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ABSTRACT

More than a thousand laparoscopic fundoplication opera-
tions for hiatal hernia (HH) have been performed at the Clinic of
the Bashkir State Medical University over the period between
2000 and 2019 and the results of surgical treatment of 502 pa-
tients were analyzed. Our research results indicate that routine
instrumental methods used in hiatal hernia diagnosis provide val-
uable information, however only their combined application al-
lows us to establish the correct diagnosis in all patients. Authors
propose a new original X-ray balloon method that allows to im-
prove the quality of diagnosis of hiatal hernia significantly. Bal-
loon X-ray allows us to establish the true dimensions of the hiatus
and select the most appropriate treatment accordingly. Isolated
fundoplication without plastic of esophageal opening was per-
formed in 180 patients. Surgical correction of the hiatus was per-
formed on 322 patients. Diaphragmcrouroraphy was carried out
in 199 cases, in 123 cases mesh implants were used to support the
crus of the diaphragm. In 215 cases, simultaneous surgical pro-
cedures were performed to treat multiple abdominal pathology.
We studied the changes in quality of life of 100 patients with hiatal
hernia before and after laparoscopic esophagofundoplication by
comparing the results of the survey (questionnaires) and medical
examination of the cardiac sphincter of the esophagus function.
The vast majority of patients demonstrated a significant improve-
ment in the cardiac closure function, a decrease in the frequency
and severity of gastroesophageal reflux, and reduced signs of re-
flux esophagitis.
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SAZETAK

Vise od hiljadu laparoskopskih operacija fundoplikacije za hi-
Jjatalnu kilu (HH) izvedeno je na Klinici Baskirskog drzavnog me-
dicinskog univerziteta u periodu izmedu 2000. i 2019. godine i a-
nalizirani su rezultati hirurskog lecenja 502 pacijenta. Rezultati
naseg istrazivanja ukazuju na to da rutinske instrumentalne me-
tode koje se koriste u dijagnostici hijatalne kile daju vredne infor-
macije, medutim samo njihova kombinovana primena omogucuje
nam da postavimo ispravnu dijagnozu kod svih pacijenata. Autori
predlazu novu originalnu metodu rendgenskog balona koja omo-
gucava znacajno poboljsanje kvaliteta dijagnoze hijatalne kile.
Rendgenski snimak balona omogucéava nam da utvrdimo prave
dimenzije pauze i prema tome odaberemo najprikladniji tretman.
Izolovana fundoplikacija bez plastifikacije otvora jednjaka izve-
dena je kod 180 pacijenata. Hirurska korekcija pauze izvedena je
na 322 pacijenta. Krourorafija dijafragme izvedena je u 199 slu-
Cajeva, u 123 slucaja su koristeni mrezasti implantati za podrsku
prignjecenju dijafragme. U 215 slucajeva istovremeno su izvedeni
hirurski zahvati za lecenje multiple abdominalne patologije. Pro-
ucavali smo promene u kvalitetu Zivota 100 pacijenata sa hijatal-
nom kilom pre i posle laparoskopske ezofagofundoplikacije upo-
redujuci rezultate ankete (upitnika) i lekarskog pregleda sréanog
sfinktera funkcije jednjaka. Velika vecina pacijenata pokazala je
znacajno poboljsanje funkcije zatvaranja srca, smanjenje ucesta-
losti i teZine gastroezofagealnog refluksa i smanjene znakove
refluksnog ezofagitisa.

Kljuéne reci: hijatalna kila, hirurska korekcija, fundoplikacija.
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INTRODUCTION

Numerous statistical studies indicate that hiatal hernias,
including recurrent, complicated and acute cases, are preva-
lent worldwide, which makes the problem of treatment of this
condition extremely relevant. Recent advances in medical
technology contributed to the development of new diagnostic
methods, while new medication and innovative surgical in-
struments significantly improved the results of treatment of
patients with hiatal hernia [1,2,3]. At the same time, many
researchers agree that, despite the wide range of available
methods for correcting hiatal hernia, a single commonly ac-
cepted strategy in surgical treatment of this pathology has not
yet been developed. This is primarily due to unsatisfactory
results both in the immediate and long-term postoperative pe-
riod [4,6,8]. When discussing modern methods of surgical
correction of hiatal hernia, restoring the functional state of
the esophageal-gastric junction and creating an anti-reflux
barrier become a priority. The introduction of video-endo-
scopic technologies has made it possible to increase the ef-
fectiveness of anti-reflux surgical procedures [5,7,9].

With the increase in the number of laparoscopic surgeries
to treat hiatal hernia performed at hospitals and clinics of the
city of Ufa (Russia), in recent years, doctors have often faced
the problem of rising rates of unsatisfactory results associated
with relapse of hiatal hernia and/or the development of patho-
logical postoperative symptom complexes. According to our
observations, many complications following the operations
to correct hiatal hernia are associated with insufficient or ex-
cessive narrowing of the esophagus [5]. In order to address
this issue, authors propose a new original X-ray balloon
method that allows to improve the quality of diagnosis of hi-
atal hernia significantly and the results are presented in this

paper.
MATERIALS AND METHODS

More than a thousand laparoscopic fundoplication opera-
tions have been performed at the Clinic of the Bashkir State
Medical University over the period between 2000 and 2019
and the results were thoroughly monitored and analyzed.

A total of 520 patients with hiatal hernia were treated in
our Clinic. There were 284 (54,6%) men among them and
236 (45,4%) women. The average age of patients was
49,5+5,62 years.

The following criteria for inclusion in the study were
used: patient must be over 18 years old; diagnosed with hiatal
hernia; anesthetic risk assessment score (ASA) of 1-3. The
criterion for exclusion from the study was the patient's signed
refusal to take part in the research and/or to undergo exami-
nation. All medical procedures and examination methods, in-
cluding the original methods developed by the authors, used
in this study were approved by the BSMU Clinic Ethics Com-
mittee.

All patients were submitted to endoscopy and targeted bi-
opsy, manometry, intraesophageal pH-monitoring and Bar-
ium contrast X-ray.

The “Balloon X-ray” Method (aka traction X-ray balloon-
ography method) developed by authors (Copyright certificate
for the invention N 1463233) was used to evaluate the valve
function of the cardia and, to establish the true dimensions of
the hiatus esophagus [5]. The detailed description of the orig-
inal method can be found below.

The examination is performed on an empty stomach in
the X-ray laboratory. The general X-ray examination of
thorax and belly cavity organs in vertical position is per-
formed. Then the patient is offered to drink approximately
100 ml of barium. As the barium suspension passes through,
the patency of the esophagus, its peristalsis, the precise shape
of the His angle, rugae and the folds of the gastric mucosa are
studied. An X-ray examination of the stomach at this point is
focused on the key properties and functioning of the esopha-
gus, particularly, the shape, size, stomach contents and its
evacuation. Then, when hiatal hernia is suspected, a gastric
probe with a radiopaque olive-shaped head and an inflatable
balloon attached is inserted into the stomach. As soon as the
head of the probe is actually in the stomach, 50 ml of liquid
substance is syringed in, that allows to distinguish the con-
tours of the balloon from the gas bubble in the stomach. The
inflated balloon is then pulled out with gradually increasing
pressure up to 1 kg, controlled by the dynamometer. The
healthy hiatus esophagus with the size ranging within 2-3 cm
resists the pressure applied and stops the inflated balloon
from being pulled out however, the hiatus esophagus with
hernia easily allows approximately 50 ml of the balloon to
pass through into the thorax followed by the stomach bottom
(Fig. 1). After the X-ray examination is completed, the bal-
loon is deflated and safely removed. Then the standard pro-
cedure of further examination is resumed.

Fig. 1. The image of the Y-patient’s hiatus esophagus
obtained using the Balloon X-Ray Method




hiatus esophagus

In all cases, the intraoperative size of the hiatus was meas-
ured by a special endoscopic instrument that was developed
by the authors (Fig 2). The instrument has one active moving
jaw with adjustable metric scale (from 0 to 9cm), that can
change its angle between 0 and 90°. Figure 3 shows measure-
ments of hiatus taken intraoperative.

Fig.2. Special endoscopic instrument for intraoperative
measurement of the esophageal opening

Fig.3. Intraoperative size measurement of the hiatus

Usually, patients after laparoscopic fundoplication stayed
at the clinic for 2 to 5 days and the immediate results (typi-
cally 90-95% good and very good) were observed. In addi-
tion, our study included long-term observation. Gastroesoph-
ageal Reflux Disease-Health Related Quality of Life (GERD-
HRQL) Questionnaire and General Health Survey (SF-36
questionnaire) were used to obtain data on the quality of life
of patients with hiatal hernia after anti-reflux surgical treat-
ment. All operated patients were asked to fill in the two ques-
tionnaires in order to obtain data on their the physical (Phys-
ical Component Summary) and psychological (Mental Com-
ponent Summary) well-being in addition to the instrumental
methods for studying the cardiac closure function [14].

A selective study of two-year postoperative treatment re-
sults was performed in 100 (19,9%) patients with hiatal her-
nia in the period following 1 to 5 years after surgery, includ-
ing 68 women and 32 men. The average age of the patients
was 44,34+8,47 years. The sample included 80 patients who
were treated with total (360°) fundoplication (Nissen), 20 pa-
tients partial (180-270 °) fundoplication (Dor, Toupet). Cor-
rection of the esophageal opening was performed by dia-
phragmocrurography in 32 cases, and in 17 cases with mesh
implants. The surgeons that performed operations were dif-
ferent. Simultaneous operations were performed in 16 cases
(cholecystectomy-13, hernia-2). The long-term results were
studied using the questionnaire method. 14 patients were sub-
ject to control instrumental examination. Patients were of-
fered to assess their general well-being on a 4-point scale.

The performance and effectiveness of the methods used
to diagnose hiatal hernia was evaluated based on Sensitivity
and Specificity. Sensitivity, in this case, is the ability of the
particular diagnostic method to detect the disease in people
who actually have the disease (the probability of a positive
result in people with the disease), that is, the proportion of
truly positive cases. Specificity refers to the ability of a diag-
nostic method to distinguish patients who have not been di-
agnosed with the disease, from people who do not really have
the disease (the probability of a negative result in people
without the disease), that is, the proportion of truly negative
cases that were correctly identified by the particular method.
Diagnostic effectiveness or Accuracy is the average between
diagnostic sensitivity and diagnostic specificity. Positive pre-
dictive value refers to the likelihood of patient actually hav-
ing a hiatal hernia, when positively diagnosed by a particular
method. Negative predictive value is the likelihood of the ab-
sence of HH when medical examination (with a particular
method) produces a negative result.

The performance was calculated according to the follow-
ing formulae:

Sensitivity = TP/(TP+FN),

Specificity = TN/(TN+FP),



Diagnostic effectiveness (accuracy) = (sensitivity+specific-
ity)/2,

Positive predictive value = TP/(TP+FP),

Negative predictive value = FN/(FN+TN), where TP were
True Positive cases, patients correctly diagnosed with HH;

TN - True Negative cases, healthy patients correctly identi-
fied as healthy;

FN - False Negative cases, patients suffering from HH, in-
correctly identified as healthyl;

FP - False Positive cases, healthy patients misdiagnosed with
HH.

RESULTS

We performed and analyzed the results of surgical treat-
ment in 502 patients with hiatal hernia. 18 patients declined
surgery in favor of conservative therapy. Laparoscopic Nis-
sen fundoplication method was the preferred procedure at the
Clinic, as the most adequate procedure that can prevent the
reflux of gastric contents into the esophagus. Isolated fun-
doplication without esophageal opening plastic was per-
formed in 180 patients. The expansion of the esophageal
opening by more than 3.5 cm was considered an indication to
surgery correction of hiatus. In total, additional procedures
for correction of the hiatus were performed on 322 patients.
Diaphragmcrouroraphy was carried out in 199 cases. In 123
cases, when crura of diaphragm were unable to sustain
stiches and when the expansion of the esophageal opening
was more than 5 cm, mesh implants were used to support the
crura (Fig. 4).

Fig.4. Surgical correction of hiatal hernia
with a mesh implant

When the main pathology was combined with other ab-
dominal diseases, requiring surgical correction, in 215 cases,
simultaneous surgical procedures were performed.

The data on concomitant medical conditions and hiatal
hernia-related clinical manifestations are presented in
Table 1.

Table 1. Summary of symptoms, Surgical procedures and Sample Composition

Number (Percentage)
Total number of patients: 520
-men 284 (54,6%)
-women 236 (45,4%)
Age (vears) 49,5+5,62

- duodenal ulcer

- cholelithiasis, chronic cholecystitis

- chronic pancreatitis

- chronic violation of duodenal patency
- biliary dyskinesia

- Casten syndrome

- Saint’s triad

Concomitant diseases (number of cases, percentage):

162 (31,2%)
131 (25.2%)
76 (14,6%)
62 (11,9%)
28 (5,4%)
21 (4,0%)
15 (2,9%)




Number (Percentage)

Clinical manifestations (esophageal)

- pain:
* in the upper abdomen area
* behind the sternum
« in the right hypochondrium area
* in the left hypochondrium area
* in the area of the heart

500 (96,2%)
424 (81,5%)
220 (42,3%)
212 (40,8%)
192 (36,9%)

- heartburn 420 (80,8%)
- dysphagia 212 (40,8%)
- belching 188 (36,2%)
- nausea 168 (32,2%)
- vomiting 164 (31,5%)
- regurgitation 160 (30,8%)
Clinical manifestations (non-esophageal)

- anemia and bleeding 130 (25%)
- aspiration bronchopulmonary complications 114 (21,9%)
- neurological disorders 52 (10%)

- asymptomatic course 14 (2,7%)

Performed surgical procedures

- complete (360°) Nissen fundoplication

- partial (180°- 270°) Toupet fundoplication
- partial (180°) Dor fundoplication

436 (86,8%)
62 (12,4%)
4 (0,8%)

Procedures performed simultaneously
- cholecystectomy

157 (31,3%)

- benign ovarian tumors removal 29 (5,8%)
- dissection of the ligament of Treitz 16 (3,2%)
- viscerolysis 11 (2,2%)
- hernioplasty (hernia repair) 2 (0,4%)
Total 520 (100%)

The most frequently combined procedures included chol-
ecystectomy (157 cases), removal of benign ovarian tumors
(29 cases), dissection of the Treitz ligament (16 cases), vis-
cerolysis (11 cases), hernia corrections (2 cases). Intraopera-
tive complications were diagnosed in 9 (1,8%) patients. Early
postoperative disfunction directly related to anti-reflux pro-
cedures were diagnosed in 73 (14,5%) patients, the most
common was transient dysphagia 39 (7,7%) cases. Reactive
serous pleurisy occurred in 8 (1,6%) cases. These complica-
tions were transient in nature and were corrected by con-
servative therapy.

The preoperative Balloon X-ray examination results al-
ways matched the intraoperative measurements. The proce-
dure proved to be convenient and effective, no complications
ever occurred during and/or after the Balloon X-ray exami-
nation. In addition, the technique does not require any expen-
sive equipment.

The results show that the reliability of the sliding hiatal her-
nias diagnosis increased to 95,5 % particularly for hiatal her-
nias where the esophageal opening of the diaphragm in-
creased to between 3.5 and 7.5 cm. Thus, the Balloon X-ray
method developed at the Clinic was proven effective in our
clinical practice and today is mandatory before performing
surgery for hiatal hernia.

Our results presented in Table 2 demonstrate that routine
instrumental methods used in hiatal hernia diagnosis provide
valuable information, however only their combined applica-
tion allows us to establish the correct diagnosis in all patients.



Table 2. Comparison of methods of hiatal hernia diagnosis.

Sensitivity | Specificity Accuracy PostliSZiglrjglc— I:iliecgt?:llevf/ flilec;
X-ray 78,9% 25% 51,96% 83,4% 80,01%
Esophagogastroduodenoscopy 92,6% 83,3% 87,95% 98,8% 58,3%
pH-monitoring, 89,5% 25% 57,25% 85% 66,6%
Esophagomanometry
Balloon X-ray 94,7% 71,4% 83,05% 97,8% 50%

As for two-year postoperative patient well-being results,
the complete survey data was obtained from 84 patients of
100 who took part in the research. Patients were offered to
assess their general well-being on a 4-point scale. 7 (8,3%)
patients reported it as Excellent, 45 (53,6%) as Good, 24
(28,5%) Satisfactory and 8 (9,5%) noted unsatisfactory re-
sults.

When patients self-assessed their state of health accord-
ing to the GERD-HRQL questionnaire, a statistically signif-
icant restoration of the cardiac closure function according to
manometric data and the DeMeester indicator was noted. At
the same time, in some patients with excellent and good re-
sults, gastroesophageal reflux and reflux esophagitis in the
lower third of the esophagus was observed according to the
daily intra-esophageal pH-meter and esophagogastroduo-
denoscopy (23,81 + 4,65%). Self-reported quality of life of
patients, according to the SF-36 questionnaire, increased dur-
ing the 1st and 2nd year after surgery compared with preoper-
ative values. To the question of whether preoperative com-
plaints disappeared, 48 patients (57,1%) answered aftirma-
tively, whereas 36 (42,9%) patients noted slight presence of
pathological symptoms, which are often observed after vari-
ous types of esophagus cardiac sphincter correction.

When asked if patients were generally satisfied with the
results of surgical treatment, 52 (61,9%) patients answered
“Yes” while 32 (38,1%) of patients answered “No”. Moreo-
ver, all patients who underwent combined surgical proce-
dures were in the group satisfied with the results of surgery.
Of 14 patients submitted for control instrumental examina-
tion, the majority (78,7%) showed no deviations from the
normal, only 2(14,2%) patients were diagnosed with esopha-
gitis, and 1 (7,1%) patient, earlier treated with partial Toupet
fundoplication, upon X-ray examination showed early signs
of a relapse of hiatal hernia.

DISCUSSION

Modern X-ray technology in a traditional medical exam-
ination does not always allow one to identify reflux esopha-
gitis and sliding hiatus hernias, as well as to differentiate
them from an ampoule or diverticulum of the esophagus.
Thus, X-ray does not provide sufficient evidence to form an
informed medical opinion as to the severity of the pathologi-
cal process, in particular, assess the size of the hernia defect
[10,11].

The “Balloon X-ray” Method (aka traction X-ray balloon-
ography method) developed by authors increases the HH di-
agnostics effectiveness; which allows us to evaluate the valve
function of the cardia and, most importantly, to establish the
true dimensions of the hiatus esophagus [5].

Moreover, precise information on the hernia defect size is
very valuable as it helps in selection of the hiatal hernia treat-
ment and the most appropriate technique for the operation if
needed. Knowing the exact dimensions of the defect, im-
plants can be prepared, if necessary, according to the speci-
fied size.

As many authors point out [12,13], every instrumental
method used in hiatal hernia diagnosis provides valuable in-
formation. Esophagogastroduodenoscopy is one of the most
reliable methods for the diagnosis of esophagitis, which al-
lows to visually examine the condition of the mucous mem-
brane of the esophagus and stomach, as well as to obtain bi-
opsy samples for further histological examination. Manom-
etry and intraesophageal pH-monitoring enable assessment
of the cardiac sphincter tone and help to identify the diseases
of the esophageal-gastric transition in the functional phase;
help to reliably assess the disease dynamics and the effective-
ness of the treatment. None of these procedures should be
treated as rival diagnostic methods but only as complement-
ing each other.

CONCLUSION

Our research results show that routine instrumental meth-
ods used in hiatal hernia diagnosis provide valuable infor-
mation, however only their combined application allows us
to establish the correct diagnosis in all patients. We propose
a new original X-ray balloon method that allows to improve
the quality of diagnosis of hiatal hernia significantly. Balloon
X-ray allows us to establish the true dimensions of the hiatus
and select the most appropriate surgical treatment accord-
ingly. The long-term results studied by us did not reveal any
significant difference in the postoperative subjective sensa-
tions of patients between surgical procedures (total or partial
fundoplication). It is suggested that the results of operations
in patients with hiatal hernia depend largely on a thorough
selection of patients for intervention. Indications to surgery
should be based on sufficient data obtained from preoperative
clinical and instrumental examination, including potential
concomitant pathologies.
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