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Abstract

Background Patients undergoing laparoscopic para-

esophageal hernia (PEH) repair risk substantial morbidity.

The aim of the present study was to analyze predictive

factors for postoperative morbidity and mortality.

Methods A total of 354 laparoscopic PEH repairs were

analyzed from the database of the Swiss Association for

Laparoscopic and Thoracoscopic Surgery (SALTS). Age

(\70 and C70 years) and risk (low: American Society of

Anesthesiologists (ASA) scores 1 ? 2; high ASA scores

3 ? 4) groups were defined and multivariate logistic

regression was conducted.

Results In patients C70 years of age postoperative mor-

bidity (24.4% versus 10.1%; p = 0.001) and mortality

(2.4% versus 0%; p = 0.045) were significantly higher

than in patients \70 years of age. In patients with gastro-

pexy, this significant age difference was again present

(38.8% versus 10.5%; p = 0.001) whereas in patients with

fundoplication no difference between age groups occurred

(11.9% versus 10.1%; p = 0.65). Mortality did not differ.

High-risk patients had a significantly higher morbidity

(26.0% versus 11.2%; p = 0.001) but not mortality (2.1%

versus 0.4%; p = 0.18). The multivariate logistic regres-

sion identified the following variables as influencing

postoperative morbidity: Age C70 years (Odds Ratio [OR]

1.99 [95% CI 1.06 to 3.74], p = 0.033); ASA 3 ? 4 (OR

2.29 [95% Confidence Interval (CI) 1.22 to 4.3];

p = 0.010); type of operation (gastropexy) (OR 2.36 [95%

CI 1.27 to 4.37]; p = 0.006).

Conclusions In patients undergoing laparoscopic para-

esophageal hernia repair age, ASA score, and type of

operation significantly influence postoperative morbidity

and mortality. Morbidity is substantial among elderly

patients and those with co-morbidity, questioning the par-

adigm for surgery in all patients. The indication for surgery

must be carefully balanced against the individual patient’s

co-morbidities, age, and symptoms, and the potentially life

threatening complications.

Introduction

Laparoscopic paraesophageal hernia (PEH) repair has gained

wide acceptance and is a well-established procedure [1, 2].

True paraesophageal hernias are rare, accounting for

approximately 5% of all hiatal hernias. These are classified

into four groups: type 1, sliding hernias; type 2, true para-

esophageal hernias with the gastroesophageal junction

remaining in its normal position; type 3, a combination of

types 1 and 2; and type 4, in which the stomach migrates

completely into the thoracic cavity (i.e., upside-down stom-

ach), sometimes accompanied by other visceral organs [3].

Until recently, PEH management involved surgical

repair irrespective of symptoms [4]. This aggressive strat-

egy was based on reports of life-threatening complications,
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such as bleeding, strangulation, and gastric volvulus and

has recently been called into question [5, 6]. Many authors

describe the laparoscopic approach as safe and the results

as satisfying; nevertheless, outcome is considerably

impaired by morbidity, mortality, and recurrence rates of

30%, 5%, and 42%, respectively [4, 7–13].

Paraesophageal hernia is diagnosed predominantly

among the elderly population, where age-associated

co-morbidities are inherent. Although the laparoscopic

approach has been shown to be safe, morbidity markedly

increases with advanced age and co-morbidity [14]. Data

on the influence of age and other predictive factors on

morbidity and mortality are scarce.

The aim of the present study was to analyze the influ-

ence of age, American Society of Anesthesiologists (ASA)

score, body mass index (BMI), type of hernia, and type of

operation on postoperative morbidity, mortality, conver-

sion rate, and length of hospital stay.

Patients and methods

Since 1995 the Swiss Association for Laparoscopic and

Thoracoscopic Surgery (SALTS) has prospectively col-

lected data from patients undergoing laparoscopic

procedures. Approximately 75% of all laparoscopic oper-

ations performed in Switzerland are entered into the

database. For each patient, 130 single items, including

basic demographics, ASA score, morbidity, mortality,

conversion rate, and length of hospital stay, are recorded on

a computerized worksheet. These data sheets are trans-

ferred into a database program (Qualicare) by one person

qualified to verify the data.

In the present study, all patients of the prospective

SALTS database with laparoscopic PEH repairs performed

between 1995 and 2006 were analyzed (n = 354). Mor-

bidity was defined as intraoperative (i.e., a complication

during the surgical procedure, such as bleeding or injury of

adjacent organs) or postoperative. Early recurrence was not

considered as postoperative morbidity. Postoperative

morbidity was further differentiated into local, defined as a

complication directly related to surgery—e.g., hematoma

or surgical site infection—and general, which included all

complications not directly related to surgery, such as pul-

monary or cardiac disorders.

The influence of the following variables on morbidity

was analyzed: age, ASA score, BMI, type of operation

(repair with fundoplication versus repair with gastropexy),

and hernia type. Weight and height of patients was noted

on the worksheet in increments of 10 kg and 5 cm,

respectively, and BMI was calculated from these approxi-

mations. Factors influencing length of hospital stay were

also determined.

A receiver operating characteristic (ROC) curve analysis

was performed to group the patients according to age in

relation to morbidity. Cutoff values between 68 and

70 years showed a good compromise between sensitivity

and specificity. Accordingly, patients were grouped

according to age\70 years and age C70 years. A subgroup

analysis to assess patients aged C80 years was also per-

formed. Results are expressed as mean ± standard

deviation (SD) or median with range. Qualitative data were

compared using Fisher’s exact test or chi-square test, as

appropriate. Quantitative data were compared with the

Mann-Whitney U-test or, in case of normal distribution,

with Student’s t-test. For the ASA score, patients were

grouped into low-risk (ASA 1 ? 2) and high-risk (ASA

3 ? 4) collectives. To analyze the influence of single

parameters on morbidity, a multivariate stepwise forward

regression analysis of the following variables was con-

ducted: age, sex, ASA, BMI, type of operation, and hernia

type. Results are shown as odds ratio (OR) with 95%

confidence interval (CI). Statistical analysis was done with

SPSS, version 13 (SPSS� Inc, Chicago, IL). Regardless of

the statistical tests selected, the level of significance was

defined as p B 0.05.

Results

The evaluation covered 354 patients with PEH type 2

(n = 131, 37.0%), type 3 (n = 90, 25.4%), and type 4

(n = 133, 37.6%). There were 227 women (64.1%) and

127 men (35.9%). Median age was 64 years (range:

23–90 years). In 237 patients (66.9%) a hernia repair with

fundoplication was performed. In 117 patients (33.1%) the

repair was combined with a gastropexy without any anti-

reflux procedure. Overall morbidity and mortality were

15.3% (n = 54) and 0.8% (n = 3), respectively. In 20

patients (5.6%) the operation was converted to open repair

with laparotomy.

The basic demographics of the age groups are shown in

Table 1. There were 227 patients \70 years (median age:

58; range: 23–69 years) and 127 patients C70 (median age:

77; range: 70–90 years). There was a significant difference

between the two groups in terms of ASA score, type of

operation, and hernia type. Intraoperative morbidity was

not influenced by any of the analyzed parameters, with the

exception of conversion.

The results of postoperative morbidity between age

groups \70 and C70 with subgroup analysis concerning

the type of operation are shown in Table 2.

By subdividing the older age group into those

70–79 years of age and those C80 years, we could show a

significantly higher mortality in the oldest patient group

(p \ 0.001) (Table 3). All three patients who died were
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C80 years old. By subdividing the groups even further into

the type of operation performed, the mortality was still

significantly higher in the oldest group (p \ 0.001 in the

fundoplication group and p = 0.03 in the gastropexy

group). The difference in morbidity in the three age groups

was comparable to the results presented in Table 2. There

was a statistically significant difference in overall postop-

erative morbidity (p \ 0.001) and local postoperative

morbidity (p = 0.004) but no significant difference in

general postoperative morbidity (p = 0.007). By subdi-

viding the postoperative morbidity into the type of

operations performed, again only the gastropexy group

showed a statistically significant difference in overall

morbidity (p = 0.002) and general morbidity (p = 0.004).

There was no difference in the local postoperative mor-

bidity in the gastropexy group (p = 0.29). There was no

significant difference in postoperative overall, general, or

local postoperative morbidity in the three age groups of

patients treated with fundoplication.

High-risk patients (ASA 3 ? 4) showed significantly

higher morbidity than low-risk patients (ASA 1 ? 2),

whereas mortality did not differ (Table 4). Body mass

index had no significant effect on morbidity or mortality.

Postoperative morbidity differed significantly between

types of hernia (type 2: 9.9%; type 3: 11.1%; type 4:

23.3%; p = 0.005). Although all three deaths occurred in

type 4 hernias, statistical significance was not reached

(p = 0.081). Conversion was significant for postoperative

morbidity (42.1% versus 13.7%, p = 0.003), as well as for

intraoperative morbidity (31.6% versus 3.0%; p \ 0.001).

Hospital stay was significantly influenced by age, ASA

score, morbidity, conversion, and type of operation

(Table 5).

The multivariate stepwise forward regression analysis

identified the following variables as significantly influ-

encing postoperative morbidity: age C70 years (OR 1.99

[95% CI 1.06 to 3.74], p = 0.033); ASA 3 ? 4 (OR 2.29

[95% CI 1.22 to 4.3]; p = 0.010); type of operation (gas-

tropexy) (OR 2.36 [95% CI 1.27 to 4.37]; p = 0.006). All

other variables (sex, BMI, hernia type) had no influence on

outcome.

Discussion

This study shows that morbidity in patients undergoing

laparoscopic PEH repair is quite substantial and that age

has a significant influence on postoperative morbidity and

mortality. Three patients died postoperatively. Unfortu-

nately we were not able to specify the causes of death, for

they were not recorded in the database. Postoperative

morbidity and mortality were significantly higher in

patients older than 70 years of age. These findings are

consistent in patients older than 80 years. Postoperative

morbidity increased with age in patients undergoing hernia

repair with gastropexy. In patients with repair and fundo-

plication, age had no influence on morbidity. Patients older

than 70 years had significantly more frequently a

Table 2 Postoperative morbidity and mortality between age groups

\70 and C70 with subgroup analysis concerning the type of

operation

Age \70

n (%)

Age C70

n (%)

p value

All operations (n = 354) n = 227 n = 127

Overall postoperative morbidity 23 (10.1) 31 (24.4) 0.001

General postoperative morbidity 19 (8.4) 24 (18.9) 0.006

Local postoperative morbidity 5 (2.2) 12 (9.4) 0.004

Mortality 0 3 (2.4) 0.045

Fundoplication (n = 237) n = 170 n = 67

Overall postoperative morbidity 17 (10.0) 8 (11.9) 0.65

General postoperative morbidity 16 (9.4) 7 (10.4) 0.81

Local postoperative morbidity 2 (1.2) 4 (6.0) 0.06

Mortality 0 1 (1.5) 0.28

Gastropexy (n = 117) n = 57 n = 60

Overall postoperative morbidity 6 (10.5) 23 (38.8) 0.001

General postoperative morbidity 3 (5.3) 17 (28.3) 0.001

Local postoperative morbidity 3 (5.3) 8 (13.3) 0.21

Mortality 0 2 (3.3) 0.50

Table 1 Demographics of groups \70 and C70 years of age

Age \70

(n = 227)

n (%)

Age C70

(n = 127)

n (%)

p value

Sex \0.001

Female 124 (54.6) 103 (81.1)

Male 103 (45.4) 24 (18.9)

BMIa 27.46 (19.1–45.4) 26.95 (16.9–38.7) 0.09

ASAb score \0.001

1 ? 2 184 (81.0) 74 (58.2)

3 ? 4 43 (19.0) 53 (41.8)

Conversion 13 (5.7) 6 (4.7) 0.81

Operation \0.001

Fundoplication 170 (74.9) 67 (52.8)

Gastropexy 54 (25.1) 60 (47.2)

Hernia type \0.001

2 98 (43.2) 33 (26.0)

3 69 (30.4) 21 (16.5)

4 60 (26.4) 73 (57.5)

BMI body mass index; ASA American Society of Anesthesiologists
a Median (range)
b Mean (±SD)
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gastropexy, whereas among younger patients a fundopli-

cation was performed more often. Reasons for this may

include a belief that gastropexy is less invasive than fun-

doplication and therefore more suitable for elderly patients.

However, our results do not support this hypothesis, as

fundoplication patients had no increasing morbidity with

advancing age, in contrast to patients undergoing gastro-

pexy. There could also be other factors that influence the

choice of operation type, both preopedratively and

intraoperatively, that are not documented in the database

and that could be influencing the difference between the

operations. It is therefore impossible to conclude that

fundoplication should be preferred over gastropexy. Fun-

doplication allows a good fixation of the fundus and

gastroesophageal junction to the crura, thus preventing

recurrence of the hiatal hernia [1, 15, 16]. Additionally,

dissection of the hiatus to reduce the hernia results in high

rate of postoperative reflux, which can pre-emptively be

treated with a fundoplication [17].

Complication and mortality rates in this study are com-

parable to those reported in the literature [7, 10, 18]. Age

over 70 years was found to be a significant factor

Table 3 Postoperative morbidity between age groups \70 and 70–79 and C80 with subgroup analysis concerning the type of operation

Age \70

n (%)

Age 70–79

n (%)

Age C80

n (%)

p value

All operations (n = 354) n = 227 n = 90 n = 37

Overall postoperative morbidity 23 (10.1) 19 (21.1) 12 (32.4) \0.001

General postoperative morbidity 19 (8.4) 15 (16.7) 9 (24.3) 0.007

Local postoperative morbidity 5 (2.2) 7 (7.8) 5 (13.5) 0.004

Mortality 0 0 3 (8.1) \0.001

Fundoplication (n = 237) n = 170 n = 56 n = 11

Overall postoperative morbidity 17 (10.0) 7 (12.5) 1 (9.1) 0.86

General postoperative morbidity 16 (9.4) 6 (10.7) 1 (9.1) 0.96

Local postoperative morbidity 2 (1.2) 3 (5.4) 1 (9.1) 0.08

Mortality 0 0 1 (9.1) \0.001

Gastropexy (n = 117) n = 57 n = 34 n = 26

Overall postoperative morbidity 6 (10.5) 12 (35.3) 11 (42.3) 0.002

General postoperative morbidity 3 (5.3) 9 (26.5) 8 (30.8) 0.004

Local postoperative morbidity 3 (5.3) 4 (11.8) 4 (15.4) 0.29

Mortality 0 0 2 (7.7) 0.03

Table 4 Postoperative morbidity between high and low risk groups

with subgroup analysis concerning the type of operation

ASA score

1 ? 2

n (%)

ASA score

3 ? 4

n (%)

p value

All operations (n = 354) n = 258 n = 96

Overall postoperative morbidity 29 (11.2) 25 (26.0) 0.001

General postoperative morbidity 24 (9.3) 19 (19.8) 0.010

Local postoperative morbidity 7 (2.7) 10 (10.4) 0.005

Mortality 1 (0.4) 2 (2.1) 0.180

Fundoplication (n = 237) n = 177 n = 60

Overall postoperative morbidity 15 (8.5) 10 (16.7) 0.09

General postoperative morbidity 14 (7.9) 9 (15) 0.13

Local postoperative morbidity 2 (1.1) 4 (6.7) 0.04

Mortality 0 1 (1.7) 0.25

Gastropexy (n = 117) n = 81 n = 36

Overall postoperative morbidity 14 (17.3) 15 (41.7) 0.010

General postoperative morbidity 10 (12.3) 10 (27.8) 0.06

Local postoperative morbidity 5 (6.2) 6 (16.7) 0.09

Mortality 1 (1.2) 1 (2.8) 0.52

Table 5 Influence of the different variable s on length of hospital

stay

Median

(range)

Median

(range)

p value

Age \70 years C70 years

6.0 (2–35) 9.0 (3–42) \0.001

ASA score ASA 1 ? 2 ASA 3 ? 4

6.5 (2–36) 8.0 (3–42) \0.001

Operation type Fundoplication Gastropexy

6.0 (2–42) 8.0 (3–36) \0.001

Morbidity/conversion rate No Yes

Postoperative

morbidity

6.0 (2–21) 13.0 (5–42) \0.001

Local morbidity 7.0 (2–36) 18.0 (9–42) \0.001

General morbidity 6.0 (2–35) 13.0 (5–42) \0.001

Conversion 7.0 (2–36) 14.0 (4–42) \0.001
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influencing the outcome, with an odds ratio of 2.0. To our

knowledge, only one other study has assessed the influence

of age on morbidity in paraesophageal hernia repair [14].

These authors found no significant difference between three

age groups of patients (\65 years, 65–74 years,[75 years).

Although the total complication rate in the oldest group was

27%, the authors concluded that laparoscopic PEH repair is

safe in elderly patients. As Dahlberg et al. stated in 2001,

laparoscopic hernia repair is a challenging operation with

significant morbidity and mortality [19]. This statement is

still valid, as complication rates of up to 24% were dem-

onstrated in recent series [7, 20]. Furthermore, up to 25% of

elderly patients may experience delirium during hospital-

ization [21]. Over 50% of patients experiencing an episode

of in-hospital delirium will not be able to live independently

in the community two years later [22].

High-risk patients (ASA 3 ? 4) showed significantly

higher morbidity, although mortality rates did not signifi-

cantly differ. In addition, the ASA scores were higher in

the older population. The odds ratio for postoperative

complications in patients with ASA scores 3 ? 4 was 2.3.

Therefore age and ASA score act synergistically. Elderly

patients with little co-morbidity may be candidates for

surgery, whereas the indication for surgery in elderly

patients with ASA score of 3 or more should be carefully

considered.

Type 4 hernia is associated with the highest morbidity

and mortality. This is not surprising, as these hernias are

the most challenging to reduce and the hiatal defect is the

largest. The distribution of hernia type between age groups

differed significantly. Patients older than 70 years had type

4 hernias more often. However, type of hernia was not a

significant factor for postoperative morbidity in the multi-

variate regression analysis.

Length of hospital stay was another factor significantly

influenced by age, ASA score, morbidity, conversion, and

type of operation. Elderly patients and patients with

co-morbidity stayed 2 days longer than young and low-risk

patients. Postoperative complications or conversion dou-

bled duration of hospital stay. A median stay of 2 days is

reported generally in the literature [14, 18, 23, 24]. Our

patients remained in the hospital longer. System-related

reasons and social factors such as delayed transfer to

rehabilitation institutions may explain this finding.

Minimally invasive PEH repair has been shown to be

safe and effective and has therefore gained rapid accep-

tance [3, 17]. Based on reports of high complication rates

with conservative management, surgery has been recom-

mended for all patients [4, 5, 18]. This dogma has been

challenged by Stylopoulos et al., who were able to show

that watchful waiting is a reasonable alternative to surgery

[6]. Allen et al. observed 23 patients with medical treat-

ment for a follow-up median of 78 months, and only 4

patients (17%) developed progressive symptoms [25].

Morbidity and recurrence rates of up to 25% and 30%,

respectively, are certainly not negligible [7, 10, 12, 14].

Nevertheless, laparoscopic repair has been associated with

good postoperative symptom relief [2, 26, 27].

To our knowledge, this study is the largest assessing

predictive factors on morbidity and mortality after lapa-

roscopic PEH repair. Some limitations merit mentioning.

The SALTS database contained no information about

preoperative symptoms, the indications for the operation

and subjective outcome postoperatively, or the specific

type of fundoplication performed. Also, the causes of

complications cannot be identified from the database, and

this represents a major limitation. The database was

developed to analyze all laparoscopic operations and is

thus quite general. Additionally, the present study does not

analyze the recurrence rate, as there was no follow-up after

discharge.

Conclusions

Age, ASA score, and type of operation significantly

influence postoperative morbidity and mortality in patients

undergoing laparoscopic PEH repair. In patients undergo-

ing fundoplication, age had no influence on outcome. The

indication for surgery must be carefully balanced against

the individual patient’s co-morbidities, age, and symptoms,

and the potentially life-threatening complications.
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