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ORIGINAL ARTICLE

Hiatal Surface Area’s CT scan measurement is useful in hiatal hernia’s
treatment of bariatric patients

Cristian E. Borua , Marco Rengob , Angelo Iossaa , Francesco De Angelisa, Matteo Massaroa,
Alessandra Spagnolic , Anna Guidaa , Andrea Laghib and Gianfranco Silecchiaa

aDepartment of General Surgery and Bariatric Center of Excellence IFSO-EC, University La Sapienza of Rome, Latina, Italy;
bDepartment of Radiological Sciences, Oncology and Pathology, University La Sapienza of Rome, Latina, Italy; cDepartment of Public
Health and Infectious Diseases, University La Sapienza of Rome, Rome, Italy

ABSTRACT
Introduction: Hiatal surface area (HSA) measurement has been recently proposed as useful tool
for tailored treatment of hiatal defects. Multidetector CT scan (MDCT) of the hiatal area was
shown to be useful in hiatal hernia (HH) management.
Purpose: MDCT preoperative HSA measurements validation as a useful method in the surgical
repair decision making process of hiatal defects in candidates to antireflux ±bariatric surgery.
Material and methods: Twenty-five obese patients (group A), candidates to laparoscopic cruro-
plasty ±bariatric surgery, were prospectively evaluated preoperatively and after one year, using
an original MDCT algorithm, compared with intraoperative HSA measurement. Twelve non-
obese (group B) and 12 obese patients (group C), without GERD or HH, were used as con-
trol groups.
Results: Median preoperative HSA was 7.9 cm2, (interquartile IQR 5.97–9.80) while intraoperative
median HSA was 6 cm2 (6–9.5), p¼ .84. Postoperative median HSA was 3.8 cm2 (3.21–4.8), show-
ing the efficacy of cruroplasty, comparable with HSA calculated in the control groups (3.98 for B
and 3.69 cm2 for C, p¼ .8547). No statistically significant difference between MDCT preoperative
measurement and intraoperative findings was observed.
Conclusions: Preliminary results demonstrate MDCT scan HSA measurements as a valid, non-
invasive method to predict intraoperative findings. It allows the HSA monitoring in order to
correlate the symptoms onset and failure of cruroplasty.
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Introduction

Measurement of the esophageal hiatal defect (hiatal
surface area, HSA) has been proposed for the tailored
surgical closure to prevent hiatal hernia recurrence
and/or intrathoracic wrap migration in patients with
symptomatic gastroesophageal reflux disease (GERD)
referred to laparoscopic antireflux surgery (LARS)
[1,2]. In 2007, Granderath highlighted the need for a
standardized method of measurement of HSA. This
was done intraoperatively by determining the two-
dimensional expanse of the hiatal orifice and
performing cruroplasty (simple, reinforced, or ten-
sion-free) based on the obtained values through a
mathematical formula [3].

Bariatric surgery has developed exponentially in
the last 30 years, and reflux after different procedures
(persistent or de novo) is becoming a major concern
[4]. GERD is associated with obesity, and some of the

surgical bariatric techniques might be “refluxogenic”
per se; however, there is no worldwide consensus [5].
The guidelines of the international laparoscopic gas-
tric sleeve (LSG) consensus conferences and the sys-
tematic bariatric surgery reviews recommend the
repair of hiatal defects during bariatric procedures
(without indication of a standard surgical technique)
with the intent to reduce the incidence of postopera-
tive symptomatic GERD [6,7].

Currently, the preoperative diagnosis of hiatal her-
nia (HH) and GERD in an obese patient referred to
bariatric surgery is based on the symptoms score,
upper GI endoscopy (EGD) with multiple biopsies,
and swallow radiological contrast studies. Data
obtained with these methods should influence the sur-
gical strategy, but there is no consensus and no obli-
gation on the use of preoperative EGD and contrast
studies [8]. On the other hand, there is a low
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correlation between the standard preoperative investi-
gations such as barium swallow and the intraoperative
findings for the HSA dimensions, the herniated stom-
ach volume as well as the weakness of the pillars,
even though demonstrated by a few studies [9].
Recently, the evaluation and measurement of the HSA
using multidetector computer tomography (MDCT)
scan with multiplanar reconstruction was proposed to
determine the range of the normal HSA, HSA in
obese patients, and the value of the HSA after surgical
repair [10]. The MDCT scan was shown to be more
accurate than conventional imaging in the evaluation
of post LSG complications that may lead to revision
surgery, including transhiatal sleeve migration [11].

Validation and standardization of this radiological
method could have an impact on the management of
obese patients referred to LARS, single or concomi-
tant with bariatric surgery.

The aim of this prospective, monocentric pilot
study was to demonstrate the efficacy and feasibility
of the MDCT scan of HSA in the decision-making
algorithm and follow-up of morbidly obese patients
with GERD and HH who are candidates for laparo-
scopic bariatric surgery and/or LARS.

Material and methods

Twenty-five morbidly obese patients, candidates for
laparoscopic posterior cruroplasty as a primary or
revision procedure, single or concomitant with

bariatric surgery for HH or GERD after bariatric sur-
gery, were prospectively analyzed for measuring the
HSA (group A). A radiological assessment of a pre-
operative MDCT was performed on a 64-row CT
scanner (LightSpeed VCT, GE Medical Systems,
Waukesha, WI, USA) as previously described [11].
The CT scans of the thorax, abdomen and pelvis were
performed in the cranio-caudal direction after orally
administering a solution of contrast media (30mL in
0.5 L water; sodium diatrizoate and meglumine diatri-
zoate solution, 370mg/mL; GastrografinVR , Bracco) at
rest and during the strain maneuver. Using a multi-
planar reconstruction on the gastro-esophageal junc-
tion, one radiologist with over ten years of experience
in abdominal imaging measured the HSA via a manu-
ally traced polygonal region of interest (ROI), antero-
posterior and transverse diameters, and the thickness
of the diaphragmatic pillar. The HSA included
esophageal hiatus, both crus on each lateral edge. If
the crural bundle separating the esophageal and aortic
hiatuses was poorly visualized, then the anterior mar-
gin of the aorta was used to complete the circumfer-
ence of the esophageal hiatus (Figure 1). This
algorithm includes an original modification of the
previously reported algorithm because the HSA was
calculated during swallowing, allowing a more physio-
logic assessment of the HSA.

The scanner used in this study is equipped with
iterative reconstruction algorithms. Such algorithms

Figure 1. Hiatal surface area (HSA) measurement using MDCT scan, after reconstruction on three axes and tracking of the region
of interest (ROI, shaded lines highlighted). Preoperative HSA: 11.7 cm2, in a patient with HH after LSG, with GERD and weight
regain. Intraoperative measurement of HSA: 10 cm2.
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allow reduction of the image noise when a low radi-
ation dose acquisition protocol is used to obtain high
image quality. In the study population, the average
radiation exposure was 735.45 (±15.96) mGy/cm,
which can be considered extremely low, especially if
we consider obese patients. In such patients, radiation
exposure is higher than in normal-weight patients
since a high radiation dose acquisition protocol is
needed to ensure diagnostic image quality.

The study group included two patients with no pre-
vious surgical history and 23 patients previously sub-
jected to different surgical procedures: LSG in 13
patients, LSG and cruroplasty in eight patients, and lap-
aroscopic R-en-Y gastric bypass (LGBP) and cruro-
plasty in two patients. Symptomatic patients for GERD,
who are candidates for different bariatric procedures
with concomitant cruroplasty or revisional cruroplasty,
were concomitantly studied with traditional methods,
such as EGD, contrast studies, and ph-metry. During
EGD, the HH was measured to evaluate the presumed
differences between endoscopic and CT scan measure-
ments. Esophagitis, neofundus formation, HH, gastritis,
and other lesions were registered.

After complete evaluation and preparation, patients
were prepared for different surgical procedures.
Evaluation of the HSA was completed during the lap-
aroscopic surgery with the intraoperative measure-
ment of the HSA, after the preparation of both the
crura and the HH reduction when needed, with
abdominalization of the esophagus for at least 3 cm
and measurement of the major horizontal distance

between the two crura, including their thickness (d1),
and the vertical distance between the decussation pil-
lars and the superior edge of the esophageal hiatus
(d2). A simplified rhomboid area formula was used,
as previously described: HSA ¼ (d1 � d2)/2 in cm2

(Figure 2) [12].
We established a routine surgical protocol for the

choice of the posterior cruroplasty technique (simple
or reinforced). In case of intraoperative HSA meas-
urement up to 4 cm2, we performed the simple
posterior suture of the crura with two to three non-
absorbable stitches (ProleneVR polypropylene 1/0,
Ethicon Endosurgery, New Brunswick, NJ, USA), cali-
brated over a 48 Fr bougie. In case of larger defects
(HSA > 4 cm2), the posterior cruroplasty, performed
with two to three non-absorbable stitches, always cali-
brated over a 48 Fr bougie, is reinforced by the onlay
positioning of a synthetic, bioabsorbable mesh, con-
taining a copolymer of polyglycolic acid and trimethy-
lene carbonate (Bio-AVR , GoreVR , Flagstaff, AZ, USA),
and fixed with absorbable suture and fibrin glue.

The Granderath’s formula used for the intraopera-
tive measurement of the HSA is a complex one, based
on the calculation of the area of a circular sector
(Figure 3) [1–3]. The correct formula for the area of
a circular sector of radius R and angle a0 (measured
in radians) is

A ¼ R2a0
2

Figure 2. Intraoperative measurement of the hiatal defect, using two diameters: d1¼ the major horizontal distance between the
two crura including their thickness and d2¼ the vertical distance between the pillars decussation and the superior edge of the
esophageal hiatus. HSA was calculated using simplified rhomboid area formula: HSA ¼ (d1 � d2)/2 in cm2.
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If s is the length of the chord, then

a0 ¼ 2 arcsin
s
2R

� �

so that

A ¼ R2 arcsin
s
2R

� �

Our approximating formula is

A0 ¼ Rs
2

Let us compare the two: writing ¼ s
2R , we have

A0

A
¼ X

arcsinX

Assuming a0 to be less than a right angle (which is
always the case, in practice), we have that X may vary
from 0 to

ffiffi
2

p
2 , and hence,

2

ffiffiffi
2

p

p
� X

arcsinX
� 1

Since 2
ffiffi
2

p
p ¼ 0:9003, the error in the approxima-

tion is < 10%. Therefore, even if our formula is a
simplified one, it permits a more practical and rapid
usage as the calculation error is not compromising
the results.

Postoperative follow-up included clinical visits
every three months in the first year and then twice a
year. Phmetry and EGD were used in only three
cases, where relapse or persistence of symptomatology
was registered. The MDCT scan was performed
12months postoperatively in all the patients using the
same radiological protocol as described above.

In twelve non-obese subjects (group B) and twelve
obese subjects (group C), without GERD, HH, or pre-
vious bariatric or hiatal surgery, measurement of the
HSA was performed during MDCT scan prescribed
for other medical reasons, and the radiological algo-
rithm was adapted to their pathology. The values
obtained were used to obtain the target score (HSA
values in asymptomatic, normal-weight, and obese
population), necessary for the statistical analysis.

Statistical analysis

Descriptive statistics were applied to summarize the
variables. For continuous variables, median (inter-
quartile range) and mean (standard deviation) were
used. For discrete variables, the number of observa-
tions and frequency were reported. Friedman test was
used to compare HSA measurement in-group A (pre-
operative CT scan, intraoperative measurement, and
postoperative CT scan), followed by post-hoc
Nemenyi-Test to adjust multiple comparisons.
Kruskal-Wallis test was applied to compare the CT
scan measurement of HSA between different groups
(obese, non-obese, postoperative control), where
p< .05 was considered statistically significant. The R
statistical software version 3.5.3 was used for
all analyses.

Results

Twenty-five morbidly obese patients (mean BMI
42 ± 6.2 kg/m2, group A) and 24 control subjects with
no HH or GERD were enrolled; mean BMI in group
B (12 patients) was 24.17 ± 2.79 kg/m2 and
32.2 ± 1.92 kg/m2 in group C (12 patients). The demo-
graphic data are presented in Table 1. All surgical
procedures were completed laparoscopically. The
median HSA for preoperative HSA in group A was
7.9 cm2 (interquartile range IQR 5.97–9.8), while
intraoperative HSA was 6 cm2 (IQR 6–9.5).
Postoperative median HSA in group A (12months
after operation) was 3.8 cm2 (IQR 3.21–4.8). Median
HSA in group B was 3.98 cm2 (IQR 3.32–5.05), while
it was 3.69 cm2 (IQR 2.56–4.96) in group C. Median
and mean values, together with IQR and standard
deviations, are reported in Table 1.

No statistically significant difference was registered
between preoperative radiological and intraoperative
HSA measurements in group A (p¼ .84); no statistic-
ally significant difference for mean HSA was found
between group B and group C (p¼ .8547).

Figure 3. Calculation of the hiatal surface area (HSA) based
on calculation of the area of a circular sector of radius R and
angle a0 (measured in radians). This calculation was proposed
by Granderath as a model for intraoperative measurement of
HSA (1–3).
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Postoperative median HSA in group A was similar
with groups B and C, which had no HH or GERD
patients (p¼ .8547), due to 54% postoperative
decrease in HSA.

Statistically significant differences were registered
between group A (both preoperative and intraopera-
tive measurements) and control groups B or C
(p¼ .4052). For group A, both preoperative and intra-
operative measurements were carried out, before and
after cruroplasty when the median HSA dropped
from 7.9 cm2 to 3.8 cm2 and compared to postopera-
tive CT scan control (p< .0001). Statistics are pre-
sented in Figure 4.

The CT scan of HSA was used to calculate the
dimensions of the two pillars of the diaphragm. In
this study, mean values were 6 ± 2.67mm for the right
crus and 7 ± 2.06mm for the left one. At the same
time, gastric intrathoracic migration or HH was dem-
onstrated in 96% of the patients from group A, with a
mean ascendance of the esophagogastric junction of
5.5 ± 0.63 cm that was raised to 7.4 ± 1.78 cm after the
requested straining maneuver.

Data registered after preoperative EGD are shown
in Table 2. One patient presented postoperative neo-
fundus, migrated intrathoracic, and mediogastric sten-
osis; a small HH was diagnosed (�1.5 cm) in 17
patients, including five patients with HH between 1.5
and 2.5 cm, while two patients presented HH
over >2.5 cm.

Surgical procedures included cruroplasty as stand-
alone in seven cases or in concomitance with different

Table 1. Demographics and mean HSA measurements in study group and control patients.

Patients No
Mean age
(years)

Mean BMI ± SD
(kg/m2)

Median HSA
preop (þQu)
Mean ± SD

(cm2)

Median HSA
intraop (þQu)
Mean ± SD

(cm2)

Median HSA
postop (þQu)
Mean ± SD

(cm2)

Study group A obese, HH±GERD 25 50 ± 12.1 44.1 ± 5.4 7.9
(5.97–9.8)
8.25 ± 2.91

6
(6–9.5)

7.68 ± 2.58

3.8
(3.21–4.8)
4.1 ± 1.48

Control group B
Obesity, NO HH, NO surgery

12 65 ± 6.41 32 ± 1.92 3.98
(3.32–5.05)
4.19 ± 1.22

– –

Control group C
NO Obesity, NO HH, NO surgery

12 65.8 ± 13.6 24.17 ± 2.79 3.69
(2.56–4.96)
3.92 ± 1.43

– –

Preop: MDCT scan preoperative measurement; intraop: intraoperative measurement; postop: 12months MDCT scan postoperative measurement; IQR:
interquartile range; SD: standard deviation.

Figure 4. (A) Box-plot showing HSA measurement preoperatively by MDCT scan (n¼ 25; median 7.9, range 5.97–9.8), intraopera-
tively manually (n¼ 25; median 6, range 6–9.5), and postoperatively by MDCT scan (n¼ 25; median 3.8, range 3.2–4.8). (B) Box-
plot showing HSA measurement preoperatively by MDCT scan in group B non-obese patients (n¼ 12; median 3.98, range
3.32–5.05) and in group C obese patients (n¼ 12; median 3.69, range 2.56–4.96), and postoperatively by MDCT scan in study
group A (n¼ 25; median 3.8, range 3.2–4.8). Filled dots represent mean values for each group.

Table 2. Preoperative upper GI endoscopy (EGD) findings,
with hiatal hernia measurement during the procedure.

N� Patients

EGD Findings
Esophagitis grade A 2 (8%)
Esophagitis grade B 3 (12%)
NeofundusþMidgastric stenosis 1 (4%)
Hypotonic cardiasþmucosal hyperemia 18 (72%)

Hiatal Hernia
�1,5 cm 17 (68%)
>1,5 cm �2,5 cm 5 (20%)
>2,5 cm 2 (8%)
Intrathoracic migrated neofundus 1 (4%)
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bariatric procedures in 18 cases, as LSG or re-sleeve
in three cases (12%), as conversion to LGBP in 12
cases (48%), and as conversion to laparoscopic mini-
gastric bypass (LMGB) in three cases (12%).
Reinforced cruroplasty with bio-absorbable, synthetic
mesh was performed in 12 patients (48%) with
enlarged HSA, as previously described [12,13], where
the mean HSA was 12.22 ± 7.2 cm2 compared to the
mean of all patients from group A (7.68 cm2,
p< .0001). In the surgical group two patients pre-
sented postoperative surgical complications: one
pneumothorax treated with pleural drainage, with
positive outcomes on the fourth postoperative day;
one postoperative bleeding from the gastric suture
line, initially treated conservatively and afterwards by
laparoscopic hemostasis, with further regu-
lar evolution.

Clinical outcomes following surgical revision for
GERD were quantified 12months postoperatively in
asymptomatic patients in 22 cases (88%); mild symp-
toms with quality of life (Qol) unaffected and without
the requirement of medication in two cases (8%); and
moderate symptoms with Qol unaffected and medica-
tion required in only one case (4%). Outcomes
of antireflux surgery are expressed both by the
clinical outcomes and the 54% postoperative reduc-
tion in HSA, which remained stable 12months
postoperatively.

Discussion

Granderath first introduced the concept of measuring
the HSA in 2007 by using an adapted intraoperative
formula [3]. It was then modified by others, who
introduced further intraoperative measuring methods,
all with the goal to offer a tailored approach, based
on the HSA values, for the antireflux surgery, which
could be simple cruroplasty, reinforced with mesh or
tension-free with mesh [2,14,15]. Our intraoperative
formula, although simplified, provides relatively the
same measurement as Granderath’s formula, with a
small error that does not alter the results, as has been
mathematically demonstrated above.

The precedent intraoperative measurements
described by different authors, obtained in vivo or
after postmortem, are based on a surgical approach.
This might represent a disadvantage due to incom-
plete preoperative informed consenst offered to the
patient. This might lack important information about
the existing pathology and the proposed surgical tech-
nique. A few studies have demonstrated that there is
no real correlation between the preoperative data

offered by traditional investigations and intraoperative
evaluation [9]. Our intraoperative measurements were
practically similar to the preoperative CT scan meas-
urements (p¼ .84).

Previously we showed that MDCT is an accurate
noninvasive method for the identification of GERD-
related complications after bariatric surgery that
might be missed by conventional radiography and
endoscopy [11]. The use of MDCT has the advantage
of high-spatial resolution and 3D features with a
lower radiation dose exposure.

This is the first study that evaluates HSA in mor-
bidly obese patients using CT scan, which has proved
to be useful both as a minimally-invasive preoperative
tool and as a method for the postoperative monitoring
of surgical results. At the same time, this is the first
study that demonstrates the utility of preoperative
evaluation of HSA using CT scan, verified by the intra-
operative measurement using a modified, simplified
formula. Moreover, our study demonstrates a reduc-
tion in postoperative HSA values, similar to normal
subjects or obese patients (without GERD or HH).

Quyang presented a new method for the in vivo
measurement of HSA using multiplanar, multislice
MDCT to demonstrate a better correlation between
HH and GERD, due to an enlarged HSA [10]. This
was a retrospective study on 1,190 subjects that under-
lined a certain advantage of the procedure: the MDCT
scan with 3D reconstruction was performed during a
physiological status of the area (not during meals or
strain maneuver), without the distension induced by
the pneumoperitoneum, the relaxation induced by the
anesthesia and the surgical dissection of the surround-
ing tissues during surgery. Subjects with HH had a
larger mean HSA area than matched controls (6.9 vs.
2.5 cm2, p< .0001), while patients with GERD, without
HH, had a mean HSA of 3.0 cm2. In our study, the
images are acquired in a cranio-caudal direction,
immediately after the oral administration of a solution
of iodinated contrast medium and tap water, ingested
in no >3min, and after requested strain maneuver, in
order to evidence HH and intrathoracic migration.
Therefore, this is a functional study, more appropriate
for the evaluation of patients with suspected HH. In
our experience, the value of HSA in normal and in
obese subjects (mean values: 4.19 and 3.92 cm2,
respectively) was higher than those reported by
Quyang (mean 2.5 cm2), but similar to the dimensions
found by other authors [2,3,14] while mean HSA was
definitely larger in patients with demonstrated HH
(mean 8.3 cm2). As reported by Shamiyeh, a mean
HSA of 5.84 cm2 was found in the cadavers of

6 C. E. BORU ET AL.



overweight (BMI 27kg/m2) subjects [14] with no HH,
but the difference might be explained by the physio-
logical status of the tissues. Batirel proposed a postop-
erative value target of 2.5–3.0 cm2 after the surgical
reparation of the hiatal defect [2].

One of the strengths of the study might be the
measurement of the crura. The preoperative measure-
ment might suggest that one or both the crus are
weak and scarce, warranting the simplification of the
decision-making process by proposing reinforcement
of cruroplasty to the patient. The reinforced cruro-
plasty was performed in 48% of patients who pre-
sented with an enlarged HSA, and it was possible to
preview this necessity preoperatively after informing
the patients. Another aspect that should be mentioned
is the intrathoracic migration of the stomach, demon-
strated preoperatively in 96% of the patients by CT
scan, and the values of migration seemed to be more
important than those seen during EGDS when only
eight patients presented real signs of HH (>1.5 cm).
The other 17 patients presented small, non-relevant
endoscopic recurrence (<1.5 cm), with no clinical sig-
nificance [16]. The added, preoperative information
of the intrathoracic migration allows to inform the
patients and adapt the surgical technique as well as to
obtain imaging useful for the follow-up. Thereafter
the migration was evaluated as part of the anatomic
distortion of the HSA.

There are some limitations of our study. The study
group is small and non-uniform. In addition, the
study includes morbidly obese patients with or with-
out previous crural repair and/or bariatric procedures
that may alter the local anatomy. The handmade
intraoperative measurement is not as precise as a
machine or mathematic calculation, even if we math-
ematically demonstrated that the error is non-signifi-
cant. In order to avoid unnecessary irradiation
exposure, we used the data obtained from the radio-
logical studies in obese and norm-weighted patients
undergoing MDCT scan prescribed for other reasons.
These subjects were considered as control sub-groups.
Mean BMI in group C (obese patients) resulted infer-
ior than in the study group, but it still represents a
target population of our research.

In this pilot study, a complete preoperative evalu-
ation (EGD, contrast studies, MDCT scan, GERD
evaluation), as well as a postoperative follow-up
(MDCT scan, GERD evaluation), was performed in
all patients. Our intention is to expand this study to
normal-weight patients who are candidates for laparo-
scopic antireflux surgery.

Conclusions

These preliminary results indicate that the measure-
ment of the esophageal hiatus surface by MDCT scan
could be a better radiological, non-invasive method
for preoperative evaluation, due to the 3D high-reso-
lution images and low-radiation dose. This would be
helpful in deciding the need for antireflux and/or
bariatric surgery, either primary or revisional, in the
obese population. The initial results of this pilot study
suggested the routine use of this method in the pre-
operative work-up, as well as for the postoperative
HSA monitoring, in order to correlate the onset of
symptoms and failure of cruroplasty. The results
obtained are encouraging for a prolonged study and
long-term follow-up in order to standardize
the procedure.
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