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ABSTRACT

Introduction: BPD-DS is one of the most effective surgical approaches for the treatment
of severe obesity. Objective: To compare perioperative complications and long-term
results of open BPD-DS in elderly versus younger patients. Methods: All patients aged
60 years and above who underwent a primary open BPD-DS in our center were selected
(n=105). Patients were matched 1:1 for sex, BMI, the presence of Type 2 diabetes
(T2DM) and year of surgery with a group of younger patients (aged <55 years). Results:
The mean age of the patients was 62.3+2.0 vs. 40.4+7.0 years (p<0.0001). Initial BMI
and prevalence of T2DM were similar in both groups, at 50.9 kg/m? and 57%,
respectively. Mean operative time (178.6+46.7 vs. 162.5£39.9 min., p=0.01), hospital
stay (10.2+8.3 vs. 6.3+1.5 days, p=0.0001) and blood loss (593+484 vs. 474+241ml,
p=0.05) were significantly higher in elderly patients. No difference in 30-days mortality
rate was observed (0.9% in each group). There was no significant difference in major
complication rate (16.2% vs. 8.6%, p=0.09). At a mean follow-up of 7.1+4.1 years,
excess weight loss (67.6+19.2% vs. 72.7+20.7%, p=0.06) and BMI (32.2+5.7kg/m? vs.
30.8+6.6kg/m?, p=0.15) were not significantly different. No significant difference was
observed between the two groups for the resolution of T2DM (p=0.53) and obstructive
sleep apnea (p=0.44). Conclusion: Open BPD-DS is associated with similar long-term
benefits in elderly and younger patients, in terms of weight loss and resolution or
improvement of obesity-related comorbidities. Perioperative complications might be
more frequent in the elderly population, but this was not associated with increased

mortality.

Keywords: Bariatric surgery, Biliopancreatic diversion, Duodenal switch, long-term
results, Elderly
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INTRODUCTION

Epidemiological studies demonstrated that obesity rates have progressively increased
over the past decades [1-4]. More specifically, the prevalence of severe obesity increased
by 225% in Canada (0.4% in 1990 to 1.3% in 2003) [1]. Bariatric surgery is still the only
treatment for severe obesity to offer significant and durable weight loss [5].
Biliopancreatic diversion with duodenal switch (BPD-DS) is one of the most effective
surgical approaches for the treatment of severe obesity in terms of weight loss and
resolution of comorbidities [6, 7]. BPD-DS was developed at the Quebec Heart and Lung
Institute (IUCPQ) in the early 1990s and became the primary approach for most severely
obese patients. This procedure combines restrictive and malabsorptive mechanisms by
creating a 250-cm® sleeve gastrectomy (SG), while the duodenum is transected about 4
cm distal to the pylorus and anastomosed to a 250-cm alimentary limb, with a 100-cm

common channel [6, 8].

The effect and long-term outcomes of bariatric surgery procedures in various sub-
populations of severely obese patients have been reported extensively in the past years [5,
6, 8-15]. However, the risks and benefits of these operations in elderly patients are still
debated [16-18]. Indeed, multiple studies [19-37], two recent reviews [16, 18] and one
meta-analysis [17] have examined this question and no consensus could be reached. One
review concluded that bariatric surgery is safe and effective in elderly patients [16], while
the other concluded that bariatric surgery in this population is associated with higher
perioperative complications, and lower weight loss and comorbidities resolution [18]. Of

the studies available, most were retrospective, and included small patient numbers and
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no control group [17]. Furthermore, long-term data in the elderly population are still very
limited and very few studies are available regarding the effectiveness of BPD-DS

specifically in elderly patients [17].

Considering that the prevalence of severe obesity increased [1] and that the population is
ageing [18], more data are needed on the safety and effectiveness of BPD-DS in elderly
patients. Our objective was to compare perioperative complications and long-term results
of open BPD-DS in elderly versus younger patients. We tested the hypothesis that open
BPD-DS is associated with similar long-term benefits in elderly compared to younger

patients, in terms of excess weight loss and resolution of obesity-related comorbidities.
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RESEARCH DESIGN AND METHODS

Patients

The present study took place at a single university-affiliated tertiary care center. All
patients aged 60 years and above who underwent a primary open BPD-DS with standard
intestinal measures (250-cm alimentary limb and 100-cm common channel) from
November 1992 to September 2011 were included in the study (n=105). These patients
were individually matched (1:1) for sex, BMI, the presence of T2DM and the year of
surgery with a group of younger patients (aged <55 years, n=105). Data were obtained
from a prospectively maintained database. The database and the medical record were
reviewed for each patient. In the present study, preoperative data obtained for each
patient included age, gender, weight, height, body mass index (BMI), comorbidities and
medication use. The indications for surgery followed the National Institutes of Health
guidelines [38], except for age in the elderly subgroup. The decision regarding surgery
was made in collaboration with the bariatric multidisciplinary team (surgeon, nutritionist,
social worker and bariatric nurse) and the patient. All patients were informed about the
risk and benefits of the BPD-DS and they participated in a support group before surgery.

This study received approval from the Ethics Committee of our institution.

Surgical technique

Patients received intravenous antibiotics and subcutaneous heparin 2 hours before
surgery. Pneumatic compression devices were used during surgery and until ambulation.
The surgical technique consisted in open BPD-DS with a 250-cm alimentary limb and a

100-cm common channel, as previously described [6]. Sleeve gastrectomy starting 7 cm
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proximal to the pylorus was performed using a 52F bougie for calibration. Routine

cholecystectomy and appendectomy were performed.

Perioperative period, follow-up and outcome definitions

Regular subcutaneous heparin was given for the first postoperative day and then switched
to low-molecular-weight heparin. Patients were discharged with the same regimen for 3
weeks when they were tolerating a soft diet. Vitamin and mineral supplementation
(ferrous sulfate 300mg, vitamin D 50 0001U, vitamin A 20 000I1U, calcium carbonate
500-1000mg, and a multivitamin complex) were started within the first month after
surgery and these supplements were adjusted during follow-up according to plasma
nutritional markers. Nutritional deficiencies were immediately corrected using
standardized protocols. Patients also received recommendations to consume a high-
protein diet. Perioperative data such as operative time, duration of hospital stay, blood
loss, mortality rate as well as major and minor complications within 30 and 90 days
postoperatively were recorded. The hospital stay was defined as the number of days from

operation to hospital discharge. The reoperation rate within 10 days was also calculated.

Follow-up data were gathered at 3, 6, 9 and 12 months postoperatively and yearly
thereafter. Clinical biochemistry values included a complete blood count, liver enzymes,
albumin, transferrin, iron, ferritin, calcium, parathyroid hormone, vitamin A, vitamin B12
and folic acid. Bariatric nurses remained in contact with these patients and their primary
care physician, making a yearly average of 6 phone calls per patient [6]. Information

regarding late complications and hospitalizations were documented in the database. To
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verify the collected information, an auto-administered written questionnaire was sent to
each patient every 5 years. These questionnaires included questions regarding overall and
weight loss satisfaction, quality of life, side-effects, complications and evolution of
comorbidities. To evaluate the nutritional condition of the two groups, we compared
nutritional laboratory values after 5 years of follow-up with those obtained prior to
surgery. Percentage of excess weight loss (%EWL), postoperative BMI and percentage of
total weight loss (% TWL) after a mean follow-up of 7.1+4.1 years were calculated for all
patients. The %EWL was calculated using these variables: total preoperative weight,
postoperative weight and ideal body weight (IBW) for an ideal BMI of 23kg/m’ as
previously used [8]. Resolution of comorbidities (T2DM, hypertension and sleep apnea)
was also recorded. The resolution or improvement of T2DM, hypertension and sleep
apnea was evaluated by surgeons during follow-up on the basis of clinical parameters,
laboratory data and the reduction or discontinuation of medical therapy. The resolution of
T2DM was defined as a normal glycosylated hemoglobin (HbAlc) (<6%) or normal
fasting blood glucose (<5.6mmol/L) and absence of anti-diabetic medication use. The
resolution of hypertension was defined as normal resting systolic and diastolic blood
pressure (BP<120/80 mm Hg) as well as absence of anti-hypertensive medication use.
The resolution of sleep apnea was defined as cessation of the use of continuous positive
airway pressure (CPAP). T2DM, hypertension and sleep apnea were improved when

patients had improved clinical parameters and/or medication dose was decreased.
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Statistical analysis

Student’s t-tests were performed to compare continuous variables between patients aged
60 years or older and controls (patients aged <55 years). Chi-square tests or Fisher’s
exact tests were performed to compare categorical variables, as appropriate. Repeated-
measures analysis of variance was used to examine the effect of group (elderly patients
(age < 55 years) versus younger patients (age > 60 years)) and time (before-BPD-DS and
5 years post-BPD-DS) as well as the time-by-group interaction for mean levels of
albumin, calcium, hemoglobin and iron. Non-normally distributed variables were log- or
boxcox-transformed. When variables could not be normalized, Wilcoxon tests were
computed to compare continuous variables. Results are reported as mean * standard
deviation for continuous variables or percentage for categorical variables comparing
elderly to younger patients. The results were considered statistically significant with p
values < 0.05. All statistical analyses were performed with JMP software (SAS Institute

Inc, Cary, NC, U.S.A)).
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RESULTS

Preoperative characteristics

Preoperative demographic characteristics of the two groups are shown in Table 1. The
mean age of the patients at the time of surgery was 62.3+2.0 versus 40.4+7.0 years
(p<0.0001). As expected from our matching procedure, preoperative BMI, gender and %
of T2DM were similar in both groups. In the elderly group, 36.7% (n=22) of diabetic
patients were on insulin treatment compared to 20% (n=12) in the younger group
(p=0.04) (data not shown). Hypertension, cardiovascular disease, dyslipidemia and
obstructive sleep apnea affected 72%, 20%, 38% and 64% of all patients respectively.
Patients aged 60 years and above had a significantly higher mean number of
comorbidities (p=0.002) and used a significantly higher mean number of preoperative
daily medications (5.4+2.9 versus 3.9+3.4, p=0.0001, data not shown) compared to

younger patients.

Perioperative data, early mortality and early complications (< 30 days)

Including all patients, mean postoperative hospital stay was 8.2+6.1 days and mean
operative time was 170.5+44.1 minutes (Table 2). Mean operative time, hospital stay and
blood loss were all slightly but significantly higher in the elderly group (p<0.05, for all).
The rate of reoperation during the first 10 postoperative days was similar between the two
groups. One death (0.9%) occurred within 30 days in each group (a 30-year-old patient
died from a pulmonary embolism 12 days after surgery and a 70-year-old patient died
from multiple organ failure. At 90-days, mortality was 0.9% (1/105) in the younger group

versus 1.9% (2/105) in the elderly group (p=0.55).
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Major complications in first 30 postoperative days are shown in Table 3. Major
complications occurred in 12.4% of all patients. A trend was observed for an increased
rate in total major 30-days complications in elderly patients compared to younger ones
(16.2% versus 8.6%, p=0.09). The rate of digestive leak, abdominal abscess, pancreatitis,
pneumonia, hemorrhage, pulmonary embolism, intestinal obstruction and stenosis was
similar between the two groups. Table 4 shows minor complications in first 30
postoperative days. There was no significant difference between the two groups for total

minor complication rate (13.3% versus 9.5%, p=0.40).

Long-term results: weight loss, general satisfaction, resolution of comorbidities,
complications, nutritional outcomes and long-term mortality

The mean follow-up time was similar between the two groups (7.2+4.2 years in the
elderly group versus 7.1+4.1 years in the younger group, p=0.89). The percentage of
follow-up was 97% in elderly patients (102/105) and 99% in younger patients (104/105).
Figure 1A shows mean percentage of initial excess weight loss (%EWL) for the two
groups after 6, 12, 24, 36, 48 and 60 months of follow-up. The mean %EWL was
significantly higher in younger patients after 6, 12, 24, 36 and 48 months of follow-up
(p<0.05 for all, Figure 1A). However, the difference in %EWL between the two groups
was not significant after 60 months of follow-up (p=0.22). In both groups, weight loss
remained relatively stable over the years (Figure 1A). After a mean follow-up of 7.1+4.1
years, there was no significant difference between the two groups for %EWL

(67.6+19.2% versus 72.7+20.7%, p=0.06) and BMI (32.2+5.7kg/m® versus
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30.8+6.6kg/m? p=0.15) (Figure 1B and D). The %TWL was significantly higher in
younger compared to elderly patients (p=0.05) (Figure 1C). The percentage of successful
weight loss which is defined as an average weight loss >50% of initial excess weight was
similar in both groups (82.9% in elderly patients versus 85.7% in younger patients,
p=0.58, data not shown). After a mean follow-up of 7.1 years, 0.9% (1/105) of elderly
patients and 2.9% (3/105) of younger patients had lost less than 25% of their initial
excess weight (p=0.37, data not shown). To evaluate overall satisfaction of patients
regarding surgery and weight loss, an auto-administered questionnaire was sent in 2011.
Of the 210 patients, 108 patients (51%) correctly filled the questionnaire. According to
this questionnaire, 85.7% (54/63) of the elderly group were satisfied (score 4 or 5ona 1l
to 5 Likert-scale) with their weight loss compared to 97.8% (45/46) of the younger group
(p=0.10) (data not shown). Only 2 older patients (3.2%) were unsatisfied (score 1) with
their weight loss. In both groups, no revision surgery was required for insufficient weight

loss.

The questionnaire also included questions regarding frequency of stools, prevalence of
diarrhea, bloating and flatulence/odor problems. The mean number of stools per day was
2.8+1.5 in elderly patients and 3.2+1.6 in younger patients (p=0.17) (data not shown).
The number of stools per day was not considered as a significant problem in most of the
elderly (92%) as well as younger (95%) patients. The presence of abdominal bloating
(more than once a week) was found in 39% of the elderly group compared to 44% of the
younger group (p=0.50) (data not shown). Flatulence or odors were considered as a major

problem in 30% of the elderly group and in 33% of the younger group (p=0.67) (data not
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shown). In both groups, no reoperation was specifically performed to address number of

stools per day or frequency of flatulence/odor problems.

Figure 2 shows the resolution of obesity-related comorbidities among younger and
elderly patients after a mean follow-up of 7.1+4.1 years. No significant difference was
observed between the two groups for the resolution of T2DM (p=0.53) (Figure 2A). In
the elderly group, T2DM was cured in 83.3% (50/60), improved in 8.3% (5/60) and
unchanged in 1.7% (1/60). In the younger group, T2DM was resolved in 91.7% (55/60),
improved in 3.3% (2/60) and unchanged in 1.7% (1/60). In both groups, a significant
decrease in HbAlc was observed at the last follow-up (the most recent postoperative
value) compared to levels obtained prior to surgery (Elderly patients: 6.8+1.2% versus
5.2£0.7%, p<0.0001, n=48; Younger patients: 6.8+1.9% versus 5.0£0.6%, p<0.0001,
n=43) (data not shown). A significant difference between the younger and elderly groups
was observed for hypertension resolution (Figure 2B). Indeed, hypertension was resolved
in 41.1% (35/85), improved in 41.1% (35/85) and unchanged in 7.1% (6/85) in the older
group compared to 66.7% (44/66), 13.6% (9/66) and 13.6% (9/66) respectively in the
younger group (p=0.008). The resolution of obstructive sleep apnea was similar between
the two groups (p=0.44) (Figure 2C). Sleep apnea was resolved in 72.9% (43/59) and
improved in 10.2% (6/59) in younger patients compared to 77.3% (58/75) and 12.0%
(9/75) respectively in elderly patients. Of the 75 older patients treated for sleep apnea

before BPD-DS, only 2 patients (2.7%) required treatment after surgery.
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Changes in nutritional parameters

To evaluate the nutritional condition of the two groups, we compared nutritional markers
after 5 years of follow-up with those obtained prior to surgery, when both were available
(Figure 3). No significant difference was observed between the two groups for mean
level of albumin measured prior to and 5 years after BPD-DS (Group effect, p=0.79)
(Figure 3A). In both groups, mean albumin level was slightly decreased after 5 years of
follow-up compared to that obtained prior to surgery (Time effect, p=0.02). Taking into
consideration the most recent postoperative albumin level, most patients remained within
the normal limit (aloumin level >35g/L). Only 18.1% of elderly patients and 5.7% of
younger patients were below normal (albumin level >30 but <34.9¢g/L). The percentage of
severe hypoalbuminemia (<30 g/L) was very low and similar in both groups prior to
surgery and at the last follow-up (most recent nutritional markers obtained after the
surgery) [Elderly patients: 0.9% (preoperatively) versus 0% (postoperatively), n=105;
Younger patients: 0% (preoperatively) versus 0.9% (postoperatively), n=105] (data not
shown). Figure 3B shows that elderly patients had higher level of calcium prior to and 5
years after BDP-DS compared to younger patients (Group effect, p=0.03). In both groups,
mean level of calcium was significantly decreased 5 years after BPD-DS compared to
mean level obtained pre-BPD-DS (Time effect, p=0.0001). Parathyroid hormone level
was significantly increased in each group 5 years after BPD-DS (Time effect, p=0.0001)
(data not shown). Severe calcium deficiency (<2g/L) at last follow-up was low in both
groups (2.9% in elderly versus 1.9% in younger patients). Hemoglobin level was lower 5
years after surgery than before in both groups (Time effect, p=0.0001) (Figure 3C).

However, in both groups, no significant decrease in iron levels was observed after 5 years
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of follow-up (Figure 3D) and an increase in folic acid and vitamin B12 levels was
observed postoperatively (data not shown). The percentage of patients with hemoglobin
value lower than 100g/L was very low and similar in both groups prior to and at the last
follow-up (0% preoperatively versus 0.9% postoperatively in both groups (data not
shown). There was no significant difference between the two groups for levels of

hemoglobin and iron before and 5 years after BPD-DS (Figure 3C and D).

Table 5 shows causes of late hospitalization related to bariatric surgery during follow-up.
Including all patients, the main cause for rehospitalisation was malnutrition (8.1%). The
percentage of rehospitalisation for malnutrition tended to be higher in elderly patients
compared to younger ones (p=0.08). However, in both groups, the majority of patients
required only medical treatment. Surgery for malnutrition was required in 3 elderly
patients and in 1 patient of the younger group (p=0.27). Lengthening of the common
channel (typically from 100 to 200 cm along the biliary limb) was successful in all
patients. The percentage of late hospitalization for delayed fistula, stenosis, incisional
hernia, gastrointestinal bleeding, intestinal obstruction, diarrhea, abdominal pain,
pulmonary embolism, pancreatitis and abscess was similar between the two groups
(Table 5). Surgery for intestinal obstruction was significantly higher in younger patients

compared to older ones (7.6% versus 0.9%, p=0.02).

After a mean follow-up of 7.1 years (range: 6 months to 19 years), 9 (8.6%) long-term
deaths in the elderly group were reported compared to 2 (1.9%) in younger patients

(p=0.03) (data not shown). In the elderly group, 2 died from cancer, 1 from trauma, 1
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from pulmonary disease, 2 from cardiac causes and 1 from ulcerative colitis. In this
group, two deaths were related to bariatric surgery (1 from intra-abdominal abscess and 1
from gastric fistula). In the younger group, 1 patient died from lung cancer and 1 patient
died from pulmonary problem (severe asthma). No significant difference was found

between the two groups for long-term deaths related to BPD-DS (p=0.20).
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DISCUSSION

To our knowledge, this is the first study to clearly compare perioperative complications
and long-term results of open BPD-DS in elderly patients versus a matched control group
of younger patients. We tested the hypothesis that open BPD-DS is associated with
similar long-term benefits in elderly and younger patients, in terms of excess weight loss
and resolution of obesity-related comorbidities. We found that mean operative time,
hospital stay and blood loss were all slightly but significantly higher in the elderly group.
However, 30-day mortality rate was similar in both groups (0.9%, in each group) and in
acceptable ranges for open surgery performed an average 7 years ago. We found a trend
for an increased rate of major 30-days complications in the elderly group. Regarding
long-term results, we demonstrated that in both groups, weight loss remained relatively
stable over the years. After a mean follow-up of 7.1 years, there was no significant
difference between the two groups for %EWL, BMI and % of success IEW. Furthermore,
most of the patients in both groups had a marked improvement or resolution of their

obesity-related comorbidities.

One important finding in the present study is that our results showed significant and
durable long-term weight-loss after BPD-DS in both younger and older patients, with a
mean %EWL of 73% and 68% respectively. Consistent with our results, Buchwald et al.
[10] reported in a meta-analysis that BPD-DS resulted in the greatest long-term %EWL
(70.1%) compared to others surgeries. In both groups, we found that most of the patients
had a successful long-term weight loss (>50%IEW). Furthermore, no revision surgery

was performed for insufficient weight loss. Previous studies also reported clinically
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significant excess weight loss and improvement in quality of life after bariatric surgery in
elderly patients, but most of these effects were not as significant as those observed in
younger patients [16, 26, 28, 37, 39]. However, most of these studies have only examined
short-term weight-loss (< 1 year of follow-up after surgery). In the present study, we also
reported that %EWL was significantly lower in elderly patients after 1 year of follow-up.
Nevertheless, these differences were not statistically significant after a mean follow-up of
7.1 years, suggesting that open BPD-DS results in substantial long-term weight-loss in

both younger and older patients.

Our study also demonstrated that most of the patients in both groups had a marked
improvement or resolution of their obesity-related comorbidities. Even if the complete
resolution of hypertension was higher in younger patients compared to older ones, we
found that improvement of hypertension was clinically significant in both groups. The
resolution of type 2 diabetes and sleep apnea was similar in both groups. Consistent with
our results, a meta-analysis by Buchwald et al. [9] reported that T2DM was improved or
resolved in 86.6% after bariatric surgery. According to a more recent meta-analysis,
T2DM resolution after BPD-DS was 89%, which is also comparable to our results [40].
Leivonen et al. [23] demonstrated that the resolution of T2DM and hypertension was
similar between older and younger patients after 12 months post SG. Interestingly, Lynch
and Belgaumkar [17] also reported in a meta-analysis of 18 studies that the resolution of
hypertension, diabetes, sleep apnea and lipid abnormalities was similar to those observed

in younger patients.
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Even if BPD-DS seems to be associated with higher perioperative risks and mortality rate
compared to others surgeries [41, 42], the 30-day mortality rate in our study was low and
similar to that of other bariatric surgery procedures performed by open surgery and in
similar periods (0-4.3%) [43]. Interestingly, we found no significant difference in early
mortality rate between the two groups (0.9%, in each group). In contrast to our results,
Flum et al. [25] previously reported that the early mortality rate after RYGB was
significantly higher in elderly (>65 years) compared to younger patients. In a cohort
obtained from the American College of Surgeons National Surgical Quality Improvement
Program database, Dorman et al. [24] demonstrated that older age tended to predict
mortality, but this was not statistically significant. Consistent with our results, Dunkle-
Blatter et al. [26] reported no significant difference between older and younger patients
for 30-day and 90-day operative mortality rates. Considering that mortality rate may be
influenced by several factors such as the type of procedure, the volume of bariatric
surgery, the improvement of surgical management, the optimization of perioperative care
and the anesthesia [17, 43, 44], the comparison of mortality rate between studies remains
challenging. However, in our matched-control study, we reported no significant
difference in short-term or long-term mortality rate related to BPD-DS between younger

and older patients.

Furthermore, our study demonstrated that elderly patients tented to have higher 30-day
major complication rates. Even if our two groups were individually matched for gender,
BMI, the presence of T2DM and year of surgery, it is important to take into consideration

that elderly patients had a significantly higher number of pre-operative comorbidities and
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used a higher number of daily medications. As reported by others [16, 26, 28, 29, 43, 45],
elderly patients are often a "higher-risk” group of patients with higher perioperative
comorbidities. This could explain why we observed a trend for higher 30-day major
complications and a significantly longer hospital stay. Dorman et al. [24] previously
reported that elderly age (=65 years) was an important risk factor for short-term

prolonged hospital stay but it was not a significant predictor for major adverse events.

As previously reported [6, 8, 46], the risk of BPD-DS in terms of late malnutrition and
nutritional deficiencies is real but with appropriate long-term follow-up of patients as
well as standardized vitamin and mineral supplementation, the risk is relatively low. The
present study demonstrated that after a mean 7.2 years of follow-up, the percentage of
severe hypoalbuminemia was low and similar in both groups. Mean level of albumin and
hemoglobin were slightly decreased after 5 years of follow-up in both groups. However,
we found that elderly patients tended to have higher rehospitalisation rates for
malnutrition. Our results suggest that long-term postoperative care remains essential in
both groups, especially in older ones. Rigorous nutritional monitoring may improve

management of potential deficiencies in all patients.

Limits of the study should be acknowledged. Considering that laparoscopic BPD-DS has
been introduced in 2006 in our institution and that one of the primary endpoints of the
study was to examine long-term outcomes of BPD-DS, patients who underwent
laparoscopic BPD-DS with standard intestinal limb lengths were excluded from the

study. Several studies recently demonstrated the enhanced safety of laparoscopic bariatric
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surgeries compared to open surgeries. Indeed, laparoscopic approaches seem to be related
to better outcomes in terms of mortality rate, length of stay and complications [43]. Most
importantly, we previously reported lower 30-day mortality rates, blood loss and shorter
hospital stays with laparoscopic BPD-DS [11], suggesting that the laparoscopic approach
may be beneficial in both younger and older patients. Another acknowledged limitation
of the study is that even if the data were collected prospectively, this study is still
retrospective. Furthermore, some data were missing and some of the information
regarding surgery and weight loss satisfaction were from a self-administered
questionnaire. Nevertheless, one of the major strength of our study is that we reported
long-term results of BPD-DS, using a matched-control group. Such studies are very
scarce in the literature. We also examined a rather large sample of patients for which we
also had detailed data on weight loss, comorbidities resolution, complications, short and

long-term mortality rates and nutritional parameters.

In conclusion, our study suggests that open BPD-DS is associated with similar favorable
long-term benefits in elderly and younger patients, in terms of weight loss and resolution
or improvement of obesity-related comorbidities. As expected, rates of perioperative
complications tend to be higher in the elderly population but this was not associated with

increased mortality.
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FIGURE HEADINGS

Figure 1: (A) Percentage of excess weight loss (%EWL) for the two groups after 6, 12,
24, 36, 48 and 60 months of follow-up; (B) %EWL, (C) percentage of total body weight
loss and (D) BMI for the two groups after a mean follow-up of 7.1+4.1 years. Mean +

SEM are shown. * p<0.05

Figure 2: Resolution of type 2 diabetes, hypertension and obstructive sleep apnea in each
group after a mean follow-up of 7.1+4.1 years. (A) Percentage of patients with type 2
diabetes resolved, improved, unchanged or unknown; (B) Percentage of patients with
hypertension resolved, improved, unchanged or unknown; (C) Percentage of patients
with obstructive sleep apnea resolved, improved, unchanged or unknown. * Statistically
significant difference between younger and elderly patients using chi-square test

(p=0.008)

Figure 3: Mean levels of (A) albumin (g/L) (Elderly patients: n=51; Younger patients:
n=46), (B) calcium (g/L) (Elderly patients: n=54; Younger patients: n=43), (C)
hemoglobin (g/L) (Elderly patients: n=63; Younger patients: n=53) and (D) iron
(mmol/L) (Elderly patients: n=72; Younger patients: n=56) prior to and 5 years after
BPD-DS in elderly and younger patients. Mean + SEM are shown. Repeated-measures
analysis of variance was used to examine the effect of group [younger patients (age < 55
years) versus elderly patients (age > 60 years)], time (pre-BPD-DS and 5 years post-

BPD-DS) and time-by-group interaction.
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TABLES

Table 1: Preoperative characteristics of the study population

Variables All Age <55 years Age>60years P value
Patients (n) 210 105 105 -
Gender (M : F) 82:128 41 : 64 41 : 64 NS
Age (years) 51.4+12.1 40.4+7.0 62.3+2.0 <0.0001
BMI (kg/m?) 50.9+6.8 50.946.8 50.946.8 NS
Weight (kg) 138+26 142+27 133+24 <0.05
Preoperative comorbidities
Diabetes 57% (120) 57% (60) 57% (60) NS
Cardiovascular disease 20% (42) 8% (8) 32% (34) <0.0001
Hypertension 72% (151) 63% (66) 81% (85) 0.004
Dyslipidemia 38% (79) 33% (35) 42% (44) 0.20
Obstructive sleep apnea 64% (134) 56% (59) 71% (75) 0.02
Mean number of comorbidities 4.3+2.0 3.8+1.9 4.7+2.1 0.002

Data are presented as mean + SD or percentage (n). Wilcoxon test was used for analysis
of age, BMI, weight and number of comorbidities; Chi-square test was used for analysis
of gender and preoperative comorbidities. The two groups were matched for age, gender,
BMI, diabetes and the year of operation. M= male, F= female, BMI= body mass index
® range=40.1-75.9kg/m?
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Table 2: Perioperative data

Variables All Age <55 years Age > 60 years P value
Operative time (min) 170.5+44.1 162.5+39.9 178.6+46.7 0.01
Blood loss (ml) 542+399 4741241 5931484 0.05
Postoperative hospital stay (d) 8.2+6.1 6.4+2.2 10.2+8.3 0.0001
30-day mortality rate 0.9% (2) 0.9% (1) 0.9% (1) NS
10-day reoperation rate 4.3% (1) 3.8% (4) 4.8% (5) NS

Data are presented as mean = SD or percentage (n). Student’s t test was used for analysis
of operative time, blood loss and postoperative hospital stay; Chi-square test was used for
analysis of mortality rate and reoperation rate. d=days
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637  Table 3: Major complications in first 30 postoperative days

Variables All Age <55years Age>60years P value
(n=210) (n=105) (n=105)

Major
Gastric leak 0.9% (2) 0.9% (1)? 0.9% (1) NS
Duodenal leak 2.4% (5) 1.9% (2) 2.9% (3) NS
Ileoileal anastomosis leak 0.5% (1) 0 0.9% (1) NS
Intra-abdominal abscess 1.9% (4) 0.9% (1) 2.9% (3) NS
Pancreatitis 0.9% (2) 0 1.9% (2) NS
Biliary leak 0.5% (1) 0.9% (1) 0 NS
Pneumonia 0.9% (2) 0.9% (1) 0.9% (1) NS
Abdominal hemorrhage 0.9% (2) 1.9% (2) 0 0.16
Pulmonary embolism 0.5% (1) 0 0.9% (1) NS
Small bowel obstruction 1.4% (3) 0.9% (1) 1.9% (2) NS
Stenosis 0.5% (1) 0 0.9% (1) NS
Others 0.9% (2) 0 1.9% (2) 0.16
Total 12.4% (26) 8.6% (9) 16.2% (17) 0.09

638  Data are presented as percentage (n). Chi-square test was used for analysis of variables. ®
639 including one death

640
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641 Table 4: Minor complications in the first 30 postoperative days

Variables All Age <55years Age>60years P value
(n=210) (n=105) (n=105)

Minor
Wound infection 1.9% (4) 0.9% (1) 2.9% (3) NS
Food intolerance 4.8% (10) 4.8% (5) 4.8% (5) NS
Urinary complications 0.9% (2) 0 1.9%(2) NS
Atelectasia 0.9% (2) 0 1.9% (2) NS
Respiratory insufficiency 0.9% (2) 0 1.9% (2) NS
Digestive hemorrhage 0.9% (2) 0.9% (2) 0 NS
Renal colic 0.5% (1) 0.9% (1) 0 NS
Dyspepsia 0.5% (1) 0.9% (1) 0 NS

Total 11.4% (24) 9.5% (10) 13.3% (14) NS

642  Data are presented as percentage (n). Chi-square test was used for analysis of variables.

643
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644  Table 5: Causes of late hospitalization related to bariatric surgery during follow-up

All Age < 55 years Age > 60 years
Required Required
Variables % (n) % (n) surgery % (n) surgery
Malnutrition 8.1% (17) 4.8% (5) 0.9% (1) 11.4% (12)*  1.4% (3)
Food intolerance 1.4% (3) 1.9% (2) 0 0.9% (1) 0.9% (1)
Delayed fistula 2.9% (6) 1.9% (2) 1.9% (2) 3.8% (4) 2.9% (3)
Stenosis 1.4% (3) 1.9% (2) 1.9% (2) 0.9% (1) 0
Incisional hernia 3.8% (8) 4.8% (5) 4.8% (5) 2.9% (3) 2.9% (3)
Gastrointestinal bleeding 0.5% (1) 0 0 0.9% (1) 0
Intestinal obstruction 5.2% (11) 7.6% (8) 7.6% (8)° 2.9% (3) 0.9% (1)
Diarrhea 0.9% (2) 1.9% (2) 0 0 0
Abdominal pain 3.3% (7) 3.8% (4) 0 2.9% (3) 0
Pulmonary embolism 0.5% (1) 0 0 0.9% (1) 0
Pancreatitis 0.5% (1) 0.9% (1) 0 0 0
Abscess 2.4% (5) 2.9% (3) 2.9% (3) 1.9 (2) 1.9% (2)

645  Data are presented as percentage (n). Chi-square test was used for analysis of
646  variables. ®p<0.10, comparing percentage of hospitalizations between elderly and younger
647  patients; "p<0.05, comparing percentage of patients who required surgery between elderly

648 and younger patients.
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