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Introduction.  
 

The role of the esophageal hiatus in preventing gastro-esophageal reflux was first established in the mid-

twentieth century by British surgeon Phillip Allison (1). Based on his observations, Allison devised an operation 

that would re-establish normal anatomy through suture of the diaphragmatic crura posterior to the esophagus 

and fixation of the cardia to the diaphragm on the abdominal side (2). During the same decade, Rudolph Nissen 

noted that plication of the fundus around the distal esophagus eliminated symptoms of gastro-esophageal 

reflux (3). These two concepts, closure of the hiatus and creation of a flap-valve mechanism, have since formed 

the basis of anti-reflux procedures. 

Significant progress has been made in anti-reflux surgery since the time of Allison and Nissen. With the 

introduction of minimally invasive techniques to foregut surgery, patients no longer have to endure large 

abdominal or thoracic incisions. Recent population-based analysis has shown a decrease in the morbidity-

mortality of hiatal hernia repair over the last 20 years, with the lowest risk in those treated by laparoscopy (4). 

Despite these advances, recurrence of hiatal hernias (with its associated risk of recurrent GERD) remains 

common (5). 

Abstract: Repair of hiatal hernias is associated with an elevated recurrence rate, a fact that has long 
driven modifications to surgical technique. During the past 20 years, reinforcement of the repair 
with mesh has formed the basis of many of these modifications. However, despite early success, the 
use of synthetic and biologic mesh at the hiatus has been found to carry increased complication and 
high long-term recurrence rates, respectively. In this article, we review available evidence as well as 
our current practice for mesh-reinforced hiatal hernia repair.  
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The esophageal hiatus is subject to constant diaphragmatic movement, positive pressure from the abdomen, 

and negative pressure from the mediastinum. These conditions set the stage for recurrence of hiatal or 

paraesophageal hernias after surgical repair. Indeed, the Allison procedure fell into disuse after he reported on 

a nearly 50% recurrence rate for hiatal hernia at the 1973 meeting of the American Surgical Association. Allison 

carefully documented recurrence as demonstrated by barium swallow studies, and was the first to point out 

that the rate of recurrence increases over time (6). Difficulties in hiatal hernia repair were not unique to the 

Allison technique, as evidenced by Ronald Belsey’s work. Belsey’s Mark IV repair, described in 1967, was the 

culmination of a technique that evolved (Marks I–III) over years of trial and error and methodical observation. 

Recurrence rate for the Mark IV repair was noted to be 7%, with 50% of patients having undergone barium 

swallow at least a year after their operation (7). Only Hill’s 1977 description of his median arcuate ligament 

repair stood out in reporting a 0% recurrence rate (8). However, there were few studies in the open era to track 

large scale outcomes, and even fewer that tracked anatomic ones. As such, subsequent reports of the Hill repair 

found recurrence nearing 20% in those who underwent radiologic follow-up (9). 

The laparoscopic approach to hiatal hernia repair was first described in the early 1990’s (10). This approach 

offered patients the known advantages of minimally invasive surgery while allowing surgeons to follow the 

tenets of successful hiatal hernia repair, namely esophageal mobilization, excision of the hernia sac and closure 

of the diaphragmatic crura (11). With this renewed enthusiasm for hiatal hernia repair, came more studies 

evaluating outcomes and anatomic failure. Despite coming under fire initially for increased recurrence rate 

when compared to open surgery, the laparoscopic technique has continued to be favored by most high volume 

centers (12-14), as the outcomes now appear similar to open approaches. 

Non-absorbable mesh 

The success of prosthetic material for repair of abdominal wall hernias suggested that the same tension-free 

concept could be applied to the esophageal hiatus. Kuster and Gilroy first reported placement of mesh at the 

hiatus in 1993. In their technique, a polyester mesh was placed anterior to the esophagus as a bridge repair 

(15). Many others soon followed suit, with case series documenting the use of mesh (most commonly 

polypropylene and PTFE) placed in a variety of configurations, including O-shaped (encircling the esophagus), 

U-shaped, anteriorly placed triangle and posteriorly placed rectangle (16-19). These techniques were found to 

be associated with decreased recurrence (20,21). However, it was soon found that the use of non-absorbable 

mesh was linked to unique complications, of which the most troubling were esophageal stricture and erosion 

of mesh into the esophagus (22,23). 

Some groups have reported low incidence of dysphagia and continue to advocate for the use of non-absorbable 

mesh at the hiatus (24-26). This remains a controversial topic as mesh erosion into the esophageal lumen has 

been associated with catastrophic consequences (i.e., need for esophago-gastrectomy) (19,22,27). 

Absorbable mesh 

In an effort to take advantage of the benefits of prosthetic material while avoiding complications associated 

with non-absorbable mesh, our group was an early adopter of the use of absorbable (biologic) mesh at the 

hiatus. After our initial results showed a promising safety profile and low recurrence rate (28), we designed a 

multicenter randomized controlled trial comparing sutured repair to closure reinforced with biologic mesh 

(small intestinal submucosa, Surgisis, Cook Surgical). At 6-month follow-up, we found that compared to suture 

repair, use of biologic mesh was associated with a nearly three-fold reduction in recurrence (9% vs. 24%) (29). 

These encouraging results were later tempered by our 5-year follow-up, in which we found similar recurrence 

rates between both groups (54% vs. 59%) (30). The outcomes of this study led us to take a selective approach 

to the placement of biologic mesh at the hiatus. 

A recent report aimed to compare results over two types of biologic mesh (both composed of acellular human 

dermis) in 54 patients. Overall recurrence rate was 14% at 6-month follow-up and no significant differences 

were found between the two groups (31). A European observational study compared results between patients 

who underwent suture-only repair and repair buttressed with a biosynthetic mesh. Overall recurrence was 

higher in the suture-only group (9.7% vs. 18.6%) at a median follow up of 24 months. However, when 
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recurrence-free probability was estimated, the benefit of mesh largely diminished over time (32). Thus results 

from these studies have largely confirmed our findings, i.e., placing biologic mesh is superior in terms of short-

term recurrence, an advantage which decreases over time. 

There are very few head-to-head studies comparing synthetic and biologic mesh at the hiatus. The one 

randomized controlled trial to do so found similar 6-month recurrence rates in three groups studied: suture 

only repair, biologic mesh repair and non-absorbable mesh repair. This study is ongoing and its long-term 

results should shed further light into the complication and recurrence profiles of each type of repair (33). 

Surgical techniqueOther Section 

The patient is placed in a supine, split-leg position. Both arms are tucked and safety straps are placed around 

the patients’ thighs. The surgeon stands at the foot of the table, with an assistant standing on the patient’s left 

side. 

Pneumoperitoneum is obtained with a Veres needle placed through a left subcostal incision. We place our first 

trocar in the same location using an 11-mm optical port. We place three additional ports as seen in Figure 1. 

Additionally, a Nathanson liver retractor (Mediflex, Islandia, NY, USA) is placed in a subxiphoid location. A steep 

reverse Trendelenburg position allows visualization of the esophageal hiatus. 

We start the procedure by reducing as much hernia contents as possible. If the stomach is not easily reducible, 

no further attempts are made at this point. An incision of the sac over the left crus is made, which will enhance 

visualization when completing ligation of the short gastric vessels. These are taken down using the Ligasure 

device (Covidien, Boulder, CO, USA). Once the fundus is completely free of attachments, the areolar plane 

between the hernia sac and the left crus is entered. At this point, adequate identification and dissection of 

planes is crucial as it allows better identification of mediastinal structures, including the pleura. From the left 

crus, dissection of the hernia sac is carried over to the right in a counterclockwise fashion. This usually allows 

for full reduction of hernia contents and sac. The anterior vagus is identified and protected before reduction of 

the hernia sac. 

With the stomach in an intra-abdominal position, a Penrose drain is placed around the GE junction. This will 

allow traction of the esophagus during mediastinal mobilization. The esophagus can be readily mobilized from 

its mediastinal attachments with a combination of blunt and energy dissection. At least 3 cm of intra-abdominal 

esophagus should be obtained. 

Closure of the hiatus is usually achieved through posterior 2-0 silk sutures. Anterior stitches may also be placed 

if the esophagus is deemed to be angulated by only posterior sutures. We do this over a 52-Fr lighted bougie. 

We routinely perform a 360-degree Nissen fundoplication unless otherwise contraindicated. In patients with 

ineffective motility as demonstrated by high-resolution manometry, it is our preference to perform a partial 

(Toupet) fundoplication. 

he difficult hiatal closure 

As previously mentioned, our approach to placing mesh is highly selective and the decision is mostly based on 

intraoperative findings. If the operating surgeon considers that the repair is being made under tension, a 

biologic mesh is placed to buttress the repair. We either cut the mesh in a “U” shape (Figure 2), which 

completely covers the hiatal closure, or in a “C” shape (Figure 3) to cover the posterior closure, anterior hiatus 

and right crus. The mesh is secured through superior sutures placed on both sides of the hiatus with additional 

fixation achieved by applying fibrin glue to the entire mesh (Figure 4). 

In rare occasions, excessive tension at the hiatus will make it impossible or near impossible to adequately bring 

the crura together. In those instances, we perform a diaphragmatic relaxing incision on the right side. In this 

technique, a full thickness incision is made 2 cm lateral to the edge of the right crus (Figure 5). A biologic mesh 

is then placed in the “C” shape, which covers both the incision and the crural closure. The mesh is secured to 

the diaphragm with 4–5 stitches and fibrin glue. 

Use of tacks to for mesh fixation 

Non-absorbable or absorbable tacks are widely used for mesh fixation in ventral and inguinal hernia repair. 

While there is concern for chronic pain and higher recurrence rate, tacks have been found to be at least as safe 
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as suture fixation, and complications are rarely life threatening (34,35). The opposite is true in hiatal hernia 

repair. The reported rate of complications from tacks at the hiatus is low, however they are associated with 

grim complications such as pericardial injury and consequent cardiac tamponade. Various reported cases have 

only been diagnosed on autopsy (36-38). We therefore advocate for extreme care when suturing mesh at the 

diaphragm (taking very superficial bites just to encourage scarring to the diaphragm) and avoiding fixation by 

tacks at all costs. 

Conclusions and future directionsOther Section 

While preventing recurrences is a major point of emphasis for hiatal hernia repair, the success of prosthetic 

material for abdominal wall surgery has not been duplicated for operations at the hiatus. The incompletely 

realized quest for reduction of complications and recurrence will likely drive many improvements in the years 

to come. Current evidence supports the use of absorbable mesh to reduce short-term recurrence, though 

strategies for reducing long-term recurrences are lacking. 
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