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Abstract
Objective—In the current era, giant paraesophageal hernia repair by experienced minimally-
invasive surgeons has excellent perioperative outcomes when performed electively. Nonelective
repair, however, is associated with significantly greater morbidity and mortality, even when
performed laparoscopically. We hypothesized that clinical prediction tools using pretreatment
variables could be developed that would predict patient-specific risk of postoperative morbidity
and mortality.

Methods—We assessed 980 patients who underwent giant paraesophageal hernia repair
(1997-2010; 80% elective; 97% laparoscopic). The association between clinical predictor
covariates, including demographics, comorbidity and urgency of operation, and risk for in-hospital
or 30-day mortality and major morbidity was assessed. Using forward, stepwise logistic
regression, clinical prediction models for mortality and major morbidity were developed.

Results—Urgency of operation was a significant predictor of mortality (elective 1.1% [9/778]
versus nonelective 8% [16/199]; p<0.001) and major morbidity (elective 18% [143/781] versus
nonelective 41% [81/199]; p<0.001). The most common adverse outcomes were pulmonary
complications (n=199; 20%). A 4-covariate prediction model consisting of age 80 or greater,
urgency of operation and two Charlson comorbidity index variables (congestive heart failure and
pulmonary disease) provided discriminatory accuracy for postoperative mortality of 88% while a
5-covariate model (sex, age by decade, urgency of operation, congestive heart failure and
pulmonary disease) for major postoperative morbidity was 68% predictive.

Conclusions—Predictive models using pretreatment patient characteristics can accurately
predict mortality and major morbidity after giant paraesophageal hernia repair. After prospective
validation, these models could provide patient-specific risk prediction, tailored for individual
patient characteristics, and contribute to decision-making regarding surgical intervention.
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Background
Giant paraesophageal hernias (GPEH) can be asymptomatic, cause chronic low-grade
symptoms, or present acutely. Chronic GPEH-related symptoms, such as heartburn, chest
discomfort and dyspnea, are clear indications for surgical repair, which can be approached
laparoscopically with acceptably low rates of mortality and morbidity when performed
electively.(1-4) Quality of life after laparoscopic repair is excellent, with relief of heartburn,
dysphagia, regurgitation, and dyspnea symptoms in the majority of patients. Preoperative
pulmonary function abnormalities and anemia are also improved after GPEH repair.(5-9)
The improved perioperative mortality and morbidity associated with elective laparoscopic
GPEH repair has prompted ongoing debate regarding the appropriate timing for repair and
the safety of watchful waiting.(10-12) Proponents of watchful waiting cite evidence that the
historical risks, including high mortality and morbidity associated with gastric volvulus and
strangulation, are overestimated.(13) However, multiple retrospective reports have shown
that mortality and major morbidity associated with nonelective GPEH repair was
significantly higher than after elective GPEH repair.(14-15) Clearly, the ability to weigh
potential risks and benefits of operative intervention would be extremely useful in guiding
treatment decisions.

Clinical prediction rules allow clinicians to determine the probability of an outcome using
existing clinical covariates, either for their own decision making or in counseling patients.
(16)For example, the Pneumonia Severity Index, developed to determine allocation of care
in the treatment of community-acquired pneumonia, uses clinical variables obtained at
emergency room presentation to assign an index risk score.(17) The patient's score guides
clinical decisions regarding hospital admission and oral versus intravenous antibiotics.
Similar clinical prediction rules to assign risk categories for mortality and major morbidity
after GPEH repair could inform provider decisions regarding surgical intervention.

We hypothesized that clinical, risk-stratification tools based on known preoperative
covariates could provide patient-specific perioperative mortality and major morbidity
estimates in the preoperative setting. The aim of this study was to develop easy-to-use
clinical prediction rules, incorporating readily available preoperative covariates that have
discriminatory accuracy for predicting patient risk for perioperative mortality and major
morbidity after laparoscopic repair of GPEH.

Methods
Patient Selection

Adult patients (n=980) who underwent primary transabdominal (laparoscopic or open)
repair of GPEH (January 1, 1997 to August 31, 2010) were retrospectively identified from a
prospectively maintained database. GPEH was defined as more than 30% gastric herniation
into the posterior mediastinum.(18) Patients undergoing elective (n=781; 80%) and
nonelective surgery were included. Nonelective surgery was defined as urgent (n=173;
patient requiring admission for GPEH symptom management and repaired during the same
admission) or emergent (n=26; immediate operation in patient with acute GPEH-related
complications). Patients with prior antireflux surgery or GPEH repair were excluded. This
study was approved by our Institutional Review Board.

Operative Approach
A laparoscopic approach was planned in 951 patients (97%). Our approach to laparoscopic
GPEH repair has been previously described.(1, 19) Hernia reduction, extensive esophageal
mobilization, and crural reapproximation were performed in all patients. Definitive GPEH
repair, with an antireflux procedure to minimize postoperative reflux, was performed in 888
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patients (91%). Fundoplication was partial (Toupet or Dor) in 206 patients and
circumferential (Nissen) in the remaining 682 patients. Of the 888 patients treated with
fundoplication, a Collis gastroplasty for esophageal lengthening was added in 465 (52%)
patients. Mesh repair was performed in 116 patients (12%). Patients who received GPEH
repair without fundoplication were also included (n=92 [9%]; e.g. gastropexy, Roux-en-Y
near-esophagojejunostomy and gastroesophageal resection). Type of fundoplication and the
need for mesh cruroplasty or esophageal lengthening were determined intraoperatively.
GPEH repairs were performed by 19 surgeons over the time period of study with 498 (51%)
performed by the senior surgeon (JDL).

Data Collection and Outcome Measures
Identification of Predictor Covariates—Predictor variables were defined as patient
demographics, symptom complaints, covariates defined by the Charlson comorbidity index
(CCI),(20) urgency of operation, and laboratory and radiographic findings that were known
when the decision for surgery was made. Covariates in the CCI that were present in less than
3% of patients were grouped together as one variable (rare CCI conditions). These included
diabetes mellitus with organ damage, peripheral vascular disease, renal disease, liver
disease, hemiplegia or paraplegia, lymphoma, leukemia, metastatic cancer, and acquired
immunodeficiency syndrome.

Definition of Outcome Variables—Postoperative adverse outcomes, including hospital
or 30-day mortality and major morbidity were assessed using the Society of Thoracic
Surgeons (STS) definitions for postoperative complications.(21) A binary outcome for
mortality was defined as death during the initial hospital stay or within 30-days after
surgery, whichever was longer. Similarly, a binary outcome measure for major morbidity
was defined as at least one major adverse event during the initial hospital stay or within 30-
days after surgery, whichever was longer and included pneumonia, reintubation,
tracheostomy, pulmonary embolism, myocardial infarction, congestive heart failure, acute
renal failure, cerebral vascular accident, septic shock or bacteremia, postoperative gastric or
esophageal leak, perioperative hernia recurrence, and readmission or reoperation within 30-
days. Mortality data was missing for 3 patients who survived to discharge in less than 30-
days but were subsequently lost to follow-up. Therefore, a total of 977 patients were
assessed for predictors of mortality and 980 patients for predictors of major morbidity.

Statistical Analysis and Development of Clinical Prediction Rules—Descriptive
statistics were summarized with frequencies and percentages for categorical variables, and
median with interquartile range (IQR) for continuous variables. Fisher's exact test and
Student's t-test were used to compare differences between groups. Predictive models for
mortality and major morbidity were then derived using forward, stepwise logistic regression.
The performance of each predictive model was then estimated using bootstrap leave-one-out
cross-validation analysis. Statistical analysis was performed using IBM SPSS 19 (IBM®
Corp., Armonk, NY) and STATA SE 11.0 (StataCorp LP®, College Station, TX) software.

Because the number of patients suffering postoperative mortality was small (n=25) and,
thus, limited the number of potential predictors that could be assessed, an a priori ‘p-value
for inclusion’ of 0.05 was chosen to indicate a statistically significant change in the model at
each step in the regression. In addition, because urgency of operation is well-established as a
clinically important predictor of adverse outcome after GPEH repair, we began regression
modeling for mortality by forcing the urgency variable into the model as the first covariate
and then began forward, step-wise regression from that point. At each step, one additional
variable was assessed using logistic regression; if the addition of that variable produced a
significant change (p=0.05) in the predictive accuracy of the model, that variable was
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included and the next step performed by re-running the logistic regression with the next
variable. This process continued until no more variables could be added and, at that point,
the model was considered final. Variable inclusion order depended on the variable that
caused the most significant model change, i.e. the smallest p-value for that step.

An identical process was performed for the major morbidity prediction model; however,
because the number of patients experiencing major morbidity was large (n=224, an a priori
p-value of 0.15 was selected as the ‘p-value for inclusion’ cut-off. This number of events
allowed us to assess up to 22 variables in the model, enabling a larger p-value for inclusion
and reducing the chance that important predictors would be overlooked.

Out of 980 patients, 26 (2.7%) were excluded from the regression analyses for mortality and
23 (2.3%) from the regression analyses for morbidity due to one or more missing predictor
variables in any of the potential predictors considered in the model. We also excluded peptic
ulcer disease, a CCI variable, from the mortality model due to inconsistency in the
documentation of peptic ulcer disease in the medical record.

To determine the discriminatory accuracy of the predictive model, the area under the
receiver operating characteristic (ROC) curve (AUC) was determined for each outcome
model. Risk scores for mortality and major morbidity were then calculated. Using the same
method developed to assign risk score in the CCI,(20) a risk score for each covariate in the
model was determined by assessing the odds ratio and assigning a whole number points
value. As was done in the original description of the CCI, for odds ratios ≥1.2 and <1.5, 1
point was assigned; for odds ratios ≥1.5 and <2.5, 2 points were assigned; for odds ratios
≥2.5 and <3.5, 3 points were assigned and so on. Categories were then created based on the
risk score with 3 groups for the mortality risk model and 4 groups for the major morbidity
risk model. The rate of mortality and major morbidity for each group was determined.

Results
The majority of patients were female (n=733; 75%) with a median age of 71 years (IQR 62,
78). The median body mass index was 29 kg/m2 (IQR 26, 33). At least 50% of the stomach
was herniated into the mediastinum in 82% of patients and 24% had completely
intrathoracic stomach. (Table 1) At least one preoperative CCI comorbidity was present in
60% of patients (n=592). The most common comorbid condition was pulmonary disease.
The most common preoperative symptoms were respiratory problems (dyspnea, recurrent
pneumonia or aspiration), chest or abdominal pain, heartburn and regurgitation. (Table 1)

Predictors of Mortality and Major Morbidity
In-hospital or 30-day mortality occurred in 2.6% of patients (n=25). Mortality was 1.1%
after elective surgery and 8.0% after nonelective surgery (p<0.01). Additional factors
associated with mortality included older age at operation, lower body mass index, history of
congestive heart failure, cerebral vascular accident, dementia, pulmonary disease, peptic
ulcer disease, and malignancy within the past 5 years. There was a trend toward increased
mortality in patients with regurgitation as a presenting symptom. (Table 1)

At least one major morbidity was identified in 22.9% of patients (n=224). Older age at
operation, lower body mass index, and larger preoperative hernia were significantly
associated with an increased rate of major postoperative morbidity. (Table 1) CCI variables
associated with major postoperative morbidity include history of myocardial infarction or
coronary revascularization, congestive heart failure, cerebral vascular accident or transient
ischemic attack, dementia and pulmonary disease. (Table 1) The only preoperative symptom
that was significantly associated with adverse outcome was heartburn, which was less likely
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to be present in patients who had at least one adverse event (Table 1) Patients with
preoperative heartburn were also younger (p<0.001), more likely to have smaller hernia
(p<0.001), and less likely to have urgent operation (p<0.001).

Development of the Clinical Prediction Rule
Forward stepwise logistic regression was performed to identify combinations of variables
most predictive of postoperative mortality and major morbidity. For postoperative mortality,
a 4-variable model consisting of two CCI variables (history of congestive heart failure and
history of pulmonary disease), age at operation (80 or greater versus <80), and urgency of
operation (Table 2a; risk score range 0-20) predicted mortality with discriminatory accuracy
of 88.4% (95% CI 82.0%-94.8%). Patients were then categorized into groups based on the
mortality risk score. Low (mortality risk score 0-2), intermediate (mortality risk score 3) and
high (mortality risk score 4+) risk categories were associated with increasing risk for
postoperative mortality. (Figure 1)

For postoperative morbidity, a 5-variable model consisting of sex, age at operation (by
decade), history of congestive heart failure, history of pulmonary disease, and urgency of
operation (Table 2b; risk score range 0-12) predicted major morbidity with discriminatory
accuracy of 67.8% (AUC 0.678; 95% CI 0.637, 0. 718). When risk score was categorized
into minimal, low, intermediate and high risk, increasing risk category was associated with
increasing incidence of at least one major adverse outcome. For patients in the minimal risk
category (morbidity risk score 0-2), at least one major adverse outcome was identified in
13.5% compared to a rate of 40.6% in the patients in the high risk category (morbidity risk
score 5+). Increasing risk category was also associated with progressively increasing rates of
most of the major adverse outcomes assessed in the study. (Table 3)

To assess how the models developed for major adverse outcome and post-operative
mortality might generalize to an independent data set, we performed leave-one-out bootstrap
cross-validation. The leave-one-out cross validation error rate was 21.503% for any major
adverse outcome and 2.304% for postoperative mortality. These are nearly identical to the
21.399% and 2.304% error rates from the fitted models, indicating that application of the
models to new patient data sets would yield similar results.

Factors Associated with Nonelective Operation
Because nonelective operation was a significant, independent predictor of mortality and
major morbidity in our models, we assessed the clinical covariates associated with urgent or
emergent GPEH repair. (Table 4) Patients undergoing nonelective operation were more
likely to be male, in the 70+ age groups, underweight or ideal body weight, and have larger
hernia. Charlson comorbid diseases were more common in patients who underwent
nonelective repair. Symptoms that were more commonly present in patients who underwent
nonelective repair included respiratory symptoms, chest and/or abdominal pain, heartburn,
regurgitation and bloating. Age 80 or greater at operation, preoperative hernia size of 75%
or greater, and a history of dementia or peptic ulcer disease were independent predictors of
nonelective repair in multivariate analysis. Patients who had a nonelective operation were
also significantly more likely to have a planned open repair (23/199; 12%) than patients who
underwent elective repair (6/781; 0.8% [p<0.001]).

Discussion
Using known pretreatment covariates, we have developed clinical prediction rules for
mortality and major morbidity after GPEH repair that provide good discriminatory accuracy
and could be easily implemented in the clinical setting. We found that the combination of
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nonelective operation, age 80 or greater, history of pulmonary disease and history of
congestive heart failure clearly identified a group of patients at increased risk for
perioperative mortality. Importantly, using these variables, our models also identified a
group of patients at very low risk for perioperative mortality. Similarly, our 5-covariate
model for major morbidity, including sex, age at operation, urgency of operation, history of
congestive heart failure, and history of pulmonary disease facilitated assignment of patients
into minimal, low, intermediate and high risk categories based on their pre-treatment scores.
Importantly, the risk for perioperative mortality more than tripled and the risk for major
morbidity more than doubled when nonelective repair was required. While a limited number
of previous reports have examined the association of preoperative variables to adverse
outcomes after GPEH repair,(2, 22) our study is the first to develop prediction models for
adverse outcome based on pretreatment variables.

Impact of Nonelective Repair on Patient Risk
There is little debate that the risks of operative intervention outweigh the benefits in
completely asymptomatic patients with GPEH. In symptomatic patients, however, the
literature is somewhat conflicting. Historically, it has been recommended that all patients
with paraesophageal hernia undergo repair at the time of diagnosis to prevent the
catastrophic complications that can occur with acute mechanical symptoms, including
gastric strangulation, massive hemorrhage or perforation.(13) More recently, however, it
was suggested that minimally symptomatic patients can be managed expectantly.(10) Using
Markov modeling, Stylopoulos and colleagues created theoretical cohorts with minimal
symptoms and determined the outcomes for two approaches - immediate repair or watchful
waiting. In their decision analysis, the mortality difference between elective and emergent
surgery was the only factor influencing the value of elective surgery. They concluded that,
assuming a 17% mortality rate of emergency surgery, elective laparoscopic GPEH repair
becomes the optimal management if mortality with elective laparoscopic repair is less than
1%. If the mortality rate of emergency surgery is 6%, a value close to the mortality rate of
8% seen in our series, elective repair is recommended only if it can be achieved with
mortality of 0.5% or less.(10)

When considering whether to adopt the recommendations for watchful waiting into clinical
practice, it is important to note that the model developed by Stylopoulos and colleagues was
designed to establish mortality cutoffs for minimally symptomatic patients. In this model,
minimally symptomatic was defined as patients with symptoms (belching and heartburn)
that do not affect the quality of life of the patient.(10) However, we and others have reported
the significant impact of GPEH on quality of life, even in patients whose primary complaint
is heartburn.(1, 3, 5, 9, 23-28) The vast majority of patients, particularly those with larger
hernias, have mechanical symptoms such as pain, postprandial bloating and bleeding (acute
and occult). Careful assessment for symptoms frequently reveals symptoms of chest and
abdominal pain, postprandial bloating, dysphagia, chronic anemia, weight loss, change in
eating habits or food avoidance.(6-7, 9) In patients with any of these symptoms, particularly
when 75% or more of the stomach is herniated into the mediastinum, careful consideration
for elective repair should be entertained.

In the current study, we found a strong independent association of nonelective repair with
increased risk of mortality and major morbidity after GPEH repair. This is consistent with
many other reports in the literature; recently published analyses of administrative datasets
show mortality for emergent repair ranges from 5.1% to 16.4%.(10, 12, 15) It has also been
noted that the risk of nonelective repair increases dramatically in the very elderly as does the
risk for associated mortality. Poulose and colleagues assessed the impact of nonelective
repair on postoperative mortality in octogenarians using the 2005 National Inpatient Sample;
(14) they found that, similar to the results presented in our series, 43% of the octogenarians
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in the nationwide sample underwent nonelective repair (47% in our series). Mortality after
nonelective repair in the nationwide sample was markedly higher than for nonelective repair
(16% for non-elective versus 2.4% for elective repair). We also found a marked increase in
mortality (14%) for nonelective repair in the octogenarians compared with 6% for elective
repair, although it did not reach statistical significance level because of the smaller numbers
of patients. Nonelective repair has also been shown to be associated with longer hospital
stay and higher cost.(12)

Impact of Increasing Age, Comorbidity and Hernia Size at Time of Repair on Patient Risk
Despite the higher risk, age alone should not be a contraindication to elective laparoscopic
repair in symptomatic patients, as the majority of elderly patients do not suffer postoperative
mortality or major morbidity.(2, 11, 15, 22, 27, 29-30) In addition to age, a history of
congestive heart failure requiring medical therapy and a history of pulmonary disease are
predictors of adverse outcome after GPEH repair. While none of the electively repaired
patients in this current study had decompensated congestive heart failure, awareness of the
increased risk for adverse outcome associated with these comorbid conditions would allow
for medical optimization prior to elective surgery for symptomatic GPEH. Recognition of
the increased risk may also inform the decision to forego surgical repair altogether if the
hernia is small, the patient is very elderly with other comorbid conditions and the symptoms
are predominantly regurgitation related rather than obstructive.

To address these risk factors, our current approach to patients with GPEH is routine cardiac
testing on the majority of patients prior to elective and urgent repair if the patient's clinical
status will allow.This is due to the fact that the vast majority of patients are elderly, have a
history of smoking and/or obesity or other cardiac risk factors such as family history,
personal history of cardiac disease, hypertension, hyperlipidemia, or diabetes mellitus. In
addition, chest pain is often one of the primary complaints. While the chest pain is often due
to the GPEH itself, there are occasional patients in whom concomitant coronary artery
disease is identified. For those patients in whom repair is elective and coronary disease is
identified, optimization with medical or invasive techniques is performed prior to GPEH
repair. It is important to note that all patients who are under the management of a
cardiologist are sent to their provider for preoperative optimization and clearance.
Pulmonary function testing is obtained on any patients with pulmonary complaints and
smoking cessation is strongly encouraged for current smokers. This proactive approach
likely reduces postoperative mortality and major morbidity and improves outcomes for these
patients.

The clinical prediction rules presented here may provide a more accurate understanding of
patient-specific risk for adverse outcomes with elective repair at an earlier age compared
with the risk of nonelective repair when older if watchful waiting is undertaken. For
example, a 65 year old female with pulmonary disease and GPEH would have a risk score
for mortality of 3 (mortality rate 0.7%) if the operation was performed electively and a risk
score of 6 (mortality rate 9.3%) if performed nonelectively. With regard to major
postoperative morbidity, the patient's current risk category for elective repair is intermediate
(risk score 4 for age and pulmonary disease). Waiting for acute presentation and nonelective
repair increases the risk category for major morbidity to high risk (40%). Given an estimated
life-time risk of developing acute symptoms of 18% and an estimated annual probability of
symptom progression of ∼14%,(10) elective repair would be warranted, preferably before
the patient reaches 80 years of age, when perioperative mortality rises steeply.

While paraesophageal hernia size did not remain in the final model due to high collinearity
with age and nonelective operation, it is important to note that the risk of nonelective
operation did increase with increased hernia size. Combined with the other high risk criteria
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in the clinical prediction models, waiting for an acute presentation in a patient with the
majority of stomach herniated into the mediastinum could prove fatal. On the other hand, a
patient with other high risk criteria and a small GPEH may be advised to pursue medical
therapy, especially if the symptoms are predominantly heartburn.

Study Strengths and Limitations
Our study has several strengths and limitations. With the large numbers of patients in our
extensive, prospectively maintained database for GPEH, and definition-driven abstraction of
covariates, we are uniquely positioned to develop these clinical predication rules. However,
our study findings may be limited by the fact that the overall mortality in our series was low
and restricted our ability to identify additional predictors of mortality, such as stratifying
risk by expanded age groups. Hence, our model may have overlooked other important
predictors. Our findings may also be hard to generalize because our center has extensive
expertise in the management of GPEH and the majority of both elective and nonelective
repairs were performed laparoscopically. It is possible that open repair is a significant
predictor of adverse outcome after GPEH repair; this could not be assessed in our series
because of the significant collinearity between nonelective repair and a planned open
approach to operation. As a result, the rate of adverse outcomes in our series may not
represent the observed rates in other centers.

Ideally, our model would also have undergone external validation; however, we were able to
perform internal cross-validation bootstrapping using the leave-one-out strategy, which
showed error rates that were similar to the rates for the developed models for both outcomes.
Further validation of the models in other settings is clearly required. Finally, the patients'
goals for symptom relief and improved quality of life are also important considerations in
guiding the decision to offer surgery.

In conclusion, we have developed clinical prediction rules for postoperative mortality and
major morbidity after GPEH repair in a high volume center with extensive expertise in the
management of GPEH that have good discriminatory accuracy and facilitate assignment of
patients to risk categories for adverse outcome. Our models included patient age at
operation, sex, urgency of surgery, congestive heart failure and pulmonary disease. After
further refinement and prospective validation, these clinical prediction rules for mortality
and major morbidity after GPEH repair could provide patient-specific risk prediction,
tailored for individual patient characteristics, and contribute to decision-making regarding
surgical intervention.
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Figure 1. In-hospital or 30-day Mortality
Patients were assigned points according to the presence of risk factors for mortality.
Increasing risk score correlates with the incidence of mortality. Incidence of mortality (in
bold) and numbers of patients within each group are shown.
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