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Abstract
Background: Computed tomography (CT) is insensitive
to small metastatic deposits in patients with pancreatic
cancer. This study aimed to evaluate additional staging
information obtained by laparoscopy in the subset of
patients with locally extending pancreatic cancer but no
evidence of distant disease using computed tomography.
Methods: Between April 2000 and February 2004, 74
patients with locally unresectable pancreatic cancer and
no evidence of metastasis detected by high-quality
pancreas protocol computed tomography underwent
outpatient staging laparoscopy and peritoneal lavage
cytology.
Results: Occult tumor was found during staging lapa-
roscopy in 25 of the 74 patients (34%). The results were
positive for peritoneal lavage cytology in 27% (20/74),
for liver lesions in 16% (12/74), and for peritoneal im-
plants in 7% (5/74) of the patients. Body and tail tumors
were twice as likely as pancreatic head tumors to have
unsuspected metastasis (53% vs 28%).
Conclusions: Even the best computed tomography scan
is not adequate for accurate staging of locally extended
pancreatic cancer because occult distant disease will be
found in half of the patients with left-sided disease and
one-fourth of those with right-sided pancreatic cancer.
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Despite advances in radiographic imaging, peritoneal
dissemination of pancreatic adenocarcinoma often is not
detected by computed axial tomography (CT). An

operation is required for the most accurate staging [8].
Many occult metastases are implants on the liver or
peritoneal surfaces that are too small (<3 mm) for
visualization, even with high-resolution helical (CT)
scans. Because laparoscopy can detect these small
deposits, it has been validated as a means of improving
the assessment of tumor staging [2–4, 8]. The patient can
thus avoid the inherent delay in definitive treatment and
recovery imposed by an open surgical procedure. After
laparoscopy, treatment can begin immediately, with the
more accurate staging allowing a more appropriate
management design. With knowledge of distant occult
disease, the patient can be treated more appropriately
with combination chemotherapy protocols. In the past,
no effective treatment for distant disease existed, but
recent gemcitabine-based and other combination drug
treatments have resulted in increased response rates
exceeding 30%, as compared with previous rates of less
than 10% [10].
Laparoscopy is most often used to detect metastatic

disease in patients presumed to have ‘‘resectable’’
pancreatic cancer. Laparoscopy is used as a means of
avoiding open laparotomy in patients thought to be
resectable according to CT scan. Jiminez et al. found
the rate for occult metastases to be 31% in the group of
patients (17% for head lesions and 36% for distal
pancreatic cancer) [3, 8]. The importance of peritoneal
lavage cytology (PLC) emerged in this study when 18%
of the patients showed positive PLC results. Further-
more, for 10% of these patients, the only finding was a
positive cytology result. Subsequent to this report, the
American Joint Commission on Cancer (AJCC) des-
ignated positive intraperitoneal cytology results for
patients with exocrine pancreatic cancer as indicating
M1 or distant metastatic disease [1]. Any tumor with
an M1 designation is identified as AJCC stage IV or
distant disease.
How about the subset of patients already thought to

be ‘‘unresectable’’ by CT scan who have no evidence of
distant disease? We have considered these patients for
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laparoscopy although they were not candidates for
surgical resection. The new 2002 AJCC staging system
has reclassified these locally advanced tumors from stage
IVA to stage III [1]. When these cases are ‘‘clinically’’
deemed to be stage III by CT scan, few studies have
examined the limitation of CT in determining whether
they truly are stage III after pathologic staging. Are
many of them actually understaged that should be stage
IV? Diagnostic laparoscopy may be helpful in the stag-
ing of this latter group of patients because previous
work has shown that almost one in three patients
thought to be ‘‘resectable by CT’’ actually had occult
metastatic disease [2, 4, 8]. The rate of occult (unsus-
pected) metastases in the patients thought to be ‘‘unre-
sectable by CT’’ may be higher. This subgroup of
patients thought to be ‘‘unresectable by CT’’ comprise
the majority of patients with pancreatic cancer.
In this study, we examined our results after diag-

nostic laparoscopy for patients with locally advanced
pancreatic cancer thought to be ‘‘unresectable by CT’’
who had no CT evidence of metastasis.

Materials and methods

Patients and selection

Between April 2000 and February 2004, 74 consecutive patients with a
diagnosis of locally advanced, unresectable (but not metastatic) pan-
creatic adenocarcinoma underwent diagnostic laparoscopy. All the
patients were evaluated with a double-helix, early arterial/late portal
venous phase thin-cut ‘‘pancreas protocol’’ CT with oral water unless a
high-quality CT scan had been performed at the referring hospital, as
was the case for 9 of the 74 patients. No CT scan reports were used to
determine clinical stage. All CT scans were interpreted during a joint
meeting of the surgeon and radiologist.

The determination of local extension as ‘‘unresectable’’ was made
by the surgeon. Tumors were considered locally advanced and unre-
sectable when CT showed involvement of a contiguous organ or an
adjacent major blood vessel (portal vein, superior mesenteric vein,
superior mesenteric artery, or celiac axis). Lymph node enlargement
was not an indicator of unresectability. Patients with resectable or
metastatic disease determined by CT were excluded from this study. To
be included, patients ultimately had to have a histologically docu-
mented adenocarcinoma of the pancreas. Endoscopic retrograde cho-
langiopancreatography (ERCP), endoscopic ultrasound (BUS), CT-
guided or ultrasound (US)-guided biopsies were performed when
appropriate for diagnosis or symptom relief. If a percutaneous biopsy
was performed before diagnostic laparoscopy, then an association with
PLC was sought.

Operation

Laparoscopy was performed with the patient under general anesthesia
in an outpatient setting. The patient was placed in the supine position
and access was obtained with a Veress needle through an infraumbil-
ical site. Carbon dioxide pneumoperitoneum was established at
15 mmHg. A safety-shielded 5-mm port and then a 5-mm 30� lapa-
roscope were inserted. All four quadrants were inspected. An addi-
tional 5-mm port was inserted for lavage and possible biopsy. The site
of insertion depended on where potential metastatic disease was ob-
served and was always lateral to the rectus sheath to avoid the epi-
gastric vessels.

After inspection and before biopsy, the upper abdomen was filled
with 400 ml of 0.9% saline for PLC. The fluid was distributed
throughout the peritoneal cavity by external agitation of the abdom-
inal wall and tilting of the operating table up and down. Then all

possible fluid was aspirated for cytologic examination. The PLC results
were considered positive if malignant cells or cells highly suspicious for
malignancy were found at cytologic examination [6]. After the PLC, a
biopsy of grossly suspicious liver or peritoneal lesions was performed
with cold-cut scissors and biopsy forceps. Hemostasis was obtained
with electrocautery. The primary purpose of the diagnostic laparos-
copy was to detect metastatic disease. Therefore, the primary tumor,
pancreas, and lesser sac were not examined. Laparoscopic ultrasound
was not used.

Data analysis

Comparisons were made by chi-square analysis. A p value less than
0.05 indicated statistical significance.

Results

Patient and tumor characteristics are listed in Table 1.
All but one patient presented with pain, jaundice, or
weight loss. More than two-thirds of the tumors were
located in the head of the pancreas. The preoperative
workup is detailed in Table 2. Percutaneous biopsy be-
fore laparoscopy was performed in 34 (46%) patients.

Laparoscopy

Diagnostic laparoscopy was successful for all the pa-
tients. The operation demographics are shown in Ta-
ble 3. The intraoperative complication rate was 4%. One
patient sustained a 2-cm liver laceration, which was
hemostatic at the conclusion of the operation. In an-
other patient who had undergone multiple prior
abdominal operations, a small bowel serosal tear was
noted after pneumoperitoneum was established and
adhesions were taken down. The tear was repaired with
a minilaparotomy incision after completion of laparo-
scopic staging. Both patients were observed overnight
without further complications. No postoperative com-
plications were noted.
Laparoscopy found unsuspected metastases in 25

patients (34%), and the distribution is listed in Table 4.
Positive PLC results, the most common unsuspected
finding, occurred in 27% (20/74) of all the patients, and
in 80% (20/25) of the patients with positive findings. A

Table 1. Patient and tumor characteristics (n = 74)

Age (years) mean (range) 63 (38–84)
Male gender n (%) 37/74 (50)
Symptoms at diagnosis n (%)
Pain 52/74 (70)
Jaundice 37/74 (50)
Weight loss 45/74 (61)
Tumor size by CT (cm) mean (range) 3.8 (1.4/11)
Tumor location n (%)
Head/uncinate 57/74 (77)
Body/tail 17/74 (23)
Reason for unresectability n (%)
SMA/celiac involved 54/74 (73)
PV/SMV involved 20/74 (27)
CA 19-9(U/ml) median (range) 257 (3–22,289)

CT, computed tomography; SMA, superior mesentric artery; PV,
portal vein; SMV, superior mesentric vein; CA, cancer antigen
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positive PLC result was the only finding for nine pa-
tients (12%).
Macrometastasis were implants smaller than 3 mm

on the surface of the liver or peritoneum. The 17 pa-
tients with visible metastasis on the liver (n = 12) and/
or peritoneum (n = 5) were more likely to have positive
PLC results than those without evidence of intraab-
dominal metastasis (69% vs 16%; p < 0.001). All the
patients with peritoneal metastasis had positive PLC
results (i.e., no patient had isolated peritoneal metastasis
without positive PLC results). Of the 25 patients with
findings, 5 (20%) had isolated liver metastasis without
positive PLC results. Eleven patients (44%) had multiple
locations of metastatic deposits. The distribution of
occult findings discovered by laparoscopy is best de-
picted by Fig. 1.
Tumors in the pancreatic body or tail were more

likely to be associated with unsuspected metastasis than
tumors in the head of the pancreas, although the dif-
ference did not reach statistical significance (28% vs
53%,difference not significant). The CT findings of tu-
mor involvement of a major artery, as opposed to no
arterial involvement, was not associated with a higher
rate of unsuspected metastasis (31 % vs 40%, difference
not significant). Interestingly, there was no difference in
the prevalence of positive PLC results between the pa-
tients who underwent preoperative percutaneous biop-
sies and those who did not undergo this type of biopsy
(31% vs 35%, difference not significant).

Discussion

Using older CT technology in the 1980s, we found that
only 12% of patients with pancreatic cancer had

resectable disease according to CT scan at the time of
diagnosis [7]. That is, 88% of the patients with pancre-
atic cancer presented with unresectable disease by CT
scan. Of this latter group, 50% had evidence of metas-
tasis according to CT scan and did not require further
staging workup. The remaining 50% had locally ad-

Table 3. Operation demographics (n = 74)

Estimated blood loss (ml) mean (range) 2 (0–30)
Operative Time (min) mean (range) 47 (20–116)
Complications n (%) 2 (4%)
Liver biopsies n (%) 35/74 (47)
Peritoneal biopsies n (%) 5/74 (7)
Peritoneal lavage cytology (PLC) n (%) 74/74 (100)

Table 2. Preoperative studies (n = 74)

Transabdominal ultrasound 6/74 (8)
Endoscopic ultrasound (EDS) 25/74 (34)
ERCP 51/74 (79)
CT 53/53 (100)
CT-guided FNA 31/74 (42)
US-guided FNA 3/74 (4)

ERCP, endoscopic retrograde cholangiopancreatography; CT, com-
puted tomography; FNA, fine-needle aspiration; US, ultrasound

Table 4. Unsuspected metastasis found at laparoscopy in 25 of 74 patients

Pattern of 25 patients with findings Number in all 74 patients

Liver positive by
biopsy (n = 12)

Lavage cytology
positive (n = 20)

Peritoneum positive by
biopsy (n = 5)

Head/uncinate
(n = 57)

Body tail
(n = 74)

Total
(n = 74)

+ + + 0 1 1
+ + ) 5 1 6
+ ) + 0 0 0
+ ) ) 5 0 5
) + + 1 3 4
+ ) + 0 0 0
) + ) 5 4 9
1248% 2080% 520% 16(28%)a 9(53%)a 25 (34%)

a Difference not significant for head/uncinate vs body, tail, chi-square analysis

Fig. 1. The distribution of occult metastases is depicted in bar graphs
to show the percentage of patients with positive results at the three
distant sites where tumor was found. The incidence of positive findings
(all + findings, bars with square patterns) for 57 patients with pan-
creatic cancer in the head (HEAD) of the gland was 28% (16/57). For
17 patients with lesions in the body/tail (Body/Tail) area it was 53% (9/
17). The most common finding was positive peritoneal lavage cytology
(cytology + vertical bar patterns) for both HEAD (19%, 11/57) and
Body/Tail (53%, 9/17). Peritoneal metastases were not found unless
cytology was positive. Surprisingly, patients with Body/Tail lesions
and a poor survival reputation had less frequent liver deposits than
those with HEAD lesions using the more frequent peritoneal route to
disseminate, either through actual deposits on the peritoneum surfaces
or free floating in the peritoneal cavity.
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vanced unresectable disease without evidence of metasta-
sis. No studies in the literature have addressed appro-
priate staging practices for this latter group of patients
[15]. The latter group is unique for two reasons. They
comprise one of the largest groups of pancreatic cancer
patients, and there are new and potentially effective
treatments for them. These patients are more likely to
benefit from accurate staging.
Cuschieri et al. [5] described the use of laparoscopy

as an adjunct to the management of pancreatic cancer in
1978. At a time when the usefulness of CT scans was still
being explored, laparoscopy offered a means of directly
providing accurate diagnostic information about the
pancreas and intraabdominal cavity. Moreover, lapa-
roscopy permitted a minimally invasive way to perform
a biopsy of metastatic lesions under direct vision. Al-
though this series was small (23 patients), the value of
staging laparoscopy for pancreatic cancer was demon-
strated.
Since Cuschieri et al.�s [5] report on laparoscopy in

1978 and our report on CT scanning in 1993, CT
scanning has taken a prominent role in pancreatic can-
cer assessment and has become the accepted technique
for diagnosis and staging [2, 8]. However, even the most
modern CT scan has limitations. Diagnostic laparos-
copy has a role in upstaging patients with pancreatic
cancer clinically staged with CT scan. Following the lead
of the Cuschieri et al. [5] pioneering manuscript, a series
of papers from the Massachusetts General Hospital
clearly indicated an upstaging role beyond the ability of
CT scans, which is best shown in their latest report by
Jimenez et al. [8]. They used simple laparoscopy with
biopsy and PLC to demonstrate unsuspected metastasis
in 31% of patients (39/125) with ‘‘nonmetastatic’’ pan-
creatic cancer by CT scan. Andren-Sandberg et al. [2]
found the rate to be 38% in 9 of 24 patients, whereas
Conlon et al. [4] observed a 31% rate of metastatic
deposits (PLC not used) in 36 of 115 patients. These
studies concluded that laparoscopy would significantly
reduce the rate of ‘‘negative’’ laparotomies.
It should be considered that CT scanning would

separate patients into three different categories: those
with distant disease (distant disease), those without dis-
tant disease but with ‘‘unresectable’’ disease because of
disease extended locally to major vessels or contiguous
organs (locally unresectable), and those without local
extension or distant disease (resectable). The aforemen-
tioned studies [2, 4, 8] did not focus on the large number
of patients deemed ‘‘locally unresectable’’ by CT scan.
Our study was limited to this type of patient who had no
evidence of distant disease.
We observed that diagnostic laparoscopy with

biopsy and PLC discovered occult metastasis in 34% of
patients who had CT evidence of unresectability but no
metastasis. This rate is similar to that reported by other
studies [2, 4, 8] of patients with resectable disease
according to CT scan. We observed a doubling of occult
findings for left-sided lesions (53%) over those for head
lesions (28%) for these locally advanced cases. For less
extensive lesions thought to be resectable by CT, the
Massachusetts General Hospital study saw a similar
doubling of discovered occult lesions in cases of left-

sided lesions, but with a lower incidence at 36% and 17%
respectively. Of our patients with positive findings, 64%
had peritoneal and/or liver implants. These lesions were
smaller than 3 mm, which is well under the resolution of
the best CT scans.
What about positive PLC cases in which even the

human eye, much less a CT scan, would miss these
metastatic lesions? Of our patients, 12% had positive
PLC results but no gross metastasis, which is similar to
the 9% observed in the Jiminez et al. [8] study. The latter
study documented that patients with unsuspected
metastasis have a significantly shorter median survival
than patients who do not (9 vs 13 months p < 0.001).
Other studies have confirmed that positive PLC results
are associated with aggressive disease and dismal out-
comes [9, 13]. These patients with positive PLC results
would not benefit from locoregional therapy directed at
the primary tumor, and they have a survival rate similar
to that of patients with visible metastasis [12]. Two of
our patients had ‘‘suspicious’’ cells (i.e., did not meet
morphologic criteria for malignancy) on PLC without
visible metastasis. We considered these PLC results
diagnostic for metastatic disease on the basis of a prior
study analyzing the reports of our cytologists. This
study demonstrated that suspicious cytology was ulti-
mately associated with malignant pancreatic cancer [6].
The distribution of metastases depicted in Fig. 1

forms an interesting pattern of anatomic sites. The most
common finding for either left- or right-sided lesions was
PLC. Peritoneal lesions were always associated with
positive PLC results, and were more common in cases of
the left-sided lesions. Left sided-lesions have a worse
prognosis, which is thought to be secondary to a delay in
diagnosis. This concept is supported by the higher
incidence of positive PLC results, but is not supported
by the lower rate of liver metastases. Why would the rate
of liver deposits not also increase? A larger study is re-
quired to answer that question, but appears that the left-
sided tumors may have a different tumor biology than
right-sided lesions.
The high rate of unsuspected metastases observed in

our study places these patients in a group of patients
with a median survival of 6 months [11] and 5-year
survival of less than 6% [16]. This has significant
implications for the interpretation of results from
studies that do not stage their patients with laparos-
copy. Currently, patients with locally advanced disease
are treated with radiation-based protocols aimed at lo-
coregional control. The protocols for these studies as-
sume that there are no metastatic deposits in their
patients. The prospective study by the Gastrointestinal
Tumor Study Group for locally unresectable pancreatic
cancer showed that combination bolus 5-FU and
external beam radiotherapy was superior to any single
method and doubled median survival time [14]. Logi-
cally, patients with unsuspected metastasis would not
benefit from radiation-based treatments. Would these
results have been even better with accurate staging? Our
study indicates that up to 34% of patients may be
inappropriately considered for these protocols. Radia-
tion treatment can result in significant morbidity and
requires 5 to 6 weeks of daily time commitment. For a
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group of patients with occult metastases whose survival
is measured in months, elimination of radiation treat-
ments would significantly improve the quality of life.
Moreover, by appropriate upstaging of patients, suit-
able protocols designed for metastatic disease could be
initiated in a timely manner.
Diagnostic laparoscopy also will affect patients who

are considered for ‘‘down staging’’ protocols. Many
patients are considered unresectable because of portal
vein or superior mesenteric vein involvement. Several
centers, including ours (unpublished data), have been
able to induce tumor regression with neoadjuvant
chemotherapy and to resect with negative margins [17,
18]. Our study indicates that these patients require
staging with diagnostic laparoscopy to rule out meta-
static disease before initiation of neoadjuvant therapy.
Most of our patients with unsuspected metastasis had
arterial involvement and would not have been consid-
ered ‘‘downstageable.’’ However 7 of 25 patients (28%)
with laparoscopically discovered occult distant disease
had involvement only of the portal vein or superior
mesentric vein, and would have been erroneously
considered ‘‘candidates’’ by CT criteria for ‘‘down-
staging.’’
Although all diagnostic laparoscopies were per-

formed at a high-volume tertiary referral center with
extensive experience in managing patients with pan-
creatic cancer, we believe that this staging method is
uniquely applicable in a community setting. Patients
who present with unequivocal locally unresectable
disease can undergo diagnostic laparoscopy. If meta-
static disease is found, the patient can immediately
undergo palliative therapy without needing to receive
surgical consultation at a specialized center. If
metastases are not discovered, the patient may be
considered for referral to a specialized center and a
clinical trial of primary therapy, downstaging neoad-
juvant therapy (if arterial involvement is absent), or
primary radiation-based protocols. This algorithm
should save the patient expense and unnecessary
anxiety, while improving results based simply on bet-
ter staging.
In summary, because of the inherent weakness of CT

scanning, the design of chemoradiotherapy trials should
include laparoscopic staging. Most protocols evaluating
radiation-based treatments aim to enroll a homogeneous
group of patients without occult metastatic deposits.
For patients not thought to have distant disease
according to CT scan, but who have locally extended
‘‘unresectable’’ tumors, diagnostic laparoscopy has
shown that 28% with head lesions and 53% with body/
tail lesions will have unsuspected metastasis. These pa-
tients would have been inappropriately enrolled in
therapies directed at the primary tumor. Because these
patients with distant disease are known to have shorter
survival, the effect of treatment will be falsely low. Any
diagnostic laparoscopic procedure should include PLC
because our most common finding was positive cytology
results. If CT scan alone is used for staging, then every
other patient with a pancreatic body/tail lesion and one
of four patients with a head lesion will be found to have
occult distant disease.
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