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Introduction

Laparoscopic paraesophageal hernia (PEH) repair can be 
done safely in expert hands with mortality rates of 1.3% in 
elective settings and 8% in emergencies (1,2). Due to the 
complexity of the operation, a significant learning curve 
is necessary for a surgeon to reduce complications rate to 
those of experts (3-5). The list of complications reported 
after PEH repair is long. Medical complications affecting 
the heart, lungs and kidneys are often associated with PEH 
repair because the operation is mostly performed for elderly 
patients with co-morbidities. Serious surgical complications 

result from iatrogenic injuries to the pleura, aorta and 
pericardium (6). Furthermore, traction on the gastric fundus, 
esophago-gastric junction (EGJ) and lower esophagus can 
cause immediate or delayed visceral perforation with life-
threatening consequences (7). Hernia recurrence is common 
but not usually of clinical significance. Elective primary and 
revision PEH repair should therefore only be undertaken in 
units with experience and facilities to deal with respiratory 
failure, major bleeding, upper gastro-intestinal perforations 
and critical care. In this review the focus is on those 
complications directly related to laparoscopic PEH repair 
that may require revisional surgery.
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Complications after PEH repair 

CO2 retention and pneumothorax

Laparoscopic incision of the peritoneal sac in the 
mediastinum inevitably results in CO2 tracking up and 
accumulating in the mediastinal and subcutaneous spaces. 
CO2 retention manifests itself with a gradual rise in the 
end-tidal CO2 and surgical emphysema that can extend to 
the fingertips (8). 

If CO2 retention is detected intra-operatively, the 
pneumoperitoneum pressure should be reduced to  
<11 mmHg or potentially de-insufflation for a period of 
time allowing for hyperventilation to lower the CO2 levels. 
A pneumoperitoneum pressure ≥14 mmHg is rarely required 
for surgery in the mediastinum. If the end-tidal CO2 remains 
high at the end of the procedure, with a risk of hypercarbia 
and respiratory depression, the patient should remain 
ventilated until CO2 levels drop into the normal range.

Although pneumoperitoneum can directly lead to 
pneumothoraces on either side, most pneumothoraces 
result from iatrogenic laceration of the pleura and direct 
insufflation of CO2 into the pleural cavities (8). 

Intra-operative pneumothorax, or more accurately, 
capnothorax, is usually detected by the anesthesiologist as an 
increase in the ventilation pressures or a drop in the blood 
pressure. A left sided capnothorax will cause ballooning of 
the left diaphragm, which will be noticed by the surgeon. 
Reducing the pneumoperitoneum pressure to ≤11 mmHg 
will usually allow the positive pressure ventilation to re-
expand the lung. If needed, the surgeon can further assist 
lung expansion using the laparoscopic suction device in the 
pleural space (9). At the end of the operation a capnothorax 
will almost always resolve without any intervention. 
However, on rare occasions an at-risk patient (poor lung 
function) or with persistent symptoms making extubation 
difficult chest tube drainage may be desired. On these 
occasions a thoracostomy drain can be avoided by placing 
a transhiatal soft tube drain via one of the laparoscopy 
port sites into the mediastinum or directly into the pleural 
space via the pleural defect which is a technique developed 
for laparoscopic esophagectomies (10). It is not usually 
necessary to connect the drain to an underwater device and 
it can usually be removed in a short time frame once the 
patient has stabilized.

A post-operative pneumothorax detected by a chest XR, 
ultrasound or CT scanning can be treated non-operatively if 
small and asymptomatic, because the capnothorax is usually 
absorbed rapidly. Symptomatic pneumothoraces may be 

due to an occult lung injury and should be treated with an 
intercostal chest drain insertion. 

Post-operative bleeding

While uncontrollable intraoperative bleeding is quite 
rare, postoperative bleeding is one of the most common 
reasons for an early return to the OR. As PEH repair 
involves division of many large and small blood vessels, 
there is always a possibility of failure of a tissue seal or 
suture ligation and resulting bleeding. Such bleeding is 
most frequently from a short gastric vessel, or branch of 
the left gastric artery/vein. Anatomical distortion in a PEH 
can make identification of blood vessels more difficult 
which may lead to iatrogenic injury. Short gastric vessels 
may be stretched into the mediastinum and the surgeon 
must carefully seal and divide them near the fundic wall. In 
such cases the posterior gastric vessels connecting with the 
posterior aspect of the splenic hilum must be divided in the 
posterior aspect of the hernial sac. In PEH with organo-
axial gastric volvulus the gastric fundus is in its original 
posterior position and the short gastric vessels short and 
close to the splenic hilum. If the surgeon wishes to do a 
fundoplication in such cases, once the distal stomach is 
reduced and the hiatus hernia repaired, a careful division of 
the proximal short gastric and posterior gastric vessels have 
to be performed to mobilize the fundus. The left gastric 
artery and its branches can also be distorted and stretched 
by the PEH hernial sac. In a large PEH there is destruction 
of posterior crural fibres which makes the upper border of 
the pancreas and left gastric artery appear to be withing 
the hiatus. Injury to the left gastric artery is avoided by 
dissecting out the entire hernial sac laterally and anteriorly 
in the mediastinum and delivering the sac, stomach and 
the esophago-gastric junction to the abdominal cavity. 
Resection of the hernial sac starts anteriorly to the left of 
the anterior vagus nerve and continues around the left side 
to near the midline. If the anatomy to the right of the vagus 
nerves and around the left gastric artery remain distorted 
and obscured by the posterior aspect of the hernial sac, this 
is best left in situ to avoid injury to the artery and nerves. If 
a patient has a sudden drop in blood pressure, tachycardia 
and increased abdominal pain in the first 48 hours, bleeding 
should be expected and urgent return to the OR planned.

Cardio-vascular injury

A potentially life-threatening complication of paraesophageal 
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hernia repair is cardiac injury. Cardiac tamponade (11,12) 
and hydropneumopericardium (13) have been described. A 
primary cardiological event should be suspected in the first 
instance, and prompt diagnosis is key in patients developing 
intra- or postoperative hemodynamic instability (6).  
Most of the cases reported have happened after a large 
diaphragmatic defect was repaired by fixing a mesh with 
staples or tacks. All cases required a reoperation for 
pericardial drainage and repair. Fatal hemorrhage due to 
gastro-aortic fistula has been also reported, arising from a 
gastric ulceration at a suture site, an ischemic fundus, or 
mesh migration (14). 

Perforation

Esophageal and gastric fundal perforations after PEH 
repair can occur due to traction on the lower esophagus, 
esophago-gastric junction and fundus, or a thermal injury 
from dissection with an energy device. When a perforation 
to the esophagus or stomach is recognized intra-operatively, 
good results are achieved by immediate repair with a 
dissolvable suture such as 3/0 Vicryl with either a two layer 
or single layer technique (15). A trans-hiatal tube drain is 
placed in the lower mediastinum adjacent to the esophageal 
repair at the end of the procedure. The patient should be 

restricted to having only sips of water for 72 hours before 
healing is confirmed by a colored drink test on the ward or 
a water-soluble contrast study in the XR department.

When the perforation presents after a few days, and the 
mediastinal drain has remained in situ from the primary 
operation, conservative management can continue if the 
patient is clinically stable. Cross-sectional imaging by CT 
scanning should be performed to delineate the extent of the 
liquid and air leak. Intravenous antibiotics and antifungal 
medication are administered. The patient is kept nil by 
mouth and a naso-gastric tube is placed to decompress 
and drain the stomach. The mediastinal drain is kept on 
free drainage, but suction can be applied in case of a large 
air leak. Intercostal chest drains are inserted for pleural 
effusions or pneumothoraces. Parenteral nutrition is usually 
administered but enteral nutrition can be provided by a 
naso-jejunal catheter or percutaneous jejunostomy (16).

If the perforation presents after a few days and there are 
no drains in situ, surgical intervention by laparoscopy, 
laparotomy or thoracotomy is usually indicated (17) 
(Figure 1). At laparoscopy all contaminating liquid should 
be aspirated and the mediastinum lavaged. Accurate 
placement of tube drains in the mediastinum is vital. 
Repair of the esophageal perforation can be attempted 
but is unlikely to be successful at this late stage, and repair 

Figure 1 Esophageal perforation. (A) CT scan (coronal view) showing a giant paraesophageal hernia occupying the posterior mediastinum. 
(B) CT scan (coronal view) of the same patient showing mediastinal and bilateral pleural collections on postoperative day 4 due to delayed 
iatrogenic esophageal perforation. The patient required an emergency thoracotomy with mediastinal washout and drainage, as well as a 
laparotomy to place a venting gastrostomy and feeding jejunostomy.
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over a t-tube drain could be considered as an alternative. 
Additional peritoneal and intercostal chest drains are placed 
intra-operatively or post-operatively by interventional 
radiology as appropriate. Endoscopic techniques such as 
endoscopic suturing and clipping, esophageal stenting 
with a removable covered self-expanding metal stent, or 
endoluminal sponge vacuum therapy have proven benefits 
as an alternative to surgery when dealing with esophageal 
perforation either as a primary procedure if there is not free 
peritoneal contamination or as an adjunct to surgery (18). 

Perforation has also been described after intra-thoracic 
herniation and strangulation of a fundoplication wrap, 
leading to mediastinitis and empyema (19). A large hernia 
recurrence with acute gastric volvulus, as well as migration 
of the body of the stomach through the fundoplication 
ring, can also cause necrosis (19,20). Gastric necrosis with 
perforation requires urgent surgery with resection. A sleeve 
type gastrectomy can be done if only the fundus or greater 
curve is necrotic, but if both greater and lesser curves of the 
stomach are necrotic then a near total or total gastrectomy 
may be required (21). Immediate reconstruction by Roux 
loop can safely be done but delayed reconstruction has also 
been proposed.  

Dysphagia

Post-surgical dysphagia is caused by delayed esophageal 
emptying due to mechanical  compression on the 
esophago-gastric junction by a migrated fundoplication, 
a tight fundoplication, twisting of the EGJ by a distorted 

fundoplication, a tight diaphragmatic crural repair, or hiatal 
stenosis due to excessive scarring (22). In the long-term 
such EGJ compression can lead to esophageal dilatation, 
loss of peristalsis in the esophageal body and a clinical 
picture of iatrogenic pseudo-achalasia (23,24) (Figure 2).

Some patients experience acute dysphagia, i.e., they are 
unable to swallow saliva or water in the early post-operative 
period. Early acute dysphagia can be caused by migration 
of the fundoplication into the hiatus or lower mediastinum 
due to post-operative retching and vomiting, but it can also 
be caused by over-tight crural sutures or fundoplication. In 
most cases early acute dysphagia is best treated by an early 
return to theatre to correct the obstruction at the EGJ. A 
migrated fundoplication is returned to the abdomen and 
the hiatus re-repaired. It is important to note the cause 
of the immediate herniation which is likely secondary to 
an insufficient mediastinal dissection which will need to 
be done at the return to surgery. On the other hand, if 
the crural repair is too tight, one or two crural sutures are 
removed and the 360° fundoplication is best converted to 
180° by removing the anterior fundoplication sutures. 

Most patients experience a temporary mild to moderate 
dysphagia for up to 6 weeks after repair. Occasionally, 
dysphagia persists beyond the expected 6 weeks and can 
become severely disabling. A moderate dysphagia persisting 
beyond the expected time frame should be investigated by 
a barium swallow XR to assess esophageal emptying and a 
gastroscopy to assess the hiatus repair and fundoplication. 
Persistent dysphagia with delay of passage at the EGJ is 
initially treated by balloon dilatation of the EGJ to 20 mm. 

Figure 2 Pseudoachalasia. (A) CT scan (sagittal view) showing iatrogenic pseudoachalasia with severe esophageal dilatation caused by hiatal 
stenosis and fundoplication stenosis after paraesophageal hernia repair. (B) The endoscopy photo of the same patient shows the significantly 
dilated distal esophagus with food retention and a normal esophago-gastric junction.

Oesophageal 
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Achalasia type pneumatic dilatation up to 30 mm can be 
used if initial dilatation is not successful (25). If pneumatic 
dilatation is unsuccessful then a re-operation should be 
considered. At re-operation for dysphagia the EGJ is 
mobilized, fundoplication opened anteriorly (360° to 180° 
conversion) and the hiatus repair assessed. In most cases 
the problem will be a hiatus hernia recurrence with partial 
migration of the fundoplication. In these cases, the hiatus 
should be repaired once again by non-absorbable sutures 
such as Ethibond with a patulous fundoplication. In cases 
where there is stenosis of the EGJ the excess scarring can 
be anterior adhesions between the left lobe of the liver, 
the fundoplication and hiatus. The fundoplication can 
be stenotic due to tight sutures and scar tissue formation 
between the fundoplication and EGJ as well as the repaired 
hiatus can be stenotic by tight sutures, excessive scar 
tissue or mesh. In such cases all the anterior adhesions 
should be divided, a hiatoplasty performed either anterior 
or posterior to the discretion of the surgeon and the 
fundoplication should be opened with all adhesions under 
the fundoplication divided restoring normal anatomy.

Hiatus hernia recurrence

Asymptomatic hiatus hernia recurrence does not warrant 
a repair. Hiatus hernia recurrence causing symptoms such 
as dysphagia, heartburn, regurgitation, vomiting, shortness 
of breath or chest pain should be considered for surgery. 
Pre-operative investigations include a gastroscopy, barium 
swallow XR and CT scan. Patients should be informed 
that the operation will take longer, is associated with more 
complications, and is less likely to resolve all the symptoms 
than their primary operation (26). Most operations to 
repair a recurrent hiatus hernia can be accomplished with 
a laparoscopic technique (2). The intra-operative findings 
are either slippage of the EGJ through an intact infra-
diaphragmatic fundoplication, partial migration of the 
fundoplication into the mediastinum, complete migration 
of the fundoplication and proximal stomach, distortion/
malconstruction of the fundoplication with migration, or 
volvulus of the distal stomach and/or greater curve into 
the previous hernia space (24,27,28). If the main pathology 
encountered at operation is gastric volvulus and it is deemed 
undesirable to perform a hiatus hernia repair due to patient 
risk factors or lack of surgical expertise, gastropexy can be 
performed by decompressing the stomach through a naso-
gastric tube and then placing a row of non-absorbable 
sutures between the greater curve of the stomach and the 

anterior abdominal wall (29).
A few technical points in our experience can help 

achieving satisfactory results when repairing a recurrent 
PEH.

(I)	 Peritoneal adhesions—adhesions between the 
left lobe of the liver and stomach, and adhesions 
between the fundus and crura are best divided by 
diathermy scissors either mono-polar or bipolar. 

(II)	 In cases where the entire hernia sac was not 
removed, the peritoneal hernial sac is dissected out of 
the mediastinum by developing a plane between the 
peritoneum and pleura, then peeling the sac off the 
mediastinal tissues (30). During dissection, traction 
should be applied to the peritoneal sac from lateral 
to medial, but no traction should be applied to the 
esophagus or stomach. Great care is taken not to try 
and pull or peel the peritoneal sac off the esophagus. 
Once the peritoneal sac has been released from both 
the right and left pleura, as well as anteriorly from 
behind the pericardium and posteriorly over the 
aorta, the esophago-gastric junction and hernial sac 
can be delivered to the abdomen without tension. 
During excision of the hernial sac great care should 
be taken not to injure the esophagus, fundus or vagus 
nerves. With additional esophageal mobilization, 
it is rarely (<4%) necessary to perform esophageal 
lengthening techniques.

(III)	 The previous fundoplication should be undone 
completely to re-assess the anatomy of the EGJ (31).

(IV)	 The hiatus repair  is  performed with non-
absorbable sutures such as Ethibond. The crura 
will have separated into a wide asymmetrical 
V-shape due to destruction of the anterior muscular 
component of the hiatus, and excessive stretching 
of the left crural fibers. The hiatus repair can start 
posteriorly through the crural muscles where the 
sutures will be under considerable tension (32). 
Lateral releasing incisions with or without mesh 
reinforcement can be used (5,33). As an alternative, 
the hiatus repair can start anteriorly through the 
central tendinous part of the diaphragm posterior 
to the pericardium (34,35). The start of an anterior 
repair is to the left of the midline in order to 
achieve equal lengths of the right and left crura. 
The first sutures through the tendinous part of the 
diaphragm are tied under tension to approximate 
the wide tips of the V-shaped hiatus, thus allowing 
the crura to assume a narrower oval shape. Three 
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of four further anterior and one or two posterior 
sutures are placed to create the correct size crural 
aperture for the esophagus (Figure 3). 

(V)	 The fundoplication is redone in most cases as a 
360° loose wrap, but a partial anterior or posterior 
fundoplication can also be done. Mobilization of 
the posterior extra-peritoneal aspect of the fundus 
may be required before a loose fundoplication can 
be achieved.

(VI)	 The lower mediastinum and/or left and right 
pleural cavities are drained by placing one or two 
transhiatal tube drains in them (10) (Figure 3). 

(VII)	A naso-gastric tube is not routinely used.
(VIII)	Every effort is made to avoid retching and vomiting 

in the early post-operative period, i.e., anti-emetics 
are given routinely during anesthesia and afterwards, 
opiate use is kept to a minimum, and the patient is 
allowed only sips of water initially.

(IX)	 Routine contrast swallow XR investigations are 
not performed (36), but a colored drink test with 
bedside observation of drain output can provide 
information about the integrity of the lower 
esophagus. A CT scan with oral contrast can 
provide additional information about possible 
leaks or hernia recurrence if the clinical situation 
warrants the investigation.

Excess intestinal gas

Hiatus repair and fundoplication affect gastric gas 
management with reduced belching (37) as well as reduced 
gastric accommodation (38) with most patients reporting 

some symptoms of increased intestinal gas (meteorism) 
post-operatively. Acute gastric dilatation with gas occurs in 
the immediate post-operative period with patients suffering 
severe epigastric pain and impaired respiration, but patients 
can present with these symptoms several months after the 
operation. When a concomitant gastric outlet obstruction, such 
as for SMA syndrome, is present, patients can develop closed 
loop obstruction with a dramatic rise of intraluminal pressure, 
which has been associated with acute pancreatitis (39), SMV 
thrombosis (40), stomach ischemia and perforation (41).  
The treatment is urgent decompression of the stomach 
by naso-gastric tube drainage. Excess gas accumulation 
in the intestines results in symptoms of bloating and 
cramps, visible abdominal distention (tympanites), and 
excess flatus (flatulence). Chronic excess gastric and intestinal 
gas is initially managed medically by diet modification, 
avoiding carbonated drinks and taking medication such as 
anti-spasmodics, charcoal, laxatives or simple analgesia. 
Patients with intractable symptoms and severe impairment 
of quality of life may be considered for redo surgery with 
suspicion of a technical error or early recurrence. Pre-
operative investigations should include barium swallow to 
confirm good esophageal emptying, CT scanning to rule 
out a recurrent hiatus hernia and confirm gastric distention 
with gas, esophageal physiology to rule out GERD, 
isotope gastric emptying studies to rule out delayed gastric 
emptying and a gastroscopy to rule out gastritis. After 
excluding other pathology, the reasonable assumption is 
that the gastric gas bloat is caused by the configuration of 
the fundoplication. Patients should be warned that redo 
surgery is not guaranteed to resolve their symptoms and 
that opening the fundoplication may result in acid reflux. 

Figure 3 Anterior repair. (A) An anterior hiatal repair and 360° fundoplication. (B) A 24 French soft tube drain is inserted into the 
mediastinum via the transhiatal route at the end of the procedure. Two drains can be inserted if both right and left pleural spaces had 
pneumothoraxes that needed treatment.

anterior repair

transhiatal drain
Nissen
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At laparoscopy, the fundoplication is opened anteriorly 
and converted from 360o to 180o, and the hiatus is opened 
anteriorly if there is any evidence of hiatal stenosis (42). 

Delayed gastric emptying

Inadvertent truncal vagotomy or vagal nerve injury causes 
pyloric dysfunction with delayed gastric emptying, reflux 
and vomiting. Solid food retention is seen in the stomach at 
endoscopy or contrast XRs despite fasting. Confirmation of 
the diagnosis can be sought by radio-isotope gastric emptying 
studies. Treatment consists of pyloric dilatation up to 30 mm, 
pyloromyotomy via the POEM (POP) technique (43), or 
laparoscopic pyloroplasty. In rare cases, with severe reflux 
a Roux-en-Y gastric bypass or antrectomy with Roux-en-Y 
reconstruction can be done to relieve symptoms (44).

Suture, pledget and mesh erosion

Non-absorbable suture material, pledgets and mesh are 
often used for hiatus hernia repair and fundoplication to 
reduce recurrence rates (45). These materials can erode 
into the lumen or cause dense scarring with hiatal and 
esophageal stenosis. While eroded materials can be removed 
endoscopically, some patients require surgery, including 
resection such as esophagectomy and gastrectomy for mesh 
removal (46). Mesh erosion into the aorta can result in 
catastrophic bleeding that require urgent surgery (47).

Fistulas

A fistula connecting the distal esophagus and fundus has 
been described as causing persistent and worsening of 
pathological acid reflux post fundoplication (48). This was 
attributed to intraoperative tissue injury caused by deeply 
placed sutures, which in another instance have been held 
responsible for intra gastric wall abscess formation (49). 
Endoscopic and surgical repair can resolve the problem.

Splenic complications

Ligation of short gastric vessels can be associated with 
partial spleen infarction, usually causing no serious 
consequences (50). However, ‘wandering’ spleen and 
torsion on its mesentery, acute complete splenic infarction 
and a vanishing spleen leading to fatal pneumococcal 
sepsis have all been described after Nissen fundoplication, 
following minor trauma or in the presence of connective 

tissue disorders (51,52). Splenectomy may be required but is 
exceedingly rare in laparoscopic procedures.

Diarrhea and other medical complications

Up to 20% of patients experience some change in bowel 
habit after PEH repair, mostly diarrhea. Causes of new 
onset chronic diarrhea include vagotomy, small bowel 
bacterial overgrowth and bile salt malabsorption. Diarrhea 
is usually treated medically. Cardiac, respiratory and renal 
complications treated in the peri-operative period rarely 
persist in the longer term.

Conclusions

Medical and surgical complications of paraesophageal 
hernia repair can present intra-operatively, in the early post-
operative phase or in a delayed manner. The complications 
can be life-threatening or severely impair quality of life. 
Primary surgery, peri-operative care and treatment of 
complications are best done in specialist centers by expert 
surgeons. Pneumothorax/capnothorax, hemorrhage and 
esophageal perforation that are immediately corrected 
during surgery have a good outcome. Delayed complications 
such as hiatus hernia recurrence, obstructing volvulus, 
gastric perforation, dysphagia, gas bloating, impaired gastric 
emptying and mesh erosion can successfully be dealt with 
by expert surgeons. Non-specialist surgeons confronted 
with emergency complications from paraesophageal hernias 
can employ temporary stabilizing techniques such as 
decompression and gastropexy before transfer.
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