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Patterns of Failure and Survival for Nonoperative
Treatment of Stage c0 Distal Rectal Cancer
Following Neoadjuvant Chemoradiation Therapy
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Neoadjuvant chemoradiation therapy (CRT) is the preferred treatment option for distal rectal cancer.
Complete pathological response after CRT has led to the proposal of nonoperative approach as an alter-
native treatment for highly selected patients with complete clinical response. However, patterns of failure
following this strategy remains undetermined. Three hundred sixty-one patients with distal rectal cancer
were managed by neoadjuvant CRT including 5-FU, leucovorin, and 5040 cGy. Tumor response assess-
ment was performed at 8 weeks following CRT. Patients with complete clinical response were not im-
mediately operated on and were closely followed. One hundred twenty-two patients were considered to
have complete clinical response after the first tumor response assessment. Of these, only 99 patients sus-
tained complete clinical response for at least 12 months and were considered stage c0 (27.4%) and man-
aged nonoperatively. Mean follow-up was 59.9 months. There were 13 (13.1%) recurrences: 5 (5%)
endorectal, 7 (7.1%) systemic, and 1 (1%) combined recurrence. All 5 isolated endorectal recurrences
were salvaged. Mean recurrence interval was 52 months for local failure and 29.5 months for systemic
failure. There were five cancer-related deaths after systemic recurrences. Overall and disease-free
5-year survivals were 93% and 85%. Even though surgery remains the standard treatment for rectal can-
cer, nonoperative treatment after complete clinical response following neoadjuvant CRT may be safe and
associated with good survival rates in a highly selected group of patients. Survival in these patients is
significantly affected by systemic failure. Exclusive local failure occurs late after CRT completion and
is frequently amenable to salvage therapy. ( J GASTROINTEST SURG 2006;10:1319–1329) � 2006 The
Society for Surgery of the Alimentary Tract
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Management of distal rectal cancer remains a sig-
nificant challenge for colorectal surgeons. Optimal
treatment strategy remains controversial and highly
dependent on accurate disease staging, tumor loca-
tion, and distance from anal verge. Neoadjuvant che-
moradiation has been considered the preferred
treatment option for stages II and III distal rectal
cancer.1,2 Significantly high local recurrence rates

following local excision for stage I rectal cancer,
led colorectal surgeons to consider neoadjuvant che-
moradiation also for T2 rectal cancer, especially in
distal rectal cancer.2–4

The widespread use of neoadjuvant chemoradia-
tion for distal rectal cancer is due to the observation
of significantly lower local recurrence, decreased
toxicity, similar postoperative complications, and
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improved functional results when compared to post-
operative chemoradiation therapy.5,6 Furthermore,
the neoadjuvant approach is associated with variable
degrees of tumor downstaging and increased rates of
sphincter saving procedures.7–11

Tumor downstaging may ultimately lead to com-
plete tumor regression in a significant proportion of
patients. The observation of absence of viable tumor
cells in resected specimens following CRT and sur-
gery raised the issue of the benefit of surgical resec-
tion over an initial nonoperative approach after
complete pathological response (ypT0 N0 M0).12–14

Several arguments against nonoperative treatment
for distal rectal cancer have been raised such as the
risk of lymph node metastases even after the absence
of persistent primary rectal cancer (ypT0) and the
low accuracy of clinical determination of a complete
response.15,16 On the other hand, surgical resection
may lead to significant immediate morbidity, mortal-
ity, and sexual and urinary dysfunction, besides the
requirement for temporary or definitive stomas in
a significant number of patients. In this setting, the
role of surgery when not a single tumor cell is
excised, has been questioned.12

The definitive role of an initially nonoperative
treatment strategy has not yet been determined and
no definitive conclusions can be drawn before
long-term results concerning local and distant failure
are available. We report the patterns of recurrence
and survival of a large series of patients with distal
rectal cancer following neoadjuvant chemoradiation
therapy and complete clinical response managed by
initial nonoperative treatment.

MATERIAL AND METHODS

Patients with distal rectal adenocarcinoma,
located 0�7 cm from the anal verge during rigid
proctoscopy, with nonmetastatic disease, and man-
aged by neoadjuvant chemoradiation therapy at the
Colorectal Surgery Division of the University of
São Paulo School of Medicine and Hospital Alemão
Oswaldo Cruz, São Paulo, Brazil, between 1991 and
2005 were retrospectively reviewed. Pretreatment
staging included full clinical examination including
digital rectal examination and rigid proctoscopy.
Colonoscopy was performed before CRT for nonob-
structive tumors and postoperatively for persistent
obstructive tumors. Radiological staging was com-
pleted using endorectal ultrasound, spiral CT scans,
chest radiographs, and serum CEA. Patients with
metastatic disease were excluded from the study.

Radiation therapy consisted of 5040 cGy deliv-
ered by three fields during 6 weeks. Concomitant

chemotherapy was given during the first and last
3 days of radiation with 5-FU and leucovorin as
described elsewhere.10

Assessment of tumor regression was performed at
8 weeks following CRT completion. Patients were
restaged using the same clinical, endoscopic, and
radiological parameters used before treatment. Any
suspicious area or ulcer was biopsied or excised and
sent for pathological examination. Patients with
clinically or endoscopic persistent ulcers, and/or
radiological or histological evidence of tumor persis-
tence were referred for immediate radical surgery.
Patients with complete clinical tumor regression
defined by absence of residual mass or ulcer, no signs
of residual tumor seen in radiological studies were
considered as complete clinical response and were
not immediately operated on. Full excisional biopsy
was performed whenever a small suspicious scar,
fibrous tissue, or ulcer was detected. In this situation,
patients with negative pathological findings for re-
sidual neoplasia were considered stage c0 and were
also managed nonoperatively. These patients were
fully informed that this condition could be tempo-
rary and tumor persistence could be detected any
time during follow-up requiring immediate radical
surgery. These patients were enrolled in a strict fol-
low-up program including full clinical examination,
rigid proctoscopy, biopsies of any suspicious area,
and serum CEA levels. Visits were scheduled
monthly, every 2 months, every 3 months, and every
6 months for the first, second, third, and fourth
years, respectively. After this period, patients were
followed with annual visits. CT scans and chest ra-
diographs were performed every 6 months during
the first year and yearly after this. Other radiological
studies were performed according to each patient’s
requirements. Patients with complete tumor regres-
sion sustained for at least 12 months were considered
stage c0 and were included in the study. Recurrence
was defined as endorectal recurrence when there was
clinical and histological evidence of tumor recur-
rence in the rectal lumen or confined to the rectal
wall. Pelvic recurrence was defined as clinical and ra-
diological evidence of recurrent disease in the pelvis
outside the rectal wall. Systemic recurrence was con-
sidered in patients with evidence of metastatic
disease to distant sites including liver, lungs, lymph
nodes (inguinal, periaortic, retroperitoneal, axilar,
or cervical), central nervous system, adrenal, bone,
and others.

Radical treatment of recurrent disease was con-
sidered for patients with localized recurrent disease.
Patients with systemic or unresectable disease
were referred to clinical oncologists for palliative
therapy.
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RESULTS

Between 1991 and 2005, 361 patients with non-
metastatic distal rectal cancer were managed by
neoadjuvant chemoradiation therapy and whose
characteristics are summarized in Table 1. Following
chemoradiation therapy, 122 (33.7%) patients were
considered to have initial complete clinical response
after at least 8 weeks from CRT completion. How-
ever, only 99 patients (27.4%) had a sustained com-
plete tumor regression for at least 12 months and
were considered stage c0 and included in our study.
The remaining group of patients with incomplete tu-
mor regression immediately after 8 weeks from CRT
or those 23 patients with tumor regrowth detected
before 12 months of follow-up were referred to
immediate surgery and excluded from this study.

Stage c0

Of the 99 patients with sustained complete clinical
response, 52 (52.5%) were female and 47 (47.5%)
male, with mean age of 60.8 � 14.1 years. Mean
duration of symptoms was 7.1 � 5.9 months and
the most frequently observed symptom was rectal
bleeding, occurring in 74 patients (74.7%). Mean
initial tumor size estimation was 3.7 � 1.3 cm and
mean distance from anal verge was 3.9 � 1.7 cm.
Pretreatment staging was available in 78 patients
(79%) and revealed 14 (18%) patients with cT2, 60
(76.9%) with cT3, and 4 (5.1%) with cT4. Regard-
ing N status, 56 (71.8%) patients were considered
cN0 and 22 (28.2%) were considered cNþ. Overall,
there were 10 patients with stage I, 46 with stage II,

and 22 with stage III disease, according to clinical
and radiological studies (Table 2).

Recurrences

Overall, there were 13 (13.1%) recurrences
among patients with stage c0 disease. Of the 99 pa-
tients, 78 had pretreatment staging available, 69
(80%) without recurrence and 9 (69.7%) with recur-
rences. Table 3 summarizes patient and tumor char-
acteristics according to presence of recurrence.

Five patients (5.0%) developed exclusively endor-
ectal recurrences at 18, 43, 56, 64, and 79 months of
follow-up. Three of these patients were managed by
radical surgery at 18, 43, and 79 months of follow-
up. Salvage operations included two abdominal-
perineal resections (APR) and one low anterior
resection (AR) resulting in ypT3 N1 M0 in two
(APR and AR) and ypT1 N0 M0 in one patient
(APR). Two patients with endorectal recurrences at
56 and 64 months of follow-up refused radical sur-
gery; one was managed managed by local excision,
resulting in a ypT1 with free margins and one with
brachytherapy alone. None of these patients devel-
oped further recurrent disease during follow-up.

Table 1. Characteristics of patients related with
neoadjuvant chemoradiation therapy for
distal rectal cancer

Characteristic (N 5 361) n (%)

Mean age (yr) 59.1 � 13.9
Gender (n)

Male 157 (43.5%)
Female 204 (56.5%)

Pretreatment characteristics
Serum CEA (ng/dl) 8.8 � 15.2
Tumor size (diameter) (cm) 3.8 � 1.3
Distance from anal verge (cm) 3.9 � 1.7
Stage* (n)

I 28 (11.1%)
II 154 (61.1%)
III 70 (27.8%)

Response to treatment (n)
Complete response 99 (27.4%)
Incomplete response 262 (72.6%)

*Pretreatment staging available for 252 patients.

Table 2. Overall characteristics of patients with
nonoperative management of a complete clinical
response after neoadjuvant therapy for
distal rectal cancer

Characteristic (N 5 99) n (%)

Mean age (yr) 60.8 � 14.1
Gender (n)

Male 47 (47.5%)
Female 52 (52.5%)

Pretreatment characteristics
Tumor size (diameter) (cm) 3.7 � 1.3
Distance from anal verge (cm) 3.9 � 1.7
cT*

2 14 (18.0%)
3 60 (76.9%)
4 4 (5.1%)

cN*
Negative 56 (71.8%)
Positive 22 (28.2%)

Stage*
I 10 (12.8%)
II 46 (59.0%)
III 22 (28.2%)

Recurrence 13 (13.1%)
Endorectal 5 (5.0%)
Pelvic 0
Systemic 7 (7.1%)
Combined (systemic/local) 1 (1.0%)

*Pretreatment staging available for 78 patients.
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Two patients died of unrelated diseases at 24 and 60
months of follow-up. The remaining three patients
are still alive and being followed at 72, 94, and 150
months. Mean endorectal recurrence interval was
52.0 � 23.1 months.

There were no pelvic recurrences in patients with
stage c0 disease.

One patient (1%) developed combined endorectal
and systemic disease recurrence at 18 months of fol-
low-up (bilateral lung metastases). This patient was
managed by APR followed by systemic chemother-
apy. However, she died of disease progression at 24
months of follow-up. This patient was considered
to have systemic disease for analysis purposes.

Seven patients (7.1%) developed exclusively sys-
temic recurrences at 9, 14, 16, 18, 24, 48, and 90
months of follow-up. There were two patients with
unresectable lung recurrences, managed by chemo-
therapy alone. Both patients died of disease progres-
sion at 17 and 18 months of follow-up. Three
patients developed distant lymph node metastatic
disease (one with associated bone metastases) and
two died of disease progression at 72 and 92 months

of follow-up (the patient with associated bone metas-
tases was lost at follow-up). One patient developed
an unresectable liver recurrence and died at 22
months of follow-up. Finally, one patient developed
a solitary liver recurrence, was managed by liver re-
section, and is currently alive at 152 months of
follow-up. Mean systemic recurrence interval was
29.5 � 26.9 months.

There were no significant differences between pa-
tients with recurrence and patients without recur-
rence in terms of age, gender distribution, tumor
size estimation, depth of invasion, lymph node sta-
tus, and disease stage. However, patients with recur-
rences had significantly more distal tumors (2.8 �
1.8 versus 4.0 � 1.7, P 5 0.036) (Table 3).

To further characterize the patients with recur-
rences we compared these patients according to the
location of the recurrence, endorectal, or systemic
(Table 4). Pretreatment staging was available for three
(60%) of the patients with endorectal and in six (75%)
of the patients with systemic recurrence. There were

Table 3. Clinical and pathological features of
patients with and without recurrent disease following
nonoperative management of a complete clinical
response after neoadjuvant therapy for
distal rectal cancer

Nonrecurrent
disease

Recurrent
disease P

n 86 13
Mean age (yr) 60.4 � 14.7 63.8 � 9.4 0.41
Gender (n)

Male 39 (45.3%) 8 (38.5%) 0.53
Female 47 (54.7%) 5 (61.5%)

Pretreatment characteristics
Tumor size

(diameter) (cm)
3.8 � 1.2 3.9 � 2.3 0.78

Distance from
anal verge (cm)

4.0 � 1.7 2.8 � 1.8 0.036

cT*
2 12 (17.4%) 2 (22.2%) 0.76
3 54 (78.3%) 6 (66.7%)
4 3 (4.3%) 1 (11.1%)

cN*
Negative 50 (72.5%) 6 (66.7%) 0.72
Positive 19 (27.5%) 3 (33.3%)

Stage*
I 8 (11.6%) 2 (22.2%) 0.72
II 42 (60.9%) 4 (44.5%)
III 19 (27.5%) 3 (33.3%)

*Pretreatment staging available for 69 (80%) patients without recur-
rence and in 9 (69.7%) patients with recurrence.

Table 4. Clinical and pathological features
according to recurrent disease site of patients with
recurrent disease following nonoperative
management of a complete clinical response after
neoadjuvant therapy for distal rectal cancer

Endorectal
recurrence

Systemic
recurrence P

n 5 8
Mean age (yr) 64.2 � 12.6 63.6 � 7.8 0.92
Gender (n)

Male 4 (80%) 4 (50%) 0.28
Female 1 (20%) 4 (50%)

Pretreatment characteristics
Tumor size

(diameter) (cm)
4.6 � 2.7 3.0 � 1.6 0.33

Distance from anal
verge (cm)

3.2 � 1.1 2.5 � 2.3 0.54

cT*
2 0 2 (33.3%) 0.22
3 2 (66.7%) 4 (66.7%)
4 1 (33.3%) 0

cN*
Negative 0 6 (100%) 0.03
Positive 3 (100%) 0

Stage*
I 0 2 (33.3%) 0.01
II 0 4 (66.7%)
III 3 (100%) 0

Mean recurrence
interval (mo)

52.0 � 23.1 29.5 � 26.9 0.15

*Pretreatment staging available for 3 (60%) patients with endorectal
and in 6 (75%) patients with systemic recurrence.
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no significant differences between patients with
recurrence and patients without recurrence in terms
of age, gender distribution, tumor size estimation,
distance from anal verge, depth of invasion, and inter-
val between treatment and recurrence. However,
there was a significant difference in pretreatment
lymph node status and disease stage. Patients with
endorectal recurrences had positive lymph node status
(100% LNþ versus 0% LNþ, P 5 0.03) and a more
advanced pretreatment stage (100% stage III versus
33.3% stage I and 66.7% stage II, P 5 0.01) when
compared to patients with systemic recurrences
(Table 4).

Survival

Overall, mean follow-up was 59.7 � 45.7 months.
The 5-year overall and disease-free survival rates
were 92.7% and 85.0%, respectively. The 10-year
overall and disease-free survival rates were 90.0%
and 75.4%, respectively (Figs. 1, A, B). Overall,
5-year survival was 100% for patients without recur-
rent disease and 58.3% for patients with recurrent
disease, which was significantly different (P !
0.0001) (Fig. 2).

DISCUSSION

Management of distal rectal cancer remains a chal-
lenge for colorectal surgeons worldwide in terms of
optimal treatment strategy. Even though total meso-
rectal excision has led to a significant decrease in
local recurrence rates after radical surgery for distal
rectal cancer, surgery alone seems to be sufficient
for local disease control only in select patients.17,18

Therefore, adjuvant and neoadjuvant therapy have
been considered useful tools despite optimal surgical
therapy.19

The significantly lower toxicity rates, improved
local disease control associated with tumor down-
staging, and increased rates of sphincter-saving oper-
ations led neoadjuvant chemoradiation therapy to be
considered the preferred initial treatment strategy
for distal rectal cancer.5,6,8

Tumor downstaging resulting in complete tumor
regression in a significant proportion of patients
raised the question of the value of radical surgery
in these patients.10 This observation led to the pro-
posal of a nonoperative management of select
patients with complete clinical response. The role
of surgery in this setting was challenged when no sig-
nificant differences in oncological outcomes were
observed between patients with complete clinical
response managed nonoperatively and patients with
complete pathological response following radical

surgery.12 As such, if there is in fact no difference
in oncologic outcome between these patients, their
exposure to the immediate morbidity and mortality
risks; to a significant risk of long-term urinary and
sexual dysfunction, and fecal incontinence; and the
possible requirement of temporary or even definitive
stomas associated with radical surgery may not be
justified. On the other hand, CRT alone may lead
to clinically significant sequelae, such as radiation
proctitis, fecal incontinence, and urinary or sexual
dysfunction. Even though these were not objectively
measured in our study we are currently prospectively
studying objective physiological data through mano-
metric studies and quality of life before and after
CRT in these patients. In terms of urinary and sexual
dysfunction, pretreatment status may be significantly
impaired in these patients due to their advanced age
and therefore, determination of actual or significant
worsening may be extremely difficult. In our series,
none of the patients required surgery for the
management of functional disorders or morbidity
directly related to CRT.

However, before ‘‘throwing away the scalpel’’
several issues in the management of complete tumor
regression following neoadjuvant CRT remain unre-
solved.14 First, clinical, radiological, and endoscopic
assessment of tumor response is complex and may
represent a significant challenge even for experi-
enced colorectal surgeons. The risk of leaving be-
hind deep nests of residual cancer or mesorectal
lymph node metastases is a serious drawback for
nonoperative management in this setting.15,16 Re-
ported rates of metastatic lymph nodes for complete
primary rectal tumor reponse (pT0) ranges between
0% to 10%.13,15,16 These rates are lower than those
observed for nonirradiated pT1 rectal cancer where
local excision, and therefore no lymph node removal,
is accepted.20–22 Furthermore, the clinical relevance
of microscopic foci of cancer cells is still undeter-
mined for irradiated and nonirradiated rectal can-
cer.23–25 Finally, the variation in the interval period
between CRT completion and surgery may have
determined these differences in rates of pT0 Nþ
tumors. It has been suggested that increased interval
periods may have an impact on the rates of complete
pathological response.26 In this setting, rectal resec-
tions performed at 6 weeks from CRT completion
may have interrupted ongoing necrosis, implying
that some patients would actually achieve complete
tumor regression if longer waiting periods was al-
lowed, such as 8 weeks or longer.13 Interestingly,
this phenomenon was similarly observed for epider-
moid anal cancer, where tumor assessment 4 weeks
after CRT completion led to significant subestima-
tion of complete response rates when compared to
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assessment performed at 8 weeks in the same series
of patients.27

Despite these pathological and theoretical issues,
local and distant failure for distal rectal cancer are
the most important clinical outcomes to be consid-
ered as evidence for the understanding of the results
of complete tumor response following neoadjuvant
CRT. In fact, despite optimal surgery, distal tumor
location has been shown to be an independent risk
factor for increased local recurrence.4,28 When con-
sidering rectal cancer following CRT and surgery,
final disease stage and the presence of lymph node
metastases remain the most significant risk factors
associated with disease recurrence.13,29,30 Local dis-
ease recurrence following complete pathological re-
sponse at surgery has not yet been reported.12,31,32

These results may be explained by the small series
of patients with complete pathological response
and by considerably short follow-up of these pa-
tients. In fact, it has been suggested that the irradi-
ated rectal cancer may result in decreased but also
delayed recurrent disease.30,32 A recently reported
small series of patients followed for at least 9 years,
showed that over a third of the patients with recur-
rent rectal cancer managed initially by preoperative
CRT and surgery, developed local recurrences after
5 years of follow-up.30 On the other hand, over
90% of local recurrences in nonirradiated rectal can-
cer develops within 3 years of follow-up.28,33 In an
interesting study of patients with rectal cancer
treated by surgery alone or associated with postoper-
ative CRT, with a mean follow-up of 10 years, 72%
of the local relapses occurred before 18 months of
follow-up, considerably earlier than those studies in-
cluding patients managed by neoadjuvant CRT.34

Interestingly, in our series of 99 nonoperated dis-
tal rectal cancer patients, local failure consisted of

Fig. 1. Survival curves of patients with nonoperative manage-
ment of a complete clinical response after neoadjuvant
therapy for distal rectal cancer. A, Overall survival. B,
Disease-free survival.

=

Fig. 2. Overall survival curve according to the presence of recurrence following nonoperative manage-
ment of a complete clinical response after neoadjuvant therapy for distal rectal cancer. There was a sig-
nificant difference in overall survival between patients with and without recurrent disease (P ! 0.0001).
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exclusively endorectal recurrences with a surprisingly
long mean interval of 52 months for recurrence.
First, this observation may reflect a distinct tumor
behavior of this highly selected subset of patients.
One could argue that these tumors exhibit a slow
proliferative ratio and that endorectal tumor re-
growth may actually represent undetected residual
microscopic tumor foci. Considering that only 5%
of our series developed endorectal recurrences or re-
growth in a considerably long-term follow-up, clini-
cal, radiological and endoscopic assessment of
complete tumor regression turned out to be accurate
in 95% of the cases. Moreover, all patients with
exclusively local endorectal recurrences could be
salvaged by different treatment strategies. Even
though longer follow-up for these patients is war-
ranted, local disease control can be considered satis-
factory and therefore, even in the group of patients
ultimately managed by radical surgery, survival has
not been compromised by this initial nonoperative
approach. However, delaying surgical resection
may ultimately lead to increased perioperative
morbidity given the more chronic effects of CRT
in pelvic tissues. Even though this could not be
determined in our study due to the small number
of patients managed by delayed radical resection, it
should be considered as an objective outcome when
considering patients managed by initially nonopera-
tive approach.

The issue of longer recurrence intervals for the
irradiated rectal cancer may actually challenge current
concepts in follow-up surveillance and also the initial
results of local disease control rates in prospective
randomized trials.5,6 In terms of follow-up surveil-
lance, the observation of a majority of disease recur-
rence occurring within 3 years of treatment may not
be true for patients undergoing neoadjuvant chemo-
radiation for rectal cancer. In this setting, specific
follow-up programs may be required with more inten-
sive surveillance for longer periods of time and conse-
quently increased costs. Also, if later or delayed
recurrence may represent a significant issue in irradi-
ated rectal cancer, results from trials with longer
follow-up periods should be awaited before definitive
conclusions are drawn for the irradiated rectal cancer.
Finally, this delayed pattern of local recurrence fol-
lowing nonoperative treatment for distal rectal cancer
after neoadjuvant CRT demands prolonged follow-
up surveillance of these patients since local disease
control may have not been achieved after considerably
long periods of time.

Even though local recurrence is considered an im-
portant issue in the management of rectal cancer,
these rates are significantly higher for distally located
tumors even after radical surgery with or without

neoadjuvant chemoradiation therapy.4,28 Interest-
ingly, in our series of patients managed nonopera-
tively after complete clinical regression, patients
who developed recurrences had significantly lower
tumors when compared to patients who did not de-
velop recurrent disease (2.8 � 1.8 versus 4.0 � 1.7,
P 5 0.036). Moreover, even though pretreatment
staging was not associated with recurrent disease, pa-
tients with local recurrences had significantly higher
rates of radiological evidence of positive lymph no-
des and stage cIII (100% LNþ versus 0% LNþ,
P 5 0.03 and 100% stage III versus 33.3% stage I
and 66.7% stage II, P 5 0.01, respectively). The
small number of patients with recurrences in our se-
ries does not allow definitive conclusions, however,
these results suggests a possible role of lymph node
metastases in local failure in these patients.

One should not expect to significantly decrease
systemic disease recurrence with the neoadjuvant
CRT approach for distal rectal cancer. In fact, pro-
spective randomized trials have failed to demonstrate
definitive survival benefit of this approach, possibly
due to distant failure rates.5,6 However, preoperative
CRT has been shown to decrease circulating bone
marrow micrometastases, suggesting a possible de-
crease (or delay) in tumor recurrence.35 The risk of
disseminated microscopic foci of metastatic disease,
undetectable by standard staging radiological studies
may contribute to a significant proportion of the
cases with distant failure. In fact, the observation of
significantly shorter recurrence intervals for distant
failure when compared to local failure may be ex-
plained by these occult metastatic foci.36 The use
of PET scan (and PET-CT scans) may actually de-
crease the rates of these still undetectable metastatic
disease.37 In our series, systemic recurrences oc-
curred at a shorter interval period compared to local
failure; however, this difference was not significant,
possibly reflecting this occult metastatic pheno-
menon. These results are again similar to other
reported series with late local relapses and early dis-
tant failures, suggesting the possible role of preoper-
ative CRT in delaying local failure onset but not
influencing distant relapse.30 Once again, even
though pretreatment staging was not associated
with recurrent disease, patients with systemic recur-
rence had significantly lower rates of radiological ev-
idence of lymph node metastases, suggesting that
systemic recurrence may develop due to hematogen-
ic rather than lymphatic spread. Also, the observed
overall survival for patients with stage c0 was exclu-
sively affected by systemic recurrence since none of
the patients with endorectal recurrence alone died
of disease progression. Even so, long-term survival
rates were considerably high.
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Since disease recurrence in the irradiated rectal
cancer can be significantly delayed, overall survival
may be significantly affected with a time frame shift.
Therefore, disease-free survival may be a more real-
istic parameter for comparison between stages and
treatment strategies even in a series of patients
with a considerably long follow-up period. Indeed,
in our previously reported series there was no overall
or disease-free survival benefit in patients with stage
p0 over patients with stage c0. On the other hand,
disease-free survival of patients with stage c0 and
p0 were significantly better than patients with stage
pII and pIII but not than patients with stage pI, pos-
sibly requiring longer follow-up in order to obtain
a survival benefit.13 This present series has shown
a significant increase in both local and distant disease
failure when compared to our previous reports, pos-
sibly associated with the increase in the follow-up
period and in the number of patients.12,13

In conclusion, even though surgery remains the
standard of treatment for rectal cancer, nonoperative
management for distal rectal cancer after complete
clinical response following neoadjuvant CRT is
safe and associated with low rates of local failure, fre-
quently amenable to salvage therapy, and resulting in
excellent long-term survival rates. The shorter
interval recurrence periods for distant failure may
be associated with the presence of occult distant me-
tastases undetected by standard staging radiological
studies. The surprisingly long mean interval period
for local failure suggests that a change in the fol-
low-up surveillance strategy in these patients may
be necessary when compared to patients with nonir-
radiated rectal cancer. Moreover, studies concerning
irradiated rectal cancer may warrant increased fol-
low-up before definitive conclusions in terms of local
disease control and survival.
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Discussion

Andreas M. Kaiser, M. D. (Los Angeles, Calif):
Dr. Perez, thank you for the opportunity to com-
ment on your paper. I would like to congratulate
you on this next piece of evidence in a series of
most important contributions made by the group
in Sao Paulo. It is of no doubt that there is no other
group that has shaken the foundation of our under-
standing in regard to the treatment of rectal cancer
more than they did in the last couple of years. Not
even 10 years ago, nobody would even have consid-
ered in good faith not to operate on a patient with an
operable rectal cancer, but dr. Habr-Gama and her
colleagues were more foreseeing and brave than
the rest of the world to try this unconventional ap-
proach. They were able to show that neoadjuvant
chemoradiation not only results in improved

outcomes but that in fact a significant number of
patients have a complete clinical response, which
may last and obviate the previously thought manda-
tory need for surgery.

In their 2004 Annals of Surgery paper, they were
able to show that even patients with clinically visible
scars after chemoradiation did equally well being
simply followed clinically without surgery when
compared to a group who were subjected to the sur-
gery but were found to have no residual tumor on
pathology. In that sense, the post-chemoradiation
stage appears to be more important than the original
tumor stage before initiation of treatment. NO un-
expectedly, however, there are patients who seem
to be doing all right for a while but after that develop
a recurrence, either locally or systemically.
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One of the most critical questions to be answered
will be whether the delay between finishing the radi-
ation and the eventful needed surgery worsens the fi-
nal outcome of such a patient group. Dr. Perez
showed us that the type of recurrence still allows
a salvage operation with eventual good outcome.
But they also confirmed what a number of studies
have shown before, that in fact the overall survival
is generally determined by the systemic disease, not
the local control. Another message learned from
this paper, however, is that it is unfortunately the
most distal cancers in which we would be most in-
clined to avoid surgery but which also are the ones
associated with the highest risk of local failure
from the nonoperative management. I have two
sets of questions for the authors, and may be we
can go through them.

When we look at this study’s outcome data, we
are surprised how good in fact the results are d
85% disease-free survival and 92% overall survival
for a blend for tumor stages is much better than
our average outcomes reported in the SEER data.
And the author’s success does not appear to be the
result of a very aggressive chemoradiation protocol
but comes from a relatively mild chemoradiation
regimen. I would therefore wonder whether the au-
thors have an explanation for their better results? I
would also wonder whether they extended the che-
motherapy as we would normally do for stage II
and III rectal cancer, up to 6 months after a resection.
And given the systemic failures, do you see any role
for more systemic chemotherapy as you go on?

Rodrigo Perez, M.D. (Sao Paulo, Brazil): To an-
swer the first question, I think there is significant data
indicating that local recurrence in irradiated rectal
cancer may occur significantly later than in patients
with nonirradiated rectal cancer. So we might have
to wait a little more before we can say that these results
are better than any other reported in the literature.
That would be the first issue I would address.

The second is that one could argue that the rates
of complete response are too high despite the not so
aggressive approach. I would say that the interval pe-
riod may be a critical issue. There is some data in the
literature indicating that the interval between che-
moradiation and tumor assessment or surgery may
actually affect this rate of complete response, indicat-
ing that the more you wait, the more you get. So
these are the two issues regarding improved results.

The answer to the second question is; adjuvant
chemotherapy is currently offered for our patients
based on final pathological staging, and therefore
we routinely indicate chemotherapy only for stage
III rectal cancer and only those patients with stage

II considered to be high-risk patients. There has
been a great deal of discussion with the oncologists
regarding giving patients with complete clinical
response chemotherapy, and we are thinking we
are going to end up giving them more chemotherapy
not only during the chemoradiation regimen but also
extending chemotherapy during the resting period of
eight weeks. We are trying to set up trial to study
this.

Dr. Kaiser: Thank you for your answer. The sec-
ond set of questions is about patient selection, if I
may. Even if you label the clinically tumor-free pa-
tients as C0, the ones who end up developing a recur-
rence are false negative. In your study, you excluded
the 23 patients who developed a ‘‘re-growth’’ within
12 months. However, from a practical stand point,
the decision about whether to operate or to wait
on a patient is generally made somewhere between
6 and 12 weeks after completion of chemoradiation.
I would ask you to comment on this as it seems to me
that this 12 month time point definition of C0 is
somewhat arbitrary and obviously filters a more
favorable subset of patients from the more average
cohort. And I would also like to know whether you
offered surgery to everybody and whether there
were patients who objected to the nonoperative
management?

Dr. Perez: As you know, accurate methods of
tumor assessment following chemoradiation therapy
are lacking, and as a result of that, there are some
patients who are actually false negative. In our series,
these 23 patients most likely represent a misdiagnosis
rather than actual disease recurrence. Interestingly,
these patients had a time delay for definitive surgery,
and we found that this delay did not have a negative
impact on survival in the whole series of patients.
We hope to present this data at the ACS meeting.

Dr. Kaiser: Were the patients asking for an
operation?

Dr. Perez: Patients are fully informed that the
standard of therapy is still radical surgery. When
the patient has a complete clinical response and he
follows our recommendation of an initial nonopera-
tive approach, we also fully inform them that this
situation may be temporary and surgery may be re-
quired at any time during follow-up. We did not ex-
perience any patient who actually demanded surgery
following a complete clinical response. What we did
have were some patients coming from abroad who
had a complete response and were offered surgery
elsewhere, and they wanted to hear Prof. Habr-
Gama’s second opinion.

Dr. Kaiser: Thank you very much for allowing
me to discuss this very stimulating research.
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Ileorectal Anastomosis for Slow Transit Constipation:
Long-Term Functional and Quality of Life Results

Imran Hassan, M.D., John H. Pemberton, M.D., Tonia M. Young-Fadok, M.D.,
Y. Nancy You, M.D., Ernesto R. Drelichman, M.D., Doris Rath-Harvey, R.N.,
Cathy D. Schleck, B.S., Dirk R. Larson, M.S.

The results of colectomy and ileorectal anastomosis (IRA) in patients diagnosed by physiologic testing as
having slow transit constipation (STC) have been reported. The durability of functional results and long-
term quality of life (QoL) in these patients, however, has not been established. Between 1987 and 2002,
3670 patients were evaluated for constipation at our institution; 110 (3%) fulfilled the criteria for STC
and underwent an IRA. Patients were prospectively followed and functional outcomes assessed annually
by standardized questionnaires. After a median follow-up of 11 years, 104 eligible patients were mailed
validated questionnaires to assess functional outcomes and QoL (Knowles-Eccersley-Scott Symptom
[KESS] score, the Irritable Bowel Syndrome Quality of Life [IBS-QOL], and the SF-12 health survey).
Prospectively assessed functional data was available on 85 of 104 (82%) eligible patients. At last follow-
up, improvement of constipation and satisfaction with bowel function was reported by 98% and 85% of
patients, respectively. Performance measures including social activity, household work, sexual life, and
family relationships were reported to have improved or were not affected as a result of surgery by
75%, 86%, 81%, and 86% of the patients respectively. Fifty-nine patients (57%) responded to the study
questionnaires. All 59 patients reported their constipation to be better since IRA, 83% did not require
any medication, and 85% reported being satisfied with bowel function. The KESS scores of patients un-
dergoing IRA for STC (median 6, range 0�35) were lower than reported scores of STC patients not op-
erated upon (median 21, range 11�35, P ! 0.001) indicating symptomatic improvement after surgery.
Mean IBS-QOL scores were similar to reported scores of patients undergoing IRA for other conditions
[80 (23) versus 84 (16)], P 5 0.7). Mean SF-12 physical and mental summary scores were similar to re-
ported SF-12 scores of the normal population (49.5 versus 50 and P 5 0.70, 48.7 versus 50, P 5 0.42,
respectively). Ileorectal anastomosis in appropriately selected patients with slow transit constipation re-
sults in durable symptomatic relief and a long-term quality of life indistinguishable from the general pop-
ulation. ( J GASTROINTEST SURG 2006;10:1330–1337) � 2006 The Society for Surgery of the Alimentary
Tract

KEY WORDS: Slow transit constipation, quality of life, ileorectal anastomosis

Chronic constipation is more a constellation of
symptoms than a definable disease. Moreover, pa-
tients complaining of constipation are a heterogenous
group; the various symptoms representing various
pathologic processes.1 Advancements in defining co-
lonic and anorectal physiology have improved the
understanding of colonic motility, the process of
defection and the factors contributing to chronic
constipation.2,3 Currently, by following an objective
evaluation strategy2 that quantifies colonic, pelvic,
and anorectal function, patients are classified into
four diagnostic categories depending upon the pres-
ence or absence of various underlying physiologic
abnormalities: (1) slow transit constipation (STC),

(2) pelvic floor dysfunction (PFD), (3) combined
slow transit constipation and pelvic floor dysfunction
(STC þ PFD), and (4) constipation predominant ir-
ritable bowel syndrome (IBS-C). We have demon-
strated previously that patients with slow transit
constipation documented by colonic transit studies
with or without pelvic floor dysfunction, benefit
from colectomy and ileorectal anastomosis (IRA).2,3

Subsequent reports have validated this approach by
reporting similar improvements in functional out-
comes of these patients.4–9

In recent years, however, there has been a growing
recognition that in order to assess the true efficacy of
any operative intervention, the patient’s perspective
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of the outcome needs to be assessed objectively in
the same manner as conventional outcome measures
are documented. As a result, standard outcome mea-
sures are being increasingly supplemented with
studies of quality of life (QOL).10 QOL is a multidi-
mensional construct that reflects the patient’s subjec-
tive evaluation of the effects of the treatment on their
physical, psychological, social functioning and
well-being.11 It has been previously suggested that
QOL is a soft outcome, although this argument no
longer is valid as QOL assessments are now per-
formed using standard questionnaires with docu-
mented psychometric properties.12 There are two
basic types of QOL questionnaires: generic and
disease/treatment specific. Generic questionnaires
assess the ability of patients to cope physically,
emotionally and socially as well as their general per-
formance at work and in daily life.13 In contrast, the
content of disease- or treatment-specific instruments
are limited to areas of consequence to the patients
affliction from a particular condition.14

The purpose of this study was to assess the long-
term functional and QOL outcomes of patients who
had undergone an IRA for slow transit constipation
using both generic and disease-specific validated
QOL instruments.

PATIENTS AND METHODS

Three thousand six hundred seventy patients were
evaluated for constipation at our institution’s spe-
cialist gastrointestinal motility unit between 1987
and 2002. All patients underwent a complete history
and physical examination, appropriate laboratory
investigations and either a colonoscopy or barium
enema to rule out anatomic causes of constipation.
Patients were then evaluated with standardized co-
lonic transit and pelvic floor studies that have been
described in detail previously.2 In brief, colonic
motility was assessed by either marker15 or scinti-
graphic16 transit, while pelvic floor function studies
included anorectal manometry and balloon expul-
sion. Selected patients underwent defecography.
One hundred twelve patients (3%) fulfilled the stan-
dardized criteria for slow transit constipation with or
without pelvic floor dysfunction. Patients (n 5 92)
with slow transit constipation alone underwent an
IRA, while patients (n 5 30) with slow transit consti-
pation and pelvic floor dysfunction underwent IRA
after a successful course of pelvic floor retraining.
Patients with PFD alone were treated by pelvic floor
retraining (biofeedback) and patients with IBS-C
were managed medically.

Data was collected in a prospectively maintained
computerized database. Bowel function and func-
tional outcomes were assessed yearly by a standard
institution-specific questionnaire. Functional aspects
evaluated included social activity, sports, housework,
recreation, family relationships and sex life. After
a median follow up of 11 years (range 1.5�16.5
years), 104 eligible patients were mailed a study-spe-
cific questionnaire and three validated questionnaires
assessing bowel function and health-related QOL.

Study-specific Questionnaire

The study-specific questionnaire was composed of
questions designed to assess bowel function, change
in symptoms of constipation, use of constipating or
antidiarrheal medications- and patient satisfaction
after an IRA.

SF-12

The SF-1217,18 contains items selected from the
SF-36 based on their relative efficiency and psycho-
metric performance across eight dimensions of gen-
eral overall health.19 The SF-36 health survey is one
of the most widely used generic health status instru-
ments to assess health-related quality of life.20 Since
it contains 36 items and thus places a considerable
burden on the respondents and the investigators,
a substantially shorter questionnaire, the SF-12,
was developed, reducing the number of items to
12.19 About 80% of adults studied using a pilot
test completed the SF-12 in less than 2 minutes.
The SF-12 is scored to produce two summary scores,
the physical and mental health summaries (PCS and
MCS). These summary scores are estimated using
a weighted formula for predicting the original SF-
36 summary scores. The SF-12 summary scores
have reproduced the psychometric performance of
the SF-36 and have been found to be good predictors
of the original summary scores as they account for
approximately 90% of the variation in the SF-36
summary measures.19,21

Knoweles-Eccerslley-Scott Symptom (KESS)
Questionnaire

The KESS is a structured symptom scoring ques-
tionnaire for patients complaining of constipation
consisting of 11 items.22 The questions were de-
signed to incorporate internationally recognized cri-
teria and previously reported relevant symptoms of
constipation. The KESS score has been validated
against the Cleveland Clinic Score (Pearson r 5

0.90 and 95% limits of agreement �14%), which is
itself a validated tool for distinguishing constipated
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patients with a proven pathophysiologic abnormality
from those in whom physiologic investigations were
normal.22 The KESS score has been shown to be
able to discriminate between the pathophysiologic
subgroups for the majority of patients with constipa-
tion. Discriminant scores predict patients with pure
slow transit constipation or PFD better than patients
with mixed abnormalities.22,23 However, the KESS
total score clearly differentiates patients with slow
transit constipation from healthy controls.22 The
questionnaire can be completed in less than 5 min-
utes. Each question has four or five possible answers,
which are scored on an unweighted linear numeric
scale to produce a range of between 0 and 3 or
0 and 4 points. Lower scores represented symptom
free states and higher scores, increased symptom se-
verity. The total KESS score is the sum of all scores
gained on individual questions with a maximum pos-
sible score of 39 points. The answers to each ques-
tion are phrased in such a manner that any patient
who fulfilled the standardized criteria for constipa-
tion would likely score at least 1 point per
question.22

Irritable Bowel Syndrome–Quality of Life
Measure (IBS-QOL)

The IBS-QOL is a self-reported QOL measure
specific to irritable bowel syndrome (IBS).24 It is
made up of 34 items and takes an average of 10 min-
utes to complete. The IBS-QOL has 10 subscales:
Dysphoria, Interference with activity, Body image,
Health Worry, Food Avoidance, Social Reaction,
Sexual, Relationships, Symptom Frequency Index,
and Symptom Bothersome Index. Responses are
based on a 5-point Likert scale (not at all . ex-
tremely or a great deal). The individual responses
to the 34 items are summed and averaged for a total
score that is transformed to a 0�100 scale, with
higher scores indicating better QOL.24

Data Analysis and Statistics

Statistical analysis was performed using SAS ver-
sion 8.2 (SAS Institute Inc, Cary, NC). The analysis
focused on comparing responders and nonre-
sponders, and patients with and without pelvic floor
dysfunction. In addition, limited QOL outcomes
from the cohort were compared to the corres-
ponding parameters from previously published
cohorts.22,25 Outcomes comprised of discrete, nom-
inal variables were compared using c2 tests or
Fisher’s exact tests when low expected cell counts
were observed. Continuous variables were analyzed
using two-sample t-tests, or Wilcoxon rank sum tests

when the data were not sufficiently Gaussian. The
SF-12 mental and physical component summary
scores are standardized to have a mean of 50 and
standard deviation of 10; comparisons of these scores
with an external reference population were per-
formed using a one-sample t-test. Significance was
assumed at the P ! 0.05 level.

RESULTS

Between 1987 and 2002, 110 patients (104 fe-
males, median age 40 years) after objective preoper-
ative evaluation underwent a colectomy with
ileorectal anastomosis (IRA) for slow transit consti-
pation. Six patients were deceased on most recent
follow-up. Among the 104 remaining patients, 65
patients had slow transit constipation alone and 39
patients had combined slow transit constipation
and pelvic floor dysfunction.

Prospectively assessed functional outcomes were
obtained through annual questionnaires for 85 of
the 104 (82%) eligible patients. At last follow-up
(mean 5.7 years, SD 3.8 years) the median stool fre-
quency was four bowel movements per day and im-
provement of constipation and satisfaction with
bowel function was reported by 98% and 85% of
the patients respectively. Performance measures in-
cluding social activity, household work, family rela-
tionships, recreation, and sexual life were reported
to have improved or were not affected as result of
surgery by 75%, 86%, 86% 80%, and 81% of the
patients respectively. Fifty-nine of the 104 (57%) el-
igible patients with a median follow-up of 11 years
(mean 10 years, SD 4) responded to the validated
functional and QOL outcome instruments. All 59 re-
spondents reported their constipation to be better
since IRA, 83% did not require constipating or anti-
diarrheal medication and 85% reported being satis-
fied with their bowel function.

The KESS score of the patients (median 6, range
0�35) undergoing IRA for slow transit constipation
were less than the reported scores of patients with
slow transit constipation not operated upon22 (median
score 21, range 11�35, P ! 0.001) suggesting symp-
tomatic improvement after surgery. Mean IBS-QOL
scores were similar to reported scores of patients
undergoing IRA for other benign conditions25 [80
(standard deviation 23) versus 84 (standard deviation
16), P 5 0.7) Mean SF-12 physical and mental sum-
mary scores were similar to reported SF-12 scores of
the normal population (49.5 versus 50, P 5 0.70,
48.7 versus 50, P 5 0.42).

There were no significant differences between the
KESS, the IBS-QOL, and SF-12 scores of patients
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with slow transit constipation alone and slow transit
constipation with pelvic floor dysfunction (Table 1).

Nonresponders

Concerning patients not responding to the func-
tional and QOL outcome questionnaires, we could
find no differences between responders and nonre-
sponders in terms of age, gender, length of follow-
up, year of surgery, and incidence of PFD. (Table 2).
Furthermore, no differences were seen in the yearly
assessed functional outcomes. (Table 3).

DISCUSSION

We found that patients diagnosed with slow tran-
sit constipation by objective preoperative criteria and
who underwent colectomy and ileorectal anastomo-
sis had satisfactory long-term functional results and
an excellent quality of life as measured by validated
QOL instruments. This is the first report of a large
series of patients categorized prospectively using
tests of colonic and pelvic floor function and fol-
lowed for this length of time (median 11 years) doc-
umenting QOL outcomes measured by standardized
QOL instruments.

Inconsistent functional results have been reported
in the literature for surgery for slow transit constipa-
tion.7 This variability may be due to the lack of stan-
dardized preoperative physiologic testing in some of
these reports.26–29 We have found that patients with
slow transit constipation, documented by colonic
motility studies, were the patients most likely to ben-
efit from an IRA.2,3 Patients with pelvic floor
dysfunction alone or constipation-predominant

irritable bowel syndrome who are managed surgi-
cally do not show the same functional improvement
and may account for the poor functional results asso-
ciated with IRA in these various studies. The group
of patients with IBS, which actually forms the great
majority of patients evaluated for chronic constipa-
tion (O60%), can be reliably diagnosed with physio-
logic testing and be managed by aggressive medical
therapy. Studies using standardized preoperative
evaluation to select patients for surgery consistently
report superior outcomes as compared to studies
in which patients did not undergo formal
evaluation.3,7,9,30

In our study, we evaluated functional and QOL
outcomes using standardized validated instruments
at a median of 11 years following IRA. Previous re-
ports evaluating functional results of surgery for
slow transit constipation have used instruments
which were unreliable and not validated.1,3,6,8,9,31–33

Knowles et al.7 suggested that studies evaluating
outcomes of surgery for slow transit constipation
should be independent, prospective, have long-term
follow-up, and use validated questionnaires that as-
sess QOL and gastrointestinal function. We agreed,
and thus all patients who underwent surgery for slow
transit constipation at our institution were entered
into a computerized database and prospectively eval-
uated through annual questionnaires administered
by a nurse not directly involved in their care. Analy-
sis of these prospectively collected data suggests that
the majority (85%) of patients report improvement
of their bowel function and functional outcomes fol-
lowing surgery. After a median follow-up of 11 years,
we then evaluated the functional and QOL outcomes
of this cohort in a cross-sectional manner using val-
idated instruments; the data confirmed the long-
term benefit of surgery on functional and QOL
outcomes.

Table 1. Comparison of functional and QOL
outcomes of patients with STC alone and
STC and PFD (N 5 59)

STC
(N 5 42)

STC and
PFD (N 5 17) P-value

Median KESS
score (IQ range)

6 (4–9) 6.5 (3–l3) 0.77

Median IBS-QOL
score (IQ range)

93 (80–96) 88 (73–93) 0.19

Median SF-12
(physical scale)
(IQ range)

54 (48–56) 50 (40–57) 0.61

Median SF-12
(mental scale)
(IQ range)

54 (42–58) 51 (44–57) 0.59

IQ 5 interquartile range; STC 5 slow transit constipation; PFD 5

pelvic floor dysfunction.

Table 2. Comparison of the responders and
nonresponders to the study questionnaires
(N 5 104)

Responders
(N 5 59)

Non
responders
(N 5 45)

P-
value

Gender (females) 97% 91% 0.40
Mean age, yr (SD) 41 (11) 38 (14) 0.13
Follow-up from

surgery, in mo (SD)
73 (47) 59 (42) 0.21

STC 75% 63% 0.21
STC and PFD 25% 37% 0.44

SD 5 standard deviation; STC 5 slow transit constipation PFD 5

pelvic floor dysfunction.
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The functional results following surgery were as-
sessed using the KESS Questionnaire, which was de-
signed to incorporate standardized criteria and
relevant symptoms of constipation. The median
KESS score of our patients was significantly better
than the median score of patients with slow transit
constipation prior to surgery confirming that IRA
is beneficial for patients with STC. On the study-
specific questionnaire, the majority of the patients
reported an improvement of their bowel function
and their overall QOL. This improvement in func-
tional outcome is consistent with the results of
others that have demonstrated the success of surgery
in properly selected patients.5,7–9,30,34 The definition
of ‘‘success’’ for IRA, however, has been nebulous, as
successful results have variably been equated to nor-
mal bowel frequency,33 spontaneous passage of
stool,2 or the patient’s satisfaction with their out-
comes.30 We agree with Fitzharris and colleagues5

that these definitions are arbitrary and not reliably
reproducible, making comparisons across studies dif-
ficult. Although stool frequency is a primary out-
come measure, the prevalence of other symptoms
like abdominal pain, diarrhea, and incontinence
needs to be included in any global outcome assess-
ment. The KESS scores not only assess bowel fre-
quency but also evaluates associated symptoms like
pain and bloating. While there were no specific
questions regarding incontinence or diarrhea, our
study-specific questionnaire had items pertaining to
bulking and antidiarrheal agents, which are reason-
able markers for incontinence and loose stools. Since
the majority of our patients did not require any med-
ications, either to hasten or slow gastrointestinal
function, the incidence of these symptoms, we be-
lieve, was likely low.

We used the SF-12 and the IBS-QOL health survey
instruments to assess QOL outcomes. The SF-12 is
a generic health survey instrument which is based on
the SF-36, one of the most widely used QOL

instruments. Several studies have used the SF-36 to as-
sess QOL after gastrointestinal surgery and has found
it to be a reliable method of assessing QOL.10,35,36 Al-
though the SF-12 has been modified from the SF-36
in order to reduce the number of items and decrease
the burden on the respondents, it maintains the
psychometric properties of the SF-36 and is a good
predictor of the original summary scores.19

We are not aware of any validated disease-specific
instruments that assess QOL in slow transit consti-
pation patients before or after surgery. Fitzharris
et al.5 used the Gastrointestinal Quality of Life Index
(GIQLI) to assess QOL in their surgical cohort of
patients with slow transit constipation. Although
the GIQLI is a validated QOL instrument, it con-
tains QOL questions that are related to upper and
lower gastrointestinal symptoms. The IBS-QOL
was designed for patients with irritable bowel syn-
drome, and because a significant proportion of
patients with slow transit constipation also have
symptoms such as abdominal pain, nausea, and
bloating that are similar to IBS, we believe it to be
a suitable instrument for assessing bowel function re-
lated QOL. It also has been previously used to assess
QOL in patients who have undergone colon sur-
gery.25,37 Further studies are required to validate
these findings and identify a better method of assess-
ing disease-specific QOL in these patients.

A subgroup of patients with slow transit constipa-
tion has associated pelvic floor dysfunction, the inci-
dence of which is between 15% and 50%.38 There is
much debate regarding the optimal treatment strat-
egy for these patients, because surgery results in
almost uniformly poor functional outcomes.34,38 In
our practice, these patients undergo successful
biofeedback training prior to being considered for
surgery. Our long-term functional and QOL data
support this approach as there was no difference in
the outcomes of patients who had slow transit con-
stipation alone or in combination with pelvic floor

Table 3. Comparison of responders and nonresponders to study questionnaires
based upon prospectively collected yearly data (N 5 85)

Questionnaire issue Responders (N 5 53) Non responders (N 5 32) P-value

Satisfaction with bowel function 87% 75% 0.04
Constipation (better) 100% 94% 0.13
Median stool frequency (IQ range) 4 (2–6) 4 (3–6) 0.73
Social life (not affected/improved) 77% 72% 0.63
Housework (not affected/improved) 87% 84% 1.00
Relationships (not affected/improved) 91% 78% 0.29
Recreation (not affected/improved) 83% 75% 0.56
Sex life (not affected/improved) 85% 75% 0.24

IQ 5 interquartile range.
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dysfunction. Bernini and colleagues38 have reported
that of the16 patients with colonic inertia and nonre-
laxing pelvic floor diagnosed on physiologic testing
and who underwent preoperative biofeedback, six
patients still complained of incomplete evacuation
that was severe in two and unresponsive to postoper-
ative biofeedback. Differences in patient selection,
duration of follow-up, diagnostic criteria, and out-
comes measured could account for this discrepancy
in results. We disagree with Lubowski and col-
leagues,31 who do not advocate treating patients
with pelvic floor function preoperatively with bio-
feedback; not addressing pelvic floor dysfunction
preoperatively may compromise the postoperative
functional outcomes of IRA for STC.

One potential limitation of our study was the 57%
response rate of patients to validated functional and
QOL questionnaires. In order to minimize the
chance of a response bias, we compared the demo-
graphics and prospectively collected annual func-
tional outcomes of responders and nonresponders;
importantly no differences were found. Although
not eliminating the possibility that a response bias
was present, such an approach minimizes such an
outcome.

In conclusion, IRA for STC in patients selected
for surgery based on objective preoperative physio-
logic testing results in excellent long-term outcomes
with a high degree of patient satisfaction. Functional
results as measured by the KESS score and IBS-
QOL documented improved patient outcomes fol-
lowing surgery and SF-12 scores documented that
after IRA for STC, patients had a quality of life
indistinguishable from the normal population.

The authors would like to thank Mr. Charles Knowles, Senior Lec-
turer and Honorary Consultant Surgeon, Dr. Mark Scott, Senior
Clinical Scientist, and Mr. Peter Lunniss, Senior Lecturer and
Honorary Consultant Surgeon, Centre for Academic Surgery,
The Royal London Hospital, Whitechapel, London, United King-
dom, for allowing the use of the Knowles-Eccerslley-Scott Symptom
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Discussion

Scott A. Strong, M.D. (Cleveland, OH): I would
like to congratulate Dr. Hassan, Dr. Pemberton, and
their colleagues for this very interesting study that
has long been due on this cohort of very difficult
to manage patients. What they have been able to
show is that with appropriately selected patients,
a colectomy with ileorectal anastomosis provides
both a durable long-term improvement in functional
results as well as an acceptable quality of life.
There are a few questions or items I wish to have
elaborated on based on both the presentation and re-
view of the manuscript that I appreciated receiving.

The first is obviously selecting the right patient
cohort. You only operated on 3% of those patients
who were evaluated for constipation, and I would
like you to comment specifically on the role of ex-
cluding whole gut dysmotility. Are you still using
only scintigraphy at this point, or do you still use
some type of transit marker study with an evaluation
of the more proximal bowel? Second, do you use any
type of psychological testing in these patients
preoperatively?

Regarding the outcome, my experience is that those
patients who have a component of pelvic floor dys-
function with their slow transit constipation will occa-
sionally relapse back into difficulties with pelvic floor
dysfunction and require retraining with repeat bio-
feedback following their operation at varying time
intervals.

Lastly, what was indicated from the manuscript is
that you have very good follow-up in this cohort of
patients with these annual mailings regarding their
bowel function and other items. However, this
57% response rate of this particular study seems
like it is quite disparate from that, and I wonder if
you could speculate on the reason for that disparity
and perhaps how that may have impacted the results.

Thank you.
Imran Hassan, M.D. (Rochester, Minn): Thank

you, Dr. Strong. for your insightful comments and
questions. Regarding the evaluation of patients
with chronic constipation, they undergo a medical
workup including a history, physical examination
and laboratory investigations, a colonic evaluation
with either a barium enema or a colonoscopy, and
transit studies with either Sitz markers or scintigra-
phy. They also undergo pelvic floor evaluation that
usually includes anorectal manometry and ballon
expulsion tests.

Based upon these tests, patients are divided into
four categories. Patients in whom both these tests
are normal fall in the category of constipation pre-
dominant irritable bowel syndrome and are the ma-
jority of these patients. The second group is the
group of patients who have pelvic floor dysfunction
but have normal colonic transit studies; these
patients undergo biofeedback and pelvic floor re-
training and don’t benefit from surgery. The last
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two groups include patients with slow transit consti-
pation with or without pelvic floor dysfunction.
Patients with slow transit constipation undergo sur-
gery, while patients with pelvic floor dysfunction
undergo pelvic floor retraining followed by surgery.

Regarding the possibility of whole gut dusmotlity,
that is certainly a concern. Dr. Michael Camelleri
from our institution a few years back showed that be-
cause of colonic dysomtility, the small bowel and the
stomach slow down because the colon acts as a physio-
logic brake; therefore if we take care of the colon, the
motility in the small bowel and the stomach eventually
normalize. That at least has been our experience,
although there probably is a small subset of patients
with actual whole gut dysmotility who probably
won’t benefit from surgery. If there is any question
of that, one can do a temporary loop ileostomy and
see if the patient’s symptoms significantly improve.
Depending on the extent of symptomatic improve-
ment one can decide to take out the colon or not.

The issue of psychologic testing is valid and rele-
vant; definitely the group from Minneapolis has
shown that a significant number of patients have sig-
nificant psychiatric disorders. We did not specifically
look into this, but it is certainly something that needs
to be kept in the back if the mind, as there may be
psychiatric issues that need to be addressed prior to
surgery.

Regarding the question about relapse of pelvic
floor dysfunction after surgery, this can certainly
happen. I don’t have the exact number, but about
10% to 20% of the patients do so and redevelop pel-
vic floor dysfunction. However, if these patients un-
dergo pelvic floor retraining again, their function
improves and can return to baseline.

The last question is about the response rate. This is
something that everybody who does survey research
has had to deal with in recent years. In our experience,
some of it is due to HIPAA regulations and some of it

is the tertiary referral nature of our practice with
patients coming from all over the country, making
reliable follow-up difficult; furthermore, this is a
young group of patients who at their stage of life
tend to move because of personal and/or professional
reasons.

Regarding why there was a difference in the
response rates to the study questionnaires compared
to the annual questionnaire, I think some patients
may have initially replied to the annual question-
naires for a few years but did not continue to do so
in the long run and therefore may not have answered
the study questionnaires that were mailed after a me-
dian follow-up of about 120 months. In order to
minimize a potential response bias, we compared
the available data on responders and nonresponders
and were unable to find any significant differences.
While this does not necessarily exclude a response
bias, it hopefully minimized it.

The other issue is that of patient burden. We tried
to minimize the number of questions, yet there were
about 50 questions we had to ask. The annual ques-
tionnaire has only about five or 10 questions. So it is
a balance of what we need to know; and what is nice
to know.

Janice F. Rafferty, M.J. (Cincinnati, Ohio):
Were any of your patients operated on laparoscopi-
cally during that time period, and if so, did it affect
their quality of life questionnaires that they
completed?

Dr. Hassan: Toward the end, from about 1998
onward, about 80% of them had laparoscopic colec-
tomics. We didn’t do a subset analysis because we
started getting smaller numbers. Like the previous
presentation showed, patient-related outcomes in
the long term for laparoscopic and open surgery be-
come equal. I am sure if we tortured the data hard
enough we would probably get it to show a differ-
ence, but I wasn’t very keen on doing that.
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A Margin-Negative R0 Resection Accomplished With
Minimal Postoperative Complications Is the Surgeon’s
Contribution to Long-Term Survival in
Pancreatic Cancer

Thomas J. Howard, M.D., Joseph E. Krug, M.D., Jian Yu, M.S., Nick J. Zyromski, M.D.,
C. Max Schmidt, M.D., Lewis E. Jacobson, M.D., James A. Madura, M.D.,
Eric A. Wiebke, M.D., Keith D. Lillemoe, M.D.

Pancreatic cancer has a poor prognosis with complete surgical resection being the only therapy to offer
a realistic chance for long-term survival. The aim of this study is to identify surgery-related variables that
influence long-term survival. Between 1990 and 2002, 226 consecutive patients (mean age of 64 � 11
years) had resection for pancreatic adenocarcinoma. Prognostic variables in these patients were analyzed
using univariate and multivariate analysis. Two hundred four patients (90%) had pancreaticoduodenec-
tomy, 13 patients (6%) had distal pancreatectomy, and 9 patients (4%) had a TP. Stage I disease was
present in 50 (22%), stage II disease in 170 (75%), and stage III disease in 6 (3%). R0 resections were
achieved in 70%. Operative morbidity was 36% and 30-day mortality was 6%. Actual 1-year, 3-year,
and 5-year survival rates were 49% (n 5 111), 14% (n 5 31), and 4% (n 5 9). Using multivariate analysis:
tumor size, tumor differentiation, obtaining an R0 resection, and lack of postoperative complications
were variables associated with long-term survival. Long-term survival in patients with pancreatic cancer
after resection remains poor. Achieving a margin negative resection (R0) with no postoperative com-
plications are prognostic variables that can be affected by the surgeon. ( J GASTROINTEST SURG

2006;10:1338–1346) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Pancreatic adenocarcinoma, pancreaticoduodenectomy, distal pancreatectomy, total
pancreatectomy, R0 resection, postoperative complications, long-term survival

Pancreatic cancer is lethal and is currently the
fourth leading cause of cancer death in the United
States with an overall 5-year survival rate of less
than 5%.1 Long-term survival in patients with pan-
creatic cancer occurs only in patients who can have
their tumor completely resected and is influenced
by prognostic factors that can be broadly classified
as either: tumor-related (TMN stage classification,
tumor differentiation), surgery-related (resection
margin, blood loss), or treatment-related (systemic
disease treatment with adjuvant, neoadjuvant ther-
apy).2,3 Over the past 20 years, the literature has
documented a dramatic decrease in the postoperative
morbidity and mortality rates associated with pan-
creatic resections.4 Curiously, despite more patients
having their tumors safely resected, evidence docu-
menting a corresponding increase in long-term
survival rates in patients with pancreatic cancer has

been lacking.5 What are the reasons for this discrep-
ancy? If long-term survival is entirely dependent on
tumor stage or differentiation (tumor-related), then
improvements in survival will require a breakthrough
in achieving an earlier clinical diagnosis of this dis-
ease.6 If survival is predominantly predicated by the
presence of occult systemic disease at the time of
diagnosis (treatment-related), then progress in
long-term survival will require improvements in che-
motherapeutic agents or identification of specific
molecular tumor targets that can be utilized in adju-
vant or neoadjuvant treatment strategies.7 While
progress in methods of early diagnosis and identifi-
cation of targets for adjuvant therapy are advancing,
these developments are slow. Of immediate interest
to surgeons is whether any factors related to the
performance of a standard pancreatic operation can
be manipulated to improve long-term survival.
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The aim of this study is to identify independent
prognostic variables that influence actual long-term
(3- and 5-year) survivors in a large, consecutive series
of patients from a single institution undergoing re-
section of pancreatic adenocarcinoma.

METHODS

Between 1990 and 2002, 226 consecutive patients
(125 men and 101 women with a mean age of 64 �
11 years) had operation for histologically confirmed
pancreatic adenocarcinoma and were included in
a clinical database for review. Cystadenocarcinomas,
intraductal papillary mucinous carcinoma, adenos-
quamous carcinoma, acinar cell carcinoma, undiffer-
entiated carcinoma, islet cell carcinoma, distal bile
duct adenocarcinoma, and ampullary adenocarci-
nomas were excluded from study. Patients under-
went a standard preoperative evaluation including
contrast-enhanced abdominal computed tomogra-
phy (CT) (1990–2002); endoscopic ultrasound with
fine needle aspiration (FNA) cytology was intro-
duced and used extensively later in the study
(1992–2002). Patients with obstructive jaundice and
abnormal liver function tests generally underwent
preoperative endoscopic biliary stenting. Resectable
disease was suggested by cross-sectional imaging
and EUS and confirmed at the time of laparotomy.
Resection was performed in the absence of liver
metastases, carcinomatosis, invasion of the trans-
verse mesocolon, involvement of the superior
mesenteric artery or hepatic artery. Retroperitoneal
tumor infiltration into the celiac axis or extensive
vascular infiltration of the superior mesenteric–
portal venous confluence was also considered unre-
sectable disease. Limited involvement of the superior
mesenteric–portal vein confluence was not consid-
ered a contraindication to resection with curative
intent if the surgeon deemed that venous resection
and reconstruction could be accomplished while
obtaining a margin negative (R0) resection.8 Opera-
tions used in this series consisted of: pancreaticoduo-
denectomy (PD) (N 5 204; pylorus-preserving PD,
n 5 116 [57%], standard PD, n 5 88 [43%]), distal
pancreatectomy with splenectomy (DPS) (n 5 13),
and total pancreatectomy (TP) (n 5 9). The specific
operations carried out in each patient depended on
the anatomic location of the tumor and the goal of
achieving negative surgical margins. All operations
were performed at Indiana University Medical Cen-
ter by one of six experienced gastrointestinal sur-
geons. Thirteen patients (6%) who had PD in this
series had concomitant portal–mesenteric venous
resection and reconstruction. All operations in this

series included only a standard lymphadenectomy
as defined by Pedrazzoli et al.9

Pancreatic adenocarcinoma was staged following
the methods of the American Joint Committee on
Cancer.10 Resected specimens were evaluated for
tumor size, histologic grade, lymph node involve-
ment, resection margin, capsule invasion, perineural
invasion, or vascular invasion. An R0 resection was
defined as no tumor identified on microscopic exam-
ination of inked, paraffin-embedded, hematoxylin
and eosin–stained margins when reviewed by the
surgical pathologist. Bile duct margins, duodenal
margins, pancreatic neck margins, and retroperito-
neal soft tissue margins were routinely examined.
A positive (R1) resection margin in this study was
defined as the detection of tumor at the inked margin
under microscopic examination. An R2 resection was
defined as the surgeon cutting across macroscopi-
cally visible tumor which remained at the operative
site. All long-term survivors (n 5 31) had their
pathology independently reviewed by a dedicated
gastrointestinal pathologist blinded to the original
diagnosis.

Patient charts were retrospectively reviewed, and
the following data were collected. Demographic
data included patient age, gender, and race.
Tumor-related variables included tumor size, loca-
tion, histologic grade, lymph node involvement,
microvascular invasion, and perineural invasion.
Surgery-related variables included type of operation,
surgeon, length of operation, intraoperative blood
loss, blood volume transfused, surgical margin sta-
tus, hospital length of stay, major postoperative
morbidity, and postoperative mortality. Major post-
operative complications (morbidity) were defined as
pancreatic fistula (O30 ml of amylase-rich fluid
[O3� upper limit of normal for serum] out of an op-
eratively placed drain >7 days after operation); intra-
abdominal abscess (loculated fluid collection with
enhancing rim on contrast-enhanced CT scan asso-
ciated with fever or leukocytosis and culturing
bacteria on drainage); postoperative hemorrhage (re-
quirement of more than 4 units of packed red blood
cells postoperatively or need to return to the operat-
ing room for control of bleeding); reoperation (re-
turn to the operating room in the postoperative
period [30 days] for an abdominal procedure); pneu-
monia (fever, leukocytosis, and infiltrate on chest
x-ray; acute myocardial infarction (ECG changes
and elevation of cardiac enzymes); pulmonary embo-
lism (hypoxemia and defect identified on ventilation-
perfusion scan or helical CT scanning of the chest);
and sepsis (fever, leukocytosis, and need for systemic
antibiotics). Postoperative mortality was defined as
death within 30 days of surgery. Treatment-related
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variables included the use of adjuvant chemotherapy,
chemoradiotherapy, or no adjuvant treatment. Time
of last clinical follow-up was recorded using hospital
records, outpatient records, or information from the
patient’s family physician. The Social Security data-
base was used for the exact date of death, if it could
not be known precisely by review of the medical
record.

All data analyses were performed using SAS ver-
sion 9.0 (SAS Institute, Cary, NC). The Pearson
c2 or Fisher’s exact test was used as appropriate to
compare categorical variables. The Wilcoxon rank-
sum test was used to compare the median values of
continuous data. Overall survival is reported as
actual survival. Kaplan-Meier survival curves were
used for univariate and multivariate analysis. Patients
who died within 30 days of their surgery were
included as postoperative deaths. Variables with a
value of P ! 0.10 identified by univariate analysis
were entered into the Cox proportional hazard
regression model to determine the effects of multiple
factors on long-term survival.11 A two-tailed P-value
of !0.05 was considered statistically significant.
This study was carried out following approval and
under the regulations set forth by the Institutional
Review Board (IRB) at Indiana University Purdue
University at Indianapolis (IUPUI) and the Indiana
University School of Medicine (Study Number
0503-75).

RESULTS

Demographic data, surgical procedures, postoper-
ative morbidity and mortality rates, and actual 1-, 3-,
and 5-year survival rates for the entire cohort of 226
patients are given in Table 1. Stage I disease was
present in 50 patients (22%), stage II disease in
170 patients (75%), and stage III disease in 6 patients
(3%). Tumors were located overwhelmingly (94%)
in the pancreatic head resulting in the vast majority
of resections being either PD (90%) or TP (4%).
The mean hospital stay for the entire cohort of
patients was 11 days: there was a 38% incidence of
major postoperative morbidity and a 6% 30-day
postoperative mortality. Actual 1-year, 3-year, and
5-year survival rates were: 49% (n 5 111), 14%
(n 5 31), and 4% (n 5 9), respectively. For purposes
of the remaining analysis, we defined long-term sur-
vival in this study as patients who lived 3 or more
years.

Tumor-related variables and their relationship to
long-term survival are shown in Table 2. Long-
term survivors were younger (60 � 11 versus 65 �
10 years, P 5 0.04) and had significantly smaller

tumors (2.2 � 1.2 versus 2.8 � 1.4 cm, P 5 0.01)
that histologically were found to have better differ-
entiation (P 5 0.0002). Stage, nodal involvement,
or microscopic evidence of perineural or perivascular
invasion was not significantly different between
groups. Surgery-related variables are given in Ta-
ble 3. Only the extent of resection, with long-term
survivors having more R0 resections, was signifi-
cantly different between groups (P 5 0.03). Com-
plete data on the use of adjuvant therapy were
available in only 158 (70%) of the 226 patients. Of
the 53 patients who received adjuvant chemoradio-
therapy, 50 (94%) received combined external-
beam radiation therapy (4500�5400 cGy) with
systemic 5-fluorouracil (5-FU), while 3 patients
(6%) received combined external-beam radiation
therapy and gemcitabine (Gemzar). Given this lim-
ited data set, we identified no significant differences
between short- and long-term survivors and the use
of adjuvant therapy. When examining the differences
between the three operative procedures used in this
series: PD, TP, and DPS, a significantly higher per-
centage of women were in the DPS group compared
to patients who had either PD or TP (P 5 0.003).
While DPS took significantly less time than either
PD (218 versus 323 minutes) or TP (218 versus
387 minutes) (P 5 0.009), more tumors in this group
were poorly differentiated (P 5 0.02), and a margin-
negative R0 resection was achieved with this opera-
tion only 31% of the time (P 5 0.006).

Table 1. Demographic and overall clinical
characteristics to all 226 patients with pancreatic
adenocarcinoma who had pancreatic resection
between 1990 and 2002

Characteristic
All pancreatic

resections (N 5 226)

Age (mean � SD yr) 64 � 11
Gender male, n (%) 125 (55%)
AJCC tumor stage, n

I 50 (22%)
II 170 (75%)
III 6 (3%)

Procedure, n
Whipple 204 (90%)
Distal pancreatectomy 13 (6%)
Total pancreatectomy 9 (4%)

Median hospital stay (days) 11
Postoperative morbidity, n 82 (36%)
Postoperative mortality, n 14 (6%)
Actual 1-yr survival, n 111 (49%)
Actual 3-yr survival, n 31 (14%)
Actual 5-yr survival, n 9 (4%)
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The effects of a surgeon’s experience with PD and
its impact on surgery-related variables were ana-
lyzed. The six surgeons were stratified into those
who did less than 5 PDs per year (three surgeons),
5–20 PDs per year (one surgeon), and greater than
20 PDs per year (two surgeons). Operative times
were significantly less (P ! 0.0001) and venous re-
section and reconstruction was used more by the
higher-volume surgeons. No differences were noted

in extent of resection (R0 versus R1 versus R2),
median postoperative length of stay, postoperative
morbidity, or postoperative mortality rates. Median
patient survival was significantly longer (28 months)
in the intermediate-volume surgeons when com-
pared either the low-volume (13 months) or high-
volume (13 months) surgeons (P 5 0.04).

A comparison of two different time periods during
this analysis (1990�1998 versus 1999�2002) was

Table 2. Patient-tumor-related prognostic factors in long-term (>3 years) survivors
(n 5 31) versus those who did not survive for 3 years (n 5 195)

Long-term survivors (O3 yr)

Factor All resections (n 5 226) Yes (n 5 31) No (n 5 195) P-value

Age (mean � SD yr) 64 � 11 60 � 11 65 � 10 0.04
Gender male (n) 125 (55%) 17 (55%) 108 (55%) 0.95
Race
Tumor size (cm) 2.7 � 1.4 2.2 � 1.2 2.8 � 1.4 0.01
Differentiation, n 0.0002

Poor 91 (40%) 4 (13%) 87 (45%)
Moderate 113 (50%) 19 (61%) 94 (48%)
Well 22 (10%) 8 (26%) 14 (7%)

AJCC tumor stage, n 0.29
I 50 (22%) 10 (32%) 40 (21%)
II 170 (75%) 21 (68%) 149 (76%)
III 6 (3%) 0 (0%) 6 (3%)

Lymph nodes positive, n 126 (56%) 13 (42%) 113 (58%) 0.09
Perineural invasion, n 116 (51%) 14 (45%) 102 (52%) 0.46
Vascular invasion, n 63 (28%) 8 (26%) 55 (28%) 0.78
Peripancreatic invasion, n 145 (64%) 18 (58%) 127 (65%) 0.45
Median survival, mo 13 50 11 !0.0001

Table 3. Surgery-related prognostic factors in long-term (>3 years) survivors
(n 5 31) versus those who did not survive for 3 years (n 5 195)

Long-term survivors (O3 yr)

Factor All resections (n 5 226) Yes (n 5 31) No (n 5 195) P-value

Procedure, n 0.30
Whipple 204 (90%) 26 (84%) 178 (91%)
Total pancreatectomy 9 (4%) 2 (6%) 7 (4%)
Distal pancreatectomy 13 (6%) 3 (10%) 10 (5%)

Operative time, min 320 � 122 319 �113 320 � 124 0.90
Median blood loss, ml 1200 1200 1300 0.63
Median transfusion, ml 750 500 750 0.85
Venous resection, n 13 (6%) 1 (3%) 12 (6%) 1.00
Extent of resection, n 0.03

R0 158 (70%) 27 (87%) 131 (67%)
R1 63 (28%) 4 (13%) 59 (30%)
R2 5 (2%) 0 (0%) 5 (3%)

Postoperative morbidity, n 82 (36%) 7 (22%) 75 (38%) 0.09
Median hospital stay, days 11 10 11 0.17
Hospital readmission, n 52 (23%) 4 (13%) 48 (25%) 0.15
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done to identify any differences in patient characteris-
tics or changes in the surgical technique or periopera-
tive care over time. In the more recent time interval,
operations were shorter (290 versus 347 minutes,
P 5 0.003) and were carried out on older patients
(66 versus 63 years, P 5 0.02) who had larger tumors
(2.9� 1.3 versus 2.5� 1.4 cm, P 5 0.003), and patients
spent less time postoperatively in the hospital (median
LOS 10 versus 12 days, P 5 0.02). Extent of resection,
histopathologic variables, tumor stage, and postoper-
ative morbidity and mortality rates did not change sig-
nificantly over these two periods of observation.

Results of a univariate analysis of potential risk
factors affecting long-term survival showed that
tumor size (!3 cm versus >3 cm), tumor differenti-
ation (poor, moderate, well), lymph node involve-
ment (Y, N), tumor stage (I, II, III), achieving an
R0 resection, and lack of postoperative complica-
tions were significantly associated with long-term
survival. Using a Cox proportional hazards model;
tumor size (HR [hazard ratio] 5 1.38, P 5 0.03),
tumor differentiation (HR 5 0.76, P 5 0.02), R0 re-
section (HR 5 1.39, P 5 0.003), and lack of major
postoperative complications (HR 5 0.68, P 5

0.009) were identified as factors that were indepen-
dently associated with long-term survival (Table 4).

DISCUSSION

Tremendous advances in preoperative imaging, an-
esthetic management, surgical technique, and perio-
perative care have markedly reduced postoperative
morbidity and mortality rates in patients undergoing
pancreatic resections for pancreatic cancer.2,4,12 Skill-
ful tumor removal does not, however, equate to long-
term survival as the vast majority of patients, even
those who have margin-negative R0 resections, even-
tually die from recurrent disease.13–15 Surgeons, in
seeking to improve these results for long-term sur-
vival, have adopted techniques such as extended
lymph node dissections (ELNDs)16,17 and complex
vascular reconstructions.8,17 Although carried out
with only modest increases in postoperative morbid-
ity, the application of these techniques has failed to

improve long-term survival. It can be argued, based
the presence of metastatic disease in small ‘‘early’’
pancreatic tumors,18 patterns and timing of tumor re-
currence after resection,19,20 incidence of micrometa-
static disease,21 and autopsy data on the modes of
pancreatic cancer spread,22 that operations beyond
obtaining a simple, margin-negative (R0) resection
are superfluous.

Evidence has been accumulating to suggest that
both perioperative outcomes23,24 and long-term
survival following pancreatic cancer surgery25 are
associated with the volume of these procedures
performed in individual hospitals. The majority of
this work has been based on large, administrative da-
tabases23–25 with the best studies controlling for pa-
tient and provider characteristics.24 We investigated
this association in our relatively small sample size
where all procedures were done at the same high-
volume institution by board-certified, experienced
gastrointestinal surgeons. Outside of a significantly
decreased operative time (P ! 0.001) and a higher
percentage of venous resection in the high-volume
surgeon group; blood loss, transfusion requirements,
extent of resection, perioperative morbidity, perio-
perative mortality, and median hospital stay were
similar between groups. Of considerable interest is
our observation that the intermediate volume sur-
geon group (5–20 PDs per year) had a significantly
better median survival time for their patients. Rather
than illuminating any specific skill set or characteris-
tics necessary to decipher the volume/outcome asso-
ciation, these data emphasize the complexities
associated with tumor heterogeneity, patient selec-
tion, and surgical judgment and skill.

In our analysis using multivariate regression,
tumor-related variables including tumor size
(HR 5 1.38, P 5 0.03) and tumor differentiation
(HR 5 0.76, P 5 0.02) were identified as covariates
affecting long-term survival. These observations
confirm those reported by others.2,3,12,26 Other
covariates affecting long-term survival included
achieving a margin negative R0 resection
(HR 5 1.39, P 5 0.03) and completing the operation
without a major postoperative complication (HR 5

0.68, P 5 0.009), factors that can be significantly

Table 4. Significant risk factors affecting long-term survival after resection for pancreatic adenocarcinoma
using the Cox proportional hazards model (N 5 212)

Variable Subgroup Hazard ratio P-value

Tumor size (cm) !3, >3 1.38 (1.02, 1.87) 0.03
Tumor differentiation Poor, moderate, well 0.76 (0.60, 0.95) 0.02
R0 resection Yes, no 1.39 (1.02, 1.90) 0.03
Postoperative complication Yes, no 0.68 (0.51, 0.91) 0.009

1342 Howard et al.
Journal of

Gastrointestinal Surgery



impacted by surgeons. Achieving a margin-negative
(R0) resection in pancreatic adenocarcinoma has
been emphasized by others,3,12 and its importance
was highlighted when it was found to be the most
powerful independent predictor of long-term sur-
vival in 366 consecutive patients with resected
pancreatic carcinoma.2 In this study, the retroperito-
neal soft tissue margin was positive in 35 patients
(56%), the pancreatic neck margin was positive in
16 patients (25%), and the bile duct margin was pos-
itive in 12 patients (19%). Despite this strong corre-
lation with long-term survival, the specific technical
aspects of the retroperitoneal soft tissue dissection
and the proper pathologic handling and analysis of
the retroperitoneal resection margin for accurate,
reproducible staging have been emphasized by
only a few.27,28 We would emphasize the importance
of complete mobilization of entire superior
mesenteric�portal venous confluence from the unci-
nate process of the pancreas inferiorly by carefully
isolating and dividing the one or two uncinate ve-
nous branches from the first jejunal branch or, in
certain circumstances, sacrifice of the first jejunal

branch in order to obtain this mobilization. The en-
tire superior mesenteric�portal venous confluence,
using a vein retractor of soft vessel loops, is then re-
tracted laterally toward the left side of the patient to
allow exposure of the soft tissue and inferior pan-
creaticoduodenal artery outside the adventitia of
the superior mesenteric artery where the nerves
that originate in the superior mesenteric plexus run
to the inferior aspect of the pancreas28,29 (Fig. 1).
Similarly, the superior aspect of the retroperitoneal
soft tissue dissection should include resection of
the posterior hepatic plexus off the celiac ganglion
and common hepatic artery plexus.29

Our long-term survival data is indeed sobering
with actual 1-year survival of 49%, 3-year survival
of 14%, and 5-year survival of 4% (n 5 9). It must
be emphasized that these data are reported as actual
survival rather than actuarial survival using the
method of Kaplan-Meier and include postoperative
mortality in the long-term survival calculations.
Actuarial survival is a calculated number based on
projected curves derived to express the rate of mor-
tality per unit time over the course of anticipated

Fig. 1. Technique of retroperitoneal soft tissue dissection emphasizing lateral retraction of the superior
mesenteric vein (SMV) portal vein (PV) confluence using vessel loops to ensure a dissection plane of the
right lateral aspect of the superior mesenteric artery (SMA). HA 5 hepatic artery, GDA 5 gastroduo-
denal artery, IPDA 5 inferior pancreaticoduodenal artery, SV 5 splenic vein.
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follow-up.30 These extrapolations can be unduly
influenced by a high percentage of patients with
short clinical follow-up or a large number of cen-
sored observations.31 While the majority of clinical
studies are reported with actuarial survival, a review
of 15 recent series representing 2075 resections
for pancreatic adenocarcinoma revealed an actual
5-year survival rate of only 4% (2). These observa-
tions have been made by other authors reporting ac-
tual 5-year survival rates of 6.8%,13 10%,14 and
4%,15 respectively. We chose this time period
(1990�2002) for analysis as it is a time period where
our center was considered high volume for pancre-
atic surgery (O25 cases per year) and to ensure ade-
quate clinical follow-up on long-term survivors. All
31 long-term survivors (>3 years) reported in this se-
ries had their pathology independently reviewed and
confirmed by a gastrointestinal pathologist who was
blinded to the primary diagnosis, an important com-
ponent of any long-term survival analysis in pancre-
atic carcinoma as has been emphasized by others.30

Unlike other papers on survival in pancreatic ade-
nocarcinoma that focused solely on PD, this cohort
is a consecutive series of resection for pancreatic ad-
enocarcinoma and includes a small group of patients
who had either DPS (n 5 13, 6%) or TP (n 5 9,
4%). Pancreatic adenocarcinoma involving the
body and tail of the pancreas (DPS) or extensive
and/or multifocal disease throughout the entire pan-
creas (TP) are tumors known to have an adverse ef-
fect on survival.32,33 While operative time for DPS
was significantly shorter than for either PD or TP,
our ability to achieve a margin negative R0 resection
was limited to only 31% in the DPS group and 67%
in the TP group. In addition, a higher percentage of
these tumors had characteristics (poorly differenti-
ated, lymph node involvement, and advanced stage)
that reflected their biologic aggressiveness. These
findings are underscored by the fact that we had no
5-year survivors in either group. Numbers are small,
but other groups have reported occasional long-term
survival in selected patients with body and tail ade-
nocarcinoma who have had complete surgical resec-
tions.32 Whether anatomic resection techniques for
distal pancreatectomy such as the radical antegrade
modular pancreatosplenectomy will be able to im-
prove on the margin-negative resection rate or
have any influence on long-term survival remains
to be seen.34

We are entering a phase in the surgical treatment
of pancreatic carcinoma where recognition that mi-
crometastatic disease occurs early in its clinical
course is paramount.35 Improvements in long-term
survival will come only from adequate treatment of
systemic disease.36,37 The surgeon’s role is currently

to provide an adequate margin-negative R0 resection
with a minimum of postoperative complications to
remove macroscopic tumor burden and preserve
the patient’s physiologic function to ensure they
are capable of receiving timely and appropriate adju-
vant therapy.38 Assuming this new clinical paradigm,
our energies in the future should focus not on
achieving more aggressive locoregional resections,
but a commitment to enroll patients in multi-institu-
tional clinical trials using novel adjuvant or neoadju-
vant treatment strategies.

CONCLUSIONS

Long-term survival in patients with pancreatic
cancer after resection remains poor. Achieving a mar-
gin-negative resection (R0) with a minimum of post-
operative complications to remove the macroscopic
tumor burden and preserve the patient’s physiologic
function to ensure they are capable of receiving
timely, appropriate adjuvant therapy is the surgeon’s
contribution to long-term survival.
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Discussion

John P. Hoffman, M.D. (Philadelphia, Pa): I
would like to thank Dr. Howard for the privilege
of reviewing this very nice manuscript 2 weeks ago.
I will get right to the questions.

As for your use of actual survival, it is fine for
those patients with operations done before 2001,
but you have no information for the many patients
treated since then at your institution. It is also reas-
suring to see the actual numbers. However, it is
really quite difficult to subvert the Kaplan-Meier

actuarial method of determining survival probability
unless the case mix or therapies vary considerably
through time. Have you tried subtracting or adding
a year or two of data and then comparing the actuar-
ial to the actual curves?

I would also quibble with your method of deter-
mining your 5-year survival. You did not stop enter-
ing patients with operations 5 years ago but added
another cohort with resections less than 5 years
from the end of the study. For the purists, if that extra
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year of patients were subtracted from your dataset
such that all had their resections greater than 5 years
ago, how would that change your actual numbers?

Congratulations for thoroughly examining your
surgical margins. Were frozen sections taken of the
cut pancreatic and bile duct margins, and if positive,
was more tissue taken? Did you look at the relative
prognostic influence of the various margins when
positive?

Finally, how do your results change your treat-
ment recommendations, particularly for the patients
with a borderline resectable lesion where one is un-
likely to be able to do a margin-free resection?

Thanks again.
Thomas Howard, M.D. (Indianapolis, Ind):

Thank you, John. I appreciated your input in putting
the manuscript together.

In terms of actual versus actuarial survival, we go
into it a little bit in the manuscript. I think some-
times we are deceiving ourselves with actuarial
data, particularly when our follow-up is not very
good with a large number of censored observations.
Pancreatic cancer is a bad disease and we need to face
that fact, which is the reason we chose to present
actual survival data. We also did not exclude opera-
tive deaths in our survival. I believe much of the data
that we hear and see presented at meetings and find-
ing its way into the literature is skewed when you ex-
clude operative deaths and use survival probabilities
(Kaplan-Meier). This data represents a view of actual
survival in patients who had surgery with curative
intent at our institution during this time period.

You questioned our time period for patient
accrual. We picked 1990 to 2002 because of one of
the senior authors was active during this period
and we wanted to include all of his patients as well
as patients operated on by others. We didn’t try to
manipulate this cohort in an attempt to get a better
or worse survival rate. This is one snapshot view of
our practice and we picked these years for the anal-
ysis. I would point out that no patient in this series
is censored; all patients are either alive or deceased.
There are no patients living besides the 31 patients
who are in the long-term survival group.

Frozen sections that we get routinely are the pan-
creatic neck margin, retroperitoneal soft tissue mar-
gin, and the bile duct margin. Seventy-five percent of
the positive margins in this series were false nega-
tives on frozen section at the time of operation so
no further tissue was resected. The prognostic influ-
ence of a positive margin in our experience is similar
to yours; we found a shorter survival in patients with
positive retroperitoneal soft-tissue margins.

The take-home message from this paper is you
need to do good surgery (margin-negative resection),
but that is not enough. These patients, even with
margin-negative R0 resections, die of recurrent dis-
ease. Clearly, effective adjuvant therapy is necessary,
whether you give it before or after an operation, if
we are to realize a true improvement in long-term
survival. Towards this end, our efforts as surgeons
should be directed not at larger operations, but at
recruiting patients to large, prospective clinical trials
investigating adjuvant therapies.
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The Influence of Positive Peritoneal Cytology on
Survival in Patients With Pancreatic Adenocarcinoma

Cristina R. Ferrone, M.D., Barbara Haas, M.D., Laura Tang, M.D., Daniel G. Coit, M.D.,
Yuman Fong, M.D., Murray F. Brennan, M.D., Peter J. Allen, M.D.

The American Joint Committee on Cancer (AJCC) staging system for pancreatic adenocarcinoma classifies
positive peritoneal cytology as stage IV disease. Data are limited with respect to the prevalence of positive
peritoneal cytology and its influence on survival in patients with resectable, locally advanced, and metastatic
disease. Four hundred sixty-two patients underwent staging laparoscopy for pancreatic adenocarcinoma be-
tween January 1995 and December 2005. Kaplan-Meier survival comparisons were performed to evaluate
the significance of positive peritoneal cytology on overall survival (OS) in resected patients and patients with
locally advanced and metastatic disease. Of the 462 patients, 47% (217/462) underwent a pancreatic resec-
tion. The 21% (95/462) with locally advanced disease and 32% (150/462) with metastatic disease did not
undergo resection. Peritoneal cytology was positive in 17% (77/462), and was associated with stage of dis-
ease (metastatic, 37%; locally advanced, 11%; resected, 5%; P 5 0.01). Positive cytology was not associated
with OS in patients with metastatic disease or locally advanced disease, but was in resected patients (median,
16 months vs. 8 months; P ! 0.001). Node-positive disease was present in 8 of 10 patients resected with
positive cytology (2 years OS, 12% positive cytology vs. 23% negative; P 5 0.006). In this study, patients
who underwent resection in the presence of positive peritoneal cytology and absence of other identifiable
metastatic disease had a similar survival as other patients with stage IV disease. ( J GASTROINTEST SURG

2006;10:1347–1353) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Pancreatic adenocarcinoma, cytology

Pancreatic adenocarcinoma continues to be a lethal
disease, with surgical resection being the only
treatment associated with long-term survival. Despite
continuous improvements in perioperative manage-
ment, pancreatic resection continues to be associated
with substantial morbidity and mortality. Even at
high-volume centers, the morbidity and mortality of
pancreatic resection are reported to be approximately
35%-51% and 1%-6%, respectively.1–3 Pancreatic re-
section in the setting of identifiable metastatic disease
has not been associated with improved survival.4 Be-
cause of this, most surgeons only recommend resec-
tion for the setting of disease that seems locoregional.

To determine resectability, accurate staging of
pancreatic cancer is essential. Better imaging, includ-
ing multidetector spiral CT and magnetic resonance
imaging scans, as well as endoscopic ultrasound have
improved our ability to identify metastatic and

locally unresectable disease. In addition, staging lap-
aroscopy has been shown to be a minimally invasive
method of identifying radiographically occult disease
in up to 24% of patients.5,6

The current American Joint Committee on
Cancer (AJCC) staging system for pancreatic adeno-
carcinoma classifies positive peritoneal cytology as
stage IV disease.7 If this is true, patients who are
discovered to have positive peritoneal cytology as
their only site of distant metastatic disease should
behave similarly to other stage IV patients. Data
are limited, however, with respect to the prevalence
of positive peritoneal cytology and its influence on
survival in patients with radiographically resectable,
locally advanced, and metastatic disease.

The purpose of this study was to define the
prevalence of positive cytology in a modern cohort
of patients with pancreatic adenocarcinoma at
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a tertiary referral center. In addition, we wanted to
determine the influence of positive cytology on sur-
vival in patients with resectable, locally advanced,
and metastatic disease.

METHODS

Between January 1995 and December 2005, 934
patients were operatively explored for pancreatic
adenocarcinoma. Staging laparoscopy and peritoneal
cytology was obtained in 462 of the 934 patients
(49%). Clinical factors including age, gender, weight
loss, pain, jaundice, preoperative CA19-9, preopera-
tive carcinoembryonic antigen (CEA), site, date, and
status at last follow-up were recorded. Radiologic
staging including the type of imaging and the loca-
tion where imaging was performed (Memorial
Sloan-Kettering Cancer Center [MSKCC] vs. out-
side hospital) was documented. Pathologic factors
included TNM stage, margin, and differentiation.

Operative factors examined included the date of
operation, cytology (positive, negative), location of
cytology (right upper quadrant, left upper quadrant,
and pelvis), and the pathology of any intraoperative
biopsy (liver, peritoneal, and other). Staging laparos-
copy and resection, when appropriate, was generally
performed under the same anesthetic. The technique
of laparoscopy varied according to surgeon and the
site of concern for resectability. Typically, a supra-
umbilical camera port and two additional 5 mm
ports were placed for exploration. Exploration fo-
cused on the liver, peritoneal surfaces, and the trans-
verse mesentery. Cytologic washings were obtained
from the right upper quadrant, left upper quadrant,
and pelvis. When preoperative imaging revealed
a concern about local resectability, an additional 10
mm port was often placed for laparoscopic
ultrasound of the lesion and mesenteric vasculature.

Cytology results were not available intraopera-
tively, and patients without ascites found to have
resectable disease at laparoscopy underwent laparot-
omy and attempted resection. Kaplan-Meier survival
comparisons were performed to evaluate the signifi-
cance of positive peritoneal cytology on OS in
resected patients and in patients with locally
advanced and metastatic disease.

This study was approved by MSKCC’s internal
review board, and none of the authors have any con-
flict of interest.

RESULTS

The clinical and pathological characteristics of the
462 patients in this study are presented in Table 1.

Median age was 68 years for the entire cohort, and
51% of the patients were female. The majority of
the tumors were located in the head of the pancreas,
and 35% were poorly differentiated.

Resection was performed in 217 of the 462 pa-
tients (47%), and 64% of resected patients had stage
IIB disease (node-positive). Approximately half of
the resected patients received adjuvant chemother-
apy, and one third received adjuvant radiation ther-
apy. Distant metastatic disease was identified in
150 of the patients (32%) who were not resected.
Within this group of patients, 73 were identified
with liver-only metastases, 62 with disease isolated
to the peritoneum, and 11 with both liver and peri-
toneal disease. Locally advanced disease was identi-
fied in 95 patients (21%), two patients were found
to have extraregional nodal disease, and two patients
were considered medically unfit for resection sec-
ondary to advanced cirrhosis. A similar distribution
was seen in the 472 patients who did not undergo
laparoscopy. Resection was performed in 62%
(294/472), with 67% (187/294) of the resected
patients diagnosed with stage IIB disease. Distant
metastases were identified in 28% (133/472) and
locally advanced disease in 10% (45/472).

Review of radiographic reports and surgeons’ notes
identified 297 patients (64%) who were considered to
be radiographically resectable. Within this group of
patients, diagnostic laparoscopy identified unresect-
able disease in 80 patients (27%). Distant metastatic
disease was identified in 68 (23%) patients, locally
advanced disease was identified in 10 (3%), and two
patients were discovered to have advanced cirrhosis.
Therefore, 23% (68 /297) of patients who were
deemed resectable by preoperative imaging were
discovered to have distant metastatic disease by lapa-
roscopy and thus avoided a laparotomy.

The prevalence of positive cytology by the stage
of disease is presented in Table 2. The overall
positive cytology rate was 17% (77/462). Positive cy-
tology was most common in patients with peritoneal
metastasis (35/62, 56.5%) and least common in
patients with resectable lesions (10/217, 5%). Cytol-
ogy was more likely to be positive for lesions within
the body and tail of the pancreas as compared with
those in the head/neck (body/tail, 30/93 [32%] vs.
head/neck, 47/369 [13%]; P ! 0.001). Cytology
was most commonly positive in the right upper
quadrant (n 5 57, 19%), followed by left upper
quadrant (n 5 44, 11%).

The median survival for the entire cohort was 11
months (range, 0–122 months), with 85% of patients
having died from disease at the time of last follow-
up. The median survival was 16 months (range,
0–122 months) for resected patients and 7 months
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(range, 0–57 months) for unresected patients (P !
0.001). The presence of positive cytology did not
significantly alter median survival in those patients
with locally advanced or distant metastatic disease
(Table 2 and Fig. 1, A, B). However, the 5% of pa-
tients who underwent resection, and had positive cy-
tology, had significantly worse overall survival when
compared to resected patients who did not have pos-
itive cytology (16 months vs. 8 months, P 5 !0.001;
Fig. 1, C ). Within the group of 10 patients who were
resected in the setting of positive cytology, nine died

of disease within 11 months, and the remaining pa-
tient died at 28 months of follow-up.

Nearly all of the 10 patients who were resected in
the setting of positive cytology had advanced
primary lesions (Table 3). Positive lymph nodes
were present in 8 of the 10 patients, and nine patients
had T3 primary tumors. Even amongst patients with
node-positive disease, however, positive peritoneal
cytology was associated with a decrease in survival.
The eight patients with node-positive disease and
positive peritoneal cytology had a median survival

Table 1. Clininicopathologic factors of patients with pancreatic adenocarcinoma who underwent
laparoscopic evaluation with peritoneal washings

Clinicopathologic
characteristics

Total
N 5 462

Resected
n 5 217

Unresected
n 5 245

Median (range) 68 (38–100) 71 (38–89) 67 (40–100)
Female 234 (51%) 109 (50%) 126 (51%)
Pain 190 (41%) 124 (57%) 66 (27%)
Weight loss 203 (44%) 80 (37%) 123 (50%)
Jaundice 204 (44%) 93 (43%) 111 (45%)
Median preop CA 19-9 N 5 81 N 5 32 N 5 49
(0–37 ug/mL) 410 218 451
Median pre op CEA N 5 61 N 5 23 N 5 38
(0–5 ng/ml) 3.3 2.7 4.9
Tumor location

Head 369 (80%) 196 (90%) 173 (71%)
Body 59 (13%) 7 (3%) 52 (21%)
Tail 34 (7%) 14 (6%) 20 (8%)

Differentiation
Well 21 (5%) 13 (6%) 8 (3%)
Moderate 138 (30%) 86 (40%) 52 (21%)
Poor 161 (35%) 117 (54%) 44 (18%)
Unknown 142 (31%) 1 141 (58%)

Stage of resected patients
IA 3 (!1%) 3 (1%)
IB 22 (5%) 22 (10%)
IIA 44 (9%) 44 (20%)
IIB 138 (30%) 138 (64%)
III 95 (21%) 95 (39%)
IV 160 (35%) 10 (5%) 150 (61%)

Adjuvant chemotherapy
Yes 107 (49%)
No 102 (47%)
Unknown 8 (4%)

Adjuvant radition
Yes 68 (31%)
No 141 (67%)
Unknown 8 (4%)

Follow-up
NED 30 (7%) 30 (14%)
AWD 38 (8%) 11 (3%) 27 (11%)
DOD 393 (85%) 175 (81%) 218 (89%)
DUK 1 1

CEA [ carcinoembryonic antigen; NED [ no evidence of disease; AWD [ alive with disease; DOD [ dead of disease; DUK [ dead of
unknown cause.
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of 8 months compared to 16 months for patients
(n 5 146) with node-positive disease and negative
cytology (P ! 0.001).

Peritoneal cytology is not a factor considered
within the MSKCC’s pancreatic adenocarcinoma
nomogram.8,9 Positive peritoneal cytology adversely
affected survival as compared to the survival
predicted by the pancreatic nomogram for the 10
patients with positive cytology. The nomogram
predicted a 1-year survival between 38%–80% for
the nine patients with positive cytology; however, 9
of these 10 patients died of disease within 12 months
of resection.

DISCUSSION

Patients with pancreatic adenocarcinoma have an
extremely high likelihood of dying from metastatic
disease. Even patients who undergo resection experi-
ence 2- and 3-year survival rates between 35%–39%
and 20%–27%, respectively.9 Resection in the
setting of identifiable metastatic disease has been ad-
vocated by some as a palliative procedure, but results
in overall survival rates are identical to patients with
metastatic disease (median, 6–9 months) who do not
undergo resection.4,10 Because of this, our approach
has been to avoid resection in patients with identifi-
able metastatic disease.

Improvements in preoperative imaging have al-
lowed the identification of patients with lesser
amounts of disease burden. Even with high-quality
cross-sectional imaging, we have found diagnostic
laparoscopy to be useful in identifying patients with
subradiographic, but visible, metastatic disease.11

Laparoscopy identified distant disease in 23% of pa-
tients, sparing them the morbidity of a laparotomy.

The most recent AJCC staging system classifies
positive peritoneal cytology as M1 disease.7 The

majority of data regarding the significance of positive
peritoneal cytology is in the setting of ascites. It re-
mains unclear whether or not positive cytology in
the absence of ascites results in similar survival rates
as other patients with stage IV disease. This is im-
portant because cytologic results are not available
at the time of laparoscopy, and therefore if one is
not going to perform resection in the setting of pos-
itive cytology (M1) then a separate procedure would
have to be performed.

In the current study, 17% of all patients (77/462)
had positive cytology, and this was associated with
stage of disease. These findings are consistent with
reports from other institutions. In a study by Mes-
zoely et al.12 in the 168 patients who underwent peri-
toneal cytology there was an overall positivity rate of
16%, with resected patients having a positive cytol-
ogy rate of 9.6%. Similarly, Fernandez-del Castillo
et al.13 found a cytologic positivity rate of 8% in
resected patients.

As expected, and demonstrated by other groups,
the highest incidence of positive peritoneal cytology
was in patients with metastatic disease.13,14 Thirty-
eight percent of patients with visible and pathologi-
cally confirmed metastases had positive cytology,
consistent with the 45% seen by Fernandez-del Cas-
tillo et al.13 and the 42% seen by Meszoely et al.12

Further analysis of our data demonstrated that pa-
tients with peritoneal disease had a significantly
higher rate of positive cytology than those patients
with liver metastases (57% vs. 25%).

Meszoely et al.12 demonstrated a significantly im-
proved survival for patients with negative cytology
regardless of resectability (median, 17 vs. 9 months).
However, they found no statistical difference be-
tween patients with positive or negative cytology
within the unresectable and resectable groups (7
months vs.11 months and 15 months vs. 19 months).
Although we did not find a statistically significant

Table 2. Prevalence of positive peritoneal washings

Resected
(n 5 217)

Locally advanced
(n 5 95)

Metastatic
(n 5 150)

Metastatic liver
(n 5 84)

Metatstatic Pentoneal
(n 5 66)

Pos cytology 10 (5%) 10 (11%) 56 (37%) 21 (25%) 35 (53%)

Median survival 11 mo 10 mo 7 mo 6 mo 7 mo
Neg cytology 16 mo 10 mo 7 mo 6 mo 8 mo
Pos cytology 8 mo 6 mo 7 mo 6 mo 7 mo

2-yr OS 31% 7% 7% 5% 9.6%
Neg cytology 36% 5% 8% 3% 12%
Pos cytology 10% 20% 6% 5% 4%

(P ! 0.001) (P 5 0.7) (P 5 0.9) (P 5 0.06) (P 5 0.11)

Pos 5 positive; Neg 5 negative.
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Fig. 1. Kaplan-Meier survival curves for patients with locally advanced (A), metastatic (B), or resectable
(C) pancreatic adenocarcinoma, based on cytology.
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difference in survival of patients with locally ad-
vanced disease or visible peritoneal or liver metasta-
ses, we did find a significantly worse survival in
patients who were resected in the setting of positive
cytology. Patients who were resected in the setting of
positive cytology had a median survival of 8 months
and a 1- and 2-year overall survival of 10%. This is
not statistically different from the median survival
of 10 months for patients with locally advanced dis-
ease or 7 months for patients with metastatic disease.
Therefore, cytology results need to be considered
when patients are enrolled in clinical trials.

Nomograms are able to evaluate a large number of
significant variables to better predict the outcome of
individual patients. Patient prognosis is currently esti-
mated on the basis of the AJCC staging system, which
does not factor in prognostic determinants other than
the T, N, and M stage. However, survival is not

uniform due to differing genetic, cellular, and behav-
ioral characteristics. By integrating additional signifi-
cant prognostic factors, a nomogram can be used to
better assess an individual patient’s disease-specific
survival. Based on findings from the large prospective
pancreatic adenocarcinoma database at MSKCC,
Brennan et al.8 developed a nomogram that estimates
disease-specific survival probabilities for the 3-year
period immediately after surgery. To further evaluate
the impact of positive peritoneal cytology on survival,
the MSKCC pancreatic adenocarcinoma nomogram
was used to predict the overall probability of survival
within 3 years of resection for each of the 10 pa-
tients.8,9 The nomogram predicted a 1-year probabil-
ity of survival between 38%–80%, yet 9 of 10 patients
dead of disease within 11 months. This emphasizes
not only the significant prognostic effect of positive
peritoneal cytology, but also suggests that cytology
could be included in prognostic nomograms for pan-
creatic adenocarcinoma.

Staging laparoscopy and routine cytology are able
to detect M1 disease in approximately 5% of patients
with pancreatic adenocarcinoma who are resected.
Molecular analysis of peritoneal washing cytology
has been shown to be more accurate than routine cy-
tology in gastric cancer.15–18 To date no study has
been published looking at polymerase chain reaction
or molecular analysis of peritoneal washing cytology
in pancreatic adenocarcinoma patients. We are
currently investigating the role of polymerase chain

Fig. 1. Continued.

Table 3. Cytology predicts survival within stage

Stage II A (n 5 46) Stage II B n 5 146

Pos cyto
(n 5 2)

Neg cyto
(n 5 44)

Pos cyto
(n 5 8)

Neg cyto
(n 5 138)

Median survival 7 mo 21 mo 8 mo 16 mo
2-yr survival 0% 46% 12% 23%
P value 0.002 0.006

Pos cyto 5 positive cytology; Neg cyto 5 negative cytology.
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reaction on peritoneal washings to detect microme-
tastatic disease.

The results of this study further confirm that cy-
tology from abdominal washings is most frequently
positive in patients with peritoneal metastases. In ad-
dition, these data did not find that positive cytology
was associated with survival in the setting of locally
advanced or visible metastatic disease. In resected
patients, however, positive cytology was associated
with poor survival, which was not significantly
different from those patients with metastatic or lo-
cally advanced disease. Laparoscopy and cytology
as a separate procedure should be considered in
high-risk patients. A rapid intraoperative assessment
of the cytology would provide useful information
that could prevent a patient from undergoing an op-
eration that would not be associated with prolonged
survival.
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The Utility of F-18 Fluorodeoxyglucose Whole Body
PET Imaging for Determining Malignancy in Cystic
Lesions of the Pancreas

John C. Mansour, M.D., Lawrence Schwartz, M.D., Neeta Pandit-Taskar, M.D.,
Michael D’Angelica, M.D., Yuman Fong, M.D., Steven M. Larson, M.D.,
Murray F. Brennan, M.D., Peter J. Allen, M.D.

Previous studies have suggested that whole body positron-emission tomography (PET) can distinguish
between benign and malignant cysts of the pancreas. Patients were identified (n 5 68) who had undergone
whole body PET imaging for a cystic lesion of the pancreas between Jan. 1997 and May 2005. Cross-
sectional imaging studies were reviewed by a single blinded radiologist, and positive PET studies were
reviewed by a blinded nuclear medicine physician. Operative resection was performed in 21 patients
(31%), and 47 patients were managed with radiographic follow-up. F-18 Fluorodeoxyglucose (FDG)-
avid lesions were identified in eight of the 68 patients (12%). Within the resected group of patients
(n 5 21), four of the seven patients (57%) with either in situ or invasive malignancy (adenocarcinoma:
3 of 5, papillary mucinous carcinoma: 1 of 2) had positive PET imaging (mean SUV, 5.9; range 2.5–8.0),
and 2 of the 14 patients (14%) with benign lesions had positive PET imaging (serous cystadenoma, n 5

1, SUV 5 3.3; pseudocyst n 5 1, SUV 5 2.7). All lesions proven to be malignant with increased FDG uptake
had highly suspicious findings on cross-sectional imaging. Within the group of resected patients, the sen-
sitivity of PET for identifying malignant pathology was 57%, and the specificity was 85%. The sensitivity
and specificity of PET for malignancy in this study was lower than previously reported, and PET findings
did not identify otherwise occult malignant cysts. We do not believe whole body FDG-PET to be essential
in the evaluation of cystic lesions of the pancreas. ( J GASTROINTEST SURG 2006;10:1354–1360) � 2006
The Society for Surgery of the Alimentary Tract

KEY WORDS: Pancreas, cyst, PET scan

A broad spectrum of pathologic entities can pres-
ent as cystic lesions of the pancreas. These range
from non-neoplastic pancreatic pseudocysts, to be-
nign serous cysts, to pancreatic adenocarcinoma.1–4

Differentiating between these entities has important
treatment implications as observation is appropriate
for benign lesions, and resection is warranted for
selected premalignant or malignant lesions.2,5

A variety of tests have been employed to help dif-
ferentiate between benign and malignant cysts of the
pancreas. These include computed tomography
(CT), magnetic resonance imaging (MRI), transab-
dominal ultrasound, endoscopic ultrasound, and
cyst aspiration with cytology and/or cyst fluid analy-
sis.6–11 Cross-sectional imaging has been a useful
tool for differentiating between benign and malig-
nant lesions. However, there is still no defined set
of patient or imaging characteristics to clearly

determine which lesions are concerning for malig-
nancy. The difficulty is that no single test, or combi-
nation of tests, has shown high sensitivity and
specificity for the identification of malignant cystic
lesions of the pancreas.6,7

Some authors have proposed that F-18 fluoro-
deoxyglucose (18-FDG) whole body PET imaging
can identify those cystic lesions of the pancreas
which may be malignant or pre-malignant. Sperti
and colleagues quoted a sensitivity and specificity
of PET scan for detecting malignant pancreatic cys-
tic lesions of 94%. Based on these findings, this
group has concluded that PET imaging is more ac-
curate than CT in identifying malignant cysts of
the pancreas. They conclude that tumors with high
FDG uptake require aggressive resection and nega-
tive PET scans likely identify tumors amenable to
conservative resection or follow-up.12,13
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The purpose of this study was to examine our
experience with PET imaging for patients with cys-
tic lesions of the pancreas. Our primary aim was to
determine the sensitivity and specificity of PET im-
aging for malignancy in patients who had undergone
resection. Our secondary aim was to evaluate
whether PET imaging was able to identify malignant
cysts that were otherwise without suspicious charac-
teristics on cross-sectional imaging.

METHODS

We reviewed our prospectively maintained data-
base of patients with cystic lesions of the pancreas.
Patients are included in this database if they were
coded for the ICD-9 diagnosis of pancreatic cyst or
pseudocyst (577.2), had a cystic lesion of the pan-
creas on imaging studies, and were evaluated by
a surgeon or gastroenterologist. This database
includes all patients evaluated since 1995, and cur-
rently contains over 500 patients. There were 68
patients identified who had undergone an FDG
whole body PET scan between January 1997 and
January 2005. These patients comprised our study
population.

Patient, radiographic, and cyst characteristics
were reviewed for each patient. Patient characteris-
tics included age, gender, presence or absence of
symptoms from the cyst, presence or absence of dia-
betes mellitus, and insulin use. Radiographic and
cyst characteristics included the presence of septa-
tions, a solid component, mural nodularity, pancre-
atic duct dilation, cyst calcium, cyst size, and the
histopathologic diagnosis for resected lesions. If
multiple cystic lesions were present within the pan-
creas, the diameter of the largest lesion was
recorded. If multiple cystic lesions were closely
clustered with little or no intervening pancreatic pa-
renchyma, the diameter of the cluster of lesions was
recorded. The duration of radiographic cyst follow-
up was defined as the time from identification of the
cyst on imaging to the time of last cross-sectional
imaging for which results were available. Any infor-
mation not already included in the prospectively col-
lected pancreatic cyst database was collected from
review of the patient’s electronic medical record.

Cross-sectional imaging was reviewed by a single
blinded radiologist specializing in abdominal cross-
sectional CT and MRI (L.S.). Cross-sectional imag-
ing was available for review in 67 of the 68 cases.
The reviewer examined the earliest and most
recently performed studies, and had no knowledge
of treatment or pathologic related information.
The reviewer was unaware of the results of PET im-
aging. Cross-sectional imaging studies were given
a score ranging from 1 (benign findings) to 5 (highly
suspicious findings). This score was based on the
overall impression of the lesion. Lesions concerning
for intraductal papillary mucinous neoplasms with
possible malignant features were scored as 3 or
‘‘uncertain’’ (Fig. 1).

Reports from all PET studies were reviewed, and
all positive PET studies were reviewed by a single
nuclear medicine physician (N.P-T). PET imaging
characteristics were recorded including the millicu-
ries of radiation dose received, and the highest area
of pathologic FDG uptake measured by standardized
uptake value (SUV). The PET reviewer was blinded
to any clinical or pathologic information pertaining
to the patient including the cyst characteristics iden-
tified by cross-sectional imaging. The physician was
not blinded to the location of the cyst within the
pancreas.

RESULTS

Over the 8-year time period of the study, 68
patients were identified who had undergone whole
body PET imaging for a cystic lesion of the pancreas.
The demographic data for these 68 patients are pre-
sented in Table 1. The average age of patients was
66 years (range 39�84), and there were 23 males
(34%) and 45 (66%) females in the study. The major-
ity of patients (66%) had no symptoms attributable to
the pancreatic cyst. A minority of patients had a his-
tory of pancreatitis (6%) or diabetes mellitus (15%).

All of the patients in this study had a CT scan per-
formed during their diagnostic evaluation. The next
most common imaging study was magnetic reso-
nance imaging (MRI or MRCP). MR was performed
in 48 patients (71%). Additional studies used in the
evaluation of the cystic lesion included upper

Fig. 1. A Radiology Assessment Score was assigned to each cystic lesion evaluated by a reviewing radi-
ologist. The radiologist assessed the lesion based solely on cross-sectional imaging characteristics.
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endoscopy (47%), endoscopic ultrasound (46%), and
fine-needle aspiration (47%).

The cyst characteristics for all patients in the
study are presented in Table 1.

The mean cyst diameter was 2.7 cm (range 0.6 to
8.5 cm), and 90% (n 5 61) of the patients had a single
cystic lesion identified. The most common location
of the cyst was in the head of the pancreas (32%).
Septations were identified in the cyst in 40 patients
(59%). Forty-seven patients (69%) had lesions with
septations, a solid component, mural nodularity, or
pancreatic ductal dilation. The mean radiographic
cyst follow-up for all lesions was 22 months (range
0 to 102 months; median 17 months). The mean
radiographic cyst follow-up for lesions observed
without resection was 24 months (median 20
months).

Resection was performed in 21 of the 68 patients
(31%). Malignancy was identified in seven of the 21
resected patients (33%). Adenocarcinoma was diag-
nosed in five patients, and papillary mucinous carci-
noma (IPMN with carcinoma) was diagnosed in two
patients (Table 2). The remaining 47 patients (69%)
were not resected and had a mean radiologic cyst
follow-up of 24 months. Within this group of 47 pa-
tients the average change in cyst diameter at the
time of last follow-up was 0.2 cm (range 0.0�1.6 cm).

The PET imaging was performed at our institu-
tion for 61 of the 68 patients (90%). The remaining
studies were performed prior to evaluation at our
center. PET imaging was reported as positive in
eight of the 68 patients (12%). All of these eight

patients were reported to have acceptable blood glu-
cose levels at the time of examination. The SUV for
the area correlating to the pancreatic cyst ranged
from 1.9 to 8.0 (mean 4.6) in positive studies. Resec-
tion was performed in six of the eight PET-positive
lesions (Table 3). Malignancy (adenocarcinoma, n 5

3) was identified in four of these six patients. Cross-
sectional imaging revealed benign findings (score 1)
in one of the two unresected PET-positive lesions
and this patient has been followed for 24 months
with no radiologic progression. The other patient
with an unresected PET-positive cyst had features
concerning for malignancy on cross-sectional imag-
ing and was recommended resection but refused
biopsy or surgical intervention (Table 3).

PET imaging was reported as negative in 60 of
68 studies (88%). Resection was performed in 15 pa-
tients with negative PET imaging (Table 4). Malig-
nancy was identified in three of the 15 patients with
negative PET, and these three patients represent
43% (3 of 7) of the patients found to have malignancy
at the time of resection. If only patients who under-
went resection are considered, the sensitivity and
specificity of PET imaging for distinguishing
between benign and malignant cysts of the pancreas
in this study were 57% and 85%, respectively. If the
single unresected PET-positive patient with worri-
some cross-sectional imaging is categorized as malig-
nant, the sensitivity of PET imaging increases to
62%.

Radiology review of cross-sectional imaging was
performed in 67 of the 68 patients. The results of
this review are presented in Table 5. Suspicious find-
ings (radiology score 4 or 5) were present in 12 of the
21 resected patients, nonsuspicious findings (score 1
or 2) were present in four patients, and indetermi-
nate findings were present in five patients (5 of 21,
24%). If patients scored as 1 or 2 are considered ‘‘ra-
diographic negative’’ and those scored 4 or 5 are
considered ‘‘radiographic positive,’’ the sensitivity
and specificity for cross-sectional imaging in this

Table 1. Patient and cyst characteristics for the 68
patients who underwent PET imaging

Characteristic

Mean age (y) 66
Range 39–84
Gender (n)

Female 45 (66%)
Male 23 (34%)

Symptomatic (%) 34
History of pancreatitis (%) 6
History of diabetes mellitus (%) 15
Mean lesion size (cm) 2.7 (Range, 0.6–8.5)
No. of Lesions (n)

1 61 (90%)
2 4 (6%)
>3 3 (4%)

Cyst
Septated (n) 40 (59%)
Solid component (n) 21 (31%)
Mural nodularity (n) 12 (18%)
Pancreatic duct dilation (n) 9 (13%)

Table 2. Histopathologic results of
the 21 resected patients

Result No. %

Malignant 7 33
Adenocarcinoma 5
IPMN in situ 2

Benign 14 67
Serous cystadenoma 5
Pseudocyst 4
IPMN 3
Mucinous cystadenoma 2
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study were 100% and 40%. Examples of both cross-
sectional and PET imaging are included here in
Figure 3.

DISCUSSION

Because of the increasing use of high-quality
cross-sectional imaging, increasing numbers of
patients are being identified with cystic lesions of
the pancreas.2,3 However the ability to differentiate
between benign and malignant cysts remains limited.
Techniques such as thin-cut CT scans, MRI and
MRCP, PET imaging, endoscopic ultrasound, and
cyst aspiration have all been evaluated as ways to dif-
ferentiate between benign and malignant cystic
lesions of the pancreas.2,5–15 The sensitivity and
specificity of CT and MR for malignant cystic
lesions have been reported as 25�100% and
40�92%.6–9,14,15

In 2001 and 2005, Sperti and colleagues published
their experience with whole body PET imaging for
cystic lesions of the pancreas.12,13 In their studies,
77 of 105 patients (73%) underwent resection.
PET imaging was positive in 35 of the 105 (33%)
patients, and malignancy was identified in 34 of the
77 (53%) resected patients. They concluded that
the sensitivity and specificity of PET for detecting
malignant lesions were greater than or equal to
94%. Following the publication of these studies,

our institution saw a sharp increase in the number
of PET scans obtained to characterize cystic lesions
of the pancreas.

The objective of this study was to review our
experience with PET imaging for cystic lesions of
the pancreas. We sought to define whether PET im-
aging was able to identify malignancy within pancre-
atic cysts and to assess whether PET results would
be additive to the information already obtained
from cross-sectional imaging. In other words, did
PET imaging identify malignant lesions not identi-
fied as suspicious on cross-sectional imaging?

Our results did not find the sensitivity and speci-
ficity of PET to be as high as reported in the studies
from Italy. In our study, three of seven patients with
malignancy were found to be negative by PET imag-
ing (sensitivity, 57%), and 2 of 14 patients with be-
nign lesions were PET positive (specificity, 85%).
In addition, six of the seven malignant lesions were
found to be suspicious on cross-sectional imaging
(sensitivity, 86%). The remaining malignant lesion
was scored as uncertain by our radiologist.

The discordance between the high sensitivity and
specificity seen in prior studies and our relatively low
sensitivity and specificity may be due in part to pa-
tient selection. In the studies reported from Italy,
as many as 65% of patients had clear CT evidence
for malignancy, including encasement of the supe-
rior mesenteric vein and intraabdominal metastases.
None of the patients in our series demonstrated met-
astatic or locally advanced disease on cross-sectional
imaging. In addition, our incidence of malignancy
and rate of resection was much lower than in the
studies from Italy (30�34% versus 10%, and
62�82% versus 29%). This is most likely because
our series included lesions with more ambiguous
cross-sectional imaging characteristics than seen in
prior series evaluating PET and pancreatic cystic le-
sions. Among the 17 patients with a radiology rec-
ommendation score of 3 (uncertain), only 4 (24%)
patients had positive PET scans. Only one of these

Table 3. Patients with positive PET imaging

Age (yr)/
gender Symptoms SUV

Cyst size
(cm) Solid Septated

PD
Dilated

Mural
nodule Pathology

Radiology
recommendation score

52/M Yes 5.8 2 Yes No No Yes Adenoca 4
83/F Yes 2.5 4.8 No Yes No Yes Adenoca 4
64/F Yes 8 2.8 Yes No Yes Yes Adenoca 5
80/F No 7.3 4.8 Yes Yes Yes Yes IPMN in situ 5
73/F Yes 3.3 7.0 No Yes No Yes Serous cystadenoma 3
82/F Yes 2.7 2.3 No Yes No Yes Pseudocyst 4
76/F No 1.9 3.9 Yes Yes No No d 2
76/F Yes 5 7.4 Yes Yes No Yes d 5

Table 4. Pathology and PET imaging results

No. of patients PET negative (%) PET positive (%)

Total (n 5 68) 60 (88) 8 (12)
Not resected

(n 5 47)
45 (96) 2 (4)

Resected (n 521) 15 (71) 6 (29)
Benign (n 514) 12 (86) 2 (14)
Malignant (n 5 7) 3 (43) 4 (57)
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lesions with a positive PET scan harbored
malignancy.

Whole body PET imaging identified FDG-avid
lesions primarily among those patients with cross-
sectional imaging characteristics that would result
in resection being recommended, regardless of the
PET findings. Only one patient of the 17 with
uncertain cross-sectional imaging had an FDG-avid
malignancy identified by PET imaging.

We advocate a selective approach to resection of
pancreatic cystic lesions at our institution. This ap-
proach is reflected in the 31% rate of resection in
this series. Admittedly, we do not have a histologic
diagnosis in the other 69% of patients in this series.
Fortunately, we do have a histologic diagnosis for
75% of the patients with positive PET scans. One

of the patients without a diagnosis has a benign-
appearing cyst on cross-sectional imaging with no
change after 2 years of close follow-up. If we pre-
sume that the remaining patient with a positive
PET scan had an undiagnosed malignancy, this in-
creases the sensitivity of PET imaging to 62%.
The presence of undetected malignancy among the
remaining 45 unresected patients with negative
PET imaging would result in a calculated sensitivity
of PET for detecting malignancy within pancreatic
cystic lesions below 57%.

If the five patients with intraductal papillary
mucinous carcinoma or mucinous cystadenoma are
considered to have premalignant lesions requiring
resection, the sensitivity and specificity of PET
imaging are altered. The adjusted specificity and

Table 5. Radiology assessment scores, PET results, and known pathology

Among 21 patients with known pathology

Radiology score PET negative (%) PET positive (%) No. benign (%) No. malignant (%)

1 8 0 d d
2 19 1 4 (100) 0
3 16 1 4 (80) 1 (20)
4 14 3 5 (63) 3 (37)
5 2 3 1 (25) 3 (75)

Fig. 2. Distribution of patients with known pathology based on pathology, PET results, and cross-sec-
tional imaging interpretation
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sensitivity for identifying malignant and possibly
premalignant lesions become 77% and 33%,
respectively.

CONCLUSION

Cystic neoplasms of the pancreas present a diffi-
cult diagnostic and treatment problem. These prob-
lems stem from our inability to reliably distinguish
malignant cystic lesions from benign cystic lesions.
In our series we describe 68 patients with cystic neo-
plasms of the pancreas evaluated with FDG whole
body PET imaging. In this series, 10% of patients
harbored a malignancy and 12% had a positive
PET scan. The sensitivity and specificity for identi-
fying malignant cystic neoplasms of the pancreas in
this population of patients were 57% and 85%
respectively. Of those lesions with positive PET
scans and identified malignancy, all had cross-
sectional imaging favoring resection.

Despite previous reports, the role for PET imag-
ing of pancreatic cystic lesions has not been well-

defined. We do not believe that the routine use of
whole body PET imaging provides any additive
benefit to high-quality cross-sectional imaging for
identifying pancreatic cystic lesions harboring malig-
nancy. Focused evaluation of the utility of PET in
patients with indeterminate lesions, or the use of
PET techniques that increase the resolution of
PET imaging, may identify a group of patients
where PET imaging may be useful.
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Cytoreduction Results in High Perioperative
Mortality and Decreased Survival in Patients
Undergoing Pancreatectomy for Neuroendocrine
Tumors of the Pancreas

Mark Bloomston, M.D., Peter Muscarella, M.D., Manisha H. Shah, M.D.,
Wendy L. Frankel, M.D., Osama Al-Saif, M.D., Edward W. Martin, M.D.,
E. Christopher Ellison, M.D.

We reviewed our experience with pancreatectomy for neuroendocrine tumors (NE) to determine out-
comes after R0/R1 or R2 resection and compare them to patients in whom resection was not attempted.
Data were reviewed for all patients presenting with NE tumors of the pancreas between 1990 and 2005.
Kaplan-Meier survival curves were compared by log-rank analysis. Multivariate analysis was completed
using Cox proportional hazards to identify risk factors for poor survival after resection. Of 120 patients,
65 (54%) had functional tumors. Resection was undertaken in 83: distal pancreatectomy in 41, pancrea-
ticoduodenectomy in 27, enucleation in 14, and central pancreatectomy in 1. Survival was significantly
longer after resection (91 months versus 24, P ! 0.001). R0/R1 resection was accomplished in 64
(77%) and resulted in lower perioperative mortality (2% versus 21%, P ! 0.01) and longer survival
(112 months versus 24, P ! 0.001) compared to R2 resection. Survival after R2 resection was no better
than after no resection. Factors predictive of decreased survival were moderate/poor differentiation, R2
resection, and high-risk features. Long-term survival is possible following complete resection for NE
tumors of the pancreas. However, cytoreduction resulting in incomplete tumor removal carries signifi-
cant perioperative mortality without long-term survival benefit and should be discouraged.
( J GASTROINTEST SURG 2006;10:1361–1370) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Neuroendocrine, pancreas, endocrine, islet cell carcinoma, survival

Neuroendocrine tumors of the pancreas, or islet
cell tumors, are an exceedingly rare entity, affecting
an estimated one to two per 1 million population
each year.1,2 Unlike the more common ductal adeno-
carcinoma, these pancreatic neoplasms have a more
indolent course, with long-term survivals being com-
monplace, even in the setting of advanced disease.3,4

Owing to the rarity of these tumors, there are few
large studies that report the outcome of surgical
management. In addition, there is lack of agreement
regarding the surgical management of patients with
metastatic or locally advanced disease. Some have
advocated an aggressive surgical approach in all
patients including cytoreduction and metastastec-
tomy.5,6 A review of our recent experience with

pancreatectomy in patients with neuroendocrine
tumors of the pancreas was undertaken to determine
predictors of long-term survival and to address the
role of palliative and/or cytoreductive surgery.

METHODS

After obtaining approval from the institutional
review board at The Ohio State University, 120
patients presenting with primary neuroendocrine
tumors of the pancreas between January 1990 and
December 2004 inclusive were identified from the
neuroendocrine tumor registry. Thirty-seven were
considered unresectable due to metastatic (n 5 29)
or locally advanced (n 5 8) disease. The data from
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these patients were used for comparison of demo-
graphics and survival with the remaining 83 who
underwent resection of their primary pancreatic
neuroendocrine tumors. Data collected included
patient age, gender, comorbidities, presenting symp-
toms, results of preoperative imaging, intraoperative
findings, pathologic findings, and postoperative
complications.

Overall survival was calculated from the time of
operation or, for patients with unresectable disease,
time of determination of unresectable disease until
time of death from any cause. Patients with signs
or symptoms of hormonal excess appropriate for
the accompanying biochemical abnormality for
each tumor type were considered as having func-
tional neuroendocrine tumors. Patients without
symptoms related to or biochemical evidence of
hormone excess were considered as having nonfunc-
tional tumors. Primary tumor location was deter-
mined by preoperative imaging reports, operative
notes, and pathology reports. Tumors were classified
as high risk under the following circumstances: (1)
nodal or distant metastasis at the time of operation,
(2) pathologic evidence of invasion into or beyond
the capsule of the pancreas, or (3) the presence of
lymphovascular/neural invasion. Surgical procedures
were classified as R0 (no residual tumor), R1 (micro-
scopic residual disease), or R2 (gross residual
disease).

Delayed gastric emptying was defined as the need
for gastric decompression for more than 10 days.7

Pancreatic fistula was considered when fluid drain-
age having an amylase of three times greater than
serum occurred any time after the third postopera-
tive day.8 An abscess was defined as any fluid col-
lection identified with imaging or at surgical
exploration in combination with the appropriate
signs and symptoms. Any wound that required re-
opening was considered as a wound infection.

Survival curves were constructed using the
Kaplan-Meier method and compared using log-
rank analysis. Multivariate regression analysis was
undertaken using Cox proportional hazards model
to determine risk factors for poor overall survival us-
ing patient-related variables (age, gender, comorbid-
ities, MEN1, symptoms), operation-related variables
(operation undertaken, extent of resection, perioper-
ative morbidity), and tumor-related variables (func-
tion, high-risk features, size, T stage, nodal status,
metastases, margins, low- versus high-risk features).
Unless otherwise stated, continuous data were com-
pared using two-tailed Student’s t test, and categor-
ical data were compared using Fisher’s exact test.
Statistical significance was accepted with 95%
confidence.

RESULTS
Patient Demographics

Eighty-three patients underwent resection of pri-
mary pancreatic neuroendocrine neoplasms from
January 1990 through December 2004. Patients
who underwent resection were significantly younger
than those who were deemed unresectable with
a slight female preponderance (Table 1).

Clinical Presentation

In 18 patients (15%), pancreatic masses were
identified incidentally and, as such, were without
specific symptoms (Table 1). All of these tumors
were found to be hormonally inactive except for
one patient with MEN1 found to have a gastrinoma
by an elevated gastrin level during screening. The re-
maining patients presented with symptoms related to
hormone excess (n 5 59) or local tumor invasion
(n 5 43). Twelve of 13 (92%) MEN1 patients pre-
sented with functional tumors compared to 53 of
107 (50%) with sporadic tumors (P 5 0.003). The
most common presentation in the patients with
functional tumors was Zöllinger-Ellison (ZE) syn-
drome, occurring in all patients with gastrinomas
(Table 1). Patients presenting with hypoglycemia
were more likely to undergo resection. Otherwise,

Table 1. Demographics and clinical presentation
of patients with primary pancreatic
neuroendocrine tumors

Not resected Resected P

No. of patients 37 83
Gender 18 M/19 F 36 M/47 F NS
Mean � SD age 58 � 14.8 52 � 14.8 0.044
Multiple endocrine

neoplasia type 1
2 (5%) 11 (13%) NS

von Hippel-Lindau 0 1 (2%) NS
Asymptomatic 2 (5%) 16 (19%) NS
Pain 16 (43) 15 (18%) 0.006
Jaundice 2 (5%) 5 (6%) NS
Hormone excess 16 (43%) 43 (52%) NS

Zöllinger-Ellison
syndrome

6 (16%) 17 (20%) NS

Hypoglycemia 1 (3%) 14 (17%) 0.035
Rash 0 3 (4%) NS
Diarrhea 1 (3%) 0 NS
Carcinoid syndrome 6 (16%) 4 (5%) NS
WDHA syndrome 1 (3%) 3 (4%) NS
Cushing’s syndrome 0 1 (1%) NS
Hypercalcemia 1 (3%) 1 (1%) NS

NS 5 not significant (P O 0.05); WDHA 5 watery diarrhea, hypo-
kelemia, achlorhydria.
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the clinical presentation was similar between both
groups of patients.

Gastrinoma and insulinoma were the most com-
mon of the 47 functional tumors resected (Fig. 1).
All but four of these patients presented with symp-
toms associated with hormone excess. Two patients
with carcinoid and one with pancreatic poly
peptide-secreting tumor (PPoma) presented with
pain, while an additional patient with carcinoid
presented with obstructive jaundice.

Preoperative Localization

The results from 80 preresection computed
tomography (CT) and 41 somatostatin scintigraphy
(SS) scans were available for review. The primary
tumor was successfully located by CT scan in 67
(84%) and by SS in 33 (80%). SS identified two
primary tumors not visualized by CT, whereas three
primary tumors were evident by CT only. Of 39 pa-
tients who had results available for both CT and SS
scans, the primary tumors were identified in 36
(92%).

Of 29 patients with metastatic disease found at the
time of resection, 26 (90%) had metastases identified
prior to operation. Intra-abdominal metastases were

identified preoperatively by CT in 26 of 29 (90%)
patients compared to 12 of 16 (75%) with metastases
who underwent preoperative SS (P 5 NS). Intra-
abdominal metastases were identified by SS in three
patients where CT did not show metastatic disease.
The converse was true in one patient whose metasta-
ses were only seen by CT.

Operation

Neuroendocrine tumors occurred with similar
frequency in the head and body/tail of the pancreas
(Table 2). Tumors of the uncinate process or neck
of the pancreas were much less common. As such,
distal pancreatectomy with or without spleen preser-
vation and pancreaticoduodenectomy with or with-
out pylorus preservation were the most common
operations undertaken. Three distal pancreatec-
tomies were completed laparoscopically, one with
spleen preservation. Tumor enucleation was used
most commonly for tumors located in the head of
the pancreas (n 5 11).

In nearly one-quarter of patients, additional organs
were partially or completely resected to remove met-
astatic or locally advanced disease (Table 2). Liver
metastases were resected in 11 (13%), including

Fig. 1. Distribution of tumor types in patients with neuroendocrine tumors of the pancreas who under-
went resection. Total does not add up to 100% due to rounding VIP 5 vasoactive intestinal peptide,
ACTH 5 adrenocorticotropin hormone, PTHrp 5 parathyroid hormone-related protein, PP 5 pancre-
atic polypeptide.
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major liver resection (i.e., removal of two or more
Couinaud segments) in 6 and wedge resection in 5.

Complete (i.e., R0) resection of all known disease
was achieved in most patients (Table 2). The likeli-
hood of an R0 resection was more common in
patients with functional than in those with nonfunc-
tional tumors (74% versus 64%, P 5 0.045). Patients
with metastatic tumors were less likely to undergo
R0 resection (34% versus 89%, P ! 0.0001) and
more likely to have gross residual disease (59%
versus 4%, P !0.0001) than those without metasta-
ses. Similarly, patients with high-risk tumors were
less likely to undergo R0 resection than those with
low-risk tumors (63% versus 90%, P 5 0.027). R0
resection was achieved in 67% of patients with
symptomatic tumors compared to 81% of patients
with asymptomatic tumors (P 5 NS). Patients with
symptomatic tumors, however, were more likely to
undergo R2 resection compared to those without
symptoms (28% versus 0%, P ! 0.0001). There
were no significant differences between patients
who underwent R2 resection and those in whom
resection was not undertaken with respect to age,
gender, comorbidities, MEN1, proportion of
nonfunctional tumors, poor differentiation, or the
presence of metastatic disease.

Pathology

Resected tumor sizes ranged from less than 1 to
14 cm (Table 3). The vast majority of tumors were
high risk with nodal or distant metastasis accounting
for the high-risk distinction in 48. The remaining 15
tumors were classified as high risk based upon lym-
phovascular invasion, neural invasion, or invasion
into or beyond the capsule of the pancreas. Distant
metastases were found in four patients without evi-
dence of lymph node metastases and another five
where lymph nodes were not harvested. Metastases
were present in 18 (38%) functional tumors com-
pared to 11 (31%) nonfunctional tumors (P 5 NS).
The liver was the most common site for distant me-
tastases. Seventy-four percent of functional tumors
and 78% of nonfunctional tumors were classified as
high-risk (P 5 NS).

The vast majority of tumors were well differenti-
ated with only three classified as poorly differenti-
ated (Table 3). Well differentiated tumors were
slightly less likely to demonstrate high-risk features
(70%) than those that were moderately (89%) or
poorly (100%) differentiated, but this was not statis-
tically significant (P 5 0.2, c2 analysis).

Perioperative Morbidity

Fifty-four complications occurred in 36 (43%)
patients following resection (Table 4). The most
common complications were gastrointestinal and in-
cluded pancreatic fistula (n 5 7), delayed gastric
emptying (n 5 3), intestinal infarction (n 5 2), pan-
creatic necrosis (n 5 1), pancreatic pseudocyst (n 5

2), anastomotic leak (n 5 3), bile leak (n 5 1), enter-
ocutaneous fistula (n 5 1), and bowel obstruction
(n 5 2). All seven pancreatic fistulas were asymptom-
atic and managed nonoperatively with drains placed
at the time of initial operation. Infectious

Table 3. Pathologic features of resected pancreatic
neuroendocrine tumors

Mean tumor size (cm) 3.6 � 2.9 (SD)
Differentiation Well 61 (73%)

Moderate 19 (23%)
Poor 3 (4%)

Histology Low risk 20 (24%)
High risk 63 (76%)

Node-positive disease 39 (60%)*
Metastases Total patients 29 (39%)

Liver 26
Regional 2
Kidney 1

Positive margin 15 (18%)

*Lymph nodes sampled in 65 patients.

Table 2. Operative characteristics of patients
undergoing resection for neuroendocrine
tumors of the pancreas

Tumor location Head 39 (47%)*
Uncinate 1 (1%)
Neck 4 (5%)
Body/tail 42 (51%)

Primary operation SPD 13 (16%)
PPPD 14 (17%)
Distal pancreatectomy 41 (49%)†

Enucleation 14 (17%)
Central pancreatectomy 1 (1%)

Additional organs
resected‡

Total patients 20 (24%)

Liver 11 (13%)
Stomach 7 (8%)
Small/large bowel 7 (8%)
Kidney 2 (1%)
Adrenal gland(s) 3 (4%)

Extent of resection R0 58 (70%)
R1 6 (7%)
R2 19 (23%)

PPPD 5 pylorus-preserving pancreaticoduodenectomy; SPD 5 stan-
dard pancreaticoduodenectomy.
*Includes two patients with combined head and tail lesions.
†Includes five patients undergoing spleen preservation and three lap-
aroscopic pancreatectomies.
‡Number do not add up due to some patients having multiple
procedures.
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complications included: pneumonia (n 5 5), abscess
(n 5 5), Clostridium difficile colitis (n 5 1), central
line infection (n 5 1), and wound infection (n 5

1). Noninfectious respiratory complications were
acute respiratory distress syndrome (n 5 1), pneu-
mothorax (n 5 1), and pleural effusion (n 5 1). He-
matologic complications included deep venous
thrombosis (n 5 5), pulmonary embolism (n 5 2),
and retroperitoneal hematoma (n 5 1). Cardiovascu-
lar complications were arrhythmia (n 5 4) and endo-
carditis (n 5 1). Neurologic complications consisted
of cerebral vascular accident (n 5 1) and seizures
(n 5 1). Finally, one patient developed abdominal
compartment syndrome. Five patients required re-
operation in the early postoperative period; two for
intestinal infarction, one for pancreatic necrosis,
one for enteric anastamotic leak, and one for bowel
obstruction. These patients accounted for four peri-
operative deaths. A fifth patient died in the perioper-
ative period from a cerebrovascular accident.
Perioperative mortality was significantly higher fol-
lowing R2 resection (21% versus 2%, P 5 0.009).

Follow-up and Survival

Complete clinical data were available for all
patients. After median follow-up of 41.8 months
(range 0.4–138.8), 29 additional patients died and
49 patients remained alive. During this time, recur-
rences occurred in 19 patients a median 14 months
after operation. Liver was the most common site of
recurrence (n 5 13), while one patient had local re-
currence in the bed of pancreatic resection following
R1 resection, one recurred in the pelvis, and two
each recurred elsewhere in the pancreas or small
bowel mesentery. Two patients underwent resection
of their metachronous hepatic metastases, and a third
had staged resection of a synchronous liver metasta-
sis. One died of cholangitis related to a biliary

stricture 20 months following liver resection and
subsequent hepatic artery chemoembolization (33
months after distal pancreatectomy), one is alive
with recurrent disease in the liver 47 months after
liver resection (79 months after distal pancreatec-
tomy), and one is alive without evidence of disease
12 months after distal pancreatectomy (11 months
after hepatectomy). Thirteen others underwent
hepatic artery chemoembolization for unresected
synchronous metastases (n 5 8) or recurrent disease
(n 5 5); seven died at a median of 38 months after
pancreatectomy and seven are alive at median of
50.7 months of follow-up.

Patients who underwent resection had signifi-
cantly longer survivals than those who did not have
resection (Fig. 2). The actuarial overall survival rates
following resection at 2, 5, and 10 years were 77%,
62%, and 40%, respectively, with a median survival
of 91 months (95% confidence interval 62.8–
119.9). In patients not undergoing resection, 2-, 5-,
and 10-year survival was 49%, 23%, and 0%, respec-
tively, with median survival of 52.8 months (95%
confidence interval 22.2–83.5).

Patients who had complete resection of all gross
tumor (i.e., R0/R1) had significantly improved sur-
vival compared to those left with gross residual
(R2) disease (median 112.1 months versus 24.1,
P 5 0.0002). Patients who had R2 resection had sur-
vival similar to those who did not have resection
(median 24.0 versus 23.9 months) (Fig. 3A). This
lack of difference in survival curves held true when
the four postoperative deaths after R2 resection
were excluded.

Data concerning the degree of differentiation
were available for all resected tumors. Given the lim-
ited number of poorly differentiated tumors and the
similar survival associated with moderate and poor
differentiation (24.1 versus 19.4 months, respec-
tively), these tumors were considered together in
comparison to well-differentiated tumors. Well dif-
ferentiation imparted a survival advantage over those
with moderate or poor differentiation (139.7 versus
21.9 months, P 5 0.00004) (Fig. 3B). Finally, pa-
tients with tumors that were deemed low risk based
upon lack of nodal or distant metastases, vascular
or neural invasion, or local invasion had significantly
prolonged survival compared to those with high-risk
tumors (median 142.5 versus 69.6 months, P 5

0.003) (Fig. 3C). Other risk factors predictive of
poor outcome by univariate analysis are tumor size
greater than 3.0 cm, presence of distant metastases,
and positive margins (Table 5). Well-differentiated
tumors and complete removal of all gross disease
were significant predictors of improved survival by
multivariate analysis.

Table 4. Complications in patients undergoing
resection for neuroendocrine tumors of the pancreas

Total complications 54
Number of patients with complications 36 (43%)
Complication type

Infectious 13
Cardiovascular 5
Respiratory 3
Gastrointestinal 22
Neurologic 2
Hematologic 8
Other 1
Death 5 (6%)
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DISCUSSION

Neuroendocrine tumors of the pancreas were first
described over 100 years ago when discovered at au-
topsy.9 The first clinical syndrome associated with
a neuroendocrine tumor and the first surgical inter-
ventions would not be reported until the 1920s.10,11

With Zöllinger and Ellison’s first report of the syn-
drome of intestinal ulcerations associated with an
autonomously functioning gastrin-producing tumor
in 1955, the link between hormone dyscrasias and
neuroendocrine tumors of the pancreas began to be
investigated.12 Since then, few institutions began to
amass experience in the management of these rare
pancreatic tumors. In this report, we present our
experience with resection of pancreatic neuroendo-
crine tumors in 83 patients since 1990, representing
one of the largest experiences in the modern surgical
era.

Our patients who underwent resection of their
pancreatic neuroendocrine tumors tended to be in
their early 50s with a female preponderance. These
patients were younger than patients presenting
during the same time period who did not have resec-
tion. Hereditary predisposition to pancreatic

neuroendocrine tumors was evident in 13% of our
resected patients, which is similar to the 5�15% in-
cidence reported previously.13–15 The majority of tu-
mors were hormonally active (i.e., ‘‘functional’’). As
such, most patients presented with symptoms appro-
priate for the excess hormone. As expected, gastrino-
mas and insulinomas composed the vast majority of
functional tumors. Nonfunctional tumors tended to
present either asymptomatic or with symptoms re-
lated to local space-occupying effects (e.g., pain or
jaundice). Preoperative imaging consisted of CT
scanning in nearly all patients, while somatostatin
scintigraphy was obtained in only half. When ap-
plied, these imaging modalities were equally sensi-
tive in localizing the primary tumor. When
combined, they had a sensitivity of 92% but in no
case did preoperative somatostatin scintigraphy alter
the course of management. In our hands, the poten-
tial benefit of this imaging modality preoperatively is
to document tumor avidity allowing for its use in
surveillance for recurrent disease following
resection.

Most tumors were removed by radical resection
commensurate with their location within the

Fig. 2. Kaplan-Meier Curves for overall survival in patients who had resection of pancreatic neuroen-
docrine tumors compared to those in whom resection was not undertaken.
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Fig. 3. Kaplan-Meier survival curve comparisons between patients undergoing resection of neuroendo-
crine tumors of the pancreas based upon (A) completeness of resection, (B) tumor differentiation, and
(C) high- versus low-risk tumor.



pancreas. Tumor enucleation was reserved for pa-
tients in which radical resection seemed excessive
given an easily accessible small lesion. Two patients
undergoing enucleation recurred in the small bowel

mesentery outside of what would have been the con-
fines of a more radical resection and one patient with
MEN1 recurred within the pancreas. Tumor enucle-
ation did not significantly reduce postoperative

Fig. 3. Continued.

Table 5. Risk factors for overall survival

P-value
Hazard

ratio
95% Confidence

intervalUnivariate Multivariate

Age (<50 yr vs. O50 yr) NS NS
Gender (M vs. F) NS NS
Comorbidities (present vs. absent) NS NS
Family history (MEN1 vs. sporadic) NS NS
Operation (radical vs. enucleation) NS NS
Extent of resection (R2 vs. R0/R1) !0.001 0.008 3.7 1.4–9.9
Additional organs resected (yes vs. no) NS NS
Tumor differentiation (moderate/poor vs. well) !0.001 !0.001 7.4 2.7–20.3
Tumor size (<3 cm vs. O3 cm) 0.011 NS
Functional (yes vs. no) NS NS
Nodal status (positive vs. negative) NS NS
Metastases (present vs. absent) 0.01 NS
Margins (positive vs. negative) 0.003 NS
Complications (yes vs. no) NS NS
Malignant potential (low risk vs. high risk) 0.003 NS
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complications and accounted for a higher pancreatic
fistula rate (21%) than radical resection (6%),
although none of these fistulas were of clinical signif-
icance. However, there were no postoperative deaths
following enucleation and, therefore, we continue to
use this approach when appropriate in patients who
may not otherwise tolerate a more complex
resection.

Overall, perioperative mortality was 6%. This is
slightly higher than what has been reported in other
studies.3,14,16 This is likely related to our aggressive
resection of adjacent organs and metastatic disease.
Phan et al.14 reported 125 resected periampullary
neuroendocrine tumors over a 48-year period. In
that series, concomitant resection of other organs
was undertaken in 9.6% and liver resection was
used in 7% with a perioperative mortality of 2.8%.
Similarly, Matthews et al.16 undertook concomitant
liver resection in 11% with a perioperative mortality
of 3.5%. The extent of liver resection in these two
series was not stated. Chu et al.,3 on the other
hand, reported concomitant major hepatectomy in
two patients (10%) with a resultant 6% perioperative
mortality. In our series, additional organs were re-
sected for disease in 24% with liver resection being
applied in 11 (13%), 6 of whom underwent major
hepatectomy. When patients with advanced disease
were unable to be completely resected (i.e., R2 resec-
tion), perioperative mortality was increased (21%
versus 2%). This could be explained by these
patients being more debilitated due to the chronicity
of their disease or heavier tumor burden. Addition-
ally, patients undergoing incomplete resections
were forced to recover with a still significant tumor
load, usually in the liver. The decision to aggres-
sively resect metastatic disease at the time of primary
resection is still made on a case-by-case basis. This
limited experience is too small to make any meaning-
ful conclusions on the safety of this approach, but we
still consider it in younger healthy patients in whom
resection of the primary has gone smoothly with
minimal blood loss and removal of all gross disease
is anticipated.

The histologic distinction between benign and
malignant neuroendocrine tumors is a difficult one
that has not been fully defined. It is our belief that
all neuroendocrine tumors possess malignant poten-
tial and, therefore, we consider them all as carcino-
mas. Instead, using the criteria of the presence of
nodal or distant metastases, invasion of the primary
into or through the capsule of the pancreas, or lym-
phovascular or neural invasion, 76% of tumors were
able to be classified as high risk for aggressive behav-
ior. While this classification system has not been
tested prospectively and does not always allow for

preoperative risk assessment for aggressive behavior,
it does allow for postoperative risk stratification and
individualization of surveillance. The significant
difference in survival between low- and high-risk tu-
mors reiterates the importance of thorough histo-
logic evaluation of the primary tumor, including
the determination of lymphvascular/neural invasion,
although this distinction was not itself a significant
predictor by multivariate analysis. The degree of
tumor differentiation, on the other hand, did signif-
icantly affect survival by univariate and multivariate
analyses, clearly favoring those with well differenti-
ated tumors. Less important for long-term survival
were margin status and node negativity, although
these statistics were likely influenced by small sample
size. Contrary to other reports, tumor function did
not affect survival, likely due to the advanced stage
of all patients common in our referral practice.

Besides tumor differentiation, the only other fac-
tor that was predictive of long-term survival by mul-
tivariate analysis was the extent of resection. Patients
with gross residual disease after resection of their
pancreatic primary were at a distinct disadvantage.
In fact, these patients fared no better, and arguably
worse given the four postoperative deaths, than those
who did not have any resection at all. This did not
appear to be a selection bias given the similarity
between the two groups of patients with respect to
demographic and pathological data measured.

CONCLUSION

The surgical management of patients with neuro-
endocrine tumors of the pancreas continues to
evolve. While systemic chemotherapy is notoriously
ineffective against these tumors, liver-directed thera-
pies such as hepatic artery chemoembolization cou-
pled with long-term survival commonly seen in
patients with advanced disease has led many toward
advocating an aggressive surgical approach, even
cytoreduction.5,17,18 As well, cytoreduction of 90%
or greater of tumor volume has been suggested to
improve symptom control of endocrinopathies asso-
ciated with function neuroendocrine tumors.19,20

We, too, have traditionally approached these
patients aggressively. While long-term survival is
possible in patients with advanced neuroendocrine
tumors of the pancreas, debulking strategies for
cytoreduction or symptom palliation resulting in
R2 resection are difficult operations resulting in sub-
stantial postoperative mortality without any clear
survival benefit over no resection. Given the nearly
2-year median survival without resection of advanced
neuroendocrine tumors, noncurative operations in
these patients should be avoided. The best hope
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for long-term survival is a curative surgical approach
with anticipation of clearing of all gross disease.
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Durability of Portal Venous Reconstruction Following
Resection During Pancreaticoduodenectomy

Rory L. Smoot, M.D., John D. Christein, M.D., Michael B. Farnell, M.D.

Venous resection and reconstruction is becoming more common during pancreaticoduodenectomy (PD).
There are multiple options for reconstruction of the mesenteric venous system ranging from primary
repair to grafting with autologous or synthetic material. Few studies report on the patency rates and
long-term morbidity of these repairs. We sought to describe our experience with venous reconstruction
during PD with specific attention to patency and long-term morbidity and mortality. Thrombosis rates
of mesenteric venous reconstruction during PD are low, with low associated morbidity. In this retrospec-
tive cohort, clinical, operative, and pathologic data were collected from consecutive patients for 1988
through 2003. Graft patency on follow-up imaging studies was determined, and short- as well as
long-term morbidity and mortality were recorded. Sixty-four patients underwent PD with venous resec-
tion/reconstruction from 1988 through 2003. Mean patient age was 63 years, with pancreatic ductal
adenocarcinoma as the pathology in 88%. Reconstruction consisted of primary lateral venorrhaphy in
29 (45%), PTFE graft in 18 (28%), primary end-to-end repair in 13 (20%), and autologous vein graft
in 4 (6%). There was one perioperative death (2%). Follow-up imaging to assess patency was available
for a mean of 12.2 months postoperatively. Eleven thromboses were diagnosed at a mean of 11.9 months.
Three thromboses (5%) were noted within 30 days and full anticoagulation was chosen. Fifty-three per-
cent of patients received anticoagulation with aspirin, warfarin, or clopidogrel based upon surgeon pref-
erence. There was no difference in thrombosis rates between those receiving anticoagulation and those
who did not (P 5 0.65). In those patients with thrombosis outside the acute time period, morbidity was
limited to ascites in three patients and splenic vein thrombosis with uncomplicated esophageal varices in
another patient. Mesenteric venous resection and reconstruction during PD has a high patency rate, and
those reconstructions that do thrombose are associated with a low morbidity. The majority of recon-
struction thromboses that occurred late were associated with recurrence. ( J GASTROINTEST SURG

2006;10:1371–1375) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Pancreaticoduodenectomy, pancreatic cancer, superior mesenteric vein, portal vein, vein
resection, thrombosis

Approximately 30,000 cases of pancreatic cancer
will be diagnosed each year, with the mortality rate
approaching the incidence.1 Pancreaticoduodenec-
tomy (PD) with complete resection offers the only
chance for cure. However, due to the presence of
metastatic disease or invasion of local structures,
most patients are not operative candidates at presen-
tation. Historically, involvement of regional vascula-
ture by pancreatic carcinoma has been considered
a contraindication to resection. In 1973, Fortner2

described the technique of an en bloc regional pan-
createctomy for pancreatic cancer, including arterial
and venous resection and reconstruction, but the
morbidity and mortality rates proved prohibitive.
As operative experience has increased with PD, those

cases in which venous resection is performed have
become more common, and morbidity and mortality
rates have become acceptable. Currently, venous
resection has been reported in up to 20% of pancrea-
ticoduodenectomies at high-volume pancreatic
surgery centers.3,4

Several series have compared PD with and with-
out venous resection, documenting similarities in
morbidity, operative mortality, and survival.5–12

Few have analyzed the durability of venous recon-
struction following resection during PD.4,13 The
aim of this study was to evaluate the durability of
venous reconstruction during PD with special atten-
tion to the type of reconstruction and the associated
morbidity.
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METHODS

Consecutive patients undergoing PD with venous
resection at the Mayo Clinic, Rochester, Minnesota,
between 1988 and 2003 were identified. Clinicopath-
ologic factors were analyzed to determine factors
affecting durability and to identify morbidity
associated with failure of venous reconstruction.
Categorical variables were compared using c2

analysis.

Operative Technique

Contrast-enhanced computed tomography (CT)
has been the most useful imaging study in determin-
ing local resectability, the utility of which has been
well documented.14,15 When indicated in fit patients,
a PD is undertaken as previously described.16 Adher-
ence to the lateral or posterior aspect of the portal
vein�superior mesenteric vein (PV-SMV) may not
be discovered until the pancreatic head has been re-
flected laterally following transection of the pancre-
atic neck. At this point, one is committed to
resection and the surgeon should have a plan for tan-
gential or segmental excision of the involved venous
segment.

Early in our experience, we completed venous
resection prior to division of the arterial branches
and soft tissue along the right lateral aspect of the su-
perior mesenteric artery (SMA). More recently, we
have altered our technique by performing the dissec-
tion of the retroperitoneal margin prior to venous
resection. The advantages of this are to avoid the
need for venous anastomosis prior to removal of
the specimen, minimize venous occlusion time, and
allow preservation of the splenic vein. This is accom-
plished by performance of a generous Kocher ma-
neuver and isolation of the superior mesenteric
artery both at its origin and caudad to the uncinate
process. The Kocher maneuver orients the superior
mesenteric artery posterior to the PV-SMV and
allows access for completion of the retroperitoneal
dissection. Arterial branches coursing into the unci-
nate are sequentially clamped, divided, and ligated,
thereby completely freeing the pancreas from the
SMA. The pancreatic head is then rotated back to
its normal anatomic orientation and the venous
resection performed as the final step prior to speci-
men removal. Vascular control is always obtained
proximally and distally taking care to isolate the
SMV, PV, and splenic vein. In addition, we have
found in-flow occlusion of the SMA concurrently
with venous clamping useful in minimizing bowel
edema. Systemic heparinization at the time of resec-
tion and reconstruction has not been used routinely.

The venous segment is sharply excised to ensure
a negative margin. Once the specimen is removed,
the venous segment as well as the portal vein groove
and uncinate margin should be marked. Communi-
cation between the surgical and pathologic teams is
imperative to accurately assess the pancreatic and
venous specimens for invasion and margin status.

In order to harvest the left renal vein, the Kocher
maneuver is extended to the left. The left renal vein
is stapled flush with the inferior vena cava and just to
the right of the insertion of the left gonadal and
adrenal veins (Fig. 1).

In completing the venous reconstruction, the
venous segment should be fully mobilized to reduce
tension on the anastomosis. Mobilizing the PV and
SMV is accomplished by ligating and dividing multi-
ple small venous tributaries. Both the root of the
small bowel mesentery and the right colon may be
released posteriorly to increase mobility and mini-
mize tension on the anastomosis. Intraoperative
ultrasound is used to evaluate the venous reconstruc-
tion for patency, and once established; the remainder
of the reconstruction (pancreaticojejunostomy,
hepaticojejunostomy, and duodenojejunostomy) is
completed.

RESULTS

For the years 1988 through 2003, 64 patients were
identified who underwent PD with venous resection
and reconstruction. Thirty-one men and 33 women
had a mean age of 63 years. The dominant pathology
was pancreatic ductal adenocarcinoma (n 5 56,
88%), with four patients undergoing PD with
venous resection for islet cell neoplasms, two with
an inflammatory mass, one with distal cholangiocar-
cinoma, and one with metastatic colon
adenocarcinoma.

Thirty-four patients (53%) underwent a pylorus-
preserving PD, while 30 patients underwent a stan-
dard PD. Venous reconstruction was accomplished
with primary lateral venorrhaphy in 29 patients
(45%), a PTFE graft (n 5 18, 28%), primary
end-to-end anastomosis (n 5 13, 20%), or an autol-
ogous vein graft (n 5 4, 6%). Two of the PTFE
reconstructions were patches, while 16 were ringed
interposition grafts. Total clamp time was recorded
for 36 patients (mean, 14 minutes). Patency was
routinely assessed with intraoperative ultrasound.

The most common perioperative complication
was delayed gastric emptying, occurring in 17
patients (27%). Two patients (3%) experienced anas-
tomotic hemorrhage requiring reoperation. Three
patients (5%) were diagnosed with a pancreatic
leak, and five (8%) were found to have an
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intra-abdominal abscess. Two patients had evidence
of hepatic ischemia at the time of reperfusion, which
was documented by transient transaminase elevation.
Additionally, three patients undergoing autologous
vein grafting with the left renal vein experienced
a transient increase in serum creatinine levels. There
was one perioperative death (2%), secondary to acute
thrombosis. Hepatic failure ensued and hemorrhage
complicated by coagulopathy led to death. Two
additional patients received therapeutic anticoagula-
tion secondary to acute thrombosis following
a PTFE interposition graft in one patient and
primary end-to-end repair in the other.

Thirty-four patients (53%) were anticoagulated
following the reconstruction, based on attending
surgeon preference. Nineteen patients were treated
with aspirin, 11 with warfarin, and 4 with clopidog-
rel. There was no difference in thrombosis rates in
those patients receiving anticoagulation compared
to those who did not (P 5 0.65).

Follow-up imaging was performed in 61 patients
(95%) and available a mean of 12.2 months

postoperatively. Eleven (17%) thromboses were
diagnosed, and mean time to thrombosis was
11.9 months (range, 0.1�38.7 months). Three of
the thromboses were noted within the first 30 days,
while the remaining were found at a mean of 16.2
months. Of the 11 thromboses, the reconstructions
consisted of a PTFE interposition graft (n 5 6), lat-
eral venorrhaphy (n 5 3), and primary end-to-end
anastomosis (n 5 2). A higher percentage of patients
with a PTFE interposition graft had documented
thromboses when compared to those who underwent
other types of reconstruction (33% versus 12%);
however, this difference was not significant (P 5

0.16). Ascites was diagnosed in three patients, and
one patient developed splenic vein thrombosis and
uncomplicated esophageal varices.

DISCUSSION

Although PD offers the only chance for cure in
patients with pancreatic head adenocarcinoma, ques-
tions have arisen regarding the indications, safety,

Fig. 1. A, The Kocher maneuver is extended to the left and elevation of the pancreatic head allows ex-
posure of the entire left renal vein (LRV) as well as the left adrenal (LAV) and gonadal veins (LGV). B,
The vein is transected with a linear stapling device distal to the insertion of the left adrenal and gonadal
veins and again flush with the inferior vena cava (IVC). C, The left renal vein is used as an interposition
graft to restore continuity to the mesenteric venous system. (Permission granted by the Mayo Founda-
tion for Medical Education and Research.)
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and outcomes of patients undergoing extended
resections for locally advanced disease. While previ-
ous studies have focused on margin status and com-
parisons of overall survival, few have analyzed the
durability of the venous reconstruction or reported
on the morbidity associated with graft thrombosis.6,7

In this series, PD with venous resection was most
commonly performed for ductal adenocarcinoma of
the pancreatic head. The majority of patients under-
went a tangential venous resection with reconstruc-
tion completed by primary lateral venorrhaphy.
Primary end-to-end anastomoses and interposition
grafting were performed less frequently early in
our experience but are now the two techniques we
prefer. Importantly, the conduit selection for inter-
position grafting in this series differs from that in
the literature. Early in the series, PTFE interposi-
tion grafts were used, while our current practice is
to use the left renal vein as an interposition graft if
possible. Previous reports describe the saphenous
vein10 or internal jugular vein4 for autologous graft-
ing. Access to the left renal vein is relatively straight-
forward and is gained through the same operative
field. The caliber of the graft is similar to the PV,
and although the number included in this series is
low, no thromboses of the left renal vein grafts
were observed. Following reconstruction with the
left renal vein, all patients were evaluated with con-
trast-enhanced CT demonstrating renal blood flow
and patent reconstruction. Renal function was pre-
served in all four left renal vein graft patients in
this series.

Of the 11 thromboses observed (17%), only 3
(5%) were in the acute setting (less than 30 days).
One of these three patients died secondary to the
acute thrombosis. At the time of PD in this patient,
access to the PV demonstrated involvement of the
portal vein lumen with extension into the liver. Po-
tentially curative resection was not possible; thus,
tangential excision of the portal vein was performed
with primary lateral venorrhaphy in order to com-
plete removal of the specimen. On postoperative
day (POD) 2, thrombosis was noted with hepatic
insufficiency. Progressive hepatic failure with coa-
gulopathy and bleeding led to death on POD 13.
Acute thrombosis was also noted on POD 8 in a
patient who had undergone PTFE interposition
grafting. The thrombosis resolved with intravenous
heparin therapy. This patient had metastatic colonic
adenocarcinoma and was subsequently found to be
heterozygous for factor V Leiden and continued on
warfarin therapy. The third patient with an acute
thrombosis had undergone primary end-to-end
reconstruction and had thrombosis noted on POD
6, which resolved with intravenous heparin and

outpatient warfarin therapy. Importantly, the re-
maining eight thromboses were documented late
(mean, 16.2 months) and were noted at the time of,
or following identification of, locoregional recur-
rence. In these patients, the long-term morbidity at-
tributable to thrombosis was limited. Three of these
patients with late thrombosis developed ascites. An
additional patient with splenic vein thrombosis
went on to develop uncomplicated esophageal
varices.

The literature documenting portal vein graft
thrombosis rates is sparse. DiPerna et al.13 observed
patency rates of 93% and 90% at 12 and 24 months,
respectively. Unfortunately, this series included mul-
tiple different vascular reconstructions, of which
only eight were portal vein resections with recon-
struction. More specifically, Tseng et al.4 noted oc-
clusion in 6.9% of portal vein grafts, but specific
timing and morbidity were not discussed. The
thrombosis rate (17%) in this series is higher than
those previously reported, but acute thrombosis
occurred in only 5% of reconstructions. Impor-
tantly, in this series graft thrombosis appears to be
a late event in the majority of patients, is associated
with recurrence, and has a low morbidity.

Recommendations for anticoagulation following
major venous reconstruction for malignancy have
varied. In this experience, patients received a variety
of agents including aspirin, warfarin, and clopidog-
rel. No difference was observed in thrombosis rates
when comparing patients receiving therapy and
those who did not (P 5 0.65). There is a paucity of
literature regarding anticoagulation following portal
venous reconstruction, although as previously men-
tioned, the use of PTFE interposition grafts is not
a widespread practice. The literature available
regarding anticoagulation and abdominal venous
reconstructions involving synthetic grafts focuses
on inferior vena cava repair and the use of warfarin.
Sarmiento et al.17 reported 19 inferior vena cava re-
constructions, following en bloc resection for malig-
nancy, after which all patients were initially
anticoagulated with heparin and then transitioned
to warfarin. Two patients experienced late graft
thromboses, with a 91% patency rate at 3 years.
The question remains whether anticoagulation with
warfarin should follow PTFE interposition grafting
of the SMV-PV after PD, and if this recommenda-
tion can be extrapolated from experiences with the
inferior vena cava reconstructions. While a higher
percentage of PTFE grafts thrombosed in our series,
this was not statistically different, and the majority of
thromboses were diagnosed following recurrence.

Currently, our approach to patients with SMV-
PV involvement is to perform lateral venorrhaphy
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only if possible without compromising luminal
diameter. Primary end-to-end anastomosis is per-
formed in those patients requiring segmental
resection if it can be accomplished without tension.
In those patients who cannot be reconstructed with
primary end-to-end anastomosis, an interposition
graft is used, with the left renal vein being our first
preference due to ease of harvest and its handling
properties. Following interposition grafting, a daily
aspirin in instituted. If perioperative imaging reveals
evidence of thrombosis, therapeutic anticoagulation
is recommended.

CONCLUSIONS

The decreased morbidity and mortality of PD
with venous resection and reconstruction have
made this operation a reasonable option in patients
with locally advanced disease. The durability of
venous reconstruction is good, and although throm-
bosis occurs, in the majority of patients it is follow-
ing recurrence and is associated with limited
morbidity. The left renal vein offers an alternative
to synthetic interposition grafting and may decrease
thrombosis rates. Overall, the ability to identify
those patients appropriate for venous resection and
reconstruction will remain paramount, and the
operation should only be attempted by surgeons at
high-volume pancreatic centers with experience in
venous resection and reconstruction.
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In Vitro Evidence for Role of ERK, p38, and JNK
in Exocrine Pancreatic Cytokine Production

Isaac Samuel, M.D., F.R.C.S., F.A.C.S., Asgar Zaheer, Ph.D., Rory A. Fisher, Ph.D.

Elucidation of mechanisms of acinar cell cytokine production is essential for a better understanding of
acute pancreatitis pathogenesis. We hypothesize that the stress kinases ERK, p38, and JNK play an
important role in acinar cell cytokine production. Rat pancreatic fragments were incubated with 100
nM concentration of the cholecystokinin analog caerulein or 100 nM caerulein and specific ERK inhib-
itor (100 mM PD98059), specific p38 inhibitor (10 mM SB203580), or specific JNK inhibitor (20 mM
SP600125). After 3 hours of caerulein treatment, pancreatic fragments were homogenized and assayed
for total and phosphorylated ERK, p38, and JNK, and for tumor necrosis factor-a or interleukin-1b
concentrations (ELISA). Pancreatic fragments stimulated with caerulein showed activation of ERK,
p38, and JNK and increased cytokine concentrations (ANOVA, P ! 0.05). Specific stress kinase inhib-
itors significantly attenuated caerulein-induced activation of the corresponding stress kinase and cytokine
production; however, the effect of the JNK inhibitor was comparatively less convincing. Increased acti-
vation of ERK, p38, and JNK in pancreatic fragments was not associated with significant increases in
total ERK, total p38, or total JNK concentrations. The stress kinases ERK and p38 play an important
role in caerulein-stimulated exocrine pancreatic overproduction of cytokines. The role of JNK needs
further evaluation in this experimental model. ( J GASTROINTEST SURG 2006;10:1376–1383) � 2006
The Society for Surgery of the Alimentary Tract

KEY WORDS: Acute pancreatitis, stress kinase, MAP kinase, cytokines, rat

Pancreatic acinar cells overproduce cytokines fol-
lowing CCK-A receptor hyperstimulation.1,2 Eluci-
dation of mechanisms of acinar cell cytokine
production facilitiates better understanding of early
events in acute pancreatitis pathogenesis. Tumor
necrosis factor-a (TNF) and interleukin-1b (IL-1)
are key cytokines that initiate and propagate acute
pancreatic inflammation.1 The role of stress kinases
in pancreatic acinar cell cytokine production is not
completely understood. We have previously shown
that the early phase of bile–pancreatic duct liga-
tion–induced acute pancreatitis in rats is associated
with stress kinase activation and increased cytokine
production.2–4 We have also shown that bile–pancre-
atic juice exclusion from gut increases pancreatic
p38MAPK activation and cytokine production after
duct ligation.2 We hypothesize that the stress-

activated protein kinases ERK, p38, and JNK play
a significant role in acinar cell TNF and IL-1 pro-
duction. To test this hypothesis, we performed in
vitro experiments to evaluate the effect of specific
stress kinase inhibitors on pancreatic acinar cell
cytokine production following hyperstimulation
with the CCK-A receptor agonist caerulein.

MATERIAL AND METHODS

The University of Iowa Institutional Animal Care
and Use Committee approved the experimental
protocols used in this study, satisfying the guidelines
of the U.S. Public Health Service. Male Sprague-
Dawley rats weighing 250–325 g were purchased
from Harlan Sprague-Dawley (Indianapolis, IN).

This work was presented at the Forty-Seventh Annual Meeting of The Society for Surgery of the Alimentary Tract, Los Angeles, CA, May 22,
2006.
Dr. Samuel was supported for this research by an American College of Surgeons Faculty Research Fellowship (2003-2005) and a National
Institutes of Health NIDDK Career Development Award (grant K08-DK062805).
From the Departments of Surgery (I.S.), Neurology (A.Z.), and Pharmacology (R.A.F.), University of Iowa Roy J. and Lucille A. Carver College
of Medicine, Iowa City, Iowa, and Veterans Affairs Medical Center, Iowa City, IA (I.S., A.Z.).
Reprint requests: Isaac Samuel, M.D., F.R.C.S., F.A.C.S., Department of Surgery, VAMC and University of Iowa Carver College of Medicine,
200 Hawkins Drive, 4625 JCP, Iowa City, IA 52242. e-mail: Isaac-samuel@uiowa.edu

1376
� 2006 The Society for Surgery of the Alimentary Tract

Published by Elsevier Inc.

1091-255X/06/$dsee front matter

doi:10.1016/j.gassur.2006.09.003

mailto:Isaac-samuel@uiowa.edu


Caerulein was purchased from Sigma Chemical (St.
Louis, MO). PD98059, SB203580, and SP600125
were purchased from Calbiochem (San Diego, CA;
www.calbiochem.com).

Midline laparotomy was performed under general
anesthesia induced with ketamine hydrochloride (87
mg/kg) and xylazine hydrochloride (13 mg/kg). The
pancreas was excised with aseptic precautions and
gently rinsed with Dulbecco’s modified Eagle
medium (DMEM/F12; Invitrogen, Grand Island,
NY) containing 5% FBS. Preparation and culture
of rat pancreatic fragments were essentially as
described by the Saluja group5 and the Norman
group,6 with the following modifications. The fresh
pancreas was diced into pieces less than 1.0 mm in
size, seeded onto 24-well tissue culture plates, and
incubated in 1 ml of DMEM/F12 for 3 hours at
23�C in a tissue culture incubator with humidified
atmosphere of 95% air and 5% CO2.5–7 In selected
experimental groups (see later), stress kinase inhibi-
tors were added at the beginning of the equilibration
period. At the end of the 3-hour equilibration pe-
riod, the pancreatic fragments were gently rinsed
with DMEM/F12 containing 5% FBS and finally
suspended in 1 ml of DMEM/F12 containing 20%
FBS. Groups that received stress kinase inhibitors
were replenished with the same dose of the respec-
tive inhibitor after the rinse. The experiment was
then begun by adding 10 ml of saline vehicle alone
in the control group or 10 ml of the CCK-A receptor
agonist caerulein in the groups described below to
achieve a final concentration of 100 nM.

In part 1 of the study, the pancreatic fragments
were studied in the following experimental groups
(five wells per group):

1. Saline-treated control group
2. Diseased control group: 100 nM caerulein
3. Diseased treated group: 100 nM caerulein after

3-hour preincubation with 10 mM specific p38
inhibitor SB203580

4. Diseased treated group: 100 nM caerulein after
3-hour preincubation with 100 mM specific
ERK inhibitor PD98059

5. Additional control group: 10 mM specific p38
inhibitor SB203580 alone (without caerulein)

6. Additional control group: 100 mM specific ERK
inhibitor PD98059 alone (without caerulein) (in
groups 5 and 6, the inhibitors alone were added
the same time as in groups 3 and 4)

Doses of ERK inhibitor and p38 inhibitor used
were as recommended by the manufacturer. Three
hours after addition of caerulein, pancreatic
fragments were harvested, separated from the
medium by centrifugation, and homogenized in

10 mM HEPES buffer (pH 7.5). The soluble frac-
tion was assayed for total and phosphorylated ERK
and p38 and for TNF and IL-1 concentrations, us-
ing commercial ELISA kits according to the manu-
facturer’s instructions (Biosource, Inc., Camarillo,
CA). Prior to ELISA, the homogenate was assayed
for protein using the Bradford assay, and each
sample was diluted with the same buffer to a protein
concentration of 1 mg/ml.

In part 2 of the study, the following experiment
was performed after data from part 1 was analyzed.
After successfully demonstrating that the specific
ERK and p38 inhibitors attenuate caerulein-stimu-
lated cytokine production in pancreatic fragments
(see Results), we began experiments to evaluate the
role of JNK in cytokine production in the same in
vitro model. We used the specific JNK inhibitor
SP600125 and measured IL-1 production by pancre-
atic fragments stimulated by 100 nM caerulein for
3 hours, as described in part 1. However, initial stud-
ies using the dose of SP600125 recommended by the
manufacturer (20 nM with 3-hour preincubation)
and even a much higher dose (10 mM with 3-hour
preincubation) failed to significantly attenuate IL-1
production or JNK activation in response to caeru-
lein (data not shown). Therefore, we used a longer
preincubation period and incubated the pancreatic
fragments with 10 mM SP600125 overnight prior
to 100 nM caerulein hyperstimulation for 3 hours.
DMSO was used as the solvent for SP600125 and
was diluted in DMEM before adding to the well.
All other details of the experiment were as in part 1.

Statistical Analysis

SigmaStat software (Version 2.03; www.spss.com)
was used for statistical analysis. One-way ANOVA
was used for analysis of data. Five wells were studied
in each experimental group, and results are expressed
as mean � SEM. A P-value below 0.05 was consid-
ered statistically significant.

RESULTS
Part 1

Pancreatic fragments stimulated with caerulein
showed significant increases in phospho-ERK and
phospho-p38, without increases in total ERK or to-
tal p38 concentrations (Figs. 1 and 2). Specific ERK
and p38 inhibitors significantly attenuated caerulein-
induced increases in the corresponding phospho-
stress kinase and attenuated caerulein-induced IL-1
and TNF production by an impressive margin
(Figs. 1–3). The ERK inhibitor did not significantly
inhibit p38 activation, and the p38 inhibitor did not
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significantly inhibit ERK activation, corroborating
the specificity of the respective inhibitor. In control
groups, the individual stress kinase inhibitors used
alone (without caerulein) showed no significant
effect.

Part 2

ELISA of IL-1 and phosphorylated JNK in pan-
creatic homogenates showed significant increases in
IL-1 production and JNK activation in pancreatic
fragments stimulated with caerulein (Fig. 4). As in
the case of ERK and p38, total JNK concentration
was not increased after caerulein treatment (data
not shown). The specific JNK inhibitor SP600125

(10 mM with overnight preincubation) was associated
with a marginal but statistically significant attenua-
tion of both phospho-JNK concentration and IL-1
overproduction associated with caerulein hyperstim-
ulation. As the effect of SP600125 on JNK activation
was not as convincing as that of the ERK or p38
inhibitors, we were not encouraged to measure
TNF in these samples.

DISCUSSION

Using novel quantitative methods (ELISA) for
measuring total and activated stress kinase concen-
trations, we provide new evidence that ERK, p38,

Fig. 1. Caerulein (CL) activates ERK in pancreatic fragments without increasing total ERK concentra-
tions. ERK inhibitor (E-i) attenuates CL-induced ERK activation. The stress kinase inhibitors alone
showed no significant effect. Results are mean � SEM; n 5 5 wells per group. *Significant difference
from the saline-treated control group (SL); pound sign (#) indicates significant difference from the
SL and diseased-control group that received CL; one-way ANOVA, P ! 0.05. p-i 5p38 inhibitor.
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and JNK play a role in caerulein-stimulated exocrine
pancreatic production of cytokines. Increased stress
kinase activation in pancreatic fragments was not as-
sociated with significant increases in total ERK, total
p38, or total JNK concentrations, indicating that
stress kinase activation following caerulein hyper-
stimulation is not a mere consequence of stress
kinase induction but rather the result of true activa-
tion of preexisting ERK, p38, and JNK. Further-
more, the inability of the p38 inhibitor SB203580
to inhibit activation of ERK following caerulein hy-
perstimulation does not support the recent view that
SB203580 may cross-react and antagonize the CCK-
A receptor.8 As tissue macrophages do not have

CCK-A receptors, it is reasonable to suggest that
pancreatic acinar cells may be the source of caeru-
lein-stimulated IL-1 and TNF production in this
experimental model.5,6 However, stimulated acinar
cells plausibly could produce molecular messengers
that induce macrophage cytokine production.

Compared to the magnitude of attenuation of
ERK and p38 activation and cytokine production
achieved by ERK inhibitor or p38 inhibitor,
SP600125 was less efficient in attenuating JNK acti-
vation and IL-1 production in our experiments. We
speculate that this reflects the relative inefficiency of
phospho-JNK inhibition in our experimental system,
rather than a lesser role for JNK in acinar cell IL-1

Fig. 2. Caerulein (CL) activates p38 in pancreatic fragments without increasing total p38 concentra-
tions. p38 inhibitor (p-i) attenuates CL-induced p38 activation. The stress kinase inhibitors alone
showed no significant effect. Results are mean � SEM; n 5 5 wells per group. *Significant difference
from the saline-treated control group (SL); pound sign (#) indicates significant difference from the
SL and diseased control group that received CL; one-way ANOVA, P ! 0.05. E-i 5 ERK inhibitor.
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production, probably due to inadequate intracellular
penetration of SP600125. Of note, Wagner et al.9

have shown that the JNK pathway inhibitor CEP-
1347 dose-dependently inhibits caerulein-induced
JNK activation in isolated rat pancreatic acini. We
selected SP600125 instead of CEP-1347 for our
studies as the former is a direct inhibitor of JNK
while the latter acts upstream of JNK.10 Alternative
reagents such as small interfering RNA to JNK
may be better suited to evaluate the role of JNK in
future experiments.

Acute pancreatitis is a common condition associ-
ated with significant morbidity and mortality.1,11

Cytokine cascade activation initiated within the pan-
creas may lead to a systemic inflammatory response
with potentially fatal multiorgan failure.12–14 How-
ever, the early events in pancreatic cytokine cascade
activation are poorly understood.12–15 The stress-ac-
tivated protein kinases ERK (extracellular signal-
regulated kinase 1/2), p38 (p38 MAP kinase), and
JNK (cJun N-terminal kinase 1/2) are novel signal-
ing cascades in mammalian cells activated by cell
stress and capable of inducing cytokine production.16

Following cell surface receptor hyperstimulation,
each stress kinase is activated by phosphorylation
via an upstream kinase cascade and then activates

Fig. 3. Caerulein (CL) increases IL-1 and TNF production by pancreatic fragments. The ERK inhibitor
(E-i) and the p38 inhibitor (p-i) attenuate CL-induced IL-1 and TNF production. The stress kinase in-
hibitors alone showed no significant effect. Results are mean � SEM; n 5 5 wells per group. *Significant
difference from the saline-treated control group (SL); pound sign (#) indicates significant difference
from the SL and diseased control group that received CL; one-way ANOVA, P ! 0.05.
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a downstream nuclear transcription factor that regu-
lates gene expression.17 Using an original surgical
model, the Donor Rat Model, we have previously
shown that duodenal bile–pancreatic juice replace-
ment attenuates p38 activation and TNF overpro-
duction in the early stages after duct ligation.2

These results suggest that bile–pancreatic juice
exclusion from gut, which causes feedback hyper-
stimulation of the exocrine pancreas via neurohor-
monal pathways (e.g., CCK), increases pancreatic
stress kinase activation and cytokine production after
duct ligation. We performed the present study to

evaluate in vitro a mechanistic relationship between
the concurrent events of stress kinase activation
and cytokine production seen with our in vivo stud-
ies. The dispersed pancreatic acini and isolated
acinar cell preparations often used for in vitro inves-
tigations are not ideal for studies of cytokine-
and stress-activated pathways, as the collagenase
digestion and mechanical agitation of the prepara-
tory procedure itself induces activation of the path-
ways under study.7 Therefore, we preferred to
use the pancreatic fragment model in the present
study.

Fig. 4. Caerulein (CL) activates JNK and increases IL-1 production in pancreatic fragments. JNK in-
hibitor (J-i) marginally attenuates CL-induced JNK activation and IL-1 production. The J-i alone
showed no significant effect. Results are mean � SEM; n 5 5 wells per group, asterisk (*) indicates sig-
nificant difference from the saline-treated control group (SL); pound sign (#) indicates significant differ-
ence from the SL and diseased-control group that received CL; one-way ANOVA, P ! 0.05.
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Recent work has provided supporting evidence for
the role of stress kinases in acute pancreatitis patho-
genesis.3,9,11,16,18–23 The specific JNK inhibitor CEP
1347 and specific ERK inhibitors (U0126, PD98059)
ameliorate acute pancreatitis in rats induced by
supramaximal doses of caerulein.9,21,22 Although
one report indicates that p38 inhibition exacerbates
caerulein-induced acute pancreatitis in rats,21 other
reports indicate that p38 activation exacerbates acute
inflammation in experimental models of acute pan-
creatitis.18,19,23,24 In caerulein-induced and CDE
diet-induced acute pancreatitis in mice, the p38
and JNK inhibitor CNI-1493 reduces pancreatic
necrosis and downregulates the TNF gene.25 CNI-
1493 also attenuates pulmonary TNF production
and parenchymal injury induced by intravenous
administration of pancreatic ascites in rats.11 In acute
pancreatitis induced by retrograde injection of bile
salts, CNI-1493 reduces pancreatic and pulmonary
injury, limits increases in circulating TNF concen-
trations, and improves survival.23 In the same model,
CNI-1493 also reduces hepatic TNF levels and
parenchymal injury.18 The p38 inhibitor SB203580
attenuates hepatic TNF overproduction induced
by elastase perfusion.24 The unique aspects of
our present study are (1) the use of pancreatic frag-
ments rather than dispersed acini, (2) the use of
novel reagents (ELISA) to quantitate pancreatic
stress kinases, (3) the demonstration of changes
in stress kinase phosphorylation in relation to total
stress kinase concentration, and (4) the measurement
of exocrine pancreatic IL-1 and TNF, both of which
are downstream products of stress kinase activation.

CONCLUSION

The stress kinases ERK and p38 play an impor-
tant role in caerulein-stimulated exocrine pancreatic
overproduction of cytokines. The role of JNK needs
further evaluation in this experimental model.
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Mechanism of Gastric Bypass–Induced Body Weight
Loss: One-Year Follow-up After Micro–Gastric
Bypass in Rats

Bj€orn Stenstr€om, M.D., Marianne W. Furnes, D.V.M., Karin Tømmer�as, Ph.D.,
Unni Syversen, M.D., Ph.D., Chun-Mei Zhao, Ph.D., Duan Chen, M.D., Ph.D.

Bariatric surgery (Roux-en-Y or mini–gastric bypass) is designed to limit food intake by creating a small
gastric pouch and to reduce nutrient absorption by bypassing the long limb of the intestine. We report
1-year follow-up results after micro–gastric bypass in rats. Micro–gastric bypass was performed by anas-
tomosis of the esophagus and the proximal jejunum. Body weight, body composition, bone mineral den-
sity, food intake, and serum levels of ghrelin and obestatin were measured. Growing rats had a 40%
weight reduction 2 months after micro–gastric bypass surgery compared to 20% after gastrectomy
and 30% after stomach bypass (anastomosis of the esophagus and duodenal bulb). Six months after
micro–gastric bypass surgery, the rats stopped growing compared to controls that gained continuously
due to expansion of the fat compartment. Adult rats (600 g) lost 30% of their body weight 5 months after
the micro–gastric bypass, while food intake was not reduced. Serum levels of obestatin (but not ghrelin)
were reduced in rats with micro–gastric bypass. The results suggest that micro–gastric bypass efficiently
reduced body weight, particularly fat mass; loss of the weight after micro–gastric bypass was not due
to reduced food intake; and lean tissue and bone development were impaired in growing subjects
after gastric bypass. ( J GASTROINTEST SURG 2006;10:1384–1391) � 2006 The Society for Surgery of
the Alimentary Tract

KEY WORDS: Micro–gastric bypass, body weight, food intake, ghrelin, obestatin, rats

Overweight and obesity are plaguing our society
in epidemic proportions. In a recent report from
the HUNT study in Norway, the prevalence of over-
weight and obese persons was about 20% higher
than that 10 years ago, especially in the younger
age groups.1 The health benefits of weight reduction
are well recognized. However, weight loss through
diet and exercise fails in most patients, and the cur-
rent weight-loss drugs have had limited success.
Gastric bypass surgery, where the stomach is circum-
vented by linking the esophagus to the intestine, is
believed to diminish hunger and result in long-
term maintenance of reduced body weight, and is
thus becoming a common treatment for obesity.2–4

The common surgical procedures include (1) restric-
tive operations such as vertical banded gastroplasty,
silastic ring gastroplasty, and gastric banding, (2)
malabsorptive operations including variations of

the intestinal bypass, and (3) combined operations
that use both restriction and malabsorption includ-
ing variations of short-limb, long-limb, or distal gas-
tric bypass and biliopancreatic diversion.5,6 The
current standard for bariatric surgery is the Roux-
en-Y gastric bypass2,7,8 (Fig. 1A). In addition, the
so-called mini–gastric bypass has been recently rec-
ommended9,10 (Fig. 1B). The average loss of excess
weight after surgery was found to be about 60% after
2-year follow-up.11 Because some weight is gradually
regained over time, and thus what happens in the
long term is considered crucial. In fact, a clinical
study after 10-year follow-up reported persistent
benefits in terms of body weight and associated met-
abolic abnormalities after the surgery.12 Although
gastric bypass surgery is generally believed to be
a safe and effective option with well-defined
risks,2,13,14 very little information has been published
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with respect to the effects of these surgeries on me-
tabolism and development in adolescents. Morbid
obesity is also becoming more frequent among chil-
dren, and bariatric surgery is advocated as a potential
pediatric intervention.15,16 It is therefore important
to investigate both the long-term benefits and poten-
tial postoperative complications of gastric bypass
surgery in a broad context.16 The aims of the present
study were to develop models of bariatric surgery in
rats and to study the mechanism behind the body
weight reduction after the surgery. Herein, we per-
formed micro–gastric bypass surgery in 2-month-
old male rats and followed their growth up to 1
year by monitoring body weight, serum levels of
ghrelin and obestatin, fat and fat-free compartments,
bone mineral density (by dual-energy X-ray absorp-
tiometry [DXA]), and stomach adaptation.

MATERIAL AND METHODS
Animals and Study Groups

Male rats (Sprague-Dawley at 2 months of age
from Taconic, Lille Skensved, Denmark; and
Long-Evans at 12–15 months of age from Taconic

Farm, Inc., Germantown, NY) were used. They
were housed in Makrolon cages at 20 �C, with 40–
45% relative humidity on a 12-hour light/dark cycle,
with four or five rats in each cage. The animals had
free access to standard rat food pellets (B&K Univer-
sal, Hull, UK) and tap water ad libitum throughout
the study. Four experimental groups were included,
namely total gastrectomy (Fig. 1C), stomach bypass
(Fig. 1D), and micro–gastric bypass (Fig. 1E)
(Table 1). Each experimental group was paired
with a control group that received a sham operation.
Additional data were collected for fat mass and fat-
free mass, bone mineral density of whole body and
femur, ghrelin and obestatin levels at different time
points in young rats that underwent micro–gastric
bypass or sham operations. Each micro–gastric by-
pass group included 10 rats (total 5 50 rats). Four
animals died preoperatively, and four died at various
time points pre-DXA. The sham-operated group in-
cluded 10 animals at each postoperative time point,
except the 12-month group (6 rats) and 1-month
group (9 rats) (total 5 45 rats). The micro–gastric
bypass and the control sham operation was per-
formed at four different time points, beginning with

Fig. 1. Surgical procedures. A, Roux-en-Y gastric bypass. B, Mini–gastric bypass. C, Total gastrectomy.
D, Stomach bypass. E, Micro–gastric bypass.
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the 12-month group. The 9- and 6-month groups
were operated on 3 months later. After an
additional 3 months, the 3-month group received op-
erations, and the 1-month group followed 2 months
later. Animals were killed after DXA analysis was per-
formed at two time points. At the first time point, the
1-, 3-, and 6-month postoperative groups were killed.
Three months later, the remaining 9- and 12-month
postoperative groups were killed.

The experiments were approved by the Norwe-
gian Animal Welfare Committee (Forsøksdyrutval-
get, FDU).

Anesthesia and Surgery

All animals (except group IV) were operated on, an-
alyzed with DXA, or killed under anesthesia with 0.02
ml/kg of a solution containing fluanison and fentanyl
(2.5 mg/ml and 0.05 mg/ml, Hypnorm; Janssen Ani-
mal Health, Buckinghamshire, England) and midazo-
lam (1.25 mg/ml, Dormicum; Alpharma AS, Oslo,
Norway) or 0.04 ml/kg of a mixture of 2 ml of haloper-
idol (Haldol, 5 mg/ml; Janssen-Cilag, Beerse, Belgia),
3 ml of fentanyl (Fentanyl, 50 mg/ml; Alpharma AS,
Oslo, Norway), 3 ml of midazolam (Dormicum,
5 mg/ml; Alpharma AS, Oslo, Norway), and 4 ml of
H2O for subcutaneous injection. The rats in group
IV were anesthetized with isoflurane by U-400 Anes-
thesia Unit (Univentor Limited, Zejtun, Malta).

All operations were performed through a short
upper midline incision. Total gastrectomy was per-
formed by removing the whole stomach followed
by joining the esophagus and duodenum end-to-
end (Fig. 1C). The stomach bypass was performed
by anastomosizing the esophagus to the first segment
(bulb) of the duodenum end-to-side, leaving the
stomach connected to the duodenum (Fig. 1D).
The micro-gastric bypass was performed by anasto-
mosizing the easophagus to the proximal jejunum

about 2–3 cm distal to the Treitz ligament in an
end-to-side fashion (Fig. 1E). The sham operation
(performed on controls) was laparotomy only.

Follow-up (Body Weight, Body Composition,
and Bone Measurements)

In all groups, body weight was recorded on the same
balance before death. DXA was performed before
death on a Hologic QDR 4500A with Small Animal
software (Hologic Inc., Bedford, MA). Whole body
fat mass and fat-free mass, whole body bone mineral
density (BMD), and femur BMD were included. The
femur length was measured at death after dissection
the femur free of any loose tissue. The length is repre-
sented as the average of the left and right femurs.

Food Intake, Energy Expenditure, and Activity

The food intake, energy expenditure, and activity
were recorded only in group IV, that is, adult Long-
Evan rats, by indirect calorimetry using metabolic
measuring system (Comprehensive Laboratory
Animal Monitoring Systems [CLAMS], Oxymax;
Columbus Instruments International, Columbus,
OH). This monitoring system is composed of
a four-chamber indirect calorimeter designed for
continuous monitoring of up to four rats simulta-
neously, obtaining measurements of V_O2 and V_CO2

from each chamber. An air sample was withdrawn
every 6 minutes from each cage. Energy expenditure
(kcal/hr) was calculated from the following equation:
(3.815þ 1.232 RER)�V_O2, where RER is the respi-
ratory exchange ratio (volume of CO2 produced per
volume of O2 consumed [both ml/kg/h]) and V_O2 is
the volume of O2 consumed per hour per kilogram
of mass of animal. Rats were gradually acclimatized
to the system over a period of 2 weeks before data
collection. Rats were placed in calorimeter chambers
for 72 hours (data from the first 48 hours were not
used in the analysis) with ad libitum access to their
normal diet in ground-up form and tap water.

Serum Ghrelin and Obestatin Levels and
Histology of Ghrelin/Obestatin-Producing
A-Like Cells in the Stomach

After the animals were killed, serum samples from
each rat were collected for measurements of ghrelin
and obestatin levels using commercial radioimmuno-
assay kits (RK-031-30 for ghrelin and RK-031-92 for
obestatin; Phoenix Pharmaceuticals, Belmont, CA).
Ghrelin and obestatin are known to be produced in
the same A-like cells in the stomach, which can be
visualized by immunohistochemistry. Tissue speci-
mens (including stomach, esophagus, duodenum,

Table 1. Experimental groups

Group Surgery
No. of

rats
Age of

rats (mo)
Follow-up

(mo)

I Total
gastrectomy

14 2–2.5 2

Sham operation 9 2–2.5 2
II Stomach bypass 6 2–2.5 2

Sham operation 6 2–2.5 2
III Microgastric

bypass
50 2–2.5 1–12

Sham operation 45 2–2.5 1–12
IV Microgastric

bypass
4 12–15 5

Sham operation 4 12–15 5
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jejunum, and pancreas) were fixed for 8–12 hours at
4 �C in 4% paraformaldehyde (Pharmacia, Trond-
heim, Norway) and embedded in paraffin. Then 4-
mm-thick sections were cut and mounted onto su-
per-frost glass slides. Primary antibodies (rabbit
anti-ghrelin and anti-preproghrelin) were applied at
final dilutions of 1:7000 or 1:6000 (code no. H031-
031, H-031-034; Phoenix Pharmaceuticals). The
thickness of the oxyntic mucosa was measured using
transverse sections, and the density of immunoreac-
tive A-like cells in the oxyntic mucosa (number of
cells per millimeters of mucosa along the submu-
cosa) was assessed. Histology of the tissues was eval-
uated after routine hematoxylin and eosin staining.

Data Analysis

The values are expressed as mean � SEM. Statis-
tical analyses were performed using the Student’s
t-test, ANOVA, Kruskal-Wallis, or Mann-Whitney,
as appropriate. Bonferroni correction for multiple
comparisons was used where relevant. Analysis was
performed either in SPSS version 13.0 for Windows
(SPSS Inc., Chicago, IL) or GraphPad Prism version
4.03 (GraphPad Software, Inc., San Diego, CA).
A P-value of !0.05 was considered statistically
significant.

RESULTS
Body Weight, Body Composition,
and Bone Density

In comparison with the age-matched sham-
operated controls, the postoperative body weight at
2 months was reduced 20% after gastrectomy, 30%
after stomach bypass, and 40% after micro–gastric

bypass. One-year follow-up showed that body
weight (Fig. 2), fat mass and fat-free mass (Fig. 3),
whole body BMD and femur BMD (Fig. 4), and
lean and fat mass (Fig. 4) were significantly lower
in rats subjected to micro–gastric bypass than those
subjected to sham operation. The young rats that
had micro–gastric bypass stopped growing after 6
months, in contrast to the controls, which gained
weight continuously mainly as a result of continuous
expansion of the fat compartment. Femur length at 6
months postoperatively was shorter in rats subjected
to micro–gastric bypass than in controls (39.5 � 2.6
mm versus 43.1 � 0.6 mm, P ! 0.0001). It was
noted during the cleaning of the femurs that the
bones from young rats that had micro–gastric bypass
were very fragile and brittle.

Adult rats (about 600 g body weight at the time
of surgery) lost about 30% of their body weight
5 months after micro–gastric bypass, whereas sham-
operated adult rats maintained weight or gained a
little weight (Fig. 5). Moreover, the fat mass (but
not fat-free mass) was lower in rats subjected to
micro–gastric bypass than in controls (72.1 � 6.6 g
versus 196.4 � 25.4 g, P ! 0.005).

Food Intake, Energy Expenditure,
and Activity Level

The adult rats (n 5 4) subjected to micro–gastric
bypass ate 22.5 � 2.4 g/day, while the age-matched
controls (n 5 4) ate 15.7 � 1.9 g/day (P 5 0.071).
Four months after surgery, total energy expenditure
was similar in rats subjected either to micro–gastric
bypass or a sham operation (112.6 � 4.8 kcal/day
versus 120.2 � 10.5 kcal/day, P O 0.05). RER
(V_CO2/V_O2) is higher when the animals burn

Fig. 2. Body weight changes over time after 1 year of follow up after micro–gastric bypass or sham
operation in young rats.
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carbohydrates and lower during fat utilization and
fasting. RER was 1.03 � 0.04 in the micro–gastric
bypass group versus 0.92 � 0.03 in controls (P 5

0.0795). Spontaneous locomoter activity appeared
unchanged in rats with gastric bypass.

Ghrelin, Obestatin, A-Like Cells,
and Other Organs

While the serum levels of ghrelin were not
changed after micro–gastric bypass (except the re-
duction after 1 month) (Fig. 6A), the serum levels
of obestatin were reduced significantly at and beyond
3 months postoperatively (Fig. 6B). There was no
significant difference in the A-like cell density be-
tween rats subjected to either micro–gastric bypass
or sham operations 12 months after surgery (mi-
cro–gastric bypass 25.2 � 1.6 ghrelin-immunoreac-
tive cells/mm versus controls 30.3 � 1.7 cells/mm,
P O 0.05; micro–gastric bypass 34.5 � 1.3 preprogh-
relin-immunoreactive cells/mm versus controls

40.8 � 2.2 cells/mm, P O 0.05). The thickness of
the oxyntic mucosa was greatly reduced in rats sub-
jected to micro–gastric bypass (micro–gastric bypass
348 � 13 mm versus control 622 � 27 mm, P !
0.001; 12 months after surgery). There were no obvi-
ous pathological postoperative changes in the tissues
of the stomach, esophagus, duodenum, jejunum, and
pancreas after 9 and 12 months in rats that had
micro-gastric bypass.

DISCUSSION

In the present study, we tested our hypothesis that
weight loss after gastric bypass (e.g., Roux-en-Y) sur-
gery used clinically is due to neither reduced food in-
take nor impaired nutrient absorption as a result of
a long bypass of the small bowel.2,8,17 It has been
well demonstrated that the Roux-en-Y gastric bypass
reduces body weight in rats.18,19 In the present study,
the body weight was reduced following total

Fig. 3. Changes in fat mass (A) and fat-free mass (B) over
a 12-month period after micro–gastric bypass or sham oper-
ation in young rats. **P ! 0.01 and ***P ! 0.001 compared
with age-matched sham-operated controls.

Fig. 4. Bone mineral density of whole body (A) and the femur
(B) changes over a 12-month period after micro–gastric
bypass or sham operation in young rats. ***P ! 0.001 com-
pared with age-matched sham-operated controls.
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gastrectomy, stomach bypass, and micro–gastric by-
pass, suggesting that the stomach per se seems to be
responsible for weight loss after the various gastric
bypass procedures (see also Stenstr€om et al.20). The
micro–gastric bypass reported in the present study
is similar to the clinically performed mini–gastric by-
pass procedure (Fig. 1). The rationale for such pro-
cedure(s) is that they are simpler and safer than
other gastric bypass operations and they avoid expos-
ing the gastric mucosa to biliopancreatic secretions,
which may have potentially carcinogenic effects
with longer-term exposure and was a major criticism
of the original technique. As a result of this micro–
gastric bypass, body weight (mainly fat mass) was
promptly lost in growing rats as well as adult (and
obese) rats. Six months postoperatively, the rats sub-
jected to gastric bypass stopped gaining weight,
which was due to a lack of expansion of the fat com-
partment. Although the underlying mechanism is
unknown, the clinical significance is obvious. More-
over, it should be noted that surprisingly and inter-
estingly, food intake was not reduced (actually it
was probably increased) and the total energy expen-
diture was unchanged after the micro–gastric bypass,
although these results have to be interpreted with
caution as the number of animals is small (four rats
per group). The tendency for increased food intake
in the rats with micro–gastric bypasses could be be-
cause of less fat and smaller energy stores, thus lead-
ing them to eat more. If the weight loss in this model
is not due to the restriction of food intake and
general malabsorption, a selective malabsorption of
fat and/or a shift in preferred fuel substrate may be
a plausible explanation.

The present study including 1 year of follow up
after micro–gastric bypass might suggest that

Fig. 5. Body weight changes over the course of 5 months after micro–gastric bypass or sham operation in
1-year-old adult rats.

Fig. 6. Changes in serum ghrelin (A) and obestatin (B) levels
over a 12-month period following micro–gastric bypass or
sham operations in young rats. *P ! 0.05. ns, not significant
compared with age-matched sham-operated controls.
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although the gastric bypass could effectively reduce
body weight, particularly the fat compartment in
growing rats, the bariatric surgery may not be
a good choice for treating obesity in young individ-
uals that are still growing, because not only fat mass
accumulation was reduced, but the growth of lean
tissue and bone formation could also be impaired.
Thus, the growth of a young patient receiving such
an operation might be permanently stunted. The
present study also shows that the pronounced weight
loss was accompanied by a significant reduction of
BMD in the rats with gastric bypass, as seen in gas-
trectomized rats or patients that have had gastrec-
tomy or gastric bypass.21–29 Possible mechanisms
may include general nutritional deficiency, calcium
deficiency (little or lack of gastric acid), vitamin D
deficiency (impaired absorption of vitamin D precur-
sors), and gastric hormone deficiency (e.g., gastrin,
ECL-cell hormone, ghrelin). In fact, it has been
shown by a series of studies that the bone loss ob-
served after gastrectomy reflects the loss of the oxy-
ntic mucosa per se and that perhaps the ECL cells in
the stomach manufacture a hormone that controls
bone metabolism.20,30

The stomach is known to be the main source of
circulating ghrelin,31,32 and is most likely the main
source for obestatin, because both are produced
from the preproghrelin peptide in the stomach.33

Treatment with ghrelin increased food intake and
body weight in rats, while obestatin had the opposite
effects.33 In the present study, the reduction in the
serum levels of obestatin but not ghrelin after the
micro–gastric bypass do not support the view that ei-
ther or both peptides are responsible for the reduced
body weight after the surgery in rats.20,34,35

In conclusion, the micro–gastric bypass efficiently
reduced body weight, particularly the fat mass. This
procedure is simple and may have a low complication
and mortality rate. Second, the loss of body weight
after micro–gastric bypass appeared to be neither
due to reduced food intake nor associated with pro-
ductions of ghrelin and/or obestatin. Third, gastric
bypass surgery for obese children (and adolescents)
is not recommended, because the development of
lean tissue and bone may be impaired after the sur-
gery. Fourth, an increased risk of developing of os-
teopenia (osteoporosis or osteomalacia) seems to be
a common outcome of gastric bypass.
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Bariatric Surgery at the Extremes of Age

J. Fatima, M.D., S.G. Houghton, M.D., C.W. Iqbal, M.D., G.B. Thompson, M.D.,
F.L. Que, M.D., M.L. Kendrick, M.D., J.L. Mai, M.D., B.S., R.N.,
M.L. Collazo-Clavel, M.D., M.G. Sarr, M.D.

The safety and efficacy of bariatric surgery in adolescents and especially in Medicare population have
been challenged. Our aim was to determine short-term (30-day) and long-term outcomes of bariatric sur-
gery in patients >60 years and <18 years old. Query of our 20-year bariatric surgery database identified
155 patients >60 years and 12 patients <18 years. We determined morbidity and mortality rates and sent
a questionnaire to all surviving patients; 127 of 139 survivors >60 years and all 12 adolescents returned
the questionnaire (92%) at a mean of 5 years (range 1–19 years). For patients >60 years, 30-day mortality
was 0.7%, serious morbidity delaying discharge was 14%, and 5-year mortality was 5%. At a mean of
5 years, body mass index (BMI in kg/m2) decreased from a mean (�SEM) of 46 � 1 to 33 � 1 with
a 51% resolution of weight-related comorbidities and an 89% subjective overall satisfaction rate. In
patients <18 years, all with serious comorbidities, there were no deaths and no serious complications.
BMI decreased from 55 (range 39–74) to 36 (range 27–53) at 4 years (range 1–8 years). Resolution of
weight-related comorbidities was 82%, and satisfaction with outcome was 83%. Thirty-day hospital
mortality (!1%) and 5-year mortality (5%) were much lower than reported previously in the senior
population, with acceptable morbidity and importantly, with satisfactory outcomes. Bariatric surgery
is safe and effective at high volume centers for patients with morbid obesity at both extremes of age.
( J GASTROINTEST SURG 2006;10:1392–1396) � 2006 The Society for Surgery of the Alimentary Tract

KEY WORDS: Bariatric surgery, gastric bypass, morbid obesity, Medicare population, adolescents

Morbid obesity is a rapidly increasing health care
crisis in the developed and the developing world. In-
ability of nonoperative therapies to achieve and
maintain adequate weight loss that reverses direct,
weight-related comorbidities has singled out surgical
therapy as the most effective treatment for such
patients. Its safety and efficacy in the population at
the extremes of age, however, are questioned by
many involved parties, both physicians and third
party insurance providers. Indeed, a recent article
by Flum and colleagues1 questioned the safety of
bariatric surgery in the Medicare population, report-
ing a 30-day postoperative mortality of 4.8%. Such
a high mortality rate has not been our experience
with over 1800 bariatric operations in the last
20 years that included many patients over 60 years
of age and 44 patients over 65 years of age. Comor-
bid conditions, poor quality of life, and social
stigmatization associated with obesity exist over the
entire age spectrum, including the Medicare popula-
tion as well as the adolescent population, who often

really suffer from psychosocial retardation. These
considerations warrant further investigation to es-
tablish the outcomes of bariatric procedures in these
specific groups.

As a high-volume center for bariatric surgery, we
believed that the previously quoted article by Flum
et al.1 addressing older patients is not representative
of bariatric procedures at experienced centers.
Therefore, the aim of our study was to analyze the
impact of bariatric surgery at both extremes of age
in terms of perioperative morbidity and mortality,
as well as weight loss, effect on weight-related
comorbidities, and patient satisfaction in a high-
volume, experienced, multidisciplinary center.

METHODS

After approval from the Institutional Review
Board (IRB) of the Mayo Clinic, we queried our
bariatric surgery database and identified 1834
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patients who had undergone bariatric surgery at the
Mayo Clinic over the last 20 years from 1985 to
2004. Our inclusion criteria included all consecutive
patients either >60 years of age or <18 years of age
at the time of the bariatric procedure. We identified
167 patients: 155 patients in the >60-year group (44
were O65 years old) and 12 patients in the <18-year
(adolescent) group.

We reviewed medical records to gather informa-
tion regarding patient demographics, preoperative
weight-related comorbidities, type of bariatric oper-
ation performed, number of the bariatric procedures
that were operative revisions, postoperative morbid-
ities, 30-day operative mortality, and overall 5-year
mortality. A questionnaire was mailed to each surviv-
ing patient to acquire data on current weight, bowel
habits, medications, resolution or persistence of
weight-related comorbidities, and overall subjective
satisfaction. In addition, patients were evaluated for
late complications that required medical or operative
management outside of our institution. Nonre-
sponders were mailed a follow-up reminder with
the questionnaire. Those who still failed to respond
were contacted by telephone. All patients contacted
through mail or by phone, were also requested to
sign a HIPAA consent form to allow use of their
long-term information for this study.

Analysis of Data

Data were grouped separately into the older and
the younger age groups. Continuous data are
expressed as a mean � SEM and/or as a range.

RESULTS

A total of 1834 bariatric operations were per-
formed at our institution from 1985 to 2004, of
which 167 patients fulfilled the inclusion criteria
for our study. Although seven patients underwent
vertical banded gastroplasty (from 1985 to 1988),
the majority (137 patients) were managed by
Roux-en-Y gastric bypass (RYGB) with a standard
Roux length of 150 cm or by our selective malab-
sorptive modification of the RYGB (which we
call the very, very long limb RYGB) in 23 patients;
this latter procedure establishes a 100-cm common
channel of distal ileum and a Roux limb length of
300–500 cm.2,3 A laparoscopic approach was used
in 20 patients in the O60-year group and in one
adolescent. Forty operations (23%) in the present
series were operative revisions of a previous bariatric
procedure.

Fully 92% of the evaluable patients completed the
survey including 127 of the surviving patients in the

>60-year group and all 12 adolescents. Sixteen pa-
tients from the >60-year group were deceased; 12
were lost to follow-up; however, follow-up to at least
1 year was available in all patients. Median ages of
the patients in the >60-year group and adolescents
at the time of operation were 63 years (range 60–
76 years) and 18 years (range 12–18 years), respec-
tively. All adolescents undergoing bariatric surgery
were screened carefully by pediatricians and psychol-
ogists as well as by our multidisciplinary team prior
to bariatric surgery. A detailed discussion took place
between the health care providers, the parents, and
the patient to ensure appropriate insight and support
for this intervention. Family support was deemed ab-
solutely crucial in this adolescent group. Similar pre-
operative screening and counseling is our standard of
care for our adult patients as well.

Postoperative hospital stay for the >60-year
group was 8 � 1 days; mean follow-up was 5 years
(1–19 years) with 35% having a follow-up of >5
years. Hospital stay and duration of follow-up in
the adolescents were 6 � 1 days, and 4 years (range
1–8 years).

Morbidity and Mortality

In the >60-year-old group, the 30-day mortality
was 0.7% (1 of 155 patients). This female patient
had an otherwise uncomplicated operation followed
by sudden death on the second postoperative day,
presumed secondary to a cardiopulmonary event.
The overall 5-year mortality rate in this group was
5%. Serious, postoperative, in-hospital complica-
tions developed in 22 patients (14%), including six
wound infections and one seroma prolonging hospi-
tal stay to a mean of 25 days (range 12–64 days), four
small bowel obstructions with a mean hospital stay of
18 days (range 12–30 days), and three anastomotic
leaks (two of which required reoperation extending
hospital stay to a mean of 17 days (range 15–18
days). Two small bowel obstructions required reop-
eration on postoperative days 6 and 13, while the
other two obstructions were managed conservatively
with nasogastric decompression and nutritional sup-
port. Other in-hospital complications included
pneumonia (n 5 4), and one each of myocardial
infarction, renal failure, gastric stasis, and gastroin-
testinal bleeding. Hematemesis from anastomotic ul-
ceration occurred in three patients after discharge.
Other delayed complications included hernia in 6%
(n 5 8) and stricture formation at the cardiojejunos-
tomy managed with endoscopic dilatation in 2%
(n 5 3).

In the adolescent group, no deaths occurred dur-
ing the follow-up period, and no in-hospital or
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delayed complications were identified in these 12
patients.

Comorbidities

In the >60-year group, 91% of the surviving
patients responded to the survey. At the time of
operation, BMI was 46 � 1 kg/m2, and 51 patients
(40%) had documented diabetes, 65 (51%) had
HTN requiring at least one antihypertensive medi-
cation, and 50 (39%) required CPAP or BiPAP to
treat obstructive sleep apnea. Symptoms of gastro-
esophageal reflux disease (GERD) were present in
53 patients (42%), 19 (15%) were asthmatic, and
61 (48%) had some form of joint arthropathy limit-
ing markedly their mobility and overall quality of
life.

At a mean postoperative follow-up of 5 years
(range 1–19 years) in the >60-year group, BMI had
decreased to 33 � 1 kg/m2. On average, patients
had an excess body weight loss (%EBWL of 71%)
and maintained 61% EBWL at 5 years; 82% of
patients maintained O50% EBWL. Complete reso-
lution of diabetes occurred in 59% of patients
treated with insulin preoperatively, and 61% were
able to discontinue insulin therapy postoperatively.
Similarly, 33% of patients who required an antihy-
pertensive medication(s) to control blood pressure,
no longer required any medications postoperatively.
Forty percent of patients on CPAP or BiPAP preop-
eratively were independent of this therapy at follow-
up. Fifty-nine percent of patients with symptoms of
GERD had no symptoms postoperatively, and 53%
of asthmatics had complete resolution of asthma.
Thirty-five patients with debilitating joint arthropa-
thy preoperatively underwent hip arthroplasty (n 5

5), knee arthroplasty (n 5 24), or both (n 5 6) post-
operatively; indeed, overall, 48% of patients with
arthropathy preoperatively felt that the bariatric
operation helped relieve joint symptoms, and 30%
required no further pain medications for joint pain.

In the adolescent group, the response rate to our
questionnaire was a 100%. Over the follow-up
period of 4 years (range 1–8 years), BMI decreased
from 55 kg/m2 (range 39–74) to 36 kg/m2 (range
27–53). Weight loss was maintained at 83%
EBWL at 4 years of follow-up. All but two patients
maintained O50% EBWL. In one patient with a pre-
operative BMI of 66 kg/m2, weight loss was clearly
unsatisfactory (postoperative BMI 5 53) despite con-
struction of a very, very long limb RYGB; this patient
had no family history of obesity, yet, despite her facial
features suggesting a genetic syndrome, no definitive
syndrome could be identified by our geneticists.
Indications for bariatric intervention in this group

included current or impending medical complica-
tions due to morbid obesity, a well-established family
history of morbid obesity, and/or severe psychosocial
trauma/ retardation and ostracization by peers.

Of the 12 adolescents, all 3 who were both
diabetic and hypertensive and the 2 with severe
symptoms of GERD, reported complete resolution
of these problems with discontinuation of medica-
tions at follow-up. One of the three asthmatics has
had no symptoms of asthma postoperatively. All
seven patients with notable joint arthropathy experi-
enced marked improvement in discomfort and
mobility after the bariatric operation.

Bowel Habits and Dietary Changes

Ninety-one percent of patients (n 5 116) in the
>60-year-old population reported postprandial full-
ness at the time of follow-up, while 11% (n 5 14)
had four or more bowel movements on a daily basis;
51% (n 5 65) stated that they had intermittent loose
stools. Infrequent abdominal cramps occurred in
28% (n 5 36).

The majority of patients (85%) reported a persis-
tent decrease in their overall appetite, and 59%
stated they had continued a reduced daily food con-
sumption since their operation. Assessment of spe-
cific nutrient intake identified reduced fat intake in
33%, monitoring of carbohydrate intake in 17%,
and adequate protein intake in 91%. Mild intoler-
ance to certain foods such as red meat, dairy prod-
ucts, and fatty food was present in 43% of this
population, but was not incapacitating in any patient.

In adolescents, postprandial fullness was noted in
all but two patients. Five of the 12 patients under-
went a malabsorptive, very, very long limb RYGB.
While only one patient reported more than four
bowel movements per day, half had mostly loose
stools. Occasional abdominal cramping was experi-
enced by three. Only three adolescents claim to
maintain reduced fat and carbohydrate content in
their diets.

Satisfaction

The majority of patients in both groups were
satisfied with the result of their operation. The per-
centage of patients who reported satisfaction in the
>60-year group was 89%, while all but two patients
in the <18-year group were content with their
outcome. Twenty-two percent of the >60-year
group had been successful in keeping themselves em-
ployed, which they attribute to their improved
health. Six adolescents are currently in college, while
five have completed college and successfully sought
employment. All adolescents except one reported
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improvement in their overall health in addition to
greater social involvement with their peers. More-
over, 87% in the >60-year group would recommend
a bariatric procedure to a friend, and 92% (all but
one) of the adolescents thought it was a good option
for the morbidly obese adolescent.

DISCUSSION

Bariatric procedures in the Medicare and adoles-
cent population afflicted with morbid obesity are
safe and effective when performed in high volume,
multidisciplinary, experienced centers like Mayo
Clinic. Our patients at both extremes of ages
benefited from the operation in terms of weight
loss and reduction or resolution of comorbidities;
the 30-day mortality rate in patients >60 years old
was low at 0.7%, and 5-year mortality rate was
5%. These complication and mortality rates were
no higher than that amongst the average adult pop-
ulation who undergo this operation. The impact of
bariatric surgery on improvement of weight-related
morbidity and lifestyle of most patients has been
very satisfying.

Our experience in the older patient population
contrasts clearly with the results stated in a recent
article by Flum and colleagues1 in 2005. The mor-
tality rate reported in the study by Flum et al.1 in
the Medicare population is much higher than ours
at both 30 days (4.8% versus 0.7%) and at 5 years
(11.1% versus 5%). The most reasonable explana-
tion for this discordance is the differential surgeon
experience, procedural volume, and experienced
multidisciplinary approach. In our experience, and
that of others,4 bariatric operations performed at
high-volume centers by experienced surgeons expe-
rienced in patient selection, operative therapy, and
postoperative care is associated with low morbidity
and mortality. Bariatric surgery in this patient
population does not obligate an inordinate risk of
an adverse outcome if performed in appropriately
selected patients in the Medicare population at
high-volume centers with an experienced, multidis-
ciplinary approach.2,4–7 The report of Flum and
colleagues1 did demonstrate this differential in out-
comes based on surgeon experience with 30-day
mortality rates of 9.0% versus 1.1% for surgeons
in the lowest versus highest volume quartiles, respec-
tively. In our practice, all surgeons performing
bariatric procedures currently have a minimum an-
nual volume of 50 procedures. Our mortality of
0.7% in this older population (O60 years old) com-
pares favorably with the 1.1% reported by Flum and

colleagues1 for surgeons with high volumes, again
underscoring the importance of surgeon volume in
bariatric surgery. Compared to our overall results
for RYGB in patients of all age groups, our data in
the older population showed similar hospital mortal-
ity, complication rate, hospital stay, weight loss, and
patient satisfaction.8 The benefits reaped postopera-
tively appear to outweigh the risks, making this an
excellent therapeutic option in this population sub-
set as well. Weight loss is accompanied by an
impressive decrease in the direct weight-related
comorbidities including diabetes, hypertension,
sleep apnea, asthma, and GERD. In addition, the
resultant weight loss allowed these patients to be
acceptable candidates for joint arthroplasties,
allowing greater mobility and, hence, capability of
managing independently their personal daily life
activities.9

Similarly, apart from the negative health conse-
quences and physical deconditioning related to their
obesity,10 adolescents with severe obesity fall far
behind their peers in active lifestyles. This social
retardation may result in social stigmatization,
discrimination, and ostracization causing detrimen-
tal long-term psychosocial sequelae.11 These very
real hazards of the severely obese youth get trans-
lated into psychosocial retardation as they grow
into adulthood, with an additional heavy economic
impact because of development of medical comor-
bidities. Addressing this issue at an early stage via
a multidisciplinary approach involving pediatricians,
psychiatrists, endocrinologists, dieticians, and sur-
geons, complemented with strong family support
to modify behavior and lifestyle, appears to be the
most effective therapeutic approach in these un-
fortunate children/adolescents.12 While the need
for weight loss in these young individuals is well es-
tablished, there are insufficient data to support the
success of bariatric intervention because of a general-
ized reluctance on the part of the medical profession
to intervene surgically.13–15 Our experience with
these 12 adolescents urges us to strongly recommend
this approach in selected adolescents, based on
success with weight loss, reduction and/or resolution
of comorbidities, absence of any complications, and
improved social life.

Indeed, an analysis of bariatric procedures for
morbid obesity done in patients at extremes of age
showed a decrease in use of medical facilities and
medical claims, reducing the economic burden of
obesity.16–18 In essence, bariatric surgery and conse-
quent successful weight loss helps both groups of
patients to be independent, active members of soci-
ety and, hence, improves dramatically the quality of
life and impacts their medical health substantially.
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Does the Position of the Alimentary Limb in
Roux-en-Y Gastric Bypass Surgery Make a Difference?

Jerome D. Taylor, M.D., I. Michael Leitman, M.D., James (‘‘Butch’’) Rosser, M.D.,
Brian Davis, M.D., Elliot Goodman, M.D.

Intestinal obstruction and other complications have been reported following Roux-en-Y gastric bypass
(RYGB) surgery. There is controversy of whether the alimentary limb should be placed in the retrocolic
or antecolic position. A retrospective analysis was performed on 444 patients undergoing RYGB surgery
for morbid obesity during a six year period. During operation, the surgeon chose the positioning of the
75-cm alimentary limb based upon technical consideration (the presence of adhesions from prior surgical
procedures, thickness of the transverse mesocolon and mobility of the small bowel mesentery). Group A
(216) patients had placement of the Roux limb anterior to the transverse colon, and group B (228)
patients had placement of the limb through an opening created in the transverse mesocolon. The average
age was 40 years (range 19�64) and the body mass index ranged from 40 to 75 kg/m2. Patients were fol-
lowed for 24–86 months (mean 36 months). Any patients lost to follow-up were excluded. The average
age of patients in the study was 40 years (range 19–64 years). Patients in both groups were similar in their
body mass index and demographic characteristics. Group A had 16 patients (7.4%) that had early intol-
erance to enteral intake, compared to 13 patients in group B (5.7%, P O 0.05). Thirteen patients re-
quired reoperation for intestinal obstruction (seven patients in group A and six patients in group B
(P O 0.05). Development of anastomotic stricture occurred in one patient (0.5%) in group A and three
patients (1%, P O 0.05) in group B. There were no differences in mean operating room times, hospital
length of stay, and excess weight lost. No other complications during the follow-up period were attributed
to the position of the alimentary limb. Placement of the Roux limb in the antecolic position is may be tech-
nically more feasible in some patients and does not appear to be associated with more complications. It
avoids the risk of an internal hernia through the transverse and does not appear to be associated with
feeding difficulties in the early or late postoperative period. ( J GASTROINTEST SURG 2006;10:1397–
1399) � 2006 The Society for Surgery of the Alimentary Tract

The benefits of Roux-en-Y gastric bypass (RYGB)
surgery have been well established for the treatment
of morbid obesity. As the number of patients who
have undergone this surgery has accumulated over
the past several years, long-term complications, pre-
viously underappreciated have been increasing in fre-
quency. Intestinal obstruction can occur anytime
after abdominal surgery. The complicated anatomy
and the effect of massive weight loss present special
circumstances in patients who have had gastric bypass
surgery more than several years before. This may re-
sult in one cause of intestinal obstruction (Petersen’s
hernia), usually occurring when the alimentary limb

is brought through a rent, created in the transverse
mesocolon, at the time of RYGB surgery.1,2

The diagnosis of Petersen’s hernia may be diffi-
cult as the physical findings of internal hernias are
often vague, clinical laboratory examinations are fre-
quently unreliable and nondiagnostic, and plain
radiographs are usually unremarkable, even in
the presence of a complete intestinal obstruction.
Contrast-enhanced CT, laparoscopy, or even lapa-
rotomy may be necessary to accurately diagnose
this condition.3

Because the development of internal hernias could
be related to the method of construction of the
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Roux-en-Y, the present study evaluates whether
placement of the alimentary limb in front of the
colon (antecolic), instead of through the transverse
mesocolon (retrocolic), might reduce the incidence
of this complication. This may arise because in-
creased mobility may allow the small bowel to enter
a surgically created hernia defect more frequently.4

Some have argued that meticulous closure of this
anatomical defect with nonabsorbable sutures will
reduce the formation of a potential space.5 Others
have suggested that by eliminating the transmesen-
teric defect with antecolic placement of the Roux
limb the incidence of internal hernias would be
reduced.6 This complication has been reported in
laparoscopic and open RYGB procedures.7

PATIENTS AND METHODS

Four hundred fouty-four patients with an indica-
tion for gastric bypass surgery according to the
National Institutes of Health and American Society
for Bariatric Surgery criteria were evaluated over
a 6-year period. The patients were closely followed
and were similar in comorbidities and any patients
lost to follow-up were not included. The minimum
follow-up on all patients analyzed was 2 years. The
medical records of these patients were analyzed to
document outcomes and complications to include
intolerance to enteral intake, intestinal obstruction,
stricture formation, and reoperation for internal her-
nia formation. The patients all had the open RYGB
performed by the same surgeon. The biliopancreatic
limb was created at least 100 cm distal to the liga-
ment of Trietz and the alimentary limb was approx-
imately 75 cm in length in all patients. In patients
with a retrocolic anastomosis, the mesenteric defect
was approximated with nonabsorbable sutures.

Patients were divided into two groups: group A
(216 patients) had the alimentary limb placed ante-
rior to the transverse limb, and group B (228
patients) had the alimentary placed through an

opening created in the transverse mesocolon. The
body mass index (BMI) ranged from 40 to 75 kg/
m2. Patients were followed for 24–86 months
(mean 36 months). Data were subjected to univariate
and multivariate analysis. A P-value of less than 0.05
was considered statistically significant.

RESULTS

The two groups were similar in age, BMI, and his-
tory of prior surgery. Group A (Table 1) had 16 pa-
tients (7.4%) who had early intolerance to enteral
intake, compared to 13 patients in group B (5.7%,
P O 0.05). Intolerance to enteral intake was defined
as severe nausea and vomiting that required readmis-
sion to the hospital and producing severe symptoms
of dehydration. The average operating time was 114
minutes and not statistically different between
groups. The average lengthy of stay was 4.3 days
and the average excess weight loss was 41% of excess
at an average follow-up of 32 months. There were no
statistical differences between patients with an ante-
colic or retrocolic anastomosis.

There were 13 patients who required reoperation
for intestinal obstruction (7 patients in group A and
6 patients in group B (P O 0.05). All of the patients
who developed intestinal obstruction were diagnosed
by history, physical examination, and a comprehensive
imaging workup to include plain films, CT scan, and/
or UGI series. Many of these patients presented with
same symptoms of nausea and emesis that started out
as intermittent but later became constant and unre-
lenting. Also, many developed postprandial abdomi-
nal pain and discomfort that intensified. Three
patients in group A and 2 in group B developed intes-
tinal obstruction on the basis of incarcerated incision-
al hernias. Four patients in group A and one in group B
developed small bowel obstruction due to adhesions.
There were three patients (in group B only) who de-
veloped an obstruction on the basis of internal (Peter-
son’s) hernia.

Table 1. Comparison of patients with retrocolic and antecolic limb placement

RYGB patients
Early intolerance
to enteral intake

Intestinal obstruction
requiring surgery

Anastomotic stricture
development

Group A,
antecolic limb
placement (n 5216)

16 (7.4%) 7 (3.2%) 1 (0.5%)

Group B,
retrocolic limb
placement (n 5 228)

13 (5.7%) 6 (2.6%) 3 (1%)

P O 0.05.
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The development of anastomotic stricture was
one patient (0.5%) in group A and three patients
(1%, P O 0.05) in group B. The patients who devel-
oped stricture were diagnosed by a complete and
through history, physical examination, and an upper
gastrointestinal study and/or endoscopy. No other
complications during the follow-up period were
attributed to the position of the alimentary limb.

DISCUSSION

Reports of long-term complications following
RYGB, including the effects of calcium and iron de-
ficiency, marginal ulceration, and intestinal obstruc-
tion, are increasing in frequency as the familiarity of
these conditions have increased. Intestinal obstruc-
tion from any cause may be especially dangerous
for the gastric bypass surgery patient due to the al-
ternation of their gastrointestinal anatomy. The inci-
dence of intestinal obstruction following RYGB
requiring surgical intervention has been reported to
be as high as 8%. There are several factors that could
lead to intestinal obstruction, including adhesions.
This includes intra-peritoneal and massive weight
loss. This may permit more rotation of the small in-
testinal mesentery and internal hernias, particularly
through the defect in the transverse mesocolon.
The placement of the olimentary limb in the retro-
colic position may further predispose patients to
this complication.3,8–10 However, proponents of this
claim that the retrocolic anastomosis protects the
small bowel limb and promote drainage from the
stomach. The present study did not show any benefit
from the retrocolic anastomosis in any patient’s abil-
ity to tolerate oral feeding.

Intestinal obstruction following RYGB surgery
can be difficult to diagnose and result in severe mor-
bidity and mortality if not recognized and treated in
a timely fashion.11–15 Even if the mesocolonic defect
is surgically closed, it still allows the potential for the
development of Petersen’s hernia.16 The incidence
of herniation through the mesocolon has continued
to be an issue as the number of procedures per-
formed has increased, but this problem is one that
can be addressed if the created defect is avoided.

Small bowel obstruction in the postoperative RYGB
patient population continues to be an issue that can be
blamed on several factors, including adhesion forma-
tion, hernia formation, and narrowing, kinking, and/
or stenosis in the alimentary limb. Also, because
many of these problems develop later in the postoper-
ative period and many of the patients may be unavoid-
ably lost to follow-up, it is more incumbent for the

operating surgeon to eliminate and or minimize as
many postoperative issues as possible.

The present study clearly demonstrates that the
incidence of internal hernia complications continue
to present a problem in the postoperative period is
similar in patients with retrocolic and antecolic anas-
tomosis but that Petersen’s hernia did not occur in
any patient with an antecolic anastomosis.
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Long-term Results of Conventional Myotomy
in Patients With Achalasia: A Prospective
20-Year Analysis

Ines Gockel, M.D., Theodor Junginger, M.D., Volker F. Eckardt, M.D.

Myotomy has proved to be an efficient primary therapy in patients with achalasia, especially in younger
patients (!40 years of age). The results of laparoscopic myotomy cannot be finally assessed, on account
of the shorter postoperative follow-up. Thus, there are considerable data regarding intermediate-term
outcomes after laparoscopic myotomy. The aim of our study was a 20-year analysis of the conventional
cardiomyotomy as the underlying basis assessing the results of minimal-invasive surgery. Within 20 years
(September 1985 through September 2005), 161 operations for achalasia were performed in our clinic.
Enrolled in this study were 108 patients with a conventional, transabdominal myotomy in combination
with an anterior semifundoplication (Dor procedure) and a minimal follow-up of 6 months. All patients
were prospectively followed and, in addition to radiologic and manometric examinations of the esopha-
gus, the patients were asked for their clinical symptoms by structured interviews in 2-year intervals. The
median age at the time of surgery was 44.5 (range, 14–78) years, and 72.2% of the patients were males.
The median length of the preoperative symptoms was 3 years (3 months to 50 years), and the postoper-
ative follow-up was 55 (range, 6–206) months. In 70 (64.8%) patients, a pneumatic dilation had been per-
formed. The preoperative Eckardt score of 6 (range, 2–12) could be reduced to 1 (range, 0–4) after
myotomy (P ! 0.0001). Consequently, with 97.2% of all patients, a good-to-excellent result was
achieved in the long-term follow-up, corresponding to a clinical stage I-II. Postoperatively, 69 patients
(63.9%) gained weight. The radiologically measured maximum diameter of the esophagus decreased
from preoperatively 45 (range, 20–75) mm to postoperatively 30 (range, 20–60) mm, while the minimum
diameter of the cardia increased from 3.4 (range, 1–10) mm to 10 (range, 5–15) mm. The resting pressure
of the lower esophageal sphincter could be reduced from 28.4 (range, 9.4–56.0) mm Hg to 8.6 (range,
3.0–22.5) mm Hg. Conventional myotomy leads in the long run with high efficiency to an improvement
of the symptoms evident in achalasia. These results may be regarded as the basis for assessment of
the minimal-invasive procedure. ( J GASTROINTEST SURG 2006;10:1400–1408) � 2006 The Society
for Surgery of the Alimentary Tract

KEY WORDS: Achalasia, conventional myotomy, prospective 20-year analysis, basis for assessing the
laparoscopic procedure

Currently, only two therapeutic optionsdpneu-
matic dilation and cardiomyotomydare known to
yield a lasting improvement of symptoms in patients
with achalasia. Myotomy has emerged as the primary
surgical treatment, particularly in younger patients
(!40 years). Although laparoscopic myotomy is
increasingly being used, an accurate assessment of
the results after this surgical technique is not yet pos-
sible, due to the still relatively short follow-up
periods. An evaluation of the surgical outcome and
postoperative symptoms after laparoscopic myotomy

reported in the literature is further complicated by
the absence of a uniform scoring system used by dif-
ferent studies to determine the severity degree of
achalasia, in particular also with regard to the rela-
tionship between the development of postoperative
reflux and the achieved resting pressure of the lower
esophageal sphincter (LES).

The long-term findings after conventional open
cardiomyotomy documented by this study, carried
out at a single institution over a 20-year period using
a standardized score, as well as radiographic and
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manometric follow-up studies, may therefore be
regarded as a basis for the assessment of the minimal
invasive procedure.

PATIENTS AND METHODS
Patients

Over a period of 20 years (September 1985
through September 2005), 161 surgical interventions
were performed in patients with achalasia at the De-
partment of General and Abdominal Surgery of the
Johannes Gutenberg-University Mainz. The diagno-
sis was established on the basis of manometric, endo-
scopic, and radiographic findings. Enrolled in the
present study, which included a minimum follow-
up period of 6 months postoperatively, were 108
patients scheduled to undergo conventional open
transabdominal myotomy in combination with an
anterior Dor semifundoplication performed by
the same surgeon (T.J.). Also considered were re-
operations after prior myotomy with an inadequate
therapeutic result and persistent high resting pres-
sure of the LES (re-myotomy in 12 patients corre-
sponding to 13 prior interventions: 12 laparoscopic
and 1 open procedure). Excluded from the study
were patients with esophagectomy for decompen-
sated end-stage achalasia and patients with laparo-
scopic myotomy. The patients were followed
prospectively and queried at 6 months postopera-
tively as well as at 24-month intervals thereafter by
the treating gastroenterologist (V.F.E.) on the basis
of a structured interview regarding their clinical
symptoms, in addition to undergoing manometric
and radiographic follow-up examinations at these
time points. The patients were followed until the
time of their death or up to the end of the study
period; a final checkup was carried out in 2005. At
this time, six of the patients were lost to follow-up
because they had moved and their place of
residence was unknown. Ten patients died during
the follow-up period from extraesophageal disorders.

Median age of the patients at the time of opera-
tion ranged at 44.5 (range, 14–78) years, and
72.2% of the patients were males.

METHODS

Specific individual patient consent was obtained
for this study, for the administration of question-
naires as well as for the technical studies performed
preoperatively and postoperatively.

Symptoms

The Eckardt symptom score was used for the doc-
umentation of clinical symptoms at the time of the

initial examination and in the course of the follow-
up period.1 In addition to the symptom score, the
patients were queried postoperatively regarding the
presence of gastroesophageal reflux. An endoscopic
examination was carried out in patients with clinical
suspicion of reflux esophagitis. A symptom score of 3
or fewer points over a minimum period of 6 months
was regarded as clinical remission.

Manometric Studies

All patients were examined using a capillary perfu-
sion system according to the method described ear-
lier.1 Further to the initial resting pressure and
relaxation of the LES, contraction amplitudes of
the tubular esophageal body were determined after
10 wet swallows. The absence of peristalsis in the
esophageal body, a hypertensive, nonrelaxing LES,
and simultaneous or repetitive contractions served
as the manometric criteria in the diagnosis of achala-
sia. Patients with constriction or tortuous configura-
tion of the distal esophagus that did not permit
insertion of the manometry catheter were excluded
from further evaluation, due to the fact that only
data on esophageal body motility were available.

Radiographic Studies

Radiographic studies were carried out with the
patient in a lying, semiupright, or upright position.
Measurements of the maximum diameter of the
esophageal body and the narrowest point of the gas-
troesophageal junction were thus obtained.

Pneumatic Dilation

Pneumatic dilations were performed by the treat-
ing gastroenterologist (V.F.E.) using a Browne-
McHardy dilator. The balloon tip of the dilator
was placed at the gastroesophageal junction and
then filled to maximum capacity of the balloon.
The pressure thus achieved ranged from 6 to 12
psi and was maintained for approximately 2 minutes,
depending upon the tolerance level of the patient.

Surgical Therapy

The surgical procedures (conventional open,
transabdominal myotomy in combination with an
anterior Dor semifundoplication) were performed
in all patients by the same surgeon (T.J.).2 The min-
imum length of the myotomy was 6 to 7 cm and ex-
tended distally approximately 1.5 to 2 cm onto the
anterior gastric wall. The wrap was fixed by a two-
row suture line laterally to the myotomy, and its
length corresponded to the length of the myotomy
in order to cover the whole myotomy.
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Statistical Analysis

The SPSS software package was used for statisti-
cal data analysis (2001 SPSS 11.0; SPSS, Chicago,
IL). Continuous variables are expressed as median
values and ranges (minimum to maximum), as well
as in percentages. Statistical comparisons of preoper-
ative and postoperative variables were carried out
with a nonparametric instrument (Mann-Whitney
U-test). A linear regression model was used to eval-
uate the influence of different variables on the post-
operative symptom score.

P-values of !0.005 were considered significant
for all procedures.

RESULTS

The median time of the preoperative medical his-
tory in the 108 patients with open myotomy and
a minimum follow-up period of 6 months was 3 years
(range, 3 months to 50 years). The follow-up was
94.4%. A pneumatic dilation had been carried out
preoperatively in 70 of the 108 patients (64.8%).
These patients had a median number of 1 (range,
0–35) dilation. Six patients had received botulinum
toxin therapy preoperatively; a maximum number
of five injections were administered in one of the
patients of this group.

The median operative time was 90 (range,
60–185) minutes; concomitant surgical procedures
(e.g., cholecystectomy) were performed in 11 pa-
tients (10.2%). The median postoperative hospital
stay was 8 days. Intraoperative complications
occurred in 7 (6.5%) patients due to perforation of
the gastric mucosa, which was repaired with an inter-
rupted suture and covered with the fundoplication.
Postoperative complications were observed in two
patients (1.8%) (gastrointestinal bleeding and pul-
monary embolism); no patient died in the postoper-
ative course. The surgical therapy was unsuccessful
in one patient, who presented with recurrent achala-
sia after an initial improvement of the symptoms in
the preoperative course and was treated with a con-
ventional posterior re-myotomy.

The median follow-up period was 55 (range, 6–
206) months.

Symptoms

A median preoperative score of 6 (range, 2–12)
was calculated using the Eckardt symptom score. It
was significantly (P ! 0.0001) reduced after myoto-
my and semifundoplication to a median of 1 (range,
0–7) in the long-term course (Fig. 1). In the group of
three patients with a postoperative score of 5 (n 5 2)

Fig. 1. Preoperative and postoperative Eckardt Score

1402 Gockel et al.
Journal of

Gastrointestinal Surgery



and 7 (n 5 1), respectively, a female patient who de-
veloped dolichomegaesophagus is scheduled to un-
dergo esophagectomy in the further course; in
another of these patients, a posterior re-myotomy
was performed with good success after failed primary
surgical therapy. The 5-year remission rate thus was
93% compared with 90% for the 10-year remission
rate. An examination of each symptom of the Eck-
ardt score separately shows that, preoperatively,
73.1% of patients reported dysphagia at each meal,
16.7% indicated the daily and 10.2% the occasional
occurrence thereof, which corresponds to a median
score of 3 (range, 1–3). After myotomy, 89.8% of pa-
tients indicated having no or only occasional diffi-
culty in swallowing, resulting a median score of
0 (range, 0–3) (P ! 0.0001).

Prior to surgical therapy, 55.6% of patients com-
plained of regurgitation occurring daily or at each
meal, and 28.7% reported occasional regurgitation
(median preoperative score, 2; range, 0–3). Postoper-
atively, this symptom was absent or occurred only
occasionally in 97.2%, corresponding to a score of
0 (0–2) (P ! 0.0001). The presence of retrosternal
pain prior to surgery was indicated by 65.7% of
patients, and 27.7% described the pain as occurring
daily or several times during the day. The most
recent postoperative assessment of the collected

data showed that 96.3% of patients experienced no
or only occasional spasmodic retrosternal pain.
There was thus a significant (P ! 0.0001) decrease
in the median score from 1 (0–3) to 0 (0–2).

While 32.4% of patients indicated a weight loss of
up to 10 kg and 13.0% of less than 10 kg prior to
surgery, 98.1% reported no or a maximum weight
loss of 5 kg postoperatively. The preoperative and
postoperative score ranged at 0 (range, 0–3 versus
range, 0–2) points, with a statistically significant dif-
ference (P ! 0.0001).

The preoperative body mass index (BMI) of 23.7
(15.7–37.9) kg/m2 prior to myotomy was therefore
significantly (P ! 0.0001) increased to 25.0 (19.8–
35.8) kg/m2 postoperatively (P ! 0.0001) (Fig. 2),
and a weight gain was documented in 63.9% of all
patients. Pyrosis occurred in 22.2% of patients after
myotomy, and a total number of 17 (15.7%) patients
showed reflux esophagitis on endoscopy. Thus, esoph-
agitis revealed stages I-II according to Savary and
Miller only. All of these patients underwent drug
therapy for the described conditions. Postoperatively,
the resting pressure of the LES recorded in patients
with reflux esophagitis was 9.7 (3.0–17.0) mm Hg
(n 5 10), which did not differ significantly from the me-
dian pressure of 8.6 (3.3–22.5) mm Hg (n 5 41) noted
in patients without reflux esophagitis (P 5 0.6954).

Fig. 2. Preoperative and postoperative body mass index.
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Radiographic Findings

Radiographs after barium swallows were obtained
in 88 patients prior to and in 76 patients after surgi-
cal therapy. However, subjected to analysis were
only the data recorded for the maximum esophageal
diameter (n 5 68) and the minimum diameter of the
esophagogastric junction (n 5 69). Measurements of
these diameters were obtained both preoperatively
and postoperatively.

An epiphrenic diverticulum was diagnosed preop-
eratively and subsequently resected in two patients.

The maximum esophageal diameter of 45 (20–
100) mm measured preoperatively was reduced to
28.5 (20–80) mm at the time of the last examination
(P ! 0.0001) (Fig. 3). Conversely, after myotomy
there was a significant increase in the diameter of
the esophagogastric junction measured at the nar-
rowest point of the structure from an initial median
diameter of 3 (1–10) mm to 10 (5–15) mm (P !
0.0001) (Fig. 4).

Manometric Findings

Manometric studies of the esophagus prior to my-
otomy were carried out in 78 and postoperatively in
51 patients. Selected for the present analysis were
only the findings documented in patients with

preoperative and postoperative manometry (n 5

46). Although the preoperative median resting pres-
sure of the lower esophageal sphincter ranged at 27.9
(11.3–56.0) mm Hg, there was a significant reduc-
tion in this measurement to 8.6 (3–22.5) mm Hg
postoperatively (P ! 0.0001) (Fig. 5).

Prognostic Factors

The parameters of patient age, gender, duration
of medial history, previous pneumatic dilations (in-
dependent of the number of dilations), or length of
follow-up period were found to exert no influence
on clinical long-term outcome after myotomy (P O
0.05). Linear regression analysis of the radiographic
(maximum diameter of the esophageal body, mini-
mum diameter of the esophagogastric junction) and
manometric parameters (resting pressure of the
lower esophageal sphincter) prior to surgical therapy
did not demonstrate an influence of these factors on
the symptom score postoperatively (P O 0.05).

DISCUSSION

Myotomy is widely recognized as the most effec-
tive therapeutic option for the treatment of achala-
sia.3 The results of the present prospective 20-year

Fig. 3. Preoperative and postoperative maximum diameter of the esophageal body.
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analysis confirm the good long-term prognosis
observed by other studies with considerably shorter
follow-up periods for open transabdominal myotomy
and may be regarded as a basis for the assessment of
the minimal-invasive procedure with its considerably
shorter follow-up. In view of the favorable results
obtained with this surgical procedure, in particular,
in patients younger than 40 years, myotomy has es-
tablished itself as the primary surgical option before
pneumatic dilation at the majority of centers.

For both the conventional open and the laparo-
scopic approach, there is no generalized agreement
on the length of the myotomy, and this is still a con-
troversial point. It should ideally be continued
beyond a proximal length of 6–7 cm to 3 cm distally
to the gastroesophageal junction. The ‘‘extended
myotomy’’ is known to lead to a significant reduction
in the development of dysphagia in the absence of in-
creased gastroesophageal reflux frequently observed
after a ‘‘standard myotomy.’’4 The aim of extending
the length of the myotomy is to decrease the lower
esophageal sphincter resting pressure to !10 mm
Hg, which has been found by previous studies using
pneumatic dilation5 to be associated with a decrease
in the recurrence rate of dysphagia, in addition to
being identified as the most important predictor of

a good long-term outcome.1,6 This can without res-
ervation be extended to the surgical intervention it-
self, which yielded a median resting pressure value
of 8.6 mm Hg in the present patient population.
Conversely, Zaninotto et al. described an incomplete
myotomy and an excessively tight fundoplication or
stenosis due to scarring processes as the leading eti-
ologies of persistent dysphagia after laparoscopic
myotomy.7

A further cause of an unsuccessful cardiomyotomy
described by Ellis et al. is the development of a
sigmoid-shaped megaesophagus,8 although this was
not attributable to an inadequate length of the myot-
omy, but to an irreversible progress of the disease. In
a study conducted by Patti et al., myotomy has fur-
ther resulted in favorable long-term outcomes in
patients with a large diameter of the esophageal
body, or a dolichomegaesophagus.9 Although in
the present study good results were achieved after
cardiomyotomy in patients with a markedly dilated
esophageal body, transhiatal esophagectomy with
gastric tube pull-up was the therapeutic option of
choice leading to successful elimination of dysphagia
in patients with end-stage achalasia in the long-term
course, particularly in the presence of the co-factor
peptic stenosis of the lower esophagus.10

Fig. 4. Preoperative and postoperative minimum diameter of the gastroesophageal junction.
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The issue of the most appropriate antireflux tech-
nique continues to be the subject of controversy: var-
ious authors have advocated the performance of
a cardiomyotomy without the addition of a fundic
wrap both for the conventional open8,11,12 and the
minimally invasive (13–15) procedure. The rationale
behind this is to prevent the possible occurrence of
resistance in the lower esophageal sphincter with
the associated risk of postoperative dysphagia. There
are only a small number of proponents of the 360-
degree Nissen fundoplication due to the potentiality
of recurrent hypertension of the lower esophageal
sphincter.16 Our long-term results confirm the effi-
cacy of the Dor anterior semifundoplication, which
covers the myotomy and is incorporated into the lat-
eral pillars of the esophageal and fundic musculature
with a two-row suture. Advocates of the Dor semi-
fundoplication emphasize that this technique is
more readily performed than the posterior 270� par-
tial wrap according to Toupet, because of the lower
technical expense with the structures of the dorsal
esophagus and the short gastric vessels not involved.
Conversely, authors who support the Toupet fundo-
plication place emphasis on the additional benefit
derived from leaving the two cut muscular edges of

the myotomy ‘open’. In conclusion, currently avail-
able evidence does not suffice to define the ‘ideal’
antireflux procedure, and a prospective randomized
study needs to be conducted to clarify this issue.
The incidence of postoperative reflux esophagitis
found on endoscopic examination ranged at 15.7%
in the present patient population and is thus slightly
higher compared to that reported by other studies.
The higher rate may be attributable to the short in-
tervals of the follow-up period at which patients of
this study routinely underwent an endoscopic exam-
ination; this was either not carried out prospectively
by other studies, or gastroesophageal reflux was
definedordiagnoseddifferently.Allpatientsdescribed
had gastroesophageal reflux Stage I-II according to
Savary and Miller and were managed conservatively
with medical therapy. There was, however, no signif-
icant difference in the postoperative resting pressure
of the lower esophageal sphincter between the groups
with and without reflux esophagitis.

A comparison of available data published on the
outcome after conventional open myotomy using
the transabdominal or transthoracic approach
showed significantly poorer long-term results in pa-
tients treated with the thoracic technique (Table 1).

Fig. 5. Preoperative and postoperative LES resting pressure.
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While European and Latin American researchers
were found to give preference to the transabdominal
route, the transthoracic procedure emerged as the
surgical therapy of choice in North America and
the United Kingdom. A notable finding of the liter-
ature analysis was the poorer results reported in par-
ticular for patients undergoing the open thoracic
surgical procedure without establishment of an anti-
reflux-plasty,8,11,12 which may account for the less
favorable long-term effect independent of the surgi-
cal approach.

The good results obtained in 81–100% of patients
after laparoscopic myotomy have not only height-
ened the primary surgical interest in the disorder,
but also induced a paradigm change among gast-
roenterologists. The meaningfulness of the results
obtained by published trials is limited by the nonuni-
form use of scores in the assessment of symptoms
and, in contrast to conventional surgical procedures,

shorter follow-up periods (Table 2). It is therefore
currently not possible to draw any firm conclusions
about the results of laparoscopic myotomy. Only
the good long-term outcomes in 81.7% of patients
reported by a recent study including 71 consecutive
patients who were followed for a minimum of 6 years
permit comparison with results obtained after
conventional surgical procedures.30

CONCLUSION

The prospectively assessed results documented
over a 20-year follow-up period for patients after
conventional open myotomy demonstrate that this
procedure represents a highly effective therapy for
the symptoms of achalasia. The described results
may therefore be regarded as a basis for the assess-
ment of the minimal invasive procedure. There are

Table 2. Long-term results of laparoscopic myotomy in patients with achalasia

Author/year No. of patients Follow-up (mo) Procedure Good results (%) GERD (%)

Raiser/199622 35 11–46 Heller-Dor/Toupet 97 Not mentioned
Boulez/199713 27 17 Heller 100 4
Graham/199723 26 4 Heller-Dor 90 11.1
Hunter/199724 40 12.5 Heller-Dor/Toupet 90 2.5
Wang/199814 27 18 Heller 89 11
Rosati/199825 61 12 Heller-Dor 98.2 7
Patti/199926 133 28 Heller-Dor* 89 17
Hunt/200027 70 34 Heller-Nissen† 81 4.5
Bloomston/200015 67 18 Heller 91 18
Zaninotto/200028 100 24 Heller-Dor 92 6.9
Frantzides/200429 53 36 Heller-Nissen‡ 92 9

*Includes eight patients with Toupet-antireflux plasty.
†Includes 13 patients with Dor semifundoplicationi.
‡Includes four patients with Toupet-antireflux plasty.

Table 1. Long-term results of conventional myotomy in patients with achalasia

Author/year No. of patients Follow-up (yr) Procedure Approach Good results (%)

Parrilla Paricio/199017 48 5.4 (�2.8) Heller-Toupet Laparotomy 92
Bonavina/199218 193 5.5 (1–12) Heller-Dor Laparotomy 93.8
Ellis/19938 179 9 (1–20) Heller Thoracotomy 89
Malthaner/199419 22 Minimum 10 Heller-Belsey Thoracotomy 68
Mattioli/199611 30 11.5 Heller Thoracotomy 53.4
Liu/199812 145 Not mentioned Heller Thoracotomy 53.3
Chen/200220 32 7.2 (2–16) Heller-Belsey Thoracotomy 87
Liu/200421 58 14 (1–22) Heller* Laparotomy 84.5
Junginger/2006 108† 4.6 (0.5–17.2) Heller-Dor Laparotomy 97.2

*Includes 30 patients with Dor semifundoplication.
†Includes only patients with a minimum follow-up of 6 months.
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considerable data regarding intermediate term out-
comes after laparoscopic myotomy and considerable
conclusions might be drawn regarding this
procedure.
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Gender Disparities in Colorectal Cancer Screening:
True or False?

Rachel A. Callcut, M.D., M.S., Stephanie Kaufman, M.S., Robert Stone-Newsom, Ph.D.,
Patrick Remington, M.D., M.P.H., David Mahvi, M.D.

To date, nearly all studies examining gender disparities in colorectal cancer screening report a lower en-
doscopic screening rate in women. Using a statewide claims database, gender differences in screening
rates were analyzed in an attempt to validate gender disparities reported in prior survey-based studies.
Procedural-level dataset containing all patient encounters for 2003 in which a colonoscopy or flexible
sigmoidoscopy were performed was created. Procedures were selected using CPT codes and univariate
analysis was performed using SAS v 8.0. Statewide for average-risk individuals 50 years or older, 65,232
endoscopic procedures were performed in 2003. The majority (83%) of endoscopic screening procedures
were colonoscopies. Overall, the rate of screening in average-risk women 50 years or older (38 proce-
dures/1000 people) was slightly lower than in men (42/1000) but not statistically significant. The rates
of screening were higher in women before the age of 60 years and lower after the age of 60 years. No
clinically significant difference was found in the type of screening procedure performed. Gender dispar-
ities in rates and types of colorectal cancer screening reported in prior survey studies are not validated in
this patient encounter data study. ( J GASTROINTEST SURG 2006;10:1409–1417) � 2006 The Society for
Surgery of the Alimentary Tract

KEY WORDS: Colon cancer, screening, gender

Colorectal cancer (CRC) is the third most com-
monly diagnosed cancer in both men and women
in the United States with an estimated 145,290 cases
occurring in 2005.1 CRC accounts for approximately
10% (71,820 cases) of all incident male cancer cases
and falls behind only prostate cancer (232,090 or
33% of cases) and lung cancer (93,010 or 13% of
cases) in frequency.1 For women, breast cancer
(211,240 or 32% of cases) and lung cancer (79,560
or 12% of cases) are more commonly diagnosed,
but CRC still accounts for 11% (73,470) of all fe-
male cancers.1 Unfortunately, the ratio of new can-
cer cases to deaths is very high resulting in CRC
being the overall second leading cause of cancer
death (56,290 deaths estimated in 2005) in the nation
second to only lung cancer (163,510 estimated
deaths).1 In both men and women, CRC accounts
for 10% of all U.S. cancer deaths.

For the average-risk individual, the goal of screen-
ing is to select a screening modality with a high sen-
sitivity and specificity but one that is also safe and
cost-effective.2 Currently, the American Cancer

Society (ACS), American College of Gastroenterol-
ogy (ACG), the Agency for Healthcare Research
and Quality (AHRQ), and the American Gastroen-
terological Association (AGA) concur that screening
should begin at the age of 50 years.2–5 The ACS,
ACG, and AHRQ recommend annual 3-day at-
home kit fecal occult blood testing (FOBT) paired
with flexible sigmoidoscopy every 5 years, or double
contrast barium enema (DCBE) every 5 years, or co-
lonoscopy every 10 years.2,3,5 In 2003, the AGA be-
gan advocating for colonoscopy as the preferred
initial screening modality in average-risk individ-
uals.4 All agree that any positive FOBT, FS, or
DCBE warrants a full colon evaluation using colo-
noscopy.2–5

Although the natural history of the disease pro-
vides ample opportunity for screening, a number of
recent studies have confirmed that less than 50%
of average-risk men and women 50 years or older re-
ceive any screening at all.6–10 In fact, rates of CRC
screening lag far behind rates of other cancer screen-
ing in the United States. Seeff et al.6 recently
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estimated that in the United States, 41.8 million
average-risk adults aged 50 years and older (50þ)
have never been screened and that 6.7 (9.6%) million
more had only ever received FOBT. Using a predic-
tion model based on one of the most widely used
public health survey data sources, the National
Health Interview Survey (NHIS), they concluded
that only 15.7 million of the 70.1 million (22.4%)
average-risk individuals had ever received any endo-
scopic screening and only 5.9 million (8.4%) had
undergone FOBT plus endoscopic screening.6 In
stark contrast, cancer screening rates are generally
70�80% for average-risk individuals for other con-
ditions like breast cancer.8 The ACS is campaigning
to increase the proportion of person screened for
CRC to 75% of at risk individuals by 2015, whereas
the Healthy People 2010 objective is to increase the
proportion to 50%.9 In addition, decreasing screen-
ing disparities have been a focus of the Healthy People
2010 campaign.

To date, nearly all studies including gender vari-
ables report a lower CRC screening rate in women
compared with in men.1,7–9,11–15 In fact, the ACS
reports 27% of women have had a recent endoscopic
procedure compared with almost 34% of men.1 De-
spite being a frequent finding, the contributing
factors are largely uninvestigated. Using survey
data, researchers have identified an increased fear
and more embarrassment with the procedure in
women11,12; however, this likely does not fully ac-
count for all of the reported screening disparity. In
fact, one recent study suggested provider factors
may be responsible with women being offered
screening less often11 and women being less likely
(OR 0.66, 95% CI 0.44�0.97) to have a complete
colonic evaluation following a positive FOBT.15

However, these explanations remain largely specula-
tive as to the underlying etiology and may be reflec-
tive of survey biases. In this study, using a statewide
claims database with nearly full capture of patient
encounters, we analyzed gender differences in rates
and diagnosis in an attempt to validate gender
disparities reported in prior survey-based studies.

METHODS
Data Source

A procedural-level dataset was created using two
statewide databases maintained by the state of
Wisconsin: (1) Physician Outpatient Visit Database
(POVD) and (2) Ambulatory Surgery Database
(ASURG).

Physician Outpatient Visit Database (POVD)

The State of Wisconsin Bureau of Health Infor-
mation and Policy (BHIP), Department of Health
and Family began mandated collection of physician
office visit data in 2002. Participation is currently
voluntary with the 13 largest health care systems in
the state participating. All reportable visits (defined
as any visit with a licensed physician in which proce-
dures or services were rendered in either an office or
outpatient setting) are compiled into a service level
claims database. Records are routinely audited and
attempt is made to correct obvious errors including
coding errors and missing data. During service year
2003, more than 16 million patient encounters
were reported to POVD including records from all
72 Wisconsin counties.

Ambulatory Surgery Discharge
Database (ASURG)

All ambulatory surgery centers in the state are
mandated to report all patient encounters to the
BHIP. Due to mandatory reporting, the ASURG
dataset contains 100% of procedures performed in
any given service year in the ambulatory surgery
setting. Each record reflects a single billable patient
encounter and may include multiple reportable
codes (or procedures) in one record. Data are rou-
tinely reviewed by BHIP and corrected for invalid
codes, missing items, and inconsistent data (such as
a procedure�sex mismatch).

Combining Data Sets

Using CPT codes, records containing colorectal
cancer screening or surveillance procedures of inter-
est were identified in each data set. CPT codes were
used to select records in which sigmoidoscopies
(45330, 45300, 45331, 45305, 45308, 45309,
45315, 45320, 45333, 45338, 45339) and colonos-
copies (45355, 45378, 45380, 45383, 45384, 45385)
were performed. Each record contained the follow-
ing information: patient age group in 5-year inter-
vals, gender, patient county of residence, CPT
codes for primary procedure and secondary proce-
dures, primary diagnosis code (ICD-9-CM ), compli-
cation or modifier codes (ICD-9-CM ), and provider
license number. Provider license numbers were then
utilized to link specialty information to each individ-
ual record. Any procedures performed in a patient
residing outside the state were excluded.

To allow merging of the two data sets into one
procedural-level statewide database, a county level-
weighting factor was applied to the POVD records
reflecting the percentage of visits (estimated by
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BHIP) reported during 2003 in the county of patient
residence. The factor was applied as the inverse of
this reporting percentage to account for variation
in reporting across the state. If county of residence
was unknown, the POVD record was weighted
according to the state average percent reporting.
The weighted combined database is an approxima-
tion of the total procedures performed in service
year 2003 in Wisconsin.

Determination of Surveillance Versus
Screening Procedures

High-risk patients were identified using ICD-9-
CM codes corresponding to high-risk conditions in-
cluding a family history of CRC (V16.0), a personal
history of a colon (10.05) or rectal (10.06) cancer,
a personal history of polyps (V12.72), or a history
of inflammatory bowel disease (Crohn’s disease:
555.0�555.9; Ulcerative Colitis: 556.0�556.3,
556.8�556.9). If one or more of the high-risk codes
appeared in the record, the procedure was consid-
ered to be for surveillance. All other records were
assumed to represent screening.

Inclusion Criteria

All records containing a CPT code of interest
were included in the data analysis if done in a patient
residing in Wisconsin. Relevant CPT codes appear-
ing in any of the procedure fields (principle proce-
dure, secondary procedure, etc.) were selected.
For analysis of total procedures, all procedures per-
formed (surveillance and screening) in any age group
were selected. Average-risk patients aged 50 years
and older were selected for all other analysis.

Diagnosis Codes

Diagnosis and complications were determined
using ICD-9-CM codes. These codes may appear
in either the primary diagnosis code field or in any
of the modifier code fields. Any occurrence (in any
one of the diagnostic fields) of a relevant diagnosis
or complication code warranted assignment of the
relevant condition to the patient record. Polyps
were identified by codes 211.3, 211.4, and 569.0.
Cancers were found using codes 153.0�154.9.

Statistical Analysis

All analysis was performed using SAS for
Windows Version 8.0. Descriptive statistics were de-
termined statewide for all procedures and separately
for procedures done in average-risk patients. Univar-
iate analysis was done for age group, gender, and
provider specialty. Data are reported stratified by

gender. Analysis was also stratified by procedure
type (FS and colonoscopy) and reported as the per-
cent of colonoscopy done compared with total pro-
cedures. Diagnosis was evaluated statewide for all
procedures and for procedures done in average-risk
patients reported by age group and gender.

Rates were calculated per 1000 people where the
population at risk was obtained from U.S. Census
Bureau 2003 population estimates statewide, by gen-
der and by age group. Confidence intervals for per-
cent colonoscopies were calculated; all were
statistically significant (due to large sample sizes)
and therefore, not reported in the Results section.
Relative risks reflect the risk compared to an appro-
priate reference group. For age group analysis, 50þ
represented the reference group. For gender, males
were the reference category. Confidence intervals
(CI) were reported for relative risks with a 5 .05
(95% CI).

RESULTS
Total Procedures

Statewide 103,580 endoscopic procedures were
performed in patients of all risk groups, all ages in
service year 2003 (Table 1). Procedures performed
in average-risk individuals accounted for 81%
(83,646 procedures), while procedures performed
in average-risk persons 50 years or older (50þ) con-
stituted 63% (65,232/103,580) of the total proce-
dures and 78% (65,232/83,646) of the procedures
performed in average-risk persons (Table 1). Colo-
noscopies accounted for 83% of the procedures
done in average-risk, 50þ individuals. The overall
rate of endoscopic screening for average-risk 50þ
was 40 procedures per 1000 people, with 7 FS/
1000 people and 33 colonoscopies/1000 people in
2003 (Table 1).

Of all procedures done in average-risk persons,
50þ years old, 51% were done in females (Table 2).

Table 1. Total endoscopic procedures performed in
all patients, all average risk [AR], and all AR patients
50 years and older [50þ]

All ages AR 50D years old

Procedure type n rate n rate n rate

FS 15,351 3 14,360 3 11,266 7
COL 88,229 16 69,286 13 53,966 33
Total 103,580 19 83,646 15 65,232 40

Rates are No./1000 population.
COL [ colonoscopy; FS [ flexible sigmoidoscopy.
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Although the overall rate of endoscopic screening is
slightly lower in average-risk, 50þ-year-old women
(38.5 procedures/1000 people) compared with men
(42.5/1000), there is no statistical difference (Table 2).
Women were equally as likely to undergo screening
(RR 0.91; 95% CI 0.63�1.18). By age group, the over-
all rates of screening were higher for women than men
until the age of 59 years, after which the rates of
screening in men were higher in all subsequent age
groups (Fig. 1).

In addition, there was no clinically significant dif-
ference in the type of screening women have com-
pared with those in men. In men, 81% of the
procedures were colonoscopies compared with 84%
of the procedures in women (Table 2). When stratified
by age group, the percentage colonoscopies (versus
total procedures) for each gender is slightly higher
in women (compared with men) before the age of 65
years, and then is virtually identical until after the
age of 84 years when colonoscopy is used more fre-
quently in men (Fig. 2). Using rate calculations,
women have a slightly higher rate of colonoscopy at
ages 50�59 years than men (50�54 years old: 34

versus 36, 55�59 years old: 33 versus 36), but this
trend is reversed after the age of 60 years (Fig. 3).
However, the gender disparity in the rate of colono-
scopy is relatively small until after the age of 75 years.

Diagnosis Rates

For average-risk, 50þ-year-olds, lesions were
found on 38% (24,580/65,232) of all endoscopic
procedures. The vast majority (97%) of these lesions
were coded as polyps and the overall lesion detection
rate was 15.2 lesions per 1000 people (Table 3). Le-
sion detection was higher among men than women
(18.6/1000 versus 12.3/1000) (Table 3). Likewise,
the cancer detection rate was lower in women than
in men (4.6/10,000 versus 6.8/10,000). The RR of
finding any lesion on endoscopy was 0.66 (95% CI
0.36�0.96) and for cancer 0.67 (95% CI
0.58�0.77) for women compared with men. In
men, 44% of procedures done had a lesion found
compared with 32% of procedures in women.
When stratified by age and gender, lesion detection
rates are lower in women in every age group beyond

Table 2. Gender stratification for average-risk, 50þ-year-old patients

n % Rate RR 95% CI nCOL % COL

Men 31,752 49 42.5 1.00 25,721 81
Women 33,480 51 38.5 0.91 0.63–1.18 28,245 84
Total 65,232 100 40.3 53,966 83

COL [ colonoscopy.

Fig. 1. Endoscopic screening rate.
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50 years with the greatest relative gender disparity
between ages 65 and 79 years (Fig. 4). For invasive
cancer, the disparity is largest between ages 65 and
84 years. When stratified by endoscopic procedure
type, men and women receive relatively similar rates
of colonoscopy until age 75 (Fig. 5).

DISCUSSION

Using a statewide claims database, 4% (rate 40/
1000 people) of the average-risk, 50 years of age
and older (50þ) population was estimated screened
with endoscopy in service year 2003. Ko et al.16

demonstrated an equivalent annual screening rate

Fig. 2. Percent undergoing colonoscopy.

Fig. 3. Colonoscopy rate.
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(4%) using claims data from a health care organiza-
tion in the state of Washington. Assuming the pat-
tern of screening remained constant over time and
that these patients would not be screened again for
5–10 years, approximately 20�40% of the average-
risk population has been screened using endoscopic
techniques. The upper limit (40%) likely reflects
closer to the real percentage considering this study
involved a large majority of colonoscopies (83%),
which are performed only once every 10 years for
screening. This was remarkably similar to results
from the National Health Information Survey
(NHIS) and the Behavioral Risk Factor Surveillance
Survey (BRFSS), which placed the rate (of endo-
scopic screening in average-risk, 50þ years old) at
about 44%.8,10 Our results were lower than the
2005 ACS estimated rate of recent endoscopic exam-
ination for Wisconsinites (47%).1 In addition, after
accounting for procedures in high-risk patients,
a similar proportion of procedures were determined
to be for screening compared with smaller prior sur-
vey, case-control, and cohort studies distinguishing

between risk groups (78% in this study versus
61�73% in other studies).10,14

Moreover, lesions (polyp plus cancer) were classi-
fied using ICD codes in 38% of procedures; cancers
were coded in 3% of procedures. These detection
rates were comparable to estimates from prior non-
claims data studies. For example, Lieberman
et al.17 found polyps in 38% of patients and invasive
cancers in 1% at endoscopy. Using medical records
review, Ker et al.18 also found 37% of patients had
undergone polypectomy with colonoscopic screen-
ing. Likewise, Thiis et al.19 reported 30% of patients
undergoing endoscopic screening had a clinically im-
portant lesion. Avidan20 described slightly higher
polyp detection rates in a VA study (55%), however,
most of the patients were older compared with the
present study. Similar occult cancer detection rates
for cancers found at the time of endoscopy (not after
pathologic exam of polyps or biopsies) have also
been shown in work by Mehran et al. (4% cancers),
Harewood et al. (4% cancers), and Gorard (4% can-
cer).21–23 It is important to note that diagnosis of

Table 3. Lesion and cancer detection rates by gender in average-risk, 50-year-old patients

Any lesion detected Cancer detected

n % rate RR 95% CI n rate RR 95% CI

Men 13,889 44 18.6 1.00 412 6.8 1.00
Women 10,691 32 12.3 0.66 0.36–0.96 313 4.6 0.67 0.58–0.77
Total 24,580 38 15.2

Fig. 4. Any lesion diagnosis stratified by gender.
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invasive cancer at the time of endoscopic screening
reflects only a proportion of total cancers diagnosed
once pathologic analysis is performed on polypec-
tomy samples. For example, in this study a total of
856 cancers (all risk groups) were diagnosed at the
time of endoscopic screening compared with about
1600 cases of invasive cancer reported each year to
the Wisconsin Cancer Reporting System. These
analogous results for both screening and diagnosis
rates compared with survey, case-control, and cohort
studies strengthen the validity of using claims data.

Survey data have traditionally been the primary
method for estimating colorectal cancer screening
rates. Although widely used, it remains largely un-
known if survey data reflects true disparities in
screening for many patient characteristics including
gender. The overall gender disparity reported in pre-
vious survey-based, case-control, cohort studies was
not demonstrated in the present study using such pa-
tient encounter claims data.1,7–9,11–15 Only a statisti-
cally insignificant decrease in overall screening rates
of women compared with men was found. This has
also been reported in a recent study by Hawley
et al.10 using medical records review where they con-
cluded there was no difference in overall endoscopic
screening rates between men and women. However,
in the present study, when stratifying by age groups,
women do have lower screening rates after the age of
60 years with the largest difference in rates between
the ages of 75�79 years (41 procedures/1000 people
for men versus 33/1000 for women). One advantage

of the present study over previous survey studies is
the ability to account for changes in screening pat-
terns over the spectrum of age ranges. The gender
disparity reported in other studies involving groups
aged 65 years and older may reflect age confounding
as we have demonstrated that screening patterns do
not appear stable over the age groups.

In addition, women have been shown to express
more fear and embarrassment about undergoing
CRC screening especially with colonoscopy.11,12

Thus, it is plausible that women may be less likely
to participate in survey, case-control, and cohort
studies regarding testing they find embarrassing.
Consequently, the discrepancy in results between
the present study and other research may also reflect
participation and recall bias in prior work. Using
a statewide claims database eliminates recall and par-
ticipation bias issues, and therefore may represent
a more appropriate modality for further study of
the influence of gender and other patient factors
on screening rates.

Interestingly, we were unable to demonstrate any
clinically significant difference in the overall type of
endoscopic screening (FS versus colonoscopy)
women receive compared with men suggesting that
concerns over fear and embarrassment with screen-
ing may not be the etiology of disparities in prior
studies. However, as with screening rates, usage of
colonoscopy did vary across age groups. When strat-
ified by age, colonoscopy rates are fairly constant in
women between 50 and 74 years old and then begin

Fig. 5. Cancer diagnosis stratified by gender.
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to decline after age 75 years; however, in men, the
rates of colonoscopy peaks at age 65 years. Thus,
the rates of colonoscopy in men exceed women in
all groups older than 65 years old. Both the differ-
ences in rates of colonoscopy usage between genders
and the rate decline after the age of 75 years could
reflect the lower overall rate of any type of screening
in women and in those older than 75 years; there-
fore, the data were also analyzed looking at the per-
cent of total endoscopic exams that were
colonoscopies across ages and gender.

Using this strategy, colonoscopy was overall less
frequently used at ages 50�64 years. Interestingly,
after the age of 65 years, there is virtually no differ-
ence across age groups in the proportion of colonos-
copies within and across genders until age 85þ
where it is more commonly used in men. In sum-
mary, although overall rates of endoscopic screening
are not different between men and women, with in-
creasing age, women are screened less often. Also,
there is no clinically significant difference in the
use of colonoscopy across genders (calling in to
question prior explanations of gender disparities),
however, colonoscopy is more frequently used for
screening at advanced ages.

Diagnosis

For average-risk, 50þ-year-olds, any lesion was
detected in 38% of all endoscopic procedures. Inter-
estingly, women were statistically less likely to have
any lesion or cancer detected at the time of endo-
scopic screening. Overall, 25% less endoscopic
exams were positive in women than in men (32%
positive endoscopic screen in women versus 44%
positive screens in men). Furthermore, the lesion de-
tection rate of women for any lesion was lower in
each age group beyond 50 years old. Imperiale
et al. and Schoenfeld et al. have also found using
age-adjusted detection rates with endoscopic screen-
ing women have statistically fewer positive screens
than men. In the VA cooperative endoscopic study
of average-risk men and women, men had twice as
many advanced lesions detected during screening.
In addition, 20.4% of women had any lesion de-
tected. In our study, we demonstrate a similar posi-
tivity rate with endoscopic screens in women (32%)
and a slightly lower difference in overall detection
rate difference between men and women (men 18.6
lesions/1000 screens, women 12.3 lesions/1000
screens).

The etiology of the lower rate of lesion detection
and advanced neoplasia found at endoscopic screen-
ing in women remains largely uninvestigated. Prior
studies demonstrating similar disparities in diagnosis

speculate that biologic or behavioral differences
between men and women are ultimately responsible.
If biologic or behavioral differences truly exist and
considering the lower detection rates of women in
this study and several other recent publications,
this would suggest that women develop adenomas
and CRC at a differentially lower rate than men. In
essence, women are less likely to develop lesions/
CRC. However, the overall incidence of new cancer
cases has remained relatively equal between men and
women over the last several years according to ACS
estimates. Importantly, even when screening rates
were not statistically different as in this study, diag-
nosis rates were still significantly lower in women
making a biological or behavioral etiology plausible.
Further investigation is clearly warranted to deter-
mine if female gender has a protective role in
development of CRC.

CONCLUSION

Gender disparities in rates and types of colorectal
cancer screening reported in prior survey studies are
not validated in this patient encounter data study.
There is no overall statistically significant difference
in rates of screening or type of screening. However,
screening rates of men and women do vary across age
groups with more women being screened at younger
ages compared with men. Diagnosis rates are lower
in women compared with men for any lesion or
cancer despite similar screening rates.
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