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Objective: This study aimed to investigate the risk factors for hypotension in patients 
undergoing laparoscopic hiatal hernia repair.
Methods: The clinical data of patients who underwent laparoscopic repair of a hiatal 
hernia in the Beijing Chao-Yang Hospital of Capital Medical University between 
February 2018 and January 2021 were retrospectively collected, and their perioperative 
data were obtained by querying the electronic medical record system. The patients were 
divided into two groups—a hypotension group and a normal group—based on the 
occurrence of intraoperative hypotension, which was defined as a mean arterial pressure 
<65 mmHg and lasting ≥1 minute during the operation. The variables with a P value ≤0.1 
in univariate regression analysis and clinically considered relevant variables were 
included in multivariate regression analysis in order to screen the risk factors for 
hypotension in these patients.
Results: A total of 114 patients were included in the analysis. The incidence of hypotension 
was 54.4%. Old age was identified as the only risk factor for hypotension during hiatal hernia 
surgery.
Conclusion: Old age is the only risk factor for intraoperative hypotension in patients 
undergoing laparoscopic hiatal hernia repair.
Keywords: hiatal hernia, hypotension, risk factors

Introduction
Laparoscopic repair is an effective method of treating a hiatal hernia.1–3 However, it 
has been reported that pneumothorax caused by pleural injury during laparoscopic 
hiatal hernia repair may cause hypotension,4 while the incidence of hypotension in 
hiatal hernia repair in the absence of pneumothorax is rarely reported. It is known 
that intraoperative hypotension is related to myocardial injury, acute kidney injury, 
and death, with the risk increasing as the blood pressure lowers.5 The present 
retrospective study aimed to observe the incidence of intraoperative hypotension 
in patients with hiatal hernia and explore the risk factors for intraoperative hypo-
tension in order to provide a decision basis for clinical treatment.

Materials and Methods
Subjects
The clinical data of patients who underwent laparoscopic repair of a hiatal hernia in 
the Beijing Chaoyang Hospital of Capital Medical University between 
February 2018 and January 2021 were retrospectively collected.
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Exclusion Criteria
(1) pneumothorax occurred during operation; (2) patient 
was moved to open surgery during operation; (3) patient 
underwent further operations.

The study was conducted with approval from the 
Ethics Committee of Beijing Chaoyang Hospital of 
Capital Medical University (No: 2020-Ke-289). This 
study was conducted in accordance with the declaration 
of Helsinki. Written informed consent was obtained from 
all participants.

Operational Procedure
After general anesthesia via endotracheal intubation, arti-
ficial pneumoperitoneum was established, the posterior 
window of the esophageal hiatus was completely released, 
and the distal esophagus was restored to the abdominal 
cavity by at least 3 cm. Based on the size of the hiatus 
defect, a V-Loc suture was used to narrow the hiatus, after 
which the sutured site was intermittently strengthened 
using a 2/0 prolene suture, ensuring the hiatus passed 
through the esophagus only. (This degree of tightness 
was chosen because it allowed for the insertion of for-
ceps.) An 8×8 cm composite-mesh anti-adhesion patch 
(Medtronic, Covidien, ParietexTM) was then fixed to both 
diaphragmatic feet with an absorbable-nail gun, and the 
upper part was fixed with Kangpaite medical glue. The 
greater curvature of the stomach, esophagus, and dia-
phragm were sutured with four stitches using a 2/0 prolene 
suture to form a fundoplication (Dor, 180°). After the 
operation, a drainage tube was placed from the trocar port.

All operations were performed under a laparoscope by 
Huiqi Yang, the chief surgeon of Hernia and Abdominal 
Wall Surgery, Beijing Chao-Yang Hospital of Capital 
Medical University, and the same team of doctors.

Subject Grouping and Observation 
Indexes
The patients were divided into two groups—a hypoten-
sion group and a normal group—based on the occurrence 
of intraoperative hypotension, which was defined as 
a mean arterial pressure (MAP) < 65 mmHg lasting ≥ 
1 minute after the posterior window of the esophageal 
hiatus was released.5 The perioperative data, which were 
collected by querying the electronic medical record sys-
tem, included gender, age, height, weight, American 
Society of Anesthesiologists (ASA) grade, hiatal hernia 
classification, hiatal hernia size, hypertension, coronary 

heart disease, diabetes, stroke, respiratory system dis-
eases, fasting time before anesthesia, basal blood pres-
sure, and preoperative heart rate. The intraoperative data 
that were collected included the presence of intraopera-
tive hypotension and its duration, vasoactive drug use 
and types, volume and type of fluid supplement before 
hernia sac opening, and intraoperative fluid supplement 
volume.

Statistical Analysis
Data were analyzed using statistical software SPSS 22.0. 
Measurement data were expressed as mean ± standard 
deviation (x ± SD), and comparison between two groups 
was undertaken using an independent sample t-test. Count 
data were expressed as a percentage (%) and compared 
using a χ2 test. Logistic regression analysis was performed 
to identify the risk factors for intraoperative hypotension, 
after which the variables with a P value ≤ 0.1 in univariate 
regression analysis and the variables clinically considered 
relevant were included in multivariate regression analysis. 
P < 0.05 was considered statistically significant.

Results
General Characteristics
A total of 114 patients were included in the study, 62 of 
which had intraoperative hypotension (hypotension group) 
and 52 of which had no intraoperative hypotension (nor-
mal group); the incidence of hypotension was 54.4%. The 
baseline data of the two groups of patients are shown in 
Table 1.

Compared with the normal group, the mean age of 
patients in the hypotension group was significantly higher 
(65.4 ± 11.1 years vs 55.8 ± 13.9 years; P < 0. 001), the 
height was significantly lower (159. 4 ± 9.4 cm vs 164.3 ± 
10.4 cm; P = 0.008), and the body weight was significantly 
lower (64.4 ± 12.0 kg vs 69.3 ± 12.1 kg; P = 0.047), but 
there was no significant difference in body mass index 
(BMI) between the two groups (25.2 ± 3.6 kg/m2 vs 25.5 
± 2.8 kg/m2; P = 0.74). Preoperative ejection fraction in 
both groups were: normal group (59.7±2.1)%, hypotension 
group (57.3±1.8)%, p=0.16. Neither group had heart valve 
disease before surgery. The hypotension group also had 
a significantly higher preoperative baseline systolic blood 
pressure (153.9 ± 20.1 mmHg vs 144.0 ± 13.6 mmHg; P = 
0.003) and a significantly higher proportion of patients 
with preoperative hypertension (32.3% vs 15.4%; P = 
0.04). There were no significant differences between the 
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two groups in ASA grade, type and size of hiatal hernia, 
and other complications.

Intraoperative Conditions
The intraoperative conditions of the two groups are shown 
in Table 2. The mean duration of intraoperative hypoten-
sion in the hypotension group was 20 ± 15 minutes. 
Compared with the normal group, the proportions of 
patients in the hypotension group who intraoperatively 
received dopamine (12.9% vs 1.9%; P = 0.04), metarami-
nol (16.1% vs 1.9%; P = 0.01), norepinephrine (22.6% vs 
0%; P < 0.001), and ephedrine (12.9% vs 0%; P = 0.008) 
were significantly higher. There were no differences 
between the two groups in the amount of preoperative 
rehydration, types of rehydration, intraoperative blood 
loss, and intraoperative rehydration.

Risk Factors
The results of the regression analysis are shown in Table 3. 
Univariate regression analysis revealed that old age, high 

basal systolic blood pressure, and hypertension were risk 
factors for hypotension during hiatal hernia surgery. These 
three variables, the maximum cross-sectional area of the 
hiatal hernia, and operation time were included in the 
multivariate regression analysis, the results of which 
revealed that old age was the only risk factor for hypoten-
sion during hiatal hernia surgery (OR = 1.05, P = 0.01).

Discussion
Hiatal hernia (HH) occurs when the stability of the eso-
phagogastric junction is impaired, allowing upward dislo-
cation of the lower esophageal sphincter and a part of the 
stomach through the crural diaphragm. HH is associated 
with gastroesophageal reflux disease, which seriously 
reduces the patient’s quality of life.6 It may even prevent 
obese patients from having bariatric surgery, because the 
common surgery such as sleeve gastrectomy, Roux-en-Y 
gastric bypass and one anastomosis gastric bypass may 
increase the risk of reflux.7,8 Laparoscopic repair is an 
effective method of treating a hiatal hernia.

Table 1 The Baseline Data of the Two Groups of Patients

Items Normal Group(n=52) Hypotension Group(n=62) P value

Age (year) 55.8±13.9 65.4±11.1 <0.001
Gender, Male (%) 26(50%) 22(35%) 0.12

Height (cm) 164.3±10.4 159.4±9.4 0.008

Weight (kg) 69.3±12.1 64.4±12.0 0.047
BMI (kg/m2) 25.5±2.8 25.2±3.6 0.74

ASA grade 1.9±0.5 2.0±0.5 0.15

Ejection fraction (59.7±2.1)% (57.3±1.8)% 0.16
Maximum length of hernia (cm) 5.6±1.3 5.7±1.5 0.60

Maximum width of hernia (cm) 4.1±1.0 4.3±1.2 0.47
Maximum cross sectional area of hernia (cm2) 23.7±10.6 26.1±13.7 0.48

Types of hernia [n(%)] 0.99
Type I 12(23.1%) 16(25.8%)

Type II 15(28.8%) 18(29.0%)

Type III 17(32.7%) 19(30.6%)
Type IV 8(15.4%) 9(14.5%)

Preoperative water fasting (hour) 12.1±1.7 11.8±1.6 0.34
Systolic blood pressure 144.0±13.6 153.9±20.1 0.003

Diastolic blood pressure 84.6±9.8 84.5±10.3 0.99

Heart rate 78±13 79±13 0.36
Hypertension[n(%)] 8(15.4%) 20(32.3%) 0.04

Coronary heart disease [n(%)] 3(5.8%) 9(14.5%) 0.13

Diabetes [n(%)] 2(3.8%) 7(11.3%) 0.18
Stroke [n(%)] 5(9.6%) 10(16.1%) 0.31

Chronic obstructive pulmonary disease [n(%)] 5(9.6%) 7(11.3%) 0.77

Sleep apnea syndrome [n(%)] 3(5.8%) 2(3.2%) 0.66
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In this study, the incidence of hypotension in 114 
patients undergoing hiatal hernia repair was retrospec-
tively analyzed. The main findings of the study were that 
the incidence of hypotension in laparoscopic hiatal hernia 
repair was 54.4% and that old age was the only indepen-
dent risk factor for intraoperative hypotension in these 
patients.

The present study represents the largest sample size for 
the incidence of hypotension during laparoscopic hiatal 

hernia repair so far. Previous literature offers no report 
on the incidence of intraoperative hypotension in patients 
undergoing hiatal hernia repair, although Srivastava et al 
analyzed the risk factors for hypotension during laparo-
scopic surgery.9 Phillips et al reported that the incidence of 
tension pneumothorax in laparoscopic hiatal hernia repair 
was 22% and that the probability of hypotension caused by 
tension pneumothorax was 91%.4 The sample size used by 
Phillips et al, however, was only 50 cases, which is 

Table 3 The Results of the Regression Analysis

Items Single Factor Regression Analysis Multivariate Regression Analysis

95% CI P value 95% CI P value

Age 1.07 (1.03, 1.10) <0.001 1.05 (1.01, 1.09) 0.01
BMI 0.97 (0.87, 1.09) 0.63

ASA grade 1.78 (0.81, 3.91) 0.15

Maximum cross sectional area of hernia 1.02 (0.99, 1.05) 0.30 1.01 (0.97, 1.04) 0.76
Types of hernia 0.94 (0.65, 1.35) 0.73

Preoperative water fasting 0.91 (0.73, 1.14) 0.42

Systolic blood pressure 1.03 (1.01, 1.06) 0.005 1.02 (0.99, 1.05) 0.16
Diastolic blood pressure 0.99 (0.96, 1.04) 0.95

Heart rate 1.01 (0.98, 1.04) 0.49

Hypertension 2.62 (1.04, 6.59) 0.04 1.68 (0.57, 4.93) 0.35
Coronary heart disease 2.77 (0.71, 10.84) 0.14

Diabetes 3.18 (0.63, 16.04) 0.16

Stroke 1.81 (0.58, 5.67) 0.31
Chronic obstructive pulmonary disease 1.20 (0.36, 4.02) 0.77

Sleep apnea syndrome 0.54 (0.09, 3.39) 0.52

Operation time 1.01 (0.99, 1.02) 0.27 1.01 (0.99, 1.02) 0.39
Intraoperative blood loss 1.00 (0.93, 1.07) 0.98

Table 2 The Intraoperative Conditions of the Two Groups

Items Normal Group(n=52) Hypotension Group(n=62) P value

Types of rehydration 0.18
Voluven 41(78.8%) 42(67.7%)

Ringer’s solution 11(21.2%) 20(32.3%)

Amount of preoperative rehydration (mL) 483±58 490±44 0.53

Operation time (min) 102.1±29.7 109.6±40.0 0.77
Intraoperative blood loss (mL) 8±7 8±3 0.21

Intraoperative rehydration (mL) 1203±318 1276±300 0.33

Duration of intraoperative hypotension (min) 0 20±15 <0.001

Application of positive inotropic drugs (n)

Dopamine 1(1.9%) 8(12.9%) 0.04
Metaraminol 1(1.9%) 10(16.1%) 0.01

Norepinephrine 0 14(22.6%) <0.001

Adrenaline 0 1(1.6%) 1.00
Ephedrine 0 8(12.9%) 0.008
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relatively small in comparison with the sample size of the 
present study; all the operations in the present study were 
also performed by the same surgeons, leading to higher 
consistency and representativeness.

This study found that by adjusting for age, gender, 
BMI, ASA grade, hernia size and type, fasting time, 
basic blood pressure, combined with chronic diseases, 
operation time, intraoperative blood loss and other factors, 
old age was the independent risk factor of hypotension in 
laparoscopic hiatal hernia repair. Kazakova et al found that 
cardiovascular disease increases the risk of cardiovascular 
accident during surgery,10 and elderly patients are at 
higher risk of cardiovascular disease. Kudsi et al proposed 
that an increase in age increases the risk of complications 
and surgical complications.11 Wang et al proposed that 
some degree of peripheral arteriosclerosis or changes of 
peripheral vascular elasticity caused by diabetes mellitus 
are common in elderly patients,12 while peripheral vascu-
lar disease has been shown to be a risk factor for intrao-
perative hypotension. In the present study, although 
chronic disease was not a risk factor, the findings of 
Kazakova et al10 may explain why old age is a risk factor 
for intraoperative hypotension. As patients age, their dia-
phragm contraction and lung function decrease, which 
may contribute to intraoperative hypotension in elderly 
patients. However, their correlation needs to be further 
demonstrated by prospective studies with a larger sample 
size and basic studies.

About a third of general anesthesia patients have hypo-
tension after anesthesia induction and before skin 
incision.4,13,14 Therefore, in order to eliminate the inter-
ference of anesthesia factors as far as possible, the occur-
rence of hypotension was observed in the present study 
from when the posterior window of the esophageal hiatus 
was released. Brown reported that the establishment of 
pneumoperitoneum in laparoscopic surgery led to the com-
pression of the inferior vena cava and the reduction of 
venous return, which reduced cardiac preload and cardiac 
output and resulted in a lowering of blood pressure.15 

Sharma et al found that positive pressure ventilation, 
a dorsal elevated position, anesthetic drugs, and preopera-
tive water fasting could also reduce venous return, result-
ing in the occurrence of intraoperative hypotension.16 In 
the present study, all operations were performed by the 
same surgeon, all patients were placed in the supine posi-
tion with a head height of 30°, the pneumoperitoneum 
pressure was 14 mmHg for all, and there were no signifi-
cant differences in fasting time, operation time, anesthesia 

mode, and intraoperative fluid volume between the two 
groups.

Previous studies have reported that intraoperative 
hypotension is closely related to many adverse outcomes, 
including myocardial injury,17 acute kidney injury,18 

a higher probability of postoperative cognitive 
impairment,19 prolonged hospital stays, and increased 
risk of postoperative death;20 one study also found that 
the risk of these adverse outcomes increased as the blood 
pressure decreased and operation time increased.21 

Therefore, analyzing the occurrence of intraoperative 
hypotension and its risk factors will allow clinicians to 
more effectively reduce the incidence of adverse outcomes 
of surgical anesthesia.

The Present Study Had Some 
Limitations
It was a retrospective study, and, although representing the 
largest sample size in the research field to date, the sample 
was relatively small; furthermore, the effect of intraopera-
tive hypotension on postoperative recovery was not ana-
lyzed. The conclusion of the study therefore needs to be 
verified by large-sample randomized controlled trials.

Conclusion
The incidence of hypotension in laparoscopic hiatal 
hernia repair was 54.4%, and old age was the only 
independent risk factor for intraoperative hypotension 
in these patients. Age-related declines in cardiopulmon-
ary function may be involved, but further research is 
needed to confirm this.

Ethics Approval and Consent to 
Participate
This study was conducted with approval from the Ethics 
Committee of Beijing Chaoyang Hospital of Capital 
Medical University (No: 2020-Ke-289). This study was 
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Written informed consent was obtained from all participants.
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