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Perihepatic Lymph Node Assessment in Patients
Undergoing Partial Hepatectomy for Malignancy

Stephen R. Grobmyer, MD,* Liang Wang, MD,† Mithat Gonen, PhD,‡ Yuman Fong, MD,*
David Klimstra, MD,§ Michael D’Angelica, MD,* Ronald P. DeMatteo, MD,* Larry Schwartz, MD,†

Leslie H. Blumgart, MD,* and William R. Jarnagin, MD*

Objective: To assess the value of preoperative imaging studies and
the intraoperative assessment of perihepatic lymph nodes in patients
undergoing partial hepatectomy for malignancy.
Summary Background Data: Perihepatic lymph node status is an
important prognostic factor for patients undergoing hepatic resection
for 1o and metastatic cancer. The value of preoperative imaging
studies and intraoperative assessment of perihepatic nodes is un-
known.
Methods: Perihepatic lymph nodes were sampled in 100 patients
undergoing resection for 1o and metastatic hepatic malignancy. At
the time of sampling, participating surgeons assigned a clinical
suspicion score (scale, 1–5: 1 � clinically negative, 5 � clinically
positive). Preoperative CT scans and PET scans were reviewed in a
blinded fashion by 2 radiologists. Clinical assessment, CT, and PET
scan results were analyzed in the context of the pathologic status of
the lymph nodes.
Results: A mean of 3.2 � 0.2 nodes were sampled per patient.
Fifteen patients had metastatic disease in perihepatic lymph nodes;
13 had suggestive findings on preoperative CT or PET, and 2 were
clinically positive at exploration. Clinical assessment had a high
negative predictive value (NPV) � 99% but a low positive predic-
tive value (PPV) � 39%. Similarly, CT scans had a high NPV �
95% and a low PPV � 30%. PET scans had a NPV � 88% and a
PPV of 100%. Of the 48 patients with both negative preoperative CT
and PET scans, only 1 (2.1%) had metastatic nodal disease, and this
was suspected based on the clinical assessment. Of the patients with
negative CT and PET scans and a negative clinical assessment (n �
39), none had involved perihepatic nodes.
Conclusions: In patients with 1o and metastatic liver cancer, the
incidence of truly occult metastatic disease to perihepatic lymph
nodes is low. Routine sampling of perihepatic lymph nodes will
therefore have a low yield in patients without some evidence of

disease on preoperative CT or PET scans or at the time of
exploration.

(Ann Surg 2006;244: 260–264)

Resection remains the most effective therapy for selected
patients with primary and secondary hepatic malignancy.

In general, metastatic disease to extrahepatic sites is associ-
ated with poor survival and has been a contraindication to
hepatic resection. In particular, regional metastases to peri-
hepatic lymph nodes are a significant negative prognostic
factor for both primary1–3 and secondary hepatic malignan-
cies.4–8 On the other hand, selected patients with limited
regional nodal disease may benefit from resection.7 Further-
more, as improvements in systemic chemotherapy continue to
evolve, particularly for metastatic colorectal cancer, regional
lymph node status may not necessarily be used to determine
resectability but rather to select patients for optimal pos-
tresection chemotherapeutic therapies.9

The reported rate of perihepatic lymph node positivity
in patients undergoing hepatic resection varies by histology,10

ranging from 10.6%7 to 28%5 in patients with hepatic colo-
rectal metastases, 27%3 to 45%11 for intrahepatic cholangio-
carcinoma and approximately 5% for hepatocellular carci-
noma.12 Many of these studies include patients with obvious
nodal involvement. Clearly, some patients have microscopic
disease that is beyond detection by conventional radiographic
imaging or even direct palpation. As a result, some authors
have advocated routine lymph node sampling or lymphade-
nectomy for all patients undergoing hepatic resection.10,13

Although it has been suggested that occult metastasis
to perihepatic lymph nodes is relatively common in pa-
tients with malignant liver disease, the incidence of truly
occult disease is difficult to determine. Furthermore, there
is currently no consensus regarding the optimal method of
preoperative or intraoperative assessment of perihepatic
lymph nodes in patients undergoing resection for hepatic
malignancy. The present study investigates and compares
the relative value of preoperative imaging (CT and PET)
and intraoperative assessment of perihepatic lymph nodes,
and particularly aims to determine the incidence of meta-
static involvement that is clinically and radiographically
undetectable.
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METHODS
Patients submitted to operation for complete resection

of primary (hepatocellular carcinoma, intrahepatic cholangio-
carcinoma) or secondary hepatic malignancy between July
2002 and June 2004 at Memorial Sloan-Kettering Cancer
Center (MSKCC) comprised the study group. Patients with
extrahepatic biliary malignancy (gallbladder cancer and hilar
cholangiocarcinoma) and those submitted to operation to
confirm extrahepatic disease were not included. Lymph nodes
were sampled from up to 3 stations: portocaval, pancreati-
coduodenal, and common hepatic artery at the time of hepatic
resection (Fig. 1). Patients with suspicious lymph nodes at
exploration underwent excisional lymph node biopsy for
immediate frozen section analysis only if the results would
have influenced treatment; patients were otherwise nonse-
lected, and lymph nodes were sent for routine histology. At
the time of lymph node sampling, a “clinical suspicion score”
was assigned to each lymph node from each sampled station.
Determination of clinical suspicion scores for lymph nodes
was made by the attending hepatobiliary surgeon in all cases.
The clinical suspicion score used was a Likert scale ranging
from 1 to 5. Guidelines for scoring lymph nodes were as
follows: score � 1, clinically negative (small, soft); score �
2, likely negative; score � 3, equivocal; score � 4, likely
positive; score � 5, clinically positive (large/firm and/or
necrotic). Clinical suspicion scores were recorded prospec-
tively; lymph nodes were sent for permanent section and
analyzed using routine hematoxylin and eosin staining in the
Department of Pathology.

Measures of accuracy for clinical assessment, CT and
PET were calculated using each nodal station as the unit of
analysis and pathologic confirmation as the standard (positive
or negative). For patients who had more than one node

sampled from the same nodal station, the maximum value for
each assessment was used. In such cases, if any node was
positive histologically, then the result for that nodal station
was coded as positive; likewise, if all nodes sampled from the
same station were negative histologically, then the nodal
station was coded as negative. Sensitivity (specificity) was
calculated by dividing the number of true positive (true
negative) nodal stations by the number of histologically
positive (negative) nodal stations. Positive (negative) predic-
tive value is calculated by dividing the number of true
positive (true negative) nodal stations by the number of nodal
stations deemed positive (negative) by the assessment (clin-
ical or radiographic).

Receiver operating characteristic curves were used to
establish thresholds for clinically “negative” and “positive”
lymph nodes. This analysis resulted in a classification of
clinically “negative” for lymph nodes with a score of 1 or 2
and “positive” for those with a score of 3, 4, or 5. Clinical
suspicion scores were analyzed in the context of pathologic
findings to determine the sensitivity, specificity, negative
predictive value, and positive predictive value for intraoper-
ative assessment.

Preoperative CT scans obtained within 1 month of
operation were reexamined in a blinded fashion by 2 radiol-
ogists (L.W. and L.S.). The large majority of scans were
performed at MSKCC on multidetector CT scanners (GE
Medical Systems, Milwaukee, WI), ranging from 4 to 16 row
detectors, with intravenous and oral contrast and with slice
reconstruction of 5 mm (range, 2.5–7.5 mm). Scans from
other centers were used only if similarly performed on current
generation helical CT scanners and determined to be of
adequate quality by the radiologists (L.W. and L.S.). Mea-
surements of the largest lymph nodes at each of the 3 stations
were made. Portocaval lymph nodes were measured in 2
dimensions. Common hepatic artery lymph nodes and pan-
creaticoduodenal lymph nodes were measured in their great-
est dimension only.

Receiver operating characteristic curves were then used
to establish thresholds for radiographically “negative” and
“positive” nodes. From this analysis, it was determined that
portocaval lymph nodes should be considered “positive” on
CT if the cross product of dimensions was �0.65 cm2, while
pancreaticoduodenal and hepatic artery lymph nodes should
be considered “positive” if they were detectable on CT scan.
The CT scan findings at each lymph node station were then
compared with pathologic findings at the corresponding sta-
tion to determine sensitivity, specificity, negative predictive
value, and positive predictive value for CT. For purposes of
this analysis, multiple nodes removed from a nodal station
were combined into one data point by taking the highest
clinical assessment of these nodes, as described above. Patho-
logic confirmation was also combined by defining a nodal
station as positive if at least one of the nodes sampled from
that station was positive (multiple positive nodes at a single
station were counted as one).

Many patients included in the study had preoperative
PET scans, which were also reexamined in a blinded fashion.
The perihepatic lymph nodes were considered “positive” by

FIGURE 1. Schematic diagram showing lymph node groups
sampled.
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PET scanning if there was increased FDG uptake seen in the
subhilar region. PET findings were then compared with
pathologic findings. For the purposes of this aspect of the
analysis, the perihepatic nodes were considered and analyzed
together as a group, since the PET scans were not uniformly
of sufficient resolution to accurately discriminate between the
3 different stations. PET scan findings were compared with
pathologic findings (without distinguishing among the 3
nodal groups) to determine sensitivity, specificity, negative
predictive value, and positive predictive value for PET.

Approval for the study was obtained from the Institu-
tional Review Board at MSKCC. This study did not mandate
any surgical or medical treatment based on the clinical or
pathologic status of the nodes. All treatment decisions were
made by the attending surgeon and/or medical oncologist. In
general, patients with involved extrahepatic lymph nodes
confirmed intraoperatively did not undergo resection but
there were some exceptions, and this decision was made by
the operating surgeon.

RESULTS
Perihepatic lymph node sampling was performed in 100

patients. Metastatic colorectal cancer (n � 75) was the most
common indication for partial hepatectomy, followed by
hepatocellular carcinoma (n � 11) and intrahepatic cholan-
giocarcinoma (n � 8) (Table 1). Lymph node sampling was
safe with an associated intraoperative complication rate of
2%. One patient sustained an injury to a portal vein branch
and another patient had an injury of a duodenal diverticulum,
both of which were successfully and uneventfully repaired.
There were no postoperative complications attributable to
lymph node sampling.

A total of 316 lymph nodes from 236 lymph node
stations were analyzed histologically. The mean (� SEM)
number of lymph nodes sampled per patient was 3.2 � 0.23

(median � 3). Not all patients had lymph nodes sampled
from all 3 nodal stations. Most commonly, this was because
clearly positive nodal disease was identified early in the
dissection and confirmed histologically. In other cases, no
obvious (visible or palpable) lymph nodes were identified at
the station in question, and a more extensive dissection was
not considered warranted; this decision was made at the
discretion of the attending surgeon. Overall, 22 lymph nodes
(7.0% of all lymph nodes removed) in 15 patients (15% of the
total patients) had metastatic disease. Six patients had more
than one involved node: 4 had involvement of multiple nodal
groups and 2 had multiple positive nodes from the same
group. The percentage of patients with one or more positive
lymph nodes varied by histology and was most common in
patients with metastatic liver disease (14 of 80, 17.5%)
compared with primary liver cancer (1 of 19, 5.3%) (Table 1).
There was no difference in the incidence of lymph node
involvement at each of the 3 nodal stations (no. of patients
with 1, or more, positive node at the nodal station/no. of
patients who had at least 1 node sampled at the station):
portocaval 7/77 (9%); pancreaticoduodenal 6/72 (8%); and
hepatic artery 7/87 (8%) (P � 0.97). (Two patients had more
than 1 positive lymph node in the same nodal station.)

Most of the lymph nodes (82%) examined and sampled
intraoperatively were not suspicious for metastatic involve-
ment and received a clinical suspicion score of 1 or 2. The
negative predictive value for the clinical assessment of lymph
nodes was high (99%), while the positive predictive value
was much lower (39%) (Table 2). The 2 nodes that were
clinically not suspicious but pathologically positive were
found at 2 different stations in 1 patient with metastatic
colorectal cancer. All patients in the series had preoperative
CT scans. Like intraoperative clinical assessment, CT had a
high negative predictive value (95%) and a low positive
predictive value (30%). PET scans were performed on 66
patients in this series. The positive predictive value for PET
scanning was 100%, although there were only 4 patients in
this series who had increased FDG uptake in the subhepatic
area. Of note, PET scans failed to detect nodal disease in 7
patients. The sensitivities and specificities for each modality
are shown listed in Table 2.

Of the 15 patients with nodal metastases, 13 (86.7%)
had some suggestion of this possibility on preoperative CT
(n � 11) or PET (n � 2), while the remaining 2 patients had
a positive intraoperative assessment. To determine the inci-
dence of truly occult metastatic nodal disease, the cohort of
patients (n � 48) with both negative CT scans and negative

TABLE 1. Distribution of Histologic Diagnoses for Patients
in This Series (n � 100)

n
No. (%) With

Positive Lymph Nodes

Metastatic colorectal cancer 75 13 (17)

Hepatocellular cancer 11 0 (0)

Peripheral cholangiocarcinoma 8 1 (13)

Others* 6 1 (17)

*Metastatic disease in 5: breast, 1; lung, 1; adrenal, 1; squamous cell carcinoma, 1;
renal cell carcinoma, 1; primary hepatic lymphoma in 1.

TABLE 2. Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value
of Clinical Assessment, Preoperative CT Scan, and Preoperative PET Scan

Sensitivity Specificity
Positive

Predictive Value
Negative

Predictive Value

Clinical assessment of nodes 18/20 (90%)* 188/216 (87%) 18/46 (39%) 188/190 (99%)

CT scan 8/20 (40%)* 199/216 (92%) 8/27 (30%) 199/209 (95%)

PET scan 4/11 (57%) 55/55 (100%) 4/4 (100%) 55/62 (88%)

*Two patients had �1 positive node from the same nodal station.
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PET scans was analyzed separately. Within this group, only
1 patient (2.1%) had metastatic nodal disease. Nine other
patients in the group with negative imaging studies had
clinically suspicious lymph nodes that were negative on final
histologic examination. Of the patients with both negative
imaging studies and negative intraoperative assessments (n �
38), none had lymph node metastases.

DISCUSSION
There is no consensus regarding the optimal technique

for evaluating the status of perihepatic lymph nodes at the
time of liver resection for malignancy.14 Some have advo-
cated routine nodal sampling,13 while others have advocated
routine subhilar lymphadenectomy.10 Lymphatic mapping
has been proposed as well, but reported success with the
technique in this setting is limited.15 This study was under-
taken to assess the value of intraoperative assessment, pre-
operative CT scan, and preoperative PET scan in selecting
patients for perihepatic lymph node biopsy at the time of
hepatic resection for malignancy.

The present study documents the utility of intraopera-
tive perihepatic lymph node assessment (Table 1) by the
surgeon in selecting patients for lymph node biopsy at the
time of hepatic resection for malignancy. The rate of nodal
involvement in those with suspicious findings on intraopera-
tive examination (score �3, Table 1) was 38%, very similar
to that reported by Furhman et al (39%).16 In the present
study, we also document a very low rate of pathologically
positive nodes among clinically nonsuspicious nodes (1%).
Kokudo et al,17 in a retrospective review of their experience
with perihepatic lymph nodes, similarly found that “all pos-
itive nodes were macroscopically enlarged to a certain degree
and palpated as firm by the surgeon.” Our findings and those
of Kokudo et al17 stand in contrast to the findings of Elias et
al18 who reported a 14% rate of perihepatic nodal positivity
among metastatic colorectal cancer patients with “no evi-
dence of macroscopic lymph node involvement.” Differences
in these studies may partially be related to variations between
surgeons in assessment of clinically positive nodes. Of note,
in the present study, only 1 of 48 patients (2.1%) without
evidence of nodal involvement on CT and PET had disease
seen histologically, suggesting a very low incidence of truly
occult metastatic disease.

CT and PET, in addition to clinical examination of
nodes at the time of operation, have utility in the assessment
of perihepatic nodal status. Abnormal nodes on CT scan
warrant careful scrutiny, but the low positive predictive value
of CT scan suggests that enlarged perihepatic nodes on CT
alone do not necessarily equate to metastatic disease, and this
finding by itself should not preclude consideration for hepatic
resection. It must be recognized that the results underestimate
the overall positive predictive value of CT, since patients
with clear-cut metastatic nodal disease (ie, bulky or necrotic)
were not included and generally do not come to operation.
PET scanning added important information in some patients,
although the added benefit of PET beyond a high-quality CT
scan remains unclear. PET positivity strongly suggests met-
astatic involvement; however, the low number of PET “pos-

itive” scans in the present study limits the ability to make
definitive comments in this regard.

This study does not address the management of patho-
logically positive nodes. The therapeutic value of lymphad-
enectomy remains an unanswered question.18 In metastatic
colorectal cancer, the studies that have suggested a therapeu-
tic benefit are nonrandomized.19–21 Historically, many have
argued that pathologically positive perihepatic nodes are a
contraindication to resection;22,23 however, this tenet de-
serves reexamination in the current era of improved systemic
therapies. In the authors’ practice, decisions regarding hepa-
tectomy and portal lymphadenectomy in patients found to
have metastasis to perihepatic nodes are handled on a case-
by-case basis considering patient, tumor, and treatment spe-
cific factors.

While lymph node sampling is generally regarded a
safe procedure when performed by experienced surgical
teams, it is not without potential complications as demon-
strated in the present series. Portal and perihepatic lymphad-
enectomy has been associated with lymphatic leakage18 and
bleeding.10 Therefore, in addition to increased operating time
associated with lymphadenectomy, the potential complica-
tions should be factored into the decision to perform the
procedure.

There are limitations to the present study that should be
noted. This was not a consecutive series of patients, although
the patients were nonselected. In addition, 10% of patients
had lymph node stations that were not sampled. Although
some of these patients may have had occult nodal involve-
ment, the likelihood of this would seem to be low in light of
the overall results. Also, most patients in this series had
metastatic colorectal cancer and the results may not be
broadly applicable to all patients with hepatic malignancy.
Finally, the number of patients with PET scan positive peri-
hepatic disease was small, and conclusions regarding its
value in this setting are therefore limited.

CONCLUSION
This study supports selective sampling of perihepatic

lymph nodes at the time of hepatic resection for malignancy.
Routine lymphadenectomy or routine sampling is unneces-
sary, particularly in patients without any clinical or radiologic
evidence of disease. Instead, the decision to sample lymph nodes
can be guided by information gathered from preoperative imag-
ing studies and the intraoperative assessment of perihepatic
nodes. The optimal management of those found to have positive
nodes remains a question worthy of further investigation.
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