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Abstract
Background and aims Bariatric surgery is the most effective treatment for morbid obesity. The classic procedure, jejunoileal
bypass, has many complications including rapid progress of liver disease. The senior author (I.F.) has developed a
modification of jejunoileal bypass, which we believe overcomes many of the shortcomings of the classic procedure.
Methods Consecutive patients referring for bariatric surgery were included. A modified jejunoileal bypass in which the
defunctionalized limb is eliminated by anastomosing its ends to the gall bladder and cecum was performed. Liver biopsies
were taken during operation and at a mean of 16 months later. The patients were followed for 5 years.
Results Forty-three patients were enrolled. The mean value of weight and body mass index (BMI) fell from 128 kg and
46 kg/m2 before operation to 85 kg and 31 kg/m2 at 5 years, respectively ( p<0.001). There was no significant change in the
degree of liver steatosis and necroinflammation. The mean liver fibrosis score increased from 0.1 to 0.9 ( p=0.015). No sign
of advanced liver disease was observed during the 5-year follow-up.
Conclusion The modified jejunoileal bypass is very effective in inducing and maintaining weight loss for 5 years and does
not lead to hepatic failure or rapid progression of liver disease.
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Introduction

Obesity is an important health problem whose incidence is
increasing rapidly in most parts of the world. Iran is not an
exception, and obesity has reached epidemic proportions
with more than 25% of the population affected and over
60% overweight.1,2

But for morbid obesity, defined as body mass index
(BMI) greater than 40 kg/m2, nonsurgical treatments are
rarely effective.3 Recent studies have shown that the weight
loss induced by bariatric surgery normalizes the metabolic
abnormalities associated with obesity and hepatic steatosis,
including hepatic insulin sensitivity, and decreases the
hepatic expression of factors involved in the progression
of liver disease.4,5

Bariatric surgical procedures can be divided into restric-
tive and malabsorptive procedures. Combinations of these
two techniques are also commonly used. Restrictive proce-
dures are generally simpler to perform, but their effective-
ness is not as prominent or as long-lasting as malabsorptive
procedures. Malabsorptive procedures are highly effective in
reducing weight but carry a considerable risk of metabolic
complications.6–8 Rapid progression of liver disease and
even end-stage liver disease has been reported.

The classic malabsorptive procedure is jejunoileal
bypass, which is now seldom practiced. The procedure
involves dividing the proximal jejunum and anastomosing
the proximal end to the distal ileum. In this procedure, the
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long-bypassed segment of the jejunum forms a defunction-
alized limb occasionally referred to as a “blind loop”. Stasis
in the defunctionalized limb leads to bacterial overgrowth
whose products are directly delivered to the liver via the
portal vein. It is believed that this bacterial overgrowth is
responsible for many of the serious metabolic complications
associated with this procedure. Furthermore, the disturbance
of bile metabolism and delivery of excessive bile into the
colon is a cause for intractable diarrhea, which is also a
frequent complication. Advanced liver disease is one of the
grave complications of jejunoileal bypass and reversal of the
procedure is indicated if this complication occurs.9–11

Unfortunately, despite reversal, liver disease may persist
or even continue to progress in many patients.12,13

There are many modifications of the classic jejunoileal
bypass procedure, which attempt to reduce complications
mainly by eliminating the defunctionalized limb. Here we
present a new modification with a long-term follow-up of
patients focusing on liver histology. In our modification, the
defunctionalized limb has been eliminated and bile metabo-
lism and recirculation has been improved by anastomosing the
redundant jejunal loop between the gall bladder and cecum.

Methods

Patients

Consecutive patients referring for bariatric surgery during a
21-year period from 1982 to 2002 were included. Patients
were included if they were between 10 and 65 years old,
had a BMI of 35 or greater, had failed at least 6 months of
nonsurgical treatment, and were committed to long-term
follow-up. Exclusion criteria included active alcohol or
substance abuse, advanced concomitant disease severe
enough to preclude surgery, lack of support from family,
psychological problems including suicidal ideation, and of
course, not consenting to the procedure.

Operative Procedure

All procedures were performed by a single surgeon (I.F.).
The procedure is a modified jejunoileal bypass (MJB)
originally developed by one of the authors (I.F.). The entire
length of the small bowel is measured and divided at two
points: 15 cm distal to the Treitz ligament, and 45 cm
proximal to the ileocecal valve. The bowel continuity is
established with end-to-end anastomosis of the proximal
15 cm of the jejunum to the distal 45 cm of the terminal
ileum. Finally, the proximal end of the bypassed segment is
anastomosed to the gall bladder, and the distal end to the
cecum (Fig. 1). Gall stones were removed if found.
Appendectomy and liver biopsy was done in all patients.

Patient Follow-up

Patients were followed by clinical observation and detailed
laboratory tests every 3 months. They all received vitamins
and mineral supplements. Measurements were recorded and
analyzed at post operative months 0, 3, 12, 36, and 60. A
second liver biopsy was performed after 1 year or later in
patients who agreed.

Pathologic Scoring of Liver Histology

The degree of necroinflammation and fibrosis was scored
according to the modified hepatitis activity index (HAI)
proposed by Ishak et al. in which necroinflammation is
scored between 0 and 18 and hepatic fibrosis is scored
between 0 and 614. The degree of steatosis was scored
according to the percentage of hepatocytes having fat
droplets (Table 1).

All histologic scorings were made by a single pathologist
who was unaware of the clinical characteristics of the patients.

Results

Fifty-two patients referred for bariatric surgery during the
study period. Nine patients chose other types of operation

Figure 1 Anatomy of the gut
after modified jejunoileal bypass.

Table 1 Scoring of Hepatic Steatosis

Percent of hepatocytes containing fat droplets Steatosis score

0 0
1–25 1
26–50 2
51–75 3
76–100 4
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and 43 patients underwent MJB. The initial characteristics
of patients who underwent MJB are given in Table 2.

Surgical Success

One patient, the oldest one in the series, developedmechanical
bowel obstruction caused by technical reasons and was
reoperated. She developed renal and cardiopulmonary failure
and passed away a few days after the reoperation.

Reversal of Procedure

A reversal procedure was performed on six patients (14%)
during the follow-up period. One patient developed acute
abdominal pain 6 months after MJB. She was found to have
a 20-cm-long segmental gangrene of jejunum and as no
etiology was found, the bypass was reversed. The reason
for reversal in the other patients was severe uncontrollable
osteomalacia in one, severe weakness without weight loss
in one (in spite of parenteral vitamin supplementation), and
severe continuing weight loss (protein-calorie malnutrition)
in three. All patients undergoing reversal regained their
preoperation weight within 6 months.

Changes in Weight and BMI

The patients were followed up for 5 years. Measurements
were made at months 0, 3, 12, 36, and 60. The mean (±SD)
value of weight and BMI fell from 128 (±22) kg and 46 (±7)
kg/m2 before operation to 85 (±20) kg and 31 (±7) kg/m2,
respectively, at month 60. The changes in weight and BMI
are charted in Fig. 2 and Table 3. The decreases in weight
and BMI were significant ( p<0.001) at each measurement
compared to the previous one. The exceptions are measure-
ments at month 60, which show a small increase compared to
month 36. This Increase is not statistically significant ( p=0.3
for both weight and BMI).

Preoperative Liver Histology

Needle biopsy of the liver was performed in all 43 patients
undergoing MJB during the procedure. However, only 32
samples were adequate for histologic examination. Only
one patient had a fibrosis score (stage) of one, all other
patients were zero. There was no significant correlation
between HAI and degree of steatosis.

Postoperative Liver Biopsy

Only 14 patients consented to the second liver biopsy. The
second biopsy was performed at a mean of 16.0±0.5 months
after operation. The fibrosis score was zero in three
patients, one in 10 patients, and two in one patient.

For 13 patients, liver biopsies were available before and
after operation. Among this group, the mean HAI score had
changed from 2.2 to 3.3 ( p=0.37), the mean steatosis score
from 1.5 to 1.6 ( p=0.99), and the mean fibrosis score from
0.1 to 0.9 ( p=0.015)

Changes in Alanine Aminotransferase (ALT)

The changes in alanine aminotransferase (ALT) from
operation till 60 months postop are charted in Fig. 3.
Although a trend for increased ALT is seen at month 3 and
thereafter a trend for decreased ALT is seen, none of these
trends reach statistical significance.

Metabolic Profile

Twenty percent of patients were hyperglycemic (fetal
bovine serum [FBS]>115) before operation and 5 were on
oral hypoglycemic agents. All these patients had normal
FBS 1 year after operation and were off oral hypoglycemic
agents. Thirty percent had hyperlipidemia with elevated
triglyceride (TG) and/or low-density lipoprotein (LDL)
cholesterol; all showed improvement after surgery.

Clinical Follow-up

All patients who did not undergo reversal operation (36
patients) were satisfied with the operation and the degree of
weight loss. The most common postoperative complains
were easy fatigability and flatulence.

None of the patients developed nephrolithiasis, cloleli-
thiasis, megaloblastic anemia, or symptoms of the “blind
loop syndrome” during the 5-year follow-up.

No liver failure was observed. Prothrombin time, platelet
count, and albumin levels were normal in all cases and no
splenomegaly was seen. In follow-up endoscopies, no
patient had esophageal varices or portal hypertensive
gastropathy.

Table 2 Initial Characteristics of 43 Patients Undergoing Modified
Jejunoileal Bypass

Characteristics Values

Age (years, mean ± SD) 35±10
Sex (M/F) 11/32
Weight (kg, mean ± SD) 128±22
Height (cm, mean ± SD) 167±8
BMI (kg/m2, mean ± SD) 46±7
Hgb (g/dL, mean ± SD) 14.5±1.8
AST (IU/L, mean ± SD) 35±21
ALT (IU/L, mean ± SD) 34±18
Fasting blood sugar (mg/dL, mean ± SD) 120±42
Triglycerides (mg/dL, mean ± SD) 167±76
Total cholesterol (mg/dL, mean ± SD) 213±72
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The mean number of bowel movements within 2 months
post operation was 6.5 per day. The diarrhea was well
controlled in all cases with 1–2 tablets of diphenoxylate per
day. The mean number of bowel movements fell to 3–4 per
day during further follow-up. Except for the patients who
underwent reversal, no patient was admitted because of
complications of surgery.

It is interesting to mention that two of our cases (5%)
complained of constipation after the operation. They both
had a preoperative history of anismus-type constipation also
known as outlet obstruction constipation.

Discussion

Further progression of liver disease and even end-stage liver
disease has been reported after malabsorptive bariatric
surgery. There are various explanations for this finding. Rapid
weight loss has always been associated with progression of
steatohepatitis.15–17 Deficiencies of protein and various
nutrients such as vitamins and minerals have also been
implicated. One of the widely accepted explanations is the
implication of stasis and bacterial overgrowth in the
defunctionalized limb produced during the operation. Many

researchers believe the bacterial overgrowth results in portal
endotoxinemia or endogenous ethanol production, which
subsequently induces steatosis and steatohepatitis in a liver
that may be sensitized by obesity.18–20

The classic malabsorptive procedure, jejunoileal bypass,
produces a long defunctionalized limb. It is believed that
stasis and bacterial overgrowth in this defunctionalized
limb accounts for many serious complications seen with
this procedure. There have been many modifications of this
procedure to overcome this problem.21 The biliopancreatic
diversion (BPD), with or without the duodenal switch
procedure, tries to overcome the defunctionalized limb
problem by routing biliary and pancreatic secretions
through the defunctionalized limb.22,23 The flow of bile
and pancreatic juice prevents stasis and bacterial overgrowth,
but the length of intestine where bile, pancreatic juice, and
food mix is very small. Thus, malabsorption of protein and
lipid soluble vitamins is quite frequent.24

0

5

10

15

20

25

30

35

40

45

50

0 10 20 30 40 50 60

Months after operation

M
ea

n
 A

L
T

 (
IU

/L
)

Figure 3 Changes in alanine aminotransferase (ALT) after modified
jejunoileal bypass.
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Figure 2 Changes in weight and BMI from operation till 5 years postoperation.

Table 3 Changes in Weight and BMI of Patients Undergoing
Modified Jejunoileal Bypass

N Weight (kg) ± SD BMI (kg/m2) ± SD

Before operation 43 128±22 46±7
3 months post operation 37 101±18 36±5
12 months post operation 32 87±17 32±6
36 months post operation 36 77±14 28±5
60 months post operation 30 85±20 31±7
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The modified bypass procedure we have used in this
study connects the proximal end of the defunctionalized
limb to the gall bladder and the distal end to the cecum.
Thus, flow of bile from gall bladder to cecum through the
formerly defunctionalized limb overcomes stasis. Further-
more, because of the wide opening between the gall bladder
and the intestine, gall stones, common in the standard
procedure, are not formed. Not all the bile secreted from the
liver goes through the gall bladder and the extra loop. Some
of the bile goes through the common bile duct to the
duodenum and is available for the absorption of fat soluble
vitamins. Furthermore, the pancreatic secretions are added
to food at the normal site and are in contact with food as
long as possible in the shortened intestine. The terminal
ileum is preserved in the path of digested food, thus B12
deficiency and megaloblastic anemia is eliminated.

Another frequent complication observed in classic jeju-
noileal bypass is nephrolithiasis, which is believed to be
caused by excess absorption of unbound oxalate from the
gut. No case of nephrolithiasis was seen in our series. We
believe that as bile metabolism and circulation is minimally
disturbed in MJB, the amount of oxalurea is less marked.

The procedure is not very complicated to perform and
we had only one mortality in our series (2%), which is
similar to the mortality reported by others.25

In this study, we have shown that the MJB procedure is
highly effective in reducing weight and maintaining weight
loss for at least 5 years. The changes in liver histology as
indicated by HAI and the steatosis score were not significant
at a mean of 16 months after operation. Although the degree
of fibrosis has significantly increased during this period, the
magnitude of this advancement, 0.8 scores, is not large and
of uncertain clinical significance. More important is the
absence of rapid progression of liver disease or significant
liver-related morbidity as seen in subjects undergoing classic
jejunoileal bypass. Of course, longer follow-up is required to
study the long-term effects on liver histology.

A similar result has been obtained by Stratopoulos et al.,26

who studied patients losing weight after a restrictive
procedure. In this study, 51 patients underwent first and
second liver biopsies at an average of 18 months apart.
Fibrosis improved in almost 50% of their patients, but 12%
had increase in fibrosis. No patient had rapid progression of
liver disease.

In a large study by Kral et al.,27 which included 689
patients, 104 patients underwent a second liver biopsy after
a mean of 41 months. Severe fibrosis (stages 3–5) de-
creased in 28 patients, whereas mild fibrosis (stages 1–2)
appeared in 42. In general, however, the degree of fibrosis
decreased over time. Even in the 11 patients having
cirrhosis in the first biopsy, the fibrosis stage decreased
from a mean of 5 to 3 and in seven patients cirrhotic
nodules disappeared.

From our study and others it appears that some patients
experience worsening of liver fibrosis by bariatric surgery.
However, this worsening is generally mild and not
clinically significant. In general, even severe liver disease
improves. Considering the numerous improvements ob-
served in other obesity comorbidities, the risk of mild
increased fibrosis in some patients is well justified.25

Conclusion

The MJB is very effective in inducing sustained weight loss
without causing clinically significant liver disease. We believe
that many of the shortcomings and complications of classic
jejunoileal bypass are overcome by this modification andMJB
is a viable option for the morbidly obese patient, especially
those willing to eat just as well after operation or those failing
gastric bypass. Further study on this procedure is warranted.
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