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Analysis of Cost Outliers after Gastric Bypass
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Background: A clinical pathway for gastric bypass
surgery (GBS) implemented at our institution in 1999
resulted in reduced costs and decreased variability in
patient care. However, a reanalysis of GBS hospital
costs identified a 16% incidence of “cost outliers”,
We hypothesized that analysis of clinical variables
would identify factors associated with increased hos-
pital costs following GBS.

Methods: Medical records and financial data for 91.

GBS patients from November 2000 to July 2001 were
reviewed. Patients with costs >1 SD above the total
hospital cost mean comprised the cost outlier {CO)
group, while the remaining patients were considered
the normal cost (NC) group. Potential etiologies for
COs included patient demographics, the number and
severity of medical co-morbidities, surgical faciors,
and major postoperative complications.

Resulis: There were 15 patients in the CO group,
and 76 patients in the NC group. Patient demograph-
ics were similar in both groups. Diabetes mellitus and
severe medical co-morbidities, especially sleep
apnea and degenerative joint disease were more com-
mon in the CO group (60% vs 9.2%, P<0.05 vs NC).
The incidence of major complications {33% vs 8%)
was significantly increased in the CO group (P<0.05
vs NC).

Conclusions; Despite utilization of a clinical path-
way for GBS, 16% of patients were “cost outllers”.
Factors associated with increased hospital costs
after GBS inciuded severe medical co-morbidities
(especially diabetes mellitus and sleep apnea) and
- the occurrence of major postoperative complications.
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Prospective identification of “high risk™ GBS patients
may allow hospitals with bariatric surgery programs
to modify perioperative care and eliminate potential
cost outliers.
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Introduction -

The cost of health-care in the U.S.A. continues to
rise, despite the best efforts of government agencies,
third party payors, hospital administration, and
physicians. In 2000, the medical costs attributable to
obesity were estimated to exceed $100
billion/year.!* Approximately 60% of adults in the
U.S.A. are considered to be overweight or cbese,
while 5% are morbidly obese with serious weight-
related medical problems.? The body mass index
calculates the relationship between height and
weight (BMI=kg/m?®) that is used to define the
severity of obesity.* Individuals with clinically
severe or morbid obesity (BMI>40, weight-related
medical problems) may be freated surgically when
medical weight loss therapies have failed.>® The
decision to perform surgery on an individual patient
is typically based on the estimated risk/benefit ratio
of an experienced clinician. Although the surgical
technique for the gastric bypass procedure is rela-
tively standard, patients with severe obesity are at -
increased risk for complications following upper
abdominal surgery. To eliminate variability in peri-
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operative patient care, we developed a standardized
patient care regimen or clinical pathway for gastric
bypass surgery at our institution.’

The clinical pathway for gastric bypass surgery
{GBS) at the Penn State Milton 8. Hershey Medical
Center (HMC) was instituted in April of 1999,
Initially, we analyzed the impact of the clinical path-
way on resource utilization after GBS.” As
described by others, we noticed a reduction in hos-
pital length of stay and total hospital costs in
patients having GBS after implementation of the
pathway.”1% Based on our initial experience with the
pathway, several revisions were implemented. To
determine whether the revised pathway impacted
resource utilization, we reanalyzed total hospital
costs in all patients having GBS from November
2000 to July of 2001. We were surprised to note that

- approximately 16% of patients having GBS had
higher than expected hospital costs. Our hypothesis
was that analysis of these “cost outliers” would help
us to identify clinical factors associated with
increased hospital costs following GBS.

Met hods.

The clinical pathway for GBS patients instituted at
HMC has been previously described in detail.” In
summary, patients on the GBS pathway receive
standard teaching regarding the surgical procedure
and anticipated perioperative course. They undergo
standard preoperative evaluations including: nutri-
tional counseling, psychological evaluation, surgi-
cal consultation, and work-up of associated medical
co-morbidities. Obesity-related medical conditions
are documented preoperatively using a combination
of past medical history, subjective complaints, and
objective data (sleep studies, pH probe tests, radi-
ographs of painful weight-bearing joints, and clini-
cal laboratory tests). Preoperative testing, as clini-
cally indicated, is performed and options for post-
operative pain control are discussed. Patients are
started on enoxaparin (40 mg if BMI<55 or 60 mg
if BMI>55) the day before surgery and maintained
on twice daily enoxaparin until discharge.
Following surgery, patients are routinely extubated
and admitted to the surgical intermediate care unit.
Standard postoperative orders are utilized for fluid
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management, pulmonary care, laboratory data,
physical activity, oral intake, and pain control.
Patients are given water on postoperative day 1 and
advanced to sugar free Camation™ Instant
Breakfast ad libitum over the next 2 days.
Depending on the adequacy of mobility, oral intake,
and pain control, discharge plans are made for the
afternoon of postoperative day 3. Standard dis-
charge instructions include incentive spirometry,
physical activity limitations, wound care, and clini-
cal conditions of which the surgeon should be noti-
fied, i.e. wound erythema with purulent drainage,
severe abdominal pain, persistent vomiting.

Utilizing the hospital information system, a report
was created based on the parameters of date of sur-
gical procedure for obesity between November 1,
2000 and July 1, 2001 and diagnosis related group
(DRG) 288. With approval from our instifutional
review board, the medical records for these patients
were reviewed and clinical data abstracted.
Demographic information including patient’s age,
preoperative weight, gender, and BMI were record-
ed. Medications and preoperative medical condi-
tions were collected for all patients. Medical co-
morbidities were further defined as severe if they
met the following criteria: degenerative joint dis-
ease (DJD) — inability to walk independently (use of
walker, crutches, or electric cart); sleep apnea —
sleep study documenting severe obstructive sleep
apnea or obesity-hypoventilation syndrome; hyper-
tension (HTN), diabetes mellitus (DM), and asthma
were considered severe if patients were taking more
than three physician-prescribed medications for
their condition.

Information regarding the surgical procedure was
abstracted on all patients including: operating sur-
geon, surgical technique (open vs. laparoscopic),
previous bariatric surgery, and whether additional
surgical procedures (cholecystectomy, hernia repair,
etc.) were performed simultaneously with GBS.

Postoperative complications were collected for all
patients throughout their hospitalization and follow-
up period. Complications were categorized as
wound-related (seroma, skin separation, infection),
gastrointestinal (anastomotic leak, stricture, partial
small bowel obstruction, distal stomach distention,
etc.), pulmonary (pneumonia, atelectasis, tracheal
plugging, etc.), and other (deep venous thromboem-
bolism, abdominal abscess, etc.). All complications



were reviewed and designated as major or minor by
one of the anthors (RNC). The occurrence and rea-
son for all hospital readmissions were also recorded.
Hospital length of stay was obtained from the hos-
pital information system and verified by chart
Ieview.,

Financial information on all patients was obtained
from the hospital financial system and descriptive
statistics were performed on the hospital cost data.
We defined cost outliers (CO) as patients with total
hospital costs >1 standard deviation above the mean
and normal costs (NC) as patients with total hospi-
tal costs <1 standard deviation above the mean.
Information regarding hospital costs (Total$) was
subdivided into categories: room and board
(Room$), operating-room (OR$), pharmacy, labora-
tory and radiology (Lab/Rad$), and miscellaneous
(Other$) costs. Operating-room utilization was fur-
ther analyzed using information obtained from the
operating-room information system. Operating-
room time (ORT) was subdivided into anesthesia
time (AT), patient preparation time (PrepT), surgical
time (SurgT), and “wake up” time (WakeT) as pre-
viously described.”

Data are presented as means=standard error (SE).
Statistical evaluation of the data was performed
using Excel (Redmond, WA), Minitab version 13
(State College, PA), or SAS software (Cary, NC).
Chi-square test was used to compare categorical
data and Student’s t-test was used to compare con-
tinuous variables. All analyses were two-tailed.
Differences among means were considered signifi-
cant if P<0.05.

Results

Ninety-one patients with a DRG 288, undergoing
GBS from November 1, 2000 to July 1, 2001 and
entered into the GBS pathway, were included in this
study. There were 15 patients in the CO group with
mean hospital costs of $14,187+5,869 per case and
76 patients in the NC group with mean hospital
costs of $7,634+886 per case.

The preoperative demographics of the CO and NC
groups were generally ‘well-matched as shown in
Table 1. The mean age of 42 years and BMI range
from 56 to 58 were similar in both groups. There
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was a preponderance of female patients in both
groups, but the percentage of females was higher in
the NC group. The number of weight-related med-
ical conditions was also similar in the NC and CO
groups (4.2 diagnoses/pt vs. 4.7 diagnoses/pt.).

The distribution of obesity-related medical diag-
noses in the NC and CO groups is shown in Table 2.
Sleep apnea and degenerative joint disease were the
most common obesity-related medical diagnoses in
our patients. However, hypercholesterolemia, gas-
troesophageal reflux, and hypertension were com-
monly seen (>40% of patients) in both groups as

61 (Bo%)[
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well. Diabetes mellitus was identified in 60% of the
CO patients and was significantly increased relative
to the NC group (P<0.05 vs. NC). Other weight-
related medical diagnoses such as venous stasis, uri-
nary stress incontinence, dysfunctional uterine
bleeding, asthma, and less frequently coronary
artery disease were identified to a similar exfent in
both the NC and CO groups.

The incidence of severe medical co-morbidities
was examined in the CO and NC groups. Seven of
76 patients in the NC group (9.2%) had “severe co-
morbidities”, with sleep apnea/obesity hypoventila-
tion syndrome being the most prevalent in 5/7
patients. Severe co-morbidities were identified in
nine of the 15 patients (60%) in the CO group
(P<0.05 vs. NC). As seen with the NC group, severe
sleep apnea with obesity hypoventilation syndrome
was most commonly observed (7/2 patients), fol-
lowed by severe DID in 3/9 patients. Patients with
severe co-morbidities were more likely to require
intensive care unit admission and mechanijecal venti-
lation following their GBS. Seven of the 8 patients
maintained on mechanical ventilation after surgery
and admitted to the surgical intensive care unit had
severe co-morbidities, with sleep apnea being the
most common (5 patients). To further analyze the
impact of severe medical co-morbidities overall on
cost of care, total hospital costs in all patients with
or without severe co-morbidities was compared.
The mean hospital costs of patients with severe
medical co-morbidities (n=16) was $10,804x1,137
verses $8,302:+358 (P=0.052) in patients without
severe medical co-morbidities (n=75).

Table 3 illustrates hospital costs subdivided by
category. As defined, patients in the CO group
demonstrated increased room and board, operating-
room, laboratory, radiology, and other costs when
compared to the NC group. However, operating-
room costs account for the largest percentage of
total costs. Therefore, the utilization of operating-
room resources was examined to see if surgical
technique or prolonged surgical times were an
important determinant of cost outliers after GBS
(Table 4).

Initially, we examined the potential impact of sur-
gical technique on cost of care. *n our study popula-
tion, 26.4% of the patients hui laparoscopic GBS
(n=24} and 5.0% of the patients had their original
bariatric operation revised (n=5). Although operat-
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ing-room costs were increased in the laparoscopic
GBS patients ($6,111+113 vs. $4,974+485, P<0.05),
the total hospital costs were not significantly
increased (Laparoscopic $9,950+1,019 vs. Open
$8,271+321). Previous bariatric surgery patients
were more common in the CO group (13.3%) vs. the
NC group (3.3%), but these differences were not
significant. We also examined whether performing
additional procedures at the time of GBS was asso-
ciated with increased costs. This did not appear to
be the case, as 22% of patients in the NC group had
additional procedures performed vs. 27% in the CO
group.

Prolonged use of OR time for epidural catheter
placement, induction of anesthesia, or a technically
difficult surgical procedure could influence both
total and OR costs for GBS patients. Table 4 shows
the utilization of operating-room resources in the
CO and NC groups. There was no statistical signif-
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icance noted in any parameters recorded. Thus, uti-
lization of OR resources does not appear to repre-
sent the major source of additional hospital costs in
the CO group.

Since OR resources do not appear to be the major
source of the increase in total hospital costs, post-
operative complications were reviewed, because
they might influence requirements for bed acuity,
hospital length of stay, and laboratory/radiology
costs. There were no complications in 55% of all
GBS patients. The most common complications
were wound-related, with 14% having skin separa-
tion or seroma and 11% wound infections. Major
complications were significantly increased in the
CO group (8/15 patients, 53.3%) when compared
with the NC group (6/76 patients, 7.9%) (P<0.05).
Seven of the major complications were related to
the GI tract: two early gastrojejunostomy (GI) leaks
(one requiring re-operation, the other sealing spon-
taneously), one early GJ stricture (in a patient with
a BMI of 100), an early partial small bowel obstruc-
tion, and 3 late GJ strictures (2 re-operative cases).
Major pulmonary complications represent the sec-
ond most common category: 2 patients with pneu-
monia required intravenous antibiotics, and one
case of tracheal plugging occurred in a patient with
severe obstructive sleep apnea. Two patients had
major wound-related complications with severe
infection requiring intravenous antibiotics and local
wound care. One patient had postoperative bleeding
that required blood transfusion, while another had
an abdominal abscess that presented several weeks
after surgery.

The rate of hospital readmission was studied dur-
ing the study period as another outcome indicator
that ultimately influences cost of care. Ten patients
were readmitted in the NC group (13%) verses
seven patients in the CO group (46.7%) for an over-
all readmission rate of 18%. The majority of read-
missions were for a combination of nausea, vomit-
ing, abdominal pain, and/or dehydration (9/17
patients, 53%). Four patients were admitted for
infections (three wound-related and one intra-
abdominal abscess). One patient was admitted to a
referring hospital with dyspnea that improved with
diuresis; another was readmitted with hyponatremia
and an embolic occlusion of the right femoral artery.
A third patient was admitted to a referring hospital
with deep venous thromboembolism.
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Discussion

Patients with clinically severe obesity are generally
considered to be high-risk surgical candidates pri-
marily because of their pre-existing medical co-
morbidities.!! Given the elective nature of bariatric
surgical procedures, patients expect good clinical
outcomes. We developed a clinical pathway for
GBS at our institution to minimize variability in
patient care and improve resource utilization.” An
integral aspect of any performance improvement
program involves analysis of patient care, imple-
menting change, and re-analysis. When re-analysis
of GBS outcomes was performed, we identified a
16% incidence of cost outliers.

COs represent a subgroup of GBS patients that
utilize a disproportionate amount of resources.
Analysis of cost outliers and efforts to eliminate or
manage cost outliers represents an important
approach to improving the overall quality and effi-
ciency of healthcare.’*?* To better understand the
factors contributing to increased resource utilization
after GBS, we examined patient demographics,
medical co-morbidities, the impact of surgical tech-
nigue, and perioperative complications in the NC
and CO groups.

Although patient age and pre-existing medical co-
morbidities have been documented to influence out-
come and resource utilization following traumatic
injury,!>16 the mean age and number of medical co-
morbidities/patient were similar in the NC and CO
groups. The risk/benefit ratio of bariafric surgery in
patients >50 years old was controversial in the
1980s.17 However, a more recent study in patients
>335 years of age demonstrated acceptable outcomes
in this population.'®* We were also concerned that
“super-obese” patients with BMI>55 would be
“high risk”, but found no difference in resource uti-
lization or costs in this subgroup. Perhaps this is
because they represent such a clinically heteroge-
neous group in terms of age and associated medical
co-morbidities.

The pattern of medical co-morbidities was similar
in the NC and CO groups, with the exception of dia-
betes mellitus that was more prevalent in the CO
group. Diabetes and perioperative glucose control
have been shown to increase the risk of wound-
related complications, especially infection.”®* A 10 -
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to 15% incidence of wound-related complications is
commonly seen following bariatric surgical proce-
dures." Although surgical site infections represent-
ed two of the major complications in the CO group,
neither diabetes-related wound complications nor
management of elevated glucose levels appears to
explain the increased costs or resource utilization in
the CO patients. Another possibility is that the dia-
betic patients are more likely to have severe medical
co-morbidities and that increased costs are not
directly related to diabetes or its complications.
Additional studies will be required to determine
whether perioperative glucose control influences
the rate of wound infection after GBS, as has been
shown for sternotomy incisions after open heart sur-
gery.2!

It was not surprising that severe medical co-mor-
bidities were associated with increased costs of
care. In particular, severe slecp apnea and degener-
ative joint disease were more commonly seen in
patients with increased resource utilization after
GBS. Patients with severe obesity are at increased
risks for pulmonary complications after upper
abdominal surgery due to postoperative reductions
in Tung capacity and hypoxemia.?? In addition, the
anesthetic management of patients with obstructive
sleep apnea may influence their ability to be extu-
bated after surgery.?*?* The requirement for postop-
erative ventilatory support and intensive care unit
admission represented a major source of increased
hospital costs in 40% of patients in the CO group.

The use of perioperative continuous positive air-
way pressure (CPAP) may reduce respiratory com-
plications in patients with severe sleep apnea.?
However, compliance with CPAP represents a major

problem in patients with sleep apnea, and many sur-

geons are unwilling to allow patients with recent
upper gastrointestinal surgery to utilize CPAP post-
operatively. Patients with severe sleep apnea are at
increased risk for airway and ventilatory problems
. after the administration of general anesthesia. 2
Epidural catheters may be utilized for perioperative
pain control in these patients. However, epidural
catheters are technically difficult to place in this
population and may be dislodged during patient
transfer. Consequently, there is a high incidence of
epidural catheter malfunction requiring catheter
removal after GBS in our experience. Although lim-
iting narcotic administration and utilization of
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inhalational agents with rapid pharmacokinetic
properties (e.g. Sevoflurane) may facilitate recovery
from anesthesia, there is no consensus on the opti-
mal anesthetic management of this high-risk
bariatric surgery population.?325%" We believe this
represents an important aspect of perioperative care
that could be standardized with additional input
from our anesthesia colleagues.

Patients with severe DID who utilize walkers or
motarized carts for ambulation also demonstrate
increased hospital costs, primarily related to pro-
longed hospital length of stay. Despite early consul-
tation of physical therapy, independent patient
mobility was the rate-limiting step in hospital dis-
charge of these patients. A more liberal use of pre-
operative physical therapy and anticipating the need
for short-term rehabilitation may facilitate recovery
in this patient population.

Although minimally invasive surgical techniques
may reduce costs by reducing hospital length of
stay, we treated the laparoscopic and open GBS
patients on the same clinical pathway.
Consequently, the hospital length of stay in the open
and laparoscopic GBS patients was similar. OR
costs were increased in the laparoscopic GBS group
(primarily due to increased equipment-related
costs), while total hospital costs were similar to the
open GBS patients. Although laparoscopic GBS
was not associated with cost outliers, the clinical
pathway for laparoscopic GBS patients could poten-
tially be tevised to facilitate early discharge in
patients with good pain control, oral intake, and
mobility.

Although one could argue that patients with pre-
vious bariatric surgery should not be included in this
analysis, these patients were treated on the same
GBS clinical pathway during the study period.
Therefore, we chose to include them in the study.
Patients with previous GBS were slightly more
common in the CO group, but this difference was
not statistically significant. Several studies have
shown that patients having previous bariatric surgi-
cal procedures are at increased risk for complica-
tions  following  revisional  surgery.®®
Consequently, revisional GBS is likely to be associ-
ated with increased costs. However, the current
study is probably not adequately powered to detect
a difference in this subpopulation of patients.

Not surprisingly, major perioperative complica-



tions were associated with increased resource uti-
lization and hospital costs. Technical complications
related to gastric stapling and the gastrojejunal anas-
tomosis represent the most common major compli-
cations after GBS. This observation highlights the
importance of meticulous attention to surgical tech-
nique (intestinal blood supply, avoiding tension,
anastomotic technique, etc.) when performing
barjatric surgery. In addition, many high volume
bariatric surgery centers routinely verify anastomot-
ic integrity by insufflating the gastric pouch and
gastrojejunal anastomosis with methylene blue con-
taining saline or by routinely performing postopera-
tive upper gastrointestinal series. Routine drainage
of the gastrojejunal anastomosis with a closed suc-
tion drain represents another strategy to facilitate
early identification of anastomotic leaks. In GBS
patients with postoperative fever and incisional pain
only, we are less likely to perform contrast studies to
verify gastrojejunal anastomotic integrity if the
drainage is serosanguinous with normal amylase
content.

In summary, patients with severe, multiple med-
ical co-morbidities (diabetes, severe sleep apnea,
and degenerative joint disease) and major perioper-
ative complications are more likely to be cost out-
liers after GBS. Although utilization of a clinical
pathway may help to reduce resource utilization and
minimize variability in patient care, identification of
“high risk” patients may also help to improve out-
comes and ecliminate “cost outliers” after GBS.
Meticulous attention to surgical technigue is impor-
tant to minimize the incidence of major GI compli-
cations. Patients with severe sleep apnea and obesi-
ty hypoventilation syndrome may benefit from peri-
operative CPAP, epidural analgesia, and careful
attention to anesthetic management. Patients with
severe mobility problems before GBS may recover
more quickly with preoperative physical therapy
and planned postoperative rehabilitation.

The authors thank Cindy Miller for excellent editorial
assistance, and Pat Schneider and Greg Swope in the
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the hospital information system. Statistical assistance
provided by Chrisiopher Hollenbeak, PhD.
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