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Abstract

Background Although bariatric surgery (BS) is considered safe, concern remains regarding severe post-operative adverse events
and mortality. Using a national BS registry, the aim of this study was to assess the incidence, etiologies, and risk factors for
mortality following BS.

Methods Prospective data from the National Registry of Bariatric Surgery in Israel (NRBS) including age, gender, BMI,
comorbidities, and surgical procedure information were collected for all patients who underwent BS in Israel between
June 2013 and June 2016. The primary study outcome was the 3.5-year post-BS mortality rate, obtained by cross-referencing
with the Israel population registry.

Results Of the 28,755 patients analyzed (67.3% females, mean age 42.0 = 12.5 years, and preoperative BMI 42.14 = 5.21 kg/m?),
76% underwent sleeve gastrectomy (SG), 99.1% of the surgeries were performed laparoscopically, and 50.8% of the surgeries
were performed in private medical centers. Overall, 95 deaths occurred during the study period (146.9/100,000 person years).
The 30-day rate of post-operative mortality was 0.04% (n = 12). Male gender (HR = 1.94, 95%CI 1.16-3.25), age (HR =1.06,
95%CI 1.04-1.09), BMI (HR =1.08, 95%CI 1.05-1.11), and depression (HR =2.38, 95%CI 1.25-4.52) were independently
associated with an increased risk of all-cause 3.5-year mortality, while married status (HR =0.43, 95%CI 0.26-0.71) was
associated with a decreased risk.

Conclusion Mortality after BS is low. Nevertheless, a variety of risk factors including male gender, advanced age, unmarried
status, higher BMI, and preoperative depressive disorder were associated with higher mortality rates. Special attention should be
given to these “at-risk” BS patients.
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Introduction

Bariatric surgery (BS) is effective for reducing obesity-related
comorbidities, as well as achieving major long-term weight
loss [1]. Moreover, when compared to severely obese non-BS
patients, BS is associated with a reduction in long-term overall
mortality [2—4]. According to a recently published nationwide
registry study from Finland, mortality rates following BS were
lower than those following other common elective surgeries
[5]. Presently, several BS procedures are available including
adjustable gastric banding (AGB), sleeve gastrectomy (SG),
Roux-en-Y gastric bypass (RYGB), biliopancreatic diversion
(BPD) with or without duodenal switch (DS) [6], and single
anastomosis gastric bypass (SAGB) [7].

The choice of proceeding with BS, and then the decision
between surgery types, is influenced by the available evidence
regarding weight loss results, durability of the procedure, and
the associated short- and long-term adverse events, notably
mortality [8, 9]. Reported mortality rates following BS proce-
dures vary widely across patient cohorts, hospitals, and sur-
geons [10, 11]. Only a few population-based studies have pro-
vided data on mortality rates following different types of BS [5,
8, 10, 12-15]. Most published data report mortality rates fol-
lowing only a specific BS procedure and are limited to small
patient cohorts or short-term follow-up periods [4, 11, 16-18].

During 2015, 9308 patients underwent BS in Israel [19],
and at the present time, Israel performs the second highest
number of BS per capita in the world [20].

The preoperative identification of high-risk BS candidates
can assist in improved patient selection and counseling regard-
ing BS options and treatment optimization [16]. Thus, utiliz-
ing the Israel Nationwide Registry of Bariatric Surgeries
(NRBS), the aim of this study was to assess the incidence,
causes, and risk factors for mortality following different types
of BS.

Methods
Data Collection

Data were obtained from the Israel NRBS. This is a mandatory
surgical registry initiated in June 2013, by a joint steering
committee of the Israeli Ministry of Health, the Israeli
Surgical Society, and the Israeli Endocrinology Society. All
hospitals in Israel which perform BS (rn =31) are required on a
monthly basis to submit specific and detailed data to the reg-
istry in order to maintain bariatric surgical privileges and re-
ceive BS procedure payment. These data are collected accord-
ing to a structured electronic form and are transferred by each
hospital to the national registry database where regular, rou-
tine quality controls are performed in order to ensure accurate
data. Patient anonymity is maintained in the registry database.
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Data collected from the Isracl NRBS for this present study
included age, gender, body mass index (BMI), comorbidities,
hospital type (public vs. private), operative data (surgery type,
surgical approach, primary vs. secondary BS, and length of
hospital stay), and mortality. All patients who underwent BS
in Israel between June 2013 and June 2016 were included in
this study. The main study outcome was mortality. Mortality
data were obtained by cross-referencing the NRBS with the
Israel Population Registry reports. Cause of death was obtain-
ed from the Isracl Ministry of Health mortality reports. Patient
survival time was defined as the time between BS to either
date of death or date of last follow-up (February 28, 2017).
Cause of death was judged by the authors as directly or indi-
rectly caused by surgery based on a case by case discussion
and consensus.

Statistical Analysis

Statistical analysis was performed using the SAS package
(version-9.1, SAS, Cary, NC). Results are expressed as mean
+ standard deviation (SD) and/or percentage. For continuous
variables, differences in means between mortality and non-
mortality groups were assessed by the independent samples ¢
test. The chi-square test was applied for categorical variables.
Multivariable Cox proportional hazard regression analysis ad-
justed for covariates was used to estimate hazard ratios (HRs)
and 95% confidence intervals (Cls) of patient death during the
study period. To estimate the probability of death over time, a
Kaplan-Meier curve was constructed. Incidence rate of mor-
tality using person-years was calculated as the number of in-
cident cases of death divided by the amount of person-time
(the sum of total time in years contributed to the study by all
subjects under observation) at risk. This calculation was done
only for the overall mortality rate up to 3.5 years, whereas for
the 30-day post-surgery mortality rate, all the study sample
was under observation. P <0.05 was considered statistically
significant for all analyses.

Results
Study Participants

During the study period, 28,755 adult patients (67.3% fe-
males) who underwent BS were identified in the Israel
NRBS. Mean age and preoperative BMI were 42.0 £
12.5 years (range 18.0-79.4 years) and 42.14 +5.21 kg/m?,
respectively. Most of the BS procedures were SG (76.0%) and
almost all were performed laparoscopically (99.1%).
Surgeries were evenly distributed between private (50.8%)
and public (49.2%) hospitals.
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Incidence and Causes of Death

The number of patients available during the follow-up period
and the number of deaths are shown in Table 1. Patient sur-
vival following BS is shown in Fig. 1. Patients were followed
for anywhere from 6 months to 3.5 years post-BS, with a
median follow-up of 1.9 years. Overall, during the follow-up
period, 95 deaths (146.9/100,000 person-years) occurred. The
mortality rates according to the procedures performed were
89.6/100,000 (n=15), 138.7/100,000 (== "70), 216.0/100,000
(n=17), and 405.8/100,000 (n=3) person-years for AGB,
SG, RYGB/SAGB, and all other BS types, respectively.

In addition, 12 deaths (0.04%) were identified in the first
30 days after surgery (Table 1). Anastomotic leak was the most
common mortality-associated short-term (<30 days) post-
operative adverse event (n =5, 42% of early deaths). Late mor-
tality (> 30 days after surgery) was due to malignancies (n = 22),
cardiac-related events (n=10), and suicide (n=26) (Table 2).
Among the six patients who committed suicide, 4 (66%) were
women, only one was married (17.1%), and their mean age was
37.8+10.9 years. The suicides occurred on average 626 +
424 days (range 201-1126 days) post-surgery. Malignancy-
associated deaths were due to pancreatic (n =06, all non-dia-
betics), lung (n = 4), and breast (n = 2) cancers and one case each
of prostate, ovarian, kidney, liver, colorectal, esophagus, adrenal,
lymphoma, multiple myeloma, and unknown origin cancers.

Deceased versus surviving patient’s characteristics are pre-
sented in Tables 3 and 4. Univariate analysis showed that mor-
tality was significantly associated with male gender (50.5 vs.
32.6%, P<0.001), age (52.8+12.1 vs. 41.9+12.5 years,
P <0.001), unmarried status (51.6 vs. 36.0%, P <0.001), higher
BMI (44.0+7.9 vs. 42.1 £5.2 kg/m®, P<0.001), type 2 diabe-
tes mellitus (58.0 vs. 26.3%, P <0.001), hypertension (62.3 vs.
29.8%, P<0.001), sleep apnea (25.0 vs. 13.8%, P=0.007),

Table 1T Number of patients and number of deaths by follow-up period

Number of deaths,
N=95 (n, %)*

Time since operation Number of patients
available for follow-up (N)

< Week® 28,755 6 (6.3)
>1 week—1 month 28,755 6 (6.3)
>1-3 months 28,755 12 (12.6)
>3-6 months 28,755 6(6.3)
>6-9 months 28,141 10 (10.5)
>9-12 months 25,891 12 (12.6)
>12-18 months 21,829 8 (8.4)
>18-24 months 16,797 10 (10.5)
>24-36 months 7760 17 (17.9)
>36-45 months 2720 8(8.4)

#Represents the number and the percentage of cases of deaths for each
term since operation

® Including 0-7 days post-surgery

depression (19.1 vs. 6.9%, P <0.001), open surgical procedure
(4.4 vs. 0.9%, P<0.001), and surgery at a public hospital (67.4
vs. 49.2%, P <0.001) (Tables 3 and 4). Demographic and clin-
ical characteristics, type of bariatric surgical procedures, and
operative data stratified by hospital type (public vs. private)
are detailed in Supplementary Table 1.

Risk Factors for Post-BS Mortality

After adjusting for covariates, we found a significantly in-
creased risk of all-cause mortality up to 3.5 years associated
with male gender (HR =1.94, 95%CI 1.16-3.25), age (HR =
1.06, 95%CI 1.04-1.09), higher BMI (HR =1.08, 95%CI
1.05-1.11), and preoperative depressive disorder (HR =2.38,
95%CI 1.25-4.52). We also found a significantly decreased
risk of mortality in those patients who were married (HR =
0.43, 95%CI1 0.26-0.71). Marginal significance was found for
type 2 diabetes mellitus and open surgical procedure and in
those patients undergoing BS at a public hospital (Table 5).

Discussion

We found that the 30-day and overall mortality rates following
BS were similar or lower than those reported in other national
registry or large cohort studies [8, 10—14, 16, 21-28]. During the
short-term post-operative period (<30 days), anastomotic leak
was the most common post-operative adverse event associated
with mortality. Post-operative anastomotic leak is one of the
most serious and feared adverse events in BS and may lead to
prolonged hospitalization, sepsis, chronic fistula formation, he-
modynamic instability, multiorgan dysfunction, and ultimately
patient demise [29-31]. Most leaks occur following patient dis-
charge, occurring between a few days to several weeks post-
operatively [29, 30]. The leading cause of death during the latter
post-operative period (> 30 days after surgery) was malignancy,
which occurred between 0.2 and 3.1 years post-surgery.
Metastatic pancreatic cancer was the most frequent, though the
reason for this is unclear as this is a rather rare malignancy,
especially in this patient age group. Obesity is an established
risk factor for obesity-related cancers (breast, prostate, colorec-
tal, endometrial, renal, pancreatic, gallbladder, and esophageal)
[32], and cancer may take up to 20 to 30 years to develop [33].
Thus, it is possible that the long lead time for the appearance of
cancer explains some of the cancer cases which were observed
in this present study [34]. With respect to the general adult
population (age >20 years) in Israel in 2014, the standardized
mortality ratio (SMR) due to cancer was 0.40 (95%CI 0.25—
0.59), a lower number of observed deaths than expected. This
result is in line with that of previous studies which found that BS
appears to decrease the risk of cancer compared to non-operated
obese individuals, and this association is more marked among
women than that among men [32, 34].

@ Springer
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Fig. 1 Survival rates of patients after bariatric surgery up to 3.5 years monitoring period

Table 2 Underlying cause of death in the study cohort

Causes of death 0-30 >30 days
days (n, %) (n, %)
Directly caused by surgery
Anastomotic leak 5(5.3) 5(5.3)
Sepsis/infection 2(2.1) 1(1.1)
Cardiac 2(2.1) 1(1.1)
Pulmonary 2(2.1) -
embolism
Bleeding 1(1.1) -
Respiratory - 1(1.1)
insufficiency
Starvation - 1(1.1)
Indirectly caused by surgery
Malignancy - 22 (23.2)
Cardiac - 10 (10.5)
Suicide - 6(6.3)
Sepsis/infection - 5(5.3)
Thrombosis - 3(3.2)
Renal disease - 2.1
Bleeding - 1(1.1)
Acute liver failure - 1(1.1)
Lithium toxicity - 1(1.1)
Amyloidosis - 1(1.1)
Adverse event due to - 1(1.1)
other surgeries
Accident - 1(1.1)
Unknown - 20 (21.1)

@ Springer

The relatively low mortality rates observed in this present
study may be partially explained by several factors. This in-
cludes the high volume of BS performed in Israel and the dom-
inant use of a laparoscopic surgical approach. In Israel, there are
a limited number of bariatric surgeons, who altogether perform
approximately 9000 bariatric surgeries per year [35]. Moreover,
all hospitals performing BS must be approved by the Israel
Ministry of Health. This approval is only granted to centers that
meet specific standards, among which are performance of at
least 100 BS cases per year, the availability of an intensive care
unit, diagnostic and interventional radiology, gastroenterology/
endoscopy capabilities, and a dedicated multidisciplinary bar-
iatric team [36]. In addition, BS has become a routine laparo-
scopic operation [37], and open surgeries are performed only in
selected cases [13]. Although open surgery was found to have
only marginal impact on an increased risk of all-cause mortality,
the dominant use of laparoscopic surgeries (> 99%) in our co-
hort may also explain the low rates of post-operative mortality
in Israel. Previous studies have demonstrated lower rates of
mortality for laparoscopic versus open surgery [8, 21].

Others have reported that mortality following BS is related
to the bariatric surgeon’s skill, hospital volume, institution-
available facilities, operative time, selection of type and ap-
proach of operation, older age, male gender, higher BMI, an-
droid body habitus, and presence of significant comorbidities
(including type 2 diabetes and hypertension, known risk fac-
tors for pulmonary embolism, low serum albumin, and func-
tional dependence) [8, 10, 11, 13, 16, 21, 23, 24, 38].

Statistical significance for increased risk of all-cause 3.5-
year mortality was found for male gender, older age, unmar-
ried status, higher BMI, and preoperative depressive disorder,
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Table 3 Demographic and
clinical characteristics of the Characteristics Non-mortality group Mortality group P value
cohort population at baseline n (%) or mean + SD n (%) or mean + SD
stratified by non-mortality group
and mortality group Demographic N=28,660 N=95
Gender (female) 19,303 (67.4) 47 (49.5) <0.001
Age (years, mean + SD) 41.9+12.5 52.8+12.1 <0.001
Age>65 years 842 (2.9) 16 (16.8) <0.001
Ethnicity 0.229
Jews 24,041 (83.9) 84 (88.4)
Arabs 4618 (16.1) 11 (11.6)
Marital status (married) 18,326 (64.0) 46 (48.4) <0.001
Current smokers 5367 (22.9) 15 (23.4) 0.938
Anthropometrics N=27,169 N=94
BMI (kg/m?, mean + SD) 42.1+£52 44.0+7.9 <0.001
kg/m® BMI >50 2103 (7.7) 16 (17.0) 0.008
Comorbidities N=23,651 N=69
Hypertension 7020 (29.8) 43 (62.3) <0.001
Type 2 diabetes 6184 (26.3) 40 (58.0) <0.001
Sleep apnea 3232 (13.8) 17 (25.0) 0.007
Ischemic heart disease 395 (3.7) 2 (11.1) 0.094
Dyslipidemia 4047 (34.8) 10 (45.3) 0.304
NAFLD 6904 (59.5) 14 (63.6) 0.693
Previous CVA 183 (0.8) 2(2.9) 0.044
Atherosclerosis 1043 (4.4) 14 (20.3) < 0.001
Depression 1611 (6.9) 13 (19.1) < 0.001
No. of comorbidities (%)*
0-1 13,113 (55.1) 20 (29.0) <0.001
2-3 7760 (32.6) 29 (42.0)
3< 2914 (12.3) 20 (29.0)

BMI body mass index, NAFLD non-alcoholic fatty liver disease, CVA cerebrovascular accident

* All types of comorbidities

while type 2 diabetes, open surgery, and undergoing BS in a
public hospital were found to be only marginally significant.
Obese males typically have more intra-abdominal fat com-
pared to obese females, possibly making operation technically
more difficult [8, 39]. There are increasing numbers of elderly
patients undergoing BS [40]. As compared to younger pa-
tients, older patients can present with more comorbidities, a
longer duration of comorbidities, more sarcopenia, and a
slower wound healing process which influence their baseline
physical condition [40, 41]. These factors altogether might
explain the higher mortality post-BS among older patients.
However, BS represents an acceptable and effective treatment
option in morbidly obese patients older than 60 years old;
thus, older age alone should not be an absolute contraindica-
tion for BS [40, 42]. Data on how spousal relationships influ-
ence BS patient outcomes are scarce [43]. Previous studies
have found that marital status is associated with health bene-
fits including lower morbidity and mortality [43, 44].
However, it seems that the interactions and dynamics within
the couple’s relationship are the key to these influences [43].

Super obese individuals (BMI > 50 kg/m?) are more likely to
have more complex health issues that might increase surgical
risk [45]. The primary strategy for minimizing adverse events
in these patients might be to decrease their BMI prior to sur-
gery by a hypocaloric diet, drug therapy, intra-gastric balloon
placement, or hospitalization [46, 47]. Extremely obese indi-
viduals are more vulnerable to depression, although the fac-
tors responsible for this susceptibility are unclear [48]. BS
patients have higher suicide rates than the general population
[3, 49]. It was reported that approximately 30% of the suicides
occurred within the first 2 years and the remainder within
3 years post-surgery or later [50]. In this present study, there
were six cases of suicide which occurred between 0.6 and
3.1 years post-surgery. According to the Israel Ministry of
Health report on suicides in the general population in 2013,
the age-standardized suicide rate was 6.3 per 100,000 individ-
uals [51]. Important predictors for completed suicide post-
surgery are suicide attempts in the past and a history of sexual
abuse [49]. Candidates for BS should therefore be assessed
preoperatively for depression and should be treated and
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Table 4 Bariatric surgical
procedures and operative data in
the non-mortality group
compared to those in the mortality

group

monitored prior to and following surgery [48]. It is important
to mention that in Israel, as part of the multidisciplinary BS
team, all patients must be evaluated and cleared by a social
worker or psychologist [52]. In cases of active or untreated
depression or other mental health problems, patients do not
receive permission to undergo BS.

Table 5 Adjusted hazard ratios
for mortality among patients
following bariatric surgery (Cox
model)

@ Springer

Characteristics Non-mortality group Mortality group P value
N=28,660 N=95
n (%) or mean + SD n (%) or mean + SD
Type of surgery N=28,660 N=95
AGB 2326 (8.1) 5(5.3) 0.309
SG 21,785 (76.0) 70 (73.7) 0.595
RYGB/SAGB 4278 (14.9) 17 (17.9) 0.272
Other (BPD-DS/BPD/VBG) 271 (1.0) 33.2) 0.244
Surgery category N=24,054 N=068
Primary surgery 21,143 (87.9) 60 (88.2) 0.931
Redo surgery 2911 (12.1) 8 (11.8)
Surgical approach N=23,876 N=69
Laparoscopic 23,667 (99.1) 66 (95.6) 0.001
Open 123 (0.5) 1(1.5)
Laparoscopic converted to open 86 (0.4) 2(2.9)
Hospital type N=28,656 N=95
Private 14,570 (50.8) 31 (32.6) <0.001
Public 14,086 (49.2) 64 (67.4)
Length of stay (days)* 2.8+32 54+11.7 <0.001

AGB adjustable gastric banding, SG sleeve gastrectomy, RYGB Roux-en-Y gastric bypass, BPD-DS
biliopancreatic diversion with or without duodenal switch, SAGB single anastomosis gastric bypass, VBG vertical

banded gastroplasty, CVA cerebrovascular accident

#Data were available for N= 28,752 (of these, 95 mortality events)

Type 2 diabetes is considered as a risk factor for
mortality following BS [10] and other surgeries as well
[53, 54]. Adequate preoperative glycemic control has
the potential to minimize risk for adverse surgical out-
comes and favorably influence post-operative diabetes
remission rates [55].

Parameter HR of death (95% CI) P value
Age 1.06 (1.04-1.09) <0.001
Gender (male) 1.94 (1.16-3.25) 0.011
Marital status (married) 043 (0.26-0.71) 0.001
BMI 1.08 (1.05-1.11) <0.001
Hypertension 1.42 (0.76-2.66) 0.275
Type 2 diabetes 1.74 (0.96-3.14) 0.065
Sleep apnea 1.08 (0.59-1.97) 0.802
Depression 2.38(1.25-4.52) 0.008
Previous CVA 1.57 (0.37-6.53) 0.535
Public hospital (compared to private) 1.71 (0.98-2.98) 0.059
Laparoscopy (compared to open access”) 0.30 (0.09-1.03) 0.056
More than one chronic disease 0.68 (0.29-1.61) 0.0387
Recurrent surgery 0.72 (0.31-1.65) 0.445
Different types of surgery (SG compared to other types) 0.71 (0.40-1.25) 0.243

Data were available for N= 22,777 (of them, 65 events of death)
HR hazard ratio, BMI body mass index, SG sleeve gastrectomy
?Included open and laparoscopic conversion to open procedures
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We found that the BS cases were evenly distributed be-
tween private and public hospitals, but the volume of BS at
private hospitals was higher. Others have previously reported
that surgical case volume significantly affects mortality rates
following BS [10, 38]. Thus, it is conceivable that this may
partially explain the lower mortality rates we observed since
BS case volume was higher at private hospitals in Isracl. On
the other hand, we found that public hospitals treated more
complicated patients, which may also favorably impact mor-
tality risk [21].

The major strengths of this current study include its
large sample size, the relatively long-term follow-up period,
and the use of a national BS patient registry that undergoes
routine quality control measures. However, this study has
several limitations. First, despite the use of national registry
data that is regularly monitored for quality control, there
still can be misclassification or missing patient data.
However, there is no reason to believe that any such miss-
ing or misclassified data should be different between pa-
tients who survived compared to those who did not survive
following surgery. Moreover, death certificate misclassifica-
tion (in the Israel Population Registry reports) cannot be
ruled out. Better training of physicians in standard
International Classification of Diseases (ICD) death certifi-
cation classification is needed in order to improve reporting
quality for future national studies and health policy deci-
sions [56]. Second, data for some parameters were not
available for all patients (i.e., comorbidities, surgery cate-
gory, and surgical approach). Third, study participants were
followed for different lengths of time (i.e., 0.5-3.5 years
with a median follow-up of 1.9 years). Therefore, we cal-
culated and presented the long-term mortality rates in
person-years using Cox proportional hazards modeling in
order to derive hazard ratios. Fourth, no matched non-
bariatric control group was available in this study.
Furthermore, in Israel, SG was the most common BS
[19]. This may affect the generalizability of our results,
since restrictive bariatric procedures are known to have
lower mortality rates compared to malabsorptive bariatric
procedures [10, 13]. Nevertheless, SG is currently the most
popular bariatric procedure worldwide [20], and the unse-
lected population in a nationwide registry study should en-
hance generalizability to other settings [8].

Conclusion

Mortality following BS is low. However, different risk factors
including male gender, advanced age, unmarried status, higher
BMI, and preoperative depressive disorder were identified as
impacting mortality. Special attention should be given to these
“at-risk” BS patients prior to and following surgery.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethical Approval  All procedures performed in this study were approved
by the institutional research committee and in accordance with the ethical
standards of the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

Statement of Informed Consent  For this type of study, formal consent is
not required.

References

1. Maggard MA, Shugarman LR, Suttorp M, et al. Meta-analysis:
surgical treatment of obesity. Ann Intern Med. 2005 Apr;142(7):
547-59.

2. Sjostrom L. Bariatric surgery and reduction in morbidity and mor-
tality: experiences from the SOS study. Int J Obes (2005).
2008;32(Suppl 7):S93-7.

3. Adams TD, Mehta TS, Davidson LE, et al. All-cause and cause-
specific mortality associated with bariatric surgery: a review. Curr
Atheroscler Rep. 2015 Dec;17(12):74.

4. Arterburn DE, Olsen MK, Smith VA, et al. Association between
bariatric surgery and long-term survival. JAMA. 2015
Jan 06;313(1):62-70.

5. Bockelman C, Hahl T, Victorzon M. Mortality following bariatric
surgery compared to other common operations in Finland during a
S-year period (2009-2013). A nationwide registry study. Obes
Surg. 2017;27:2444-51.

6. Mechanick JI, Youdim A, Jones DB, et al. Clinical practice guide-
lines for the perioperative nutritional, metabolic, and nonsurgical
support of the bariatric surgery patient—2013 update: cosponsored
by American Association of Clinical Endocrinologists, The Obesity
Society, and American Society for Metabolic & Bariatric Surgery.
Obesity (Silver Spring, Md). 2013;1:S1-27.

7. Lee WIJ, Lin YH. Single-anastomosis gastric bypass (SAGB): ap-
praisal of clinical evidence. Obes Surg. 2014 Oct;24(10):1749-56.

8. Tao W, Plecka-Ostlund M, Lu Y, et al. Causes and risk factors for
mortality within 1 year after obesity surgery in a population-based
cohort study. Surg Obes Relat Dis: Off J] Am Soc Bariatric Surg.
2015;11(2):399-405.

9. Castagneto Gissey L, Casella Mariolo JR, Mingrone G. How to
choose the best metabolic procedure? Curr Atheroscler Rep. 2016
Jul;18(7):43.

10. Morino M, Toppino M, Forestieri P, Angrisani L, Allaix ME,
Scopinaro N. Mortality after bariatric surgery: analysis of 13,871
morbidly obese patients from a national registry. Ann Surg 2007
Dec;246(6):1002—1007; discussion 7-9.

11. Benotti P, Wood GC, Winegar DA, et al. Risk factors associated
with mortality after Roux-en-Y gastric bypass surgery. Ann Surg.
2014 Jan;259(1):123-30.

12.  Cardoso L, Rodrigues D, Gomes L, Carrilho F. Short- and long-
term mortality after bariatric surgery: a systematic review and meta-
analysis. Diabetes, Obesity & Metabolism. 2017 Feb 28.

13.  Buchwald H, Estok R, Fahrbach K, et al. Trends in mortality in
bariatric surgery: a systematic review and meta-analysis. Surgery.
2007;142(4):621-32. discussion 32-5

14.  Smith MD, Patterson E, Wahed AS, et al. Thirty-day mortality after
bariatric surgery: independently adjudicated causes of death in the

@ Springer



2668

OBES SURG (2018) 28:2661-2669

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

longitudinal assessment of bariatric surgery. Obes Surg.
2011;21(11):1687-92.

Debs T, Petrucciani N, Kassir R, et al. Trends of bariatric surgery in
France during the last 10 years: analysis of 267,466 procedures
from 2005-2014. Surg Obes Relat Dis: Off J] Am Soc Bariatric
Surg. 2016;12(8):1602-9.

Thomas H, Agrawal S. Systematic review of obesity surgery mor-
tality risk score—preoperative risk stratification in bariatric surgery.
Obes Surg. 2012;22(7):1135-40.

Borbely Y, Juilland O, Altmeier J, et al. Perioperative outcome of
laparoscopic sleeve gastrectomy for high-risk patients. Surg Obes
Relat Dis: Off ] Am Soc Bariatric Surg. 2017 Feb;13(2):155-60.
Gribsholt SB, Thomsen RW, Svensson E, Richelsen B. Overall and
cause-specific mortality after Roux-en-Y gastric bypass surgery: a
nationwide cohort study. Surg Obes Relat Dis: Off ] Am Soc
Bariatric Surg 2016 Oct 17.

Bariatric surgery registry of the Ministry of Health. The ministry of
health web site [online]. Available from:http:/www.health.gov.il/
PublicationsFiles/bariatric_2015.pdf [Accessed 6 Dec, 2016].
Angrisani L, Santonicola A, lovino P, Vitiello A, Zundel N,
Buchwald H, et al. Bariatric surgery and endoluminal procedures:
IFSO Worldwide Survey 2014. Obes Surg 2017 Apr 13.

Rausa E, Bonavina L, Asti E, et al. Rate of death and complications
in laparoscopic and open Roux-en-Y gastric bypass. A meta-
analysis and meta-regression analysis on 69,494 patients. Obes
Surg. 2016 Aug;26(8):1956-63.

Buchwald H, Avidor Y, Braunwald E, et al. Bariatric surgery: a sys-
tematic review and meta-analysis. JAMA. 2004 Oct 13;292(14):
1724-37.

Flum DR, Salem L, Elrod JA, et al. Early mortality among
Medicare beneficiaries undergoing bariatric surgical procedures.
JAMA. 2005 Oct;294(15):1903-8.

Telem DA, Talamini M, Shroyer AL, et al. Long-term mortality rates
(>8-year) improve as compared to the general and obese population
following bariatric surgery. Surg Endosc. 2015;29(3):529-36.
Lecube A, de Hollanda A, Calanas A, et al. Trends in bariatric
surgery in Spain in the twenty-first century: baseline results and
1-month follow up of the RICIBA, a national registry. Obes Surg.
2016 Aug;26(8):1836-42.

Stroh C, Kockerling F, Volker L, et al. Results of more than 11,800
sleeve gastrectomies: data analysis of the German Bariatric Surgery
Registry. Ann Surg. 2016 May;263(5):949-55.

DeMaria EJ, Pate V, Warthen M, et al. Baseline data from American
Society for Metabolic and Bariatric Surgery-designated Bariatric
Surgery Centers of Excellence using the Bariatric Outcomes
Longitudinal Database. Surg Obes Relat Dis: Off ] Am Soc
Bariatric Surg. 2010;6(4):347-55.

Sundbom M, Karlson BM. Low mortality in bariatric surgery 1995
through 2005 in Sweden, in spite of a shift to more complex pro-
cedures. Obes Surg. 2009 Dec;19(12):1697-701.

Sepulveda M, Astorga C, Hermosilla JP, et al. Staple line reinforce-
ment in laparoscopic sleeve gastrectomy: experience in 1023 con-
secutive cases. Obes Surg. 2017 Jan 04;27:1474-80.

Sakran N, Goitein D, Raziel A, et al. Gastric leaks after sleeve
gastrectomy: a multicenter experience with 2,834 patients. Surg
Endosc. 2013 Jan;27(1):240-5.

Sanchez-Santos R, Corcelles Codina R, Vilallonga Puy R, et al.
Prognostic factors for morbimortality in sleeve gastrectomy. The
importance of the learning curve. A Spanish-Portuguese multicen-
ter study. Obes Surg. 2016;26(12):2829-36.

Tee MC, Cao Y, Warnock GL, et al. Effect of bariatric surgery on
oncologic outcomes: a systematic review and meta-analysis. Surg
Endosc. 2013 Dec;27(12):4449-56.

Chevallier JM, Arman GA, Guenzi M, et al. One thousand single
anastomosis (omega loop) gastric bypasses to treat morbid obesity

@ Springer

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

in a 7-year period: outcomes show few complications and good
efficacy. Obes Surg. 2015;25(6):951-8.

Casagrande DS, Rosa DD, Umpierre D, et al. Incidence of cancer
following bariatric surgery: systematic review and meta-analysis.
Obes Surg. 2014;24(9):1499-509.

Carrodeguas L, Kaidar-Person O, Szomstein S, et al. Preoperative
thiamine deficiency in obese population undergoing laparoscopic
bariatric surgery. Surg Obes Relat Dis: Off J Am Soc Bariatric Surg.
2005;1(6):517-22. discussion 22

Bariatric surgery registry of the Ministry of Health. The ministry of
health web site [online]. Available from:http://www.health.gov.il/
PublicationsFiles/bariatric 2014.pdf [Accessed 4 Sept, 2016].
Nguyen NT, Varela JE. Bariatric surgery for obesity and metabolic
disorders: state of the art. Nat Rev Gastroenterol Hepatol. 2016
Nov 30.

Markar SR, Penna M, Karthikesalingam A, et al. The impact of
hospital and surgeon volume on clinical outcome following bariat-
ric surgery. Obes Surg. 2012 Jul;22(7):1126-34.

O’Rourke RW, Andrus J, Diggs BS, et al. Perioperative morbidity
associated with bariatric surgery: an academic center experience.
Arch Surg (Chicago, I1l: 1960). 2006;141(3):262-8.

Giordano S, Victorzon M. Bariatric surgery in elderly patients: a
systematic review. Clin Interv Aging. 2015;10:1627-35.
Contreras JE, Santander C, Court I, et al. Correlation between age
and weight loss after bariatric surgery. Obes Surg. 2013;23(8):
1286-9.

Nassif PA, Malafaia O, Ribas-Filho JM, et al. When and why op-
erate elderly obese. Arquivos brasileiros de cirurgia digestiva:
ABCD = Brazilian archives of digestive surgery. 2015;28(Suppl
1):84-5.

Ferriby M, Pratt KJ, Balk E, et al. Marriage and weight loss surgery:
a narrative review of patient and spousal outcomes. Obes Surg.
2015;25(12):2436-42.

Holt-Lunstad J, Birmingham W, Jones BQ. Is there something
unique about marriage? The relative impact of marital status, rela-
tionship quality, and network social support on ambulatory blood
pressure and mental health. Annals Behav Med: Publ Soc Behav
Med 2008;35(2):239-244.

Peterson K, Anderson J, Boundy E, et al. Rapid evidence review of
bariatric surgery in super obesity (BMI >/= 50 kg/m2). J Gen Intern
Med. 2017;32(Suppl 1):56-64.

Santo MA, Riccioppo D, Pajecki D, et al. Preoperative weight loss
in super-obese patients: study of the rate of weight loss and its
effects on surgical morbidity. Clinics (Sao Paulo, Brazil.).
2014;69(12):828-34.

van Wissen J, Bakker N, Doodeman HJ, et al. Preoperative methods
to reduce liver volume in bariatric surgery: a systematic review.
Obes Surg. 2016;26(2):251-6.

Ghoneim MM, O’Hara MW. Depression and postoperative compli-
cations: an overview. BMC Surg. 2016;16:5.

Peterhansel C, Petroff D, Klinitzke G, et al. Risk of completed
suicide after bariatric surgery: a systematic review. Obes Rev: Off
J Int Assoc Study Obes. 2013 May;14(5):369-82.

Tindle HA, Omalu B, Courcoulas A, et al. Risk of suicide after
long-term follow-up from bariatric surgery. Am J Med. 2010
Nov;123(11):1036-42.

Suicides report of the Ministry of Health. The Ministry of Health
web site [online]. Available from:https://www.health.gov.il/
PublicationsFiles/loss 2016.pdf [Accessed 19 July, 2017]. .
Bariatric surgery criteria of the Ministry of Health. The Ministry of
Health web site [online]. Available from: http://www.health.gov.il/
hozer/mr33 2013.pdf [Accessed 4 Sept, 2016].

Lamarche Y, Elmi-Sarabi M, Ding L, Abel JG, Sirounis D, Denault
AY. A score to estimate 30-day mortality after intensive care admis-
sion after cardiac surgery. J Thorac Cardiovasc Surg 2016 Nov 23.


http://www.health.gov.il/PublicationsFiles/bariatric_2015.pdf
http://www.health.gov.il/PublicationsFiles/bariatric_2015.pdf
http://www.health.gov.il/PublicationsFiles/bariatric_2014.pdf
http://www.health.gov.il/PublicationsFiles/bariatric_2014.pdf
https://www.health.gov.il/PublicationsFiles/loss_2016.pdf
https://www.health.gov.il/PublicationsFiles/loss_2016.pdf
http://www.health.gov.il/hozer/mr33_2013.pdf
http://www.health.gov.il/hozer/mr33_2013.pdf

OBES SURG (2018) 28:2661-2669

2669

54.

55.

Lee CW, Tsai HI, Sung CM, et al. Risk factors for early mortality
after hepatectomy for hepatocellular carcinoma. Medicine. 2016
Sep;95(39):e5028.

Rometo D, Korytkowski M. Perioperative glycemic management
of patients undergoing bariatric surgery. Curr Diabetes Rep.
2016;16(4):23.

Affiliations

Nasser Sakran ' - Shiri Sherf-Dagan?

56.

Rampatige R, Mikkelsen L, Hernandez B, et al. Systematic review
of statistics on causes of deaths in hospitals: strengthening the ev-
idence for policy-makers. Bull World Health Organ. 2014;92(11):
807-16.

- Orit Blumenfeld* - Orly Romano-Zelekha* - Asnat Raziel® - Dean Keren?® -

Itamar Raz’ - Dan Hershko ' - lan M. Gralnek®® - Tamy Shohat*? - David Goitein>'°

Department of Surgery A, Emek Medical Center, 21 IZHAK Rabin
Blvd, 1834111 Afula, Israel

Rappaport Faculty of Medicine, Technion Israel Institute of
Technology, Haifa, Israel

Department of Nutrition, Assuta Medical Center, Tel-Aviv, Israel

Israel Center for Disease Control, Ministry of Health, Tel
Hashomer, Israel

Assia Medical Group, Assuta Medical Center, Tel-Aviv, Israel

6

9

10

Department of Gastroenterology, Bnai-Zion Medical Center,
Haifa, Israel

Diabetes Unit, Hadassah University Hospital, Jerusalem, Israel

Ellen and Pinchas Mamber Institute of Gastroenterology and
Hepatology, Emek Medical Center, Afula, Israel

Sackler School of Medicine, Tel Aviv University, Tel-Aviv, Israel

Department of Surgery C, Sheba Medical Center, Tel
Hashomer, Israel

@ Springer


http://orcid.org/0000-0003-1225-7551

	Incidence and Risk Factors for Mortality Following Bariatric Surgery: a Nationwide Registry Study
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Data Collection
	Statistical Analysis

	Results
	Study Participants
	Incidence and Causes of Death
	Risk Factors for Post-BS Mortality

	Discussion
	Conclusion
	References


