHR 
at our institution. Secondly, we sought to determine whether 
preoperative anemia was associated with poorer periopera-
tive outcomes in patients undergoing HHR.

Incidence of anemia in patients undergoing HHR

In our study population, 27% of patients were anemic preop-
eratively. This number is consistent with previously reported 
incidences of 15–45% anemia in patients undergoing HHR 
[3, 9, 10, 12, 14]. While many studies have focused on the 
association of anemia with PEH (Types II–IV), this study 
demonstrates that preoperative anemia is also a common 
finding in patients with Type I hernias, with 11% of ane-
mic patients having Type I hernias in this study. Similarly, 
although commonly associated with larger hernias [21, 22, 
25], this study demonstrates that preoperative anemia is 
prevalent across all hernia sizes, as 26% of anemic patients 
had either small or moderate-size hernias.

Incidence of Cameron lesions in patients 
undergoing HHR

The incidence of Cameron lesions in patients with HH has 
been estimated in recent studies to range from 10 to 32% 
[10, 26]. Our findings of 30% incidence of CL in patients 
undergoing HHR appear consistent with prior reports. In our 
study, patients with anemia had over 1.5 times the incidence 
of CL (41%) on EGD as patients who were not anemic pre-
operatively (25%). These findings are consistent with Cam-
eron and Higgins’s reported CL incidences of 41 and 24% in 
patients with and without evidence of anemia, respectively 
[8], and support the long-established association between 
Cameron lesions and anemia in patients with HH.

The fact that only 41% of anemic patients had demon-
strable CL on preoperative EGD warrants further discus-
sion. Potential explanations for these findings include the 

Table 4   Complications 
according to preoperative 
hemoglobin levels in anemic 
patients

Hgb hemoglobin

Hemoglobin level in 
anemic patients

All patients
(n = 70)

Complication
(n = 29)

No complication
(n = 41)

p value

Hgb level (mg/dL), n (%) 0.57
 7.0–9.0 6 (9) 2 (7) 4 (10)
 9.1–10.0 7 (10) 3 (10) 4 (10)
 10.1–11.0 15 (21) 5 (17) 10 (24)
 11.1–12.0 31 (44) 12 (41) 19 (46)
 12.1–13.0 11 (16) 7 (24) 4 (10)
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notion that these lesions are often missed on initial endos-
copy, especially if endoscopists are not actively searching 
for them [26, 27]. Additionally, Cameron lesions have been 
thought to heal and recur over time [3, 8] and to develop in 
variable locations as the mechanical forces applied to the 
gastric mucosa can shift over time with changes in gastric 
and hernia positions [22]. This resulting fluidity in the pres-
ence and location of CL makes them a significant diagnostic 
challenge.

Anemia and postoperative outcomes

With respect to the implications of anemia on perioperative 
outcomes of patients undergoing HHR, we demonstrated 
that by univariable analysis, patients with preoperative ane-
mia had significantly increased rates of failed postoperative 
extubation, postoperative ICU admissions, postoperative 
blood transfusions, and overall complications following 
HHR. However, at baseline, anemic patients in our study 
had a significantly higher comorbidity burden and were more 
likely to have presented for emergent repair, both factors 
associated with poorer postoperative outcomes [19, 28–30]. 
Interestingly, despite a significantly increased rate of overall 
complications in anemic patients, there was no significant 
difference in the severity of these complications or in the 
rate of 30-day readmission between groups. Although ane-
mic patients appeared to have a longer median LOS by 1 day, 
this difference did not reach statistical significance (p < 0.08) 
on univariable analysis.

On multivariable analysis accounting for baseline dif-
ferences between groups including CCI, urgency of repair 
(elective vs. emergent), and presence of CL on EGD, we 
found that anemic patients still had 2.6 times greater odds 
of developing any complication following HHR (p < 0.01). 
Anemia was not significantly associated with EBL, operative 
time, LOS, or 30-day readmission. Unfortunately, there were 
insufficient incidences of failed postoperative extubation, 
ICU admission, and need for blood transfusion to conduct 
adjusted analyses on these outcomes, and the implications of 
anemia on these specific outcomes require further investiga-
tion in larger studies.

To our knowledge, this is the first study to identify ane-
mia as a risk factor for complications specifically in patients 
undergoing HHR. Anemia in and of itself is associated with 
increased postoperative complications and mortality across 
disciplines [31–36]. However, we felt that anemia specifi-
cally in patients with HH was deserving of particular atten-
tion given the remarkably high prevalence in this patient 
population. Again, we found an incidence of anemia of 27% 
in our study. Given an estimated prevalence of 5% anemia 
in the general population [37], we estimated the prevalence 
of anemia in patients undergoing HHR to be over five times 
greater than that of the average population. Because HH is a 

disease most prevalent in the elderly, one may attribute some 
of the increased anemia observed to the effects of aging. 
However, in this study, we found a prevalence of anemia 
of 29% in elderly patients (65 years or over), which is still 
three times greater than the estimated prevalence of 10% 
anemia in this age group in the general population [38]. Sim-
ilarly, anemia is also prevalent in pre-menopausal women 
due gynecologic-related etiologies. Given the significantly 
greater proportion of women in this study, we felt that a gen-
der-specific breakdown was also deserving of mention. We 
found the prevalence of anemia in women aged 0–49 years 
to be 18%, which is 1.5 times greater than the 12% estimated 
by the CDC in this age group [39]. We found that 27% of 
women aged 50 years or older were anemic in this study, 
which is three times the 9% prevalence estimated by the 
CDC [39]. Therefore, we estimate that even when account-
ing for age and gender, anemia is two to five times more 
common in patients with HH than in the general population.

Preoperative anemia as a predictor 
for complications

Again, many risk factors for complications and mortality 
following HHR have been previously described. Given these 
known predictors, models such as the one devised by Bal-
lian et al. to predict major morbidity and mortality follow-
ing repair can be quite useful to the clinician in deciding 
whether or not to operate on a symptomatic patient [30]. 
Given the significantly increased prevalence of anemia in 
patients with HH and its apparent impact on postoperative 
outcomes, perhaps preoperative anemia should be added as 
a risk factor to such models.

Given our findings, we believe that consideration for 
treatment of anemia is likely warranted in the elective set-
ting, with the mode of treatment obviously depending on the 
degree of anemia observed. In this study, we were unable to 
detect any significant difference in the incidence of compli-
cations in relation to severity of anemia, likely due to the 
relatively small number of anemic patients included. Cer-
tainly, the potential risks associated with blood transfusion 
should be considered when deciding to treat preoperative 
anemia. Given that most anemic patients in this study had 
Hgb levels between 11.1 and 13.0 mg/dL (60%), we believe 
our results should alert caregivers to explore medical means 
of optimizing Hgb levels for values that are normally con-
sidered acceptable for operative procedures, but appear to 
result in a higher incidence of complications.

Study limitations

We acknowledge that this study has a number of limitations, 
the first being its retrospective nature. We believe we were 
able to partly compensate for this limitation by including 
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a multivariable analysis for perioperative outcomes. Addi-
tionally, factors such as the need for perioperative blood 
transfusion or identification of CL on EGD are subject to 
some variability on the part of each clinician, reducing the 
uniformity in our study.

Although this constitutes a relatively large series of HH, 
we were unable to complete a multivariable analysis of some 
of the less common postoperative events that appeared to 
differ between groups based on univariable analysis. Addi-
tionally, the lack of follow-up in many patients prevented 
the analysis of more long-term outcomes including resolu-
tion of anemia, quality of life, and recurrence rates, all of 
which are very much clinically relevant and require further 
investigation.

Lastly, the definition of anemia varies tremendously in 
related literature, and although we chose to utilize WHO def-
initions of anemia for the classification of our study groups, 
many other definitions have been used, making compari-
son of our findings to similar studies difficult. Furthermore, 
the lack of iron-studies available for review prevented the 
diagnosis of iron-deficiency anemia, limiting our ability to 
attribute patient anemia specifically to gastrointestinal bleed-
ing and iron-deficiency anemia. It is certainly possible and 
indeed likely that some of our patients were anemic due to 
other reasons including the presence of comorbidities. How-
ever, we were able to account for differences in comorbidity 
status between groups on multivariable analysis.

Conclusion

In this study, anemia had a prevalence of 27% in patients 
undergoing primary HHR. Anemic patients had a 2.6-fold 
increase in odds of developing complications postopera-
tively. We therefore conclude that heightened awareness for 
the presence and the implications of preoperative anemia in 
patients undergoing HHR is necessary. Furthermore, con-
sideration for treatment of anemia prior to elective repair is 
likely warranted. Larger prospective studies are needed to 
validate our findings and to investigate the implications of 
anemia on rarer and more long-term postoperative outcomes.
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