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ABSTRACT

INTRODUCTION Afferent loop syndrome (ALS) is a recognised complication of foregut surgery caused by mechanical obstruction
at the gastrojejunostomy anastomosis itself or at a point nearby. Acute ALS has only been reported following pancreaticoduode-
nectomy (PD) after several years due to recurrence of malignancy at the anastomotic site. We report five cases of acute ALS in
the first postoperative week.
METHODS The presentation, clinical findings and successful management of the 5 patients with ALS were obtained from a pro-
spectively collected database of 300 PDs. All five patients with early acute ALS presented with signs and symptoms of a bile
leak. Since the fifth patient, the surgical technique has been modified with the creation of a larger window in the transverse
mesocolon and a Braun enteroenterostomy.
RESULTS There have been no further incidents of ALS since the adoption of these modifications to the standard technique of
PD and there has also been a reduction in postoperative bile leaks (6.4% vs 3.6%, p=0.416).
CONCLUSIONS Acute ALS is a rare but important complication in the immediate postoperative period following PD and causes
disruption to adjacent anastomoses, resulting in a bile leak. A prophylactic Braun anastomosis and wide mesocolic window may
prevent this complication and subsequent deterioration.
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Afferent loop syndrome (ALS) is caused by distension and
accumulation of digestive juices in the afferent limb of
the jejunum following creation of a gastrojejunostomy. It
results from mechanical obstruction at the anastomosis
itself or at a point near the anastomosis. The presentation
of ALS may be acute if there is complete obstruction and
chronic when there is partial obstruction. In the acute pre-
sentation, there is continuous upper abdominal pain, nau-
sea and vomiting due to build up of secretions in the
completely obstructed length of small bowel. Patients with
chronic ALS classically experience recurrent episodes of
postprandial fullness and transient epigastric pain that is
relieved by bilious vomiting as a partially obstructed affer-
ent limb empties into the stomach.1–3

The Braun anastomosis has been used effectively to treat
ALS following gastrectomy.4–6 This consists of an enteroen-
terostomy between the afferent and efferent limbs of a gas-
troenterostomy, and allows digestive juices in the afferent
limb to flow into the efferent limb, thereby bypassing any
obstruction at the gastrojejunostomy (Figs 1 and 2).

While ALS is most commonly recognised following distal
gastrectomy with Billroth II reconstruction, it has also been
reported after other procedures of the foregut including
pancreaticoduodenectomy (PD). Most cases of ALS after
PD, however, present with chronic symptoms7–10 and
although reports of acute ALS exist, these have occurred
several years after the initial operation due to recurrence
of malignancy at the anastomotic site.7,8 To our knowledge,
there are no reports of early acute ALS in the immediate
postoperative period following PD.

We present five patients who were found to have acute ALS
in the first postoperative week. Four of the five original resec-
tions were performed at the Royal Surrey County Hospital
(RSCH) and the other in the private sector. Three different
hepatopancreatobiliary (HPB) surgeons performed the origi-
nal cases. Since the fifth case, HPB surgeons at RSCH have
modified their surgical technique to include a wider meso-
colic window at the transverse mesocolon and creation of a
Braun enteroenterostomy. In this paper, we discuss the impact
of these prophylactic measures in patients undergoing PD.
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Methods

Clinical information on the five reported patients was col-
lected from hospital records. A database of 300 PD cases
was analysed to compare the demographics, intraoperative
findings and postoperative outcomes before and after the
introduction of a prophylactic Braun anastomosis and wide
mesocolic window as part of the operative technique.

Statistical comparisons were carried out using SPSS®

version 21 (IBM, New York, US). Continuous variables
were analysed using the Student’s t-test and categorical
data with Fisher’s exact test. A p-value of <0.05 was consid-
ered statistically significant.

Results

Patient 1

A 32-year-old man underwent an uneventful pylorus pre-
serving pancreaticoduodenectomy (PPPD) for a mucinous
cyst in the head of the pancreas. On day 3, raised inflam-
matory markers were noted and despite computed tomog-
raphy (CT) reported as showing only postsurgical changes
and the patient being started on antibiotics for a lower

respiratory tract infection, they continued to increase. On
day 6, the patient underwent repeat CT, which showed a
larger volume of fluid in the right upper quadrant, suspi-
cious for an anastomotic leak (Fig 3).

At laparotomy, a bile leak was identified at the hepatico-
jejunostomy. The cause was obstruction at the pylorojeju-
nostomy secondary to kinking of the afferent limb of the
small bowel. The pylorojejunostomy was refashioned with
relief of afferent limb obstruction. The patient made a slow
recovery and was discharged 18 days later.

Patient 2

A 76-year-old man with a neuroendocrine tumour of the
duodenum and uncinate process underwent a PPPD. The
following morning, 500ml of bile was noted in the abdomi-
nal drain. He was taken back to theatre and a leak was
found at the hepaticojejunostomy with distension of the
afferent loop due to constriction at the transverse mesoco-
lon window. A single suture was placed to reinforce the
hepaticojejunostomy, the constriction at the mesocolon
relieved and a side-to-side jejunojejunostomy (Braun anas-
tomosis) created. The patient made an uneventful recovery
and was discharged on day 16.

Patient 3

A 63-year-old woman underwent a PPPD for an adenoma on
the medial wall of the second part of the duodenum. The
following day, she complained of increasing abdominal pain
and bile was noted in her abdominal drain, totaling 135ml
on day 1 and 600ml on day 2. She was taken back to theatre
where the afferent loop was found to be distended owing to
kinking at the pylorojejunostomy and causing anastamotic
disruption at the pancreaticojejunostomy. A single suture

A

B

Figure 1 A Braun loop anastomosis created prophylactically
during a pylorus preserving pancreaticoduodenectomy:
pylorojejunostomy anstomosis (A) and jejunojejunostomy
(Braun) anastomosis (B)

A

B

Figure 2 Diagram of the Braun loop anastomosis during
pylorus preserving pancreaticoduodenectomy: pylorojejunostomy
anstomosis (A) and jejunojejunostomy (Braun) anastomosis (B)
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was placed over the leak at the pancreaticojejunostomy and
a side-to-side jejunojejunostomy (Braun anastomosis) cre-
ated. The patient made a full recovery and was discharged
on day 15.

Patient 4

A 78-year-old man underwent a PD for a tumour involving
the first part of the duodenum. On day 7, his abdomen
became distended and tympanic with absent bowel sounds.
At laparotomy, afferent limb distension was noted with
constriction at the transverse mesocolon and bile leak at
the pancreaticojejunostomy. The opening in the transverse
mesocolon was widened and the pancreaticojejunostomy
refashioned. The patient recovered uneventfully and was
discharged 18 days later.

Patient 5

A 73-year-old woman underwent a PPPD procedure for a
neuroendocrine tumour of the head of the pancreas. On
day 2, there was 300ml of bile in the abdominal drains and
she was returned to theatre. A leak was found at the pan-
creaticojejunostomy secondary to constriction at the trans-
verse mesocolon window. The constriction was relieved
and a single suture placed at the site of the leak. Two days
later, a small volume of bile was again noted in the drains
but this was managed conservatively. She recovered slowly
and was discharged 23 days after the initial operation.

The findings from these five patients are summarised in
Table 1.

Series analysis

Since the last patient with ALS, this complication has been
avoided by modifying our standard surgical technique for
PD with the creation of a larger mesocolic window in the
transverse mesocolon and a prophylactic Braun enteroenter-
ostomy. The last 300 consecutive PD cases were analysed
and the patients divided into those prior to the introduction
of the prophylactic measures (n=217) and those since
(n=83). The incidence of ALS in the earlier cohort was 2.3%
compared with none in the latter (p=0.327). We also found a
reduction in the number of patients returning to theatre
(11.5% vs 3.6%, p=0.044) and in the rate of bile leak (6.4%
vs 3.6%, p=0.416) (Table 2).

Discussion

We have identified five patients with acute ALS occurring
in the first postoperative week following PD. All five cases
occurred prior to modification of the surgical technique
with the creation of a wider mesocolic window in the
transverse mesocolon and the addition of a Braun anasto-
mosis. The incidence of early acute ALS prior to these pro-
phylactic measures was 2.3% (5/217) and there has not
been a recognised case since (0/83). There has also been a
reduction in the incidence of confirmed bile leaks and in
the number of patients returning to theatre but these

Figure 3 Computed tomography showing collection of fluid
(arrow) arising from the hepaticojejunostomy anastomosis

Table 1 Patient characteristics and operative findings for the five patients found to have early acute afferent loop syndrome
following pancreaticoduodenectomy

Patient Age Diagnosis Comorbidities Site of bile leak Cause of obstruction Hospital stay

1 32 Benign mucinous cyst Nil HJ anastomosis Kinking at PyJ anastomosis 18 days

2 76 Neuroendocrine tumour of
pancreatic origin

Nil HJ anastomosis Constriction at mesocolon 16 days

3 63 Adenoma at D2 with high grade
dysplasis

Asthma, GORD,
smoker

PJ anastomosis Kinking at PyJ anastomosis 15 days

4 78 Pancreatic head tumour Hypertension,
NIDDM

PJ anastomosis Constriction at mesocolon 25 days

5 73 Neuroendocrine tumour of
pancreatic origin

Nil PJ anastomosis Constriction at mesocolon 23 days

HJ = hepaticojejunostomy; PyJ = pylorojejunostomy; GORD = gastro-oesophageal reflux disease; PJ = pancreaticojejunostomy;
NIDDM = non-insulin dependent diabetes mellitus
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changes in outcome cannot be attributed purely to these
measures as other elements of surgical technique, medical
practice and overall patient care has changed significantly
over the years.

In two patients, obstruction to the afferent limb was
caused by stricturing or kinking at the pylorojejunostomy
itself and in the other three cases, ALS was caused by con-
striction at the transverse mesocolic window. In previous
reports of ALS occurring after gastrectomies, obstruction
has been reported due to adhesions, internal hernias,
intussusception, volvulus, gallstones and enteroliths.10–14

Following resections for malignancy, obstruction from
recurrence at the anastomosis has also been described.7,8

Acute ALS occurring in the first week postoperatively
has been reported following gastrectomy although presen-
tation after 30–40 years following surgery has also been
described.15 Our patients presented with features similar to
those of a bile leak with bile in the abdominal drain (in 3
patients), leucocytosis (in 4), change in abdominal exami-
nation findings (in 3) and fever.16 In the two patients who
did not have bile in their drains, at the time of deteriora-
tion, a drain was either not inserted intraoperatively
(Patient 1) or was removed early following an initial good
recovery (Patient 4). An analysis of postoperative liver
function tests did not reveal any consistent derangement in
these patients. Alanine transferase was the most commonly
increased, in four of the five patients.

Despite two patients having had CT, distension of the
afferent limb was not reported initially on these images

although on retrospective examination, this finding was
present. This illustrates the difficulty in distinguishing
between abnormal findings and expected early postopera-
tive changes following complex anatomical rearrangement
as occurs during PD and the high index of suspicion
required to detect ALS.

These patients underwent operative management as they
had evidence of a significant bile leak or deterioration requir-
ing active intervention. Two patients with obstruction caused
by constriction at the mesocolon only required widening of
the constriction and placement of a reinforcing suture at the
site of the bile leak. One patient required refashioning of the
pancreaticojejunostomy. With the other two patients, whose
obstruction was caused by kinking at the pylorojejunostomy,
one required refashioning of that anastomosis but the other
did not. The overriding principles for definitive management
were the same in all patients: correct any anastomotic disrup-
tion and resolve the cause of mechanical obstruction. In two
of the patients described, a Braun anastomosis was carried
out in case of recurrent obstruction.

The Braun enteroenterostomy was first described in
1892 by Heinrich Braun as a way to prevent bilious vomit-
ing after the creation of a gastrojejunostomy. It has since
been used successfully to treat both acute and chronic
forms of ALS.4–6,10 He initially described a side-to-side jeju-
nojejunostomy although the eponym has been applied to
subsequent modifications, including end-to-side and dou-
ble side-to-side anastomoses.5,6 Following PDs, the extra
anastomosis ensures that an obstructed afferent limb can

Table 2 Comparison of patient demographics, intraoperative data and postoperative outcomes in patients who underwent
pancreaticoduodenectomy prior to and after the introduction of a prophylactic Braun anastomosis and wide mesocolic window

PD without prophylactic measures (n=217) PD with prophylactic measures (n=83) p-value

Demographics

Median age (range) 70 yrs (23–97 yrs) 67 yrs (31–82 yrs) 0.269

Male 122 (56%) 47 (57%) 1.000

Diabetic 26 (12%) 14 (17%) 0.261

Current/former smoker 96 (44%) 42 (51%) 0.365

Intraoperative data

PPPD 121 (56%) 66 (80%) 0.0002

Median duration (range) 330 mins (150–660 mins) 350 mins (180–620 mins) 0.453

Median EBL (range) 600ml (40–4,200ml) 600ml (100–2,600ml) 0.577

Postoperative outcomes

ALS 5 (2.3%) 0 (0%) 0.327

Bile leak 14 (6.4%) 3 (3.6%) 0.416

Return to theatre 25 (11.5%) 3 (3.6%) 0.044

Morbidity 79 (36.4%) 24 (28.9%) 0.277

30-day mortality 6 (2.8%) 0 (0%) 0.192

PD = pancreaticoduodenectomy; PPPD = pylorus preserving pancreaticoduodenectomy; EBL = estimated blood loss; ALS = afferent
loop syndrome
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decompress into the efferent limb, preventing a rise in
intraluminal pressure, distension and mechanical disrup-
tion to other anastomoses.

Conclusions

Acute ALS is a rare but important complication in the early
postoperative period following PD. It presents with associ-
ated features of a bile leak due to disruption of anastomo-
ses from raised intraluminal pressure. Early operative
management with relief of the obstruction and correction
of anastomotic disruption is an effective treatment strategy.
In our opinion, creation of a wide window in the transverse
mesocolon and a prophylactic Braun anastomosis may pre-
vent this complication and reduce the incidence of bile
leak following PD. Furthermore, the results of this study
highlight the need to pay sufficient attention to minor tech-
nical details in order to prevent complications and obtain
the best outcomes for our patients.
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