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Fatal Complications of Bariatric Surgery
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Background: Bariatric surgery Is an Increasingly used
method to treat morbld obesity. The mortality rate
among patients undergoing bariatric operations is gen-
erally quoted as between 0.05-2.0%. Our focus was not
on mortality rates but rather on the reasons patients die
following the procedures. In New York City, deaths that
are due to predictable complications of appropriate
therapy are certified as therapeutic complications.

Methods: We retrospectively reviewed afl deaths
investigated by the Office of the Chief Medical
Examiner in New York City between 1897 and 2005 in
which barlatric surgery had been performed. We
report the fatal compliications, the interval between
surgery and death, the type of procedure, and co-
existing morbidities.

Results: Autopsies were performed on 95% of these
fatalitles. There were 87 deaths due to therapeutic
complications of the operations. The interval between
the initial surgery and death ranged from several
hours to years. The most common complication was
an anastomotic leak with subsequent infection. A
high percentage of deaths occurred after discharge
(40%) and/or >30 days after surgery (37%). There were
8 deaths from complications of bariatric surgery that
occurred >1 year after surgery.

Conclusions: Studies that report the mortality rate
during hospitalization or within 30 days of surgery,
underestimate the actual incidence. Barlatric surgery
carries both short- and long-term risks.
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Introduction

Obesity is a major and often underestimated cause of
death and morbidity in the United States.!? Bariatric
surgery (from G. baros, weight) offers long-term
weight reduction for morbidly obese patients and
amelioration of some co-morbidities.>* Specific cri-
teria have been developed to determine whether a
patient is a candidate for the procedure. The recom-
mended criteria from an NIH consensus conference
(1991) are based upon the body mass index (BMI)
and co-existing obesity-related morbidities.> The
degree of obesity and the morbidities must justify the
risk of the surgical procedure.® The types of bariatric
surgery include restrictive (gastric banding or verti-
ca] banded gastroplasty), malabsorptive (jejunoileal
bypass), and combination types (Roux-en-Y gastric
bypass, biliopancreatic diversion).”!!

The mortality rate among patients undergoing
bariatric surgical procedures is generally quoted as
between 0.05-2.0%.51213 Recent studies, however,
have demonstrated higher incidences, particularly
with advanced age.'* In addition, there is an inverse
relationship between hospital/surgical bariatric sur-
gery volume (experience) and surgical morbidity
and mortality."* The number of deaths due to com-
plications of bariatric surgery examined by the New
York City Office of Chief Medical Examiner (NYC
OCME) have increased over the past 7 years. This
increase has paralleled the national increase in the
number of bariatric operations performed. Our goal
was to examine the mechanisms and immediate
causes of these deaths.
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Materials and Methods

The NYC OCME investigates all unexpected, vio-
lent, and suspicious deaths in New York City. In
addition, all deaths that occur during diagnostic or
therapeutic procedures (or from complications of
such procedures) must be reported to the NYC
OCME. The NYC OCME routinely takes jurisdic-
tion of deaths that are suspected complications of
diagnostic or therapeutic procedures. Of the report-
ed bariatric deaths, the medical examiner’s office
did not refuse to perform an autopsy on any. There
were 5 deaths in which the family requested that an
autopsy not be performed and one autopsy that was
done at the hospital. These 6 deaths were investigat-
ed and certified by the medical examiner’s office
and are included in this study. In a typical year, the
NYC OCME investigates and certifies 8,500-9,000
deaths. Of these, approximately 400-500 are thera-
peutic complications and 5,000 are natural. The
remainder includes accidents, homicides, suicides,
and undetermined manners of death.

We performed a retrospective review of all deaths
reported to the NYC OCME between January 1997
and August 2005 that occurred following bariatric
surgery. The deaths were identified by a computer
search of autopsy report and death certificate com-
puter databases. Of these deaths, 30% (97/107) died
due to complications of the bariatric procedure; this
is the cohort which was studied. Autopsy, hospital,
and investigation reports were reviewed. Data con-
cerning cause of death, contributing conditions, age,
race, sex, co-morbidities, interval between surgery
and death, and BMI were extracted. The surgeries
included gastric bypass (open and laparoscopic) and
gastric banding. The gastric bypass procedures
included: Roux-en-Y procedure, biliopancreatic
diversion (with and without duodenal switch), and
enteric bypass (jejunal-ileal anastomosis). The gas-
tric bypass surgeries were not subclassified into
proximal or long-limb procedures. Liposuction,
breast reduction surgeries, and abdominoplasty sur-
geries were excluded.

The cause of death is defined as the etiologically
specific disease and/or injury responsible for initiat-
ing the lethal sequence of events. A competent
cause of ‘death includes the proximate (underlying)
cause, defined as that which in a natural and contin-
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uous sequence, unbroken by any efficient interven-
ing cause, produces the fatality and without which
the end result would not have occurred. The manner
of death is determined from the cause %ad circum-
SEnCes of dearh. The manners of death include: nat-
ural, therapeutic complication (TC), accident, sui-
cide, homicide, and undetermined. A natural death
is exclusively due to natural disease; neither medical
therapy nor injury plays.a role in causing or con-
tributing to the death. A therapeutic complication
death is due to a predictable complication of appro-
priate therapy (e.g., anaphylaxis to a prescribed
medication). The “but for” test may be used to dis-
tinguish natural from TC deaths. This is done by

‘asking the question: “But for the procedure/treat-
ment, would the patient likely have died at that
time?” If the answer is “no”, then the manner of
death is ceriified as therapeutic complication instead

of natural. Deaths due to unanticipated complica-
tions and/or inappropriate therapies are certified as
accidents (e.g., inadvertent administration of too
much medication).

Resuits

Between January 1997 and August 2005, there were
107 deaths of patients who had undergone bariatric
surgery. Of these, 97 deaths were due to complica-
tions of the bariatric operation. Autopsies were per-
formed on 95% (92/97) of these fatalities. The caus-
es of the remaining 10 deaths were not due to com-
plications of the bariatric surgery (e.g., suicidal
ingestion). These 97 deaths due to surgical compli-
cations are the cohort which was studied.

The types of surgeries included open (71) and
laparoscopic (21) techniques, and are listed in Table
1. At least three open laparotomies began as laparo-
scopic procedures. The surgeries included Roux-en-
Y gastroenterostomy (“gastric bypass”), biliopancre-
atic diversion procedure with and without duodenal
switch, gastric banding, and elective revision/rever-
sal surgeries. Two deaths followed elective revisions,
of which one followed reversal of a prior gastric
bypass and the other followed removal of a gastric
band. Due to reoperations, lack of some operative
reports, and distorted anatomy at autopsy, the types
of procedures were unknown in 12 instances.

Obesity Surgery, 16, 2006 1051

——



Goldfeder et al

Tabte 1. Known types.of procedures in complication
deaths o

Bariatric Procedure: (n=97) Number (%)
Gastric bypass (Roux-en-Y

gastroenterostomy) 71 (73%)
Biliopancreatic diversion

with duodenal switch 4 (4%)
Gastric banding, NOS* 3 (3%)
Biliopancreatic diversion 3 (3%)
Elective revision of enteric bypass

and Roux-en-Y 2 (2%)
Elective reversal of Roux-en-Y 1(1%)
Elective reversal of gastric banding 1(1%)
Unknown 12 (13%)
Surgical Approach *
Laparoscopic procedure 21 (22%)
-Open procedure 68 (70%)

Laparoscopic followed by open procedure 3 (3%)
Unknown 5 (5%)

*NOS = not otherwise specified

There were 68 women and 29 men with 42 White,
35 African-American, 20 Hispanic, and no Asian.
The mean age was 44.8 years (range 18-70). Of
these 97 deaths due to therapeutic complications, 61
patients died within 30 days of surgery (Figure 1)
and 39 died after discharge from the hospital. The
interval between the initial surgery and death was
between 6 hours to 3,680 days including 36 deaths
that occurred within the first 9 days after surgery.
The interval for one death was unknown. The BMI
at autopsy ranged from 25-120 (mean 54) for 95

7
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Figure 1. 30-day mortality: number of days between sur-
gery and death (n=60). Note: Cne additional patient died
within 30 days of surgery but the exact interval was not
known.
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patients (two were unknown). Of the seven patients
with a BMI <35, all were at least 135 days from sur-
gery (range 135-875 days). The mean BMI of
patients who died within 30 days of surgery (61
patients) was 56 (range 35-120) and 1 year after sur-
gery (eight patients) was 38 (range 28-53). There
were eight patients in whom the original hospital
was unknown. Among the other 89 patients, the sur-
geries occurred at 31 different hospitals in the NYC
metropolitan area. In 2003, there were 21 deaths
that occurred in 15 different hospitals (Figure 2).

For all 97 fatalities, the proximate cause of death
was obesity and the manner of death was therapeutic
complication. The complications that resulted in this
certification are listed in Table 2. Two patients had
more than one complication (anastomotic leak and
pulmonary embolus (PE), short gut syndrome with
anastomotic leak on subsequent revision). Because
these are predictable complications of appropriate
surgical therapy, the manner is therapeutic complica-
tion as opposed to natural or accident.

The most common complication was an anasto-
motic leak with infection (Table 2 and Figure 3).

Table 2. Complications of Bariatric Surgery (n=97)

Total Percentage

Technical

Anastomotic leak 35 36%

Hemorrhage at surgical site 8 8%

Biliary leak (cholecystectomy) 1 1%
Non-Technicat

Pulmonary embolism 12 12%

Cardiac mechanisms 9 9%

Postoperative infection 9 9%

Coagulopathy

(generalized hemormthage) 3 3%

Respiratory complication 2 2%

Ulcer at anastomosis 1 1%

lleus 1 1%

Carotid artery thrombosis 1 1%
Late/Delayed

Adhesions/obstruction 9 9%

Ventral/incisional hemia 3 3%

Malnutrition 3 3%

Fistula 1 1%

Intestinal ulcer/hemorrhage 1 1%
Re-operation 53. 55%

Note: Two patients had more than one complication.
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Figure 2. Number of deaths by year, 1997-2004 (n=93).

1997 1998

Three patients had generalized hemorrhagic compli-
cations (“oozing”), two of whom had cirrhosis.
Among the fatalities, 12 (13%) died from a PE of
which one had a vena caval filter (five others had fil-
ters placed but did not die from PE). The average
heart weight was 528 gm (range 230-1250 gm), and
46 patients (50%) had heart weights 2500 gm. At
least one co-morbidity was found in 89% of the
therapeutic complication fatalities (Table 3).

Ten (10/107) deaths were not due to complica-
tions of the bariatric operation. Among these, eight
were certified as natural, one was a suicide (by toxic
ingestion), and one was an accident (blunt injury
due to a fall). Most of these deaths were remote (>3

»
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Figure 3. Number of days between surgery and diagno-
sis of anastomotic leak (n=26). Note: The interval was not
known in 9 patients.
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Table 3. Co-morbidities in therapeutic complication
fatalities (n=97)

Co-morbidities Total Percentage
Total number of deaths with i

--0Ne of more co-morbidites * '86. 89%
‘Atherosclerctic:and/or hyperterisive. -~ ©

: wdfovasculardisease L L BB%:
“Diabetes me s . 20%
;Respuatozydxsease (asthma) R O ‘S
“Hepatic steatasis - : 2 70%
Sle¢p.apnea- - T 12%-
"Arthritls 1%

months) from surgery. Four of the natural deaths,
however, occurred 3, 34, 60, and 63 days after gas-
tric bypass surgery. There was no evidence at autop-
sy for a directly attributable cause due to the surgery
(e.g., PE or leak); therefore, these deaths were certi-
fied as natural (heart disease due to obesity).
Although there was no anatomic immediate cause or
mechanism of death, it is possible that physiologic
and metabolic alterations and/or stress following

surgery may have played a role in the deaths.

Discussion

We report 97 deaths due to complications of bariatric
surgery performed for morbid cbesity. By examining
the mechanisms and immediate causes of death, we
hope to provide information to clinicians that may
assist in the prevention of such deaths and to pathol-
ogists to assist in the examination of these deaths.
Our focus was not on how many patients died per
procedure performed, but rather why they died.

In our study, anastomotic leaks were the most
common fatal postoperative complication. Leaks are
due to mechanical/tissue causes or rarely an
ischemic mechanism." It is postulated that early
leaks (1-3 days following surgery) are due to tech-
nical factors and leaks that occur later (7-10 days
following surgery) are related to local ischemic
issues (see Figure 3). In either instance, the intralu-

. minal pressure exceeds the strength of the tissue and

the staple-line, resulting in a leak. Intrinsic dysfunc-
tion of the stapler or misuse of the stapler (e.g.,
incorrect selection of staple size) may also play a
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role and can be difficult to discern at autopsy.

In a study by Fernandez et al'® of 3,073 patients who
underwent gastric bypass surgery, 3.2% developed a
leak. Overall, their leak-associated mortality was near-
ly 17%. Independent risk factors for leak included age,
male gender, a history of sleep apnea, and procedure
type. Independent risk factors for death included leak,
weight, procedure type, and hypertension. Many of our
fatalities had at least one co-morbidity, which may
have made them a higher surgical risk.

A previous study by Melinek et al'? found that
eight of the ten patients who died following gastric
bypass surgery had microscopic evidence of pul-
monary emboli (PE), although the cause of death
was PE in only three. This is not surprising because
obesity and abdominal surgery are risk factors for
deep venous thrombosis and PE.'®% Some surgeons
insert prophylactic inferior venal caval filters prior
to gastric bypass surgery. Among our fatalities, 12%
died from a PE of which one had a vena caval filter
(five others had filters placed but did not die from
PE). The differences in the incidences of the fatal
PE in these two studies may be related to the differ-
ences in group size and a selection bias (hospital-
based study vs medical examiner study).

Other non-technical complications include cardiac
mechanisms which accounted for 9% of the fatalities.
Hypertensive disease is a common co-morbidity of
obesity. At autopsy, cardiac hypertrophy is a common
sign of hypertension. The normal heart weight is
based upon body weight with a typical normal upper
limit of 500 gm. The risk of cardiac arrhythmias
increases with increasing abnormal heart size. In gen-
eral, a heart weight >500 gm, regardless of the
patient’s body weight, is at increased risk for arrhyth-
mia. The average heart weight was 528 grams (range
230-1250 gm), and 46 patients (51%) had heart
weights 2500 gm. However, obesity, per se, does not
appear to be the sole determinant of cardiac hyper-
trophy. For example, a patient with a 760-gm heart
had a body weight of 151 kg and a second patient
who weighed 171 kg had a heart weight of 390 gm.
However, the high prevalence of cardiac hypertrophy
in the obese population should be considered as a
potential risk for fatality.

In addition to hypertensive cardiovascular disease,
other co-morbidities included diabetes mellitus, ath-
erosclerosis, hepatic steatosis, and chronic lung dis-
ease (asthma, sleep apnea). These diseases may
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make a patient more susceptible to a variety of oper-
ative and postoperative complications, including
infection (urinary tract, bronchopneumonia), car-
diac arrhythmias, and respiratory complications
while under anesthesia or on mechanical ventila-
tion. Because of the nature of the complex patho-
physiological interactions of these processes, it is
not always possible to determine the precise role or
extent of an individual morbidity in the overall
cause of death. The presence, however, of at least
one co-morbid condition in 89% of the fatalities
suggests that these patients may be more susceptible
to succumbing to postoperative complications.

Among the delayed deaths, which accounted for
18% of the fatalities, most were due to complica-
tions of bowel obstruction and/or complications of
repair of a ventralfincisional hernia. This is a risk
with any abdominal surgery. Prompt diagnosis and
treatment are important in preventing these deaths.
Patients who have had prior abdominal surgery need
to be aware of the symptoms of the complications in
order to receive timely evaluation. Two patients died
of direct complications of malnutrition and one
from an anastomotic leak following surgical revi-
sion of a gastric bypass due to short gut syndrome
which are known complications of some types of
the malabsorptive procedures.?!"%

In 2002 in the USA, the percentage of bariatric
surgical patients who underwent gastric bypass sur-
gery (Roux-en-Y) was 88%.2* Malabsorptive proce-
dures, gastroplasty, and gastrectomy made up the
remainder.?* Although at least three procedures
were converted intraoperatively from laparoscopic
to open, laparoscopic procedures did not appear to
be over- or under-represented among our fatalities.
In a study in Virginia from 1992 to 2003, the laparo-
scopic approach accounted for 29% of their gastric
bypass operations compared to 26% in our study.
The procedure proportions of our fatalities are sim-
ilar to the figures for types of bariatric surgical pro-
cedures performed in the United States. The inci-
dence of the types of procedures performed in NYC
is unknown, but comparison to the national data
suggests that a particular surgical procedure is not
over-represented among the NYC fatalities.

The mortality rate for gastric bypass surgery has
been reported to range from 0.05% to 4.6%,
depending upon how it was measured.”® Santry et
al,? using the NIS database, estimated the mortality
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rate to be 0.1 to 0.2%. This rate was for postopera-
tive deaths that occurred during hospitalization for
the primary surgery. As our data demonstrate, 40%
of patients died after discharge for the initial sur-
gery. The majority of our decedents (61/96) died
within 30 days following surgery. The study by
Zingmond et al? that used California data, reported
a total mortality rate at 30-days of 0.33%, which is
similar to the 0.5% reported by Buchwald."?
Another study in Washington State reported a 30-
day mortality rate of 1.9%,° while a study of
Medicare beneficiaries undergoing bariatric surgery
reported a 30-day mortality rate of 2.0% and a 1-
year rate of 4.6%.'* Our data showed that 35/96
patients (37%) died after 31 days following surgery.
There were eight deaths from complications of
bariatric surgery that occurred >1 year after surgery.
This confirms that bariatric surgery carries both
short- - isks, which may actually

under-re|

These deaths following bariatric surgery most
likely underestimate the actual number of fatalities
from complications of bariatric surgery performed
in New York City. Among the complication deaths,
40% occurred after discharge from the hospital.
Because of the range of time intervals between sur-
gery and death, some of these deaths may not be
recognized as due to delayed surgical complica-
tions. If not, then they may not have been reported
to or accepted by the NYC OCME. This is one rea-
son why the incidence of bariatric deaths in New
York City is practically unknowable for us. Not only
would it be difficuit to find the number of bariatric
operations performed in >30 hospitals over an 8-
year period, but the numerator also is problematic.
Some patients who undergo bariatric surgery in
New York City are not New York City residents.
Fatal complications that occur after discharge may
not be accurately captured if the patient lives outside
New York City. In this case, the investigation and
certification of that death would be the responsibili-
ty of another jurisdiction. Indeed, one of the
instances investigated by the NYC OCME died in
New York City but underwent gastric bypass at a
medical center outside of New York City.

We reviewed 107 deaths of patients who had
undergone bariatric surgery. The vast majority of
deaths (97) were due to complications of the sur-
gery. Because we do not know the total number of
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procedures that were performed during this time
period, we can offer no comment on the rate of com-
plications due to bariatric surgery. Other studies, as
discussed, have examined that issue. There is, how-
ever, a high number of deaths that occur after dis-
charge (40%) and/or >30 days after surgery (37%).
Therefore, studies that have reported the mortality
rate during hospitalization or within 30 days of sur-
gery, underestimate the actual incidence.

References

1. Hunsaker D, Hunsaker J. Obesity epidemic in the
United States. In: Tosokos M, ed. Forensic Pathology
Reviews. Totowa, NC: Humana Press Inc 2004: 61-
100.

2. Kral JG. Morbid cbesity and related health risks. Ann
Intern Med 1985; 103: 1043-7.

3. Sjostrom L., Lindroos AK, Peitonen M et al. Lifestyle,
diabetes, and cardiovascular risk factors 10 years after
bariatric surgery. N Engl J Med 2004; 351: 2683-93.

4. Christou NV, Sampalis JS, Liberman M et al. Surgery
decreases long-term mortality, morbidity, and health
care use in morbidly obese patients. Ann Surg 2004;
240: 416-23; discussion 23-4.

5. Steinbrook R. Surgery for severe obesity. N Engl J
Med 2004; 350: 1075-9.

6. Flum DR, Dellinger EP. Impact of gastric bypass
operation on survival: a population-based analysis. J
Am Coll Surg 2004; 199: 543-51.

7. Deitel M. Overview of operations for morbid obesity.
World J Surg 1998; 22: 913-8.

8. Rabkin RA. Distal gastric bypass/duodenal switch
procedure, Roux-en-Y gastric bypass and biliopancre-
atic diversion in a community practice. Obes Surg
1998; 8: 53-9.

9. Anthone GJ, Lord RV, DeMeester TR et al. The duo-
denal switch operation for the treatment of morbid
obesity. Ann Surg 2003; 238: 618-27.

10.0lbers T, Fagevik-Olsen M, Maleckas A et al.
Randomized clinical trial of laparoscopic Roux-en-Y
gastric bypass versus laparoscopic vertical banded
gastroplasty for obesity. Br J Surg 2005; 92: 557-62.

11.Fielding GA, Ren CIJ. Laparoscopic adjustable gastric
band. Surg Clin North Am 2005; 85: 129-40.

12.Fernandez AZ Jr, Demaria EJ, Tichansky DS et al.
Multivariate analysis of risk factors for death follow-
ing gastric bypass for treatment of morbid obesity.
Ann Surg 2004; 239: 698-702.

13.Buchwald H, Avidor Y, Braunwald E et al. Bariatric

Obesity Surgery, 16, 2006 1055

—b—



Goldfeder et al

surgery: a systematic review and meta-analysis.
JAMA 2004; 292: 1724-37.

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

15.Baker RS, Foote J, Kemmeter P et al. The science of
stapling and leaks. Obes Surg 2004; 14: 1290-8.

16.Fernandez AZ Jr, DeMaria EJ, Tichansky DS et al.
Experience with over 3,000 open and laparoscopic
bariatric procedures: multivariate analysis of factors
related to leak and resultant mortality. Surg Endosc
2004; 18: 193-7.

17.Melinek -J, Livingston E, Cortina G'et al. Autopsy
findings following gastric bypass surgery for morbid
obesity. Arch Pathol Lab Med 2002; 126: 1091-5.

18.Eriksson S, Backman L, Ljungstrom KG. The inci-
dence of clinical postoperative thrombosis after gas-
tric surgery for obesity during 16 years. Obes Surg
1997; 7: 332-5.

19.Ely SF, Gill JR. Fatal pulmonary thromboembolism
and hereditary thrombophilias. J Forensic Sci 2005;
50: 411-8.

20.0malu BI, Luckasevic T, Shakir AM et al.

1056 Obesity Surgery, 16, 2006

Postbariatric surgery deaths, which fall under the
jurisdiction of the coroner. Am J Forensic Med Pathol
2004; 25: 237-42,

21.Ukleja A, Stone RL. Medical and gastroenterologic
management of the post-bariatric surgery patient. J
Clin Gastroenterol 2004; 38: 312-21.

22.Slater GH, Ren CJ, Siegel N et al. Serum fat-soluble
vitamin deficiency and abnormal calcium metabolism
after malabsorptive bariatric surgery. J Gastrointest
Surg 2004; 8: 48-55.

23.Bloomberg RD, Fleishman A, Nalle JE et al.
Nutritional deficiencies following bariatric surgery:
what have we leamed? Obes Surg 2005; 15 145-54.

24. Santry HP, Gillen DL, Lauderdale DS. Trends in bariatric
surgical procedures. JAMA 2005; 294: 1909-17.

25.Wolfe BM, Morton JM. Weighing in on bariatric sur-
gery: procedure use, readmission rates, and mortality.
JAMA 2005; 294: 1960-3.

26.Zingmond DS, McGory ML, Ko CY. Hospitalization
before and after gastric bypass surgery. JAMA 2005;
294: 1918-24.

(Received April 10, 2006; accepted May 12, 2006)



