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Abstract

Introduction: Lymph node counts have become a surrogate mea-
sure for the extent and quality of pelvic lymph node dissection 
(PLND) at radical cystectomy, but little consideration has been 
given to the methodology of lymph node processing. We report 
results from a prospective series comparing a conventional protocol 
for processing PLND specimens to a fat-emulsifying protocol. We 
hypothesized that the rate of node positivity would increase with 
the fat-emulsifying protocol.
Methods: Patients undergoing radical cystectomy for cTis-T4aN0-
1M0 urothelial carcinoma of the bladder were eligible for this 
trial. Palpable lymph nodes were isolated from the PLND speci-
mens in the conventional protocol. The remaining tissue was then 
processed with fat-emulsifying solution to identify further nodes 
visually. Nodal counts were compared between techniques.
Results: The median number of nodes counted in the PLND speci-
mens of 26 patients was 24.5 (range: 20–40) with conventional 
processing and 37 (range: 24–52) with the fat-emulsifying solu-
tion (p < 0.001). Three patients had lymph node positive disease 
detected by conventional means, and a single patient was found to 
have a single positive node by the fat-emulsifying solution alone. 
The study was closed early after conducting a futility analysis.
Conclusions: A fat-emulsifying protocol identified more lymph 
nodes than a conventional protocol and may be an appropriate 
method to standardize lymph node processing following PLND. 
However, we were unable to show that such a standardized 
approach significantly increased the rate of node positivity in 
patients undergoing radical cystectomy.

Introduction 

The gold standard for the management of muscle invasive 
bladder cancer (MIBC) is radical cystectomy with pelvic 
lymph node dissection (PLND).1,2 The pathological findings 
from this surgery determine the prognosis and subsequent 

patient management. The node dissection at the time of 
cystectomy improves local tumour control, provides staging 
information, and enhances survival.3

There is mounting evidence that an extended PLND 
improves survival compared to a more limited dissection.4,5

The number of removed nodes may be surrogate measures 
for the extent of PLND.6 Therefore, the number of nodes 
removed with PLND has been adopted by many as an indi-
cator of the quality of PLND and has been contemplated 
as a quality indicator by third party payers in the United 
States.7 There are two principle barriers to using lymph node 
counts as a quality indicator. Firstly, the evidence supporting 
a benefit of the extended PLND is retrospective6 and results 
are still pending from two prospective randomized trials 
(NCT01224665 and NCT01215071). The second is the 
absence of consideration in how the PLND specimens are 
processed. Node counts can vary considerably due to fac-
tors other than quality of dissection.8 Several European and 
American centres report node counts as a marker of quality 
as they are an attractive surrogate because they represent a 
more objective and quantifiable parameter.9-12 All of these 
studies emphasize the importance of the extended PLND 
and the relevance of the nodal count as a reflection of the 
extent of dissection, but none of them consider the method-
ology of tissue processing and node counting. 

A fat-emulsifying technique (FET) was first described by 
Lillie in 194913 and has since been adapted and modified for 
numerous uses.14 Recently, Koren and colleagues introduced 
a “lymph node revealing solution” (LNRS) as an inexpensive 
and non-toxic solution that can be readily used in routine 
pathologic practice.15-19 The LNRS lymph nodes become vis-
ible as chalky white nodules on the yellow background of 
surrounding fat.

A standardized and reproducible method for processing 
lymph nodes is necessary to compare the results between 
centres and should be a prerequisite to any use of lymph 
node counts as a measure of the quality of PLND. We have 
designed a prospective trial to compare our current protocol 
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for processing pelvic lymph nodes to a fat-emulsifying proto-
col (FEP) after radical cystectomy. While it is assumed that 
the FEP will identify more lymph nodes, we hypothesized 
that the more accurate identification of lymph nodes would 
increase the proportion of patients who would be found to 
have lymph node metastases.

Methods 

Patients

All patients undergoing radical cystectomy with PLND for 
clinical cTis-T4aN0-1M0 urothelial carcinoma of the blad-
der between June 2011 and June 2013 were invited to par-
ticipate in this study. We excluded patients who were unable 
to consent, patients with concomitant malignancy or prior 
abdominal malignancy, and patients with prior pelvic vas-
cular surgery. We included patients with incidental, node 
negative prostate cancer. The study was approved by the 
clinical research ethics committee at the University of British 
Columbia and all patients consented to participation. The 
trial was registered with ClinicalTrials.gov (NCT01395225).

Surgical technique 

The extent of PLND was defined as either standard (up to 
bifurcation of common iliac artery) or extended (up to the 
aortic bifurcation, with or without dissection of the pre-
sacral lymph nodes) and was determined by the surgeon on 
a case-by-case basis. Objective documentation of the extent 
of PLND was documented by intra-operative photography. 
Lymph node specimens were sent to the pathologists in 2 
to 5 separate packages: right and left pelvic, right and left 
common iliac, and pre-sacral lymph nodes.20,21

Pathologic processing of lymph node specimens 

Each specimen was analyzed by both conventional means 
and by a FEP. Conventional means involved the prosection 
of the nodal specimen after fixation in 10% formaldehyde. 
Palpable nodes were isolated, embedded in paraffin, and 
sectioned at 2-mm intervals. The resulting 4-μm thick sec-
tions were stained with hematoxylin and eosin. The nodal 
count was determined by the study pathologist (BG). To be 
counted as a lymph node, the specimen had to be a capsule 
and subcapsular sinus; lymphoid aggregates lacking these 
architectural features were not counted as lymph nodes. 

The discarded tissue from the conventional protocol was 
then submitted for processing by the FEP. It was placed in a 
95% ethanol, diethyl ether, glacial acetic acid and buffered 
formalin solution in a ratio of 6.5:2:0.5:1 for 12 hours. The 
study pathologist (BG) inspected these specimens and macro-

scopically extracted visible lymph nodes and sectioned them 
at 2-mm intervals, embedded them in paraffin, and stained 
them  with eosin and hematoxylin.16 All remaining tissue 
in which no macroscopic nodes were identified was then 
embedded and examined microscopically for lymph nodes.

Data collection 

Demographic, clinical and pathological information on all 
patients were recorded prospectively. Demographic vari-
ables included age, sex, weight, height, and race. Clinical 
variables included date of cancer diagnosis, clinical and 
pathologic TNM stage, date of radical cystectomy, history 
of intravesical chemotherapy, other medical comorbidities 
and prior abdominal surgeries, and extent of PLND. 

Outcome measures 

The primary outcome was the number of patients upstaged 
as a result of the FEP. The secondary outcomes were the 
total number of lymph nodes and the total number of lymph 
node metastases counted by both techniques. 

Sample size calculation 

An increase in the identification of nodal metastases by 15% 
(FEP compared to conventional processing) was predeter-
mined as clinically significant. The rate of node positivity at 
radical cystectomy with PLND at our centre for all T-stages 
was 25/90 (28%) in the 2 years prior to the start of this study. 
An increase of 15% to 43% was deemed clinically relevant. 
To achieve a power (1-β) of 80% and an α error of 10%, 
we needed 91 enrolled patients in the study. 

Data analysis 

Data were analyzed using SPSS software. The independ-
ent samples t-test was used to compare the results from 
the lymph node analysis when processed by convention-
al means versus the same nodes processed using the fat-
emulsifying protocol (p < 0.5). An interim data analysis and 
subsequent futility analysis were performed after the first 26 
patients were enrolled.

Results 

In total, 26 patients were enrolled in our study. They had a 
mean age of 70 years (interquartile range [IQR] 64–76) and 
a median body mass index of 29 (IQR: 26–32) (Table 1). 
Table 2 summarizes the extent of PLND and the pathologic 
parameters. Photographs documenting the extent of PLND 
are available for 7 of the patients (Fig. 1, Fig. 2, Fig. 3, Fig. 
4, Fig. 5, Fig. 6, Fig. 7). 
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Table 3 summarizes the distribution of nodes between 
groups. A median of 8 (IQR: 2–12) additional nodes were 
isolated by the FEP, and almost all of these (189/207, 91.3%) 
were identified only microscopically. Lymph node metasta-
ses were identified in 4 patients (Fig. 8). In 2 patients these 
were identified by conventional processing only: 1 patient 
had metastatic nodes discovered after both processing meth-
ods, and the other patient had a single positive lymph node 
only after processing with the FEP. The latter patient had a 
cystectomy for BCG (bacillus Calmette-Guérin)-refractory 
carcinoma in situ (CIS). Final pathology confirmed pTisN1M0 
urothelial cancer. In this patient, 27 benign nodes were iden-
tified conventionally, 10 benign nodes were identified after 
the FEP, 1 of which contained a 5 × 2-mm foci of carcinoma 
only seen microscopically (Fig. 9). 

The total number of nodes identified by the conven-
tional method for all patients combined was 749, and this 

increased to 956 with the FEP (1.27-fold increase). Of the 
total number of lymph nodes identified conventionally 
(n = 749), 22 (2.9%) harbored metastases. Of the total 207 
lymph nodes identified by FEP alone, 3 (1.5%) were positive. 
Of the total number of nodes identified (n=956), 25 (2.6%) 
were metastatic nodes. 

The cost of the FEP was $1 174.82 CDN per patient in 
addition to the conventional fee. Fees included $864.43 
dollars for procedural fees, $296.02 for professional fees, 
and $28.76 for raw supplies. Procedural fees included fees 
attributed to paraffin processing, sectioning, staining, and 
use of the microscope. Professional fees included technician 
fees. Raw supplies included gloves, formalin, cassettes, and 
scalpel blades. 

Our pre-determined sample size to determine a clinic-
ally significant 15% increase in node positivity was 91. If 
we carried the numbers from the first 26 patients forward, 
we would need to enroll 995 patients to detect the same 
15% difference at a power of 0.80. We therefore deter-
mined that the study was futile. 

Table 1. Pre-cystectomy demographic and 
clinicopathological characteristics

Characteristic N
Age (median, IQR) 70 (64–76)

BMI (median, IQR) 29 (26–32)

Prior radiation therapy 3

Prior intravesical therapy 8

Neoadjuvant chemotherapy 8

Clinical T stage

Tis 4

T1 4

T2 13

T3 5

Concomitant CIS 8

Clinical N stage

N0 1

N1 2
IQR: interquartile range; BMI: body mass index; CIS: carcinoma in situ; Tis: T stage 
carcinoma in situ. 

Table 2. Extent of lymph node dissection and pathologic 
parameters

Characteristic N
Extent of node disssection

Standard 4

Extended 22

Pathological stage

T0 7

Tis 6

T1 2

T2 3

T3 8

Lymphovascular invasion present 6

Concomitant CIS 10
CIS: carcinoma in situ; Tis: T stage carcinoma in situ. 

Fig. 1. Patient 1: Photo of right and left extended lymph node 
dissection demonstrating complete removal of lymph node 
tissue up to the bifurcation of the aorta. 

Fig. 2. Patient 2: Photo of right and left extended lymph node dissection 
demonstrating complete removal of lymph node tissue up to the bifurcation of 
the aorta. 
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Discussion 

We have demonstrated that a simple FEP can increase the 
yield of lymph nodes. However, we found node positive 
disease was missed in only 1 of 26 patients. The additional 
nodes identified by FEP were smaller nodes and 91.3% 
were only identified microscopically. This raises two clin-
ical questions related to lymph node counts.

Firstly, the number of nodes counted is not relevant to the 
detection of lymph node metastases. Lymph node metastases 
are mostly found in palpable lymph nodes and only rarely 
in the additional nodes found after the FEP. Similar results 
may have been achieved with microscopic evaluation of 
the residual tissue after removing palpable nodes without 
the FEP. Metastases are found almost exclusively in palp-
able lymph nodes, and the dependence on microscopy is 
evidence for the small size of these additional lymph nodes. 
Our results suggest that the additional detection of small 
nodes may not add value. On the other hand, 1 in 4 patients 
with lymph node metastases were missed by conventional 
means. 

Secondly, the number of nodes clearly varies depending 
on how the nodes are processed, which has direct implica-

tions for the use of node counts as a surrogate measure of the 
quality of a PLND. Physicians and administrators should not 
compare between centres without standardized procedures.

The FEP has been applied by Koren’s group in different 
tumour types, including bladder cancer and was found to 
dramatically increase (up to twofold) the number of nodes 
and the number of lymph node metastases detected.15-19

Cancer upstaged in 9.5% to 40% of patients. Specifically 
in bladder cancer, the FEP discovered 1.95-fold more lymph 
nodes and upstaged 3 of 12 patients with muscle invasive 
bladder cancer to node positive.16 Of the 12 patients, 2 were 
node positive by conventional means. The more dramatic 
increase in the number of nodes identified could indicate a 
high-risk population, that the conventional process was less 
precise, or that the FET was more precise in the Koren study.

This study was powered to require 91 patients, but an 
interim analysis after 26 patients led to discontinuation. 
The inclusion of patients post-neoadjuvant chemother-
apy and the mix of non-MIBC and MIBC likely reduced 
the rate of node positivity and further reduced the power 
of the study. However, it is possible that lower risk 
patients, including those with BCG refractory NMIBC, 
have a lower risk of node positivity but could potentially 

Fig. 3. Patient 3: Photo of right and left extended lymph 
node dissection demonstrating complete removal of 
lymph node tissue up to the bifurcation of the aorta. 

Fig. 4. Patient 4: Photo of right and left extended lymph 
node dissection demonstrating complete removal of lymph 
node tissue up to the bifurcation of the aorta. 

Fig. 5. Patient 5: Photo of right and left extended lymph 
node dissection demonstrating complete removal of 
lymph node tissue up to the bifurcation of the aorta. 

Fig. 6. Patient 6: Photo of right and left extended lymph 
node dissection demonstrating complete removal of 
lymph node tissue up to the bifurcation of the aorta. 
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benefit from more precise staging. This latter supposition 
is supported by the fact that the only patient in our cohort 
with a positive node only on the FEP had CIS. Even though 
each patient served as his/her own control and, the extent 
of PLND was not deemed a critical factor in this analysis, 
our results would have been strengthened if all patients had 
an extended PLND.

The FEP is an easy, non-toxic adjunct that should be used 
if it can improve the identification of node positive patients 
even just marginally. There is no evidence that a FEP adverse-
ly affects routine immunohistochemistry.15 Furthermore, the 
FEP could reduce the burden on the pathologist in finding 
individual lymph nodes, thus removing a barrier to careful 
lymph node counting.22 The use of additional sectioning23

and immunohistochemistry24,25 to enhance lymph node iden-
tification is either ineffective or too labour-intensive. The 
main limitation of the FEP, however, was the additional cost.

Conclusion 

A FEP identified more lymph nodes and may be an appropri-
ate method to standardize lymph node processing. However, 
we were unable to show that such a standardized approach 
significantly increased the rate of node positivity. The clin-
ical utility of such a protocol is therefore uncertain. 
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Table 3. Lymph node counts according to method of processing

Benign lymph nodes Lymph nodes with metastasis Final node count

 Median IQR n Median IQR n Median IQR n
Conventional processing 24.5 20–32 727 0 0-0 22 24.5 20–40 749

FEP 

Macroscopic 0 0-1 18 0 0-0 0 0 0-1 186

Microscopic 5 2–11 186 0 0–0 3 5 2–11 189

Sum 5 2-12 204 0 0-0 3 5 2-12 207

Total nodes 30 24–52 931 0 0–0 25 30 24–52 956

p value* <0.01 0.04 <0.01
IQR: interquartile range; FEP: fat emulsifying protocol. *Students 2 tailed t-test of node count from conventional processing versus the total node count after the FEP.




