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ABSTRACT

INTRODUCTION
The Royal College of Pathologists recommend that a median of at least 12 lymph nodes
should be harvested during pathological staging of colorectal cancer. It is not always
easy to harvest the required number, especially in patients with rectal cancer receiving
neoadjuvant therapy.

Lymph node revealing solutions, e.g. GEWF, may improve nodal yield. GEWF is safe,
cheap and easy to use.

METHODS
In a controlled trial, lymph node yields were compared after secondary specimen
dissection following either 24 hours of further fixation in formalin (n=101) or GEWF
immersion (n=99). The number, size and tumour status of additional lymph nodes
identified was compared between groups. Twenty-seven cases which received longcourse neoadjuvant therapy were also assessed.

RESULTS
Median lymph node yield at primary dissection met national standards overall (19) but
also in the long-course neoadjuvant therapy group (13). Lymph nodes were smaller in
neoadjuvant cases compared to non-neoadjuvant cases (mean size range 1.3-5.6mm
vs 1.5-8.9mm). The use of further fixation and GEWF detected more nodes at
secondary dissection. The mean number of additional nodes harvested was greater with
formalin (8.3) than GEWF (7.3). There was no significant difference in the mean size of

the additional lymph nodes detected between groups (point estimate 1.02; 95% CI 0.58-2.63; p=0.211). Upstaging triggering adjunct chemotherapy occurred in 1%
(2/200) of cases.

CONCLUSIONS
The routine use of adjunct techniques to identify additional lymph nodes is unnecessary
with underlying high quality dissection practice. Emphasis should be placed upon
education and training, spending appropriate time dissecting, and ensuring specimens
are sufficiently fixed beforehand.

INTRODUCTION
Colorectal carcinoma (CRC) is the fourth most common cancer in the UK.[1] Nodal
metastasis is inextricably linked to the prognosis of the patient,[2-6] and just one nodal
tumour deposit upstages the malignancy from pN0 to pN1 in the TNM system,[5] which
has important implications when adjuvant chemotherapy is considered.[7] High quality
histopathological assessment includes harvesting an adequate number of lymph nodes.
Current recommendations are that a median of at least 12 lymph nodes should be
retrieved for adequate staging,[5-6] with all mesentery within the tumour vicinity
searched. This is based on evidence demonstrating the prognostic significance of
lymph node harvesting with differing numbers of nodes retrieved.[2-5]. Some literature
suggests that more lymph nodes should be harvested for adequate staging,[2] but 12 is
the current consensus.[5-6]

The recommended number of nodes is not always achieved, even in published studies.
Most notably, in patients who have received long-course neoadjuvant chemotherapy for
rectal carcinoma, the size of lymph nodes may be reduced making identification more
challenging.[8] Other contributory factors may include fixation time, experience of the
surgeon and failure by the dissector to appropriately examine or identify all nodes within
a specimen, either due to lack of experience or poor technique.[9-14].

In response to

this, a number of studies have addressed the issue of lymph node harvesting using a
variety of techniques,[9,15-25] including lymph node revealing solutions.[9,19-46]
Studies using GEWF, a mixture of glacial acetic acid, ethanol, water and formalin,
suggested that its use will identify an increased number of lymph nodes,[9,37-43,45-46]
and that this may lead to stage migration from node negative to
positive.[19,27,29,34,42-43] GEWF has been shown to facilitate identification of smaller

lymph nodes,[9,38,41,42,46] which may be especially useful for cases where
neoadjuvant therapy has been given, as there is often a paucity of lymph nodes which
are also smaller in size.[8]

In cases where an inadequate number of nodes have been retrieved, it is common
practice to return to the specimen and perform a secondary dissection to look for more
nodes. We performed a study to compare the use of GEWF versus further fixation in
formalin in terms of the number of nodes retrieved at secondary dissection, their size,
and the rate of tumour upstaging.

MATERIALS AND METHODS
We undertook a controlled trial study design using randomisation, pseudoanonymisation
and stratification. Two hundred consecutive colorectal specimens received into the
diagnostic histopathology department at Southampton General Hospital between June
2012 and June 2014 were entered into the study. A power calculation suggested that
100 cases in each group would be sufficient to detect an extra three nodes with a power
of 80%.

Randomisation and anonymisation
Samples were randomly allocated to either further fixation in formalin or GEWF. The
allocation was concealed from the chief investigator, as knowledge of allocation could
have been a source of sample bias.[47] Blinding was impossible because the
intervention chemical was recognisable at secondary dissection via its distinctive smell
and appearance. Randomisation was performed using an automated randomisation
programme. Cards within sealed envelopes, containing the allocation information for

each case were used. Specimens were assigned a study number and
pseudoanonymised, with a link maintained to the patient, in line with the Human Tissue
Act, 2004, code of practice 1.[48] Ethical approval was gained from North West
Research Ethics Committee.

Recruitment and stratification
Only adenocarcinomas were considered for inclusion in the study. Cases were excluded
if there was no informed patient consent for research; the tumour was a recurrence after
previous resection; or a timely secondary dissection could not be performed. Samples
were stratified into either non-neoadjuvant or neoadjuvant therapy groups, because the
use of long-course neoadjuvant therapy is known to be related to retrieval of fewer,
smaller lymph nodes.[41,49] Patients receiving short-course neoadjuvant therapy were
placed into the non-neoadjuvant group. Within each stratified group, samples were then
randomly allocated into one of two intervention groups (Figure 1).

Dissection and interpretation
Specimens were fixed in formalin for 48-96 hours before primary dissection, which was
performed by a variety of staff according to routine laboratory protocols. Then,
depending on the allocation, the specimen was placed in either fresh formalin or GEWF
(glacial acetic acid 80ml, ethanol 500ml, water 150ml, formalin 80ml) for at least 24
hours. A secondary dissection was then performed by the chief investigator with the
aim of sampling all residual lymph nodes. The number and sizes of nodes retrieved at
primary and secondary dissections were recorded following microscopic examination.

Statistical analysis
As the data were approximately normally distributed (Figure 3), an independent
samples t-test was used to compare the difference in number and size of lymph nodes
between the two groups. Mean differences are reported alongside 95% CI and pvalues. Statistical analysis was performed using IBM SPSS Statistics, version 21.[50]

RESULTS
Of the 200 patients recruited to the study, 119 (59.5%) were male and 81 (40.5%) were
female. The mean age for all patients was 70.5 years (range 25 to 97). Pathological
data are shown in Table 1. Thirty-nine percent of cancers were right sided whilst 61%
were left sided or rectal. Twenty-seven patients (13.5%) received long-course
neoadjuvant therapy. The two intervention chemicals were used almost equally (50.5%
vs 49.5%).

Table 1. Pathological data. All secondary dissections were performed by the
chief investigator.
Factor (n=200)

Variable

Number
(percentage / range)
Site of tumour
Caecum
38/200 (19.0%)
Ascending colon
18/200 (9.0%)
Hepatic flexure
7/200 (3.5%)
Transverse colon
11/200 (5.5%)
Splenic flexure
4/200 (2.0%)
Descending colon
9/200 (4.5%)
Sigmoid colon
49/200 (24.5%)
Rectum
64/200 (32.0%)
Neoadjuvant therapy
None
166/200 (83.0%)
Long course
27/200 (13.5%)
a
Short course
7/200 (3.5%)
Dissector group for primary dissection
Consultant (n=5)
66/200 (33.0%)
Advanced practitioner (n=1) 64/200 (32.0%)
b
Senior trainee (n=9)
48/200 (24.0%)
c
Junior trainee (n=7)
22/200 (11.0%)
d
Mean time for primary dissection
Overall
51 mins (14-150)
Consultant
32 mins(14-92)
Advanced practitioner
58 mins (25-105)
b
Senior trainee
52 mins (15-110)
c
Junior trainee
84 mins (30-150)
Intervention chemical
Further fixation
101/200 (50.5%)
GEWF
99/200 (49.5%)
Mean time spent in intervention chemical
Further fixation
25 hours (24-29)
GEWF
25 hours (24-32)
Mean time for secondary dissection
Further fixation
15.3 mins (4-45)
GEWF
15.2 mins (1-35)
TNM classification
(y)pT0
8/200 (4.0%)
(y)pT1
15/200 (7.5%)
(y)pT2
39/200 (19.5%)
(y)pT3
93/200 (46.5%)
(y)pT4
45/200 (22.5%)
a
b
c
placed within the non-neoadjuvant group; in second year or more of histopathology training; in first year
d
e
of histopathology training; not measured in 2/200 cases; not measured in 5/200 cases.

The mean and median numbers of lymph nodes identified at primary dissection were
19.3 and 18.0 respectively (Table 2). The median number of lymph nodes retrieved at
primary dissection for the neoadjuvant group was lower than that of the nonneoadjuvant group (13 vs. 19). The mean size of the smallest lymph nodes found at
primary dissection was similar in both the neoadjuvant group (1.3mm) and the entire
sample (1.5mm), although there was a difference in the mean size of the largest lymph
nodes found at primary dissection between neoadjuvant group (5.6mm) and the entire
sample (8.9mm).

Table 2. Lymph nodes harvested at primary and secondary dissection for the entire sample and the subset in the
neoadjuvant group.
Primary dissection (n=200)
Demographic

Secondary dissection (n=200)
Number
(percentage / range)
Sample
(n=200)

Demographic
Neoadjuvant
(n=27)

Total no. of nodes at primary
dissection
Mean no. of nodes at primary
dissection
Mean size of smallestlargest lymph nodes at
primary dissection
Median no. of nodes at
primary dissection

3850

379

19.3 (3-47)

14.0 (3-27)

1.5-8.9mm (0.5-28.0)

1.3-5.6mm (0.5-10.0)

18 (3-47)

13 (3-27)

No. of cases with only
negative nodes at primary
dissection
No. of negative nodes at
primary dissection
No. of cases with positive
nodes at primary dissection

121/200 (60.5%)

22/27 (81.5%)

3561

361

79/200 (39.5%)

5/27 (18.5%)

No. of positive nodes at
primary dissection
Mean size of largest positive
nodes at primary dissection

289

18

8.6mm (1.0-28.0)

4.6mm (2.0-9.0)

Total no. of nodes at
secondary dissection
Mean no. of nodes at
secondary dissection
Mean size of smallestlargest nodes at secondary
dissection
No. of cases with no
additional nodes at
secondary dissection
No. of cases with only
negative nodes at
secondary dissection
No. of negative nodes at
secondary dissection
No. of cases with positive
nodes at secondary
dissection
No. of positive nodes at
secondary dissection
Mean size of largest
positive nodes at
secondary dissection

Number
(percentage / range)
Sample
(n=200)

Neoadjuvant
(n=27)

1555

171

7.8 (0-30)

6.3 (0-18)

1.2-4.1mm (0.5-12.0)

0.9-2.9mm (0.5-5.0)

4 (2.0%)

2 (7.4%)

177/200 (90.3%)

24/27 (96%)

1526

169

19/200 (9.7%)

1/27 (4.0%)

29

2

4.4mm (1.5-8.0)

3.5mm (3.5-3.5)

At secondary dissection 1555 additional lymph nodes were harvested, equating to a
mean of 7.8 nodes per case overall, and a mean of 6.3 in the neoadjuvant group
(Table 2). In the non-neoadjuvant group the mean increase in number of lymph
nodes retrieved was 49.9%. In the neoadjuvant group this increased to 65.5%.
When comparing further fixation and GEWF, there was no statistically significant
difference in the number of lymph nodes retrieved at secondary dissection in either
the entire sample (p=0.211) or the neoadjuvant group (p=0.614) (Table 3).

Table 3. Statistical analysis with independent samples t-test.
Entire sample (n=200)
Research variable
Mean no. of lymph nodes
Mean size of lymph nodes

Further fixation
[n =101(SD)]
8.27 (5.34)
2.56 (1.53)

GEWF
[n=99 (SD)]
7.25 (6.18)
2.43 (1.44)

Mean difference
(95% CI)
1.02 (-0.58 - 2.63)
0.13 (-0.02 - 0.27)

P-value

Further fixation
[n=15 (SD)]
6.73 (4.32)
1.81 (1.04)

GEWF
[n=12(SD)]
5.83 (4.82)
1.76 (1.0)

Mean difference
(95% CI)
0.9 (-2.73 – 4.53)
0.05 (-0.26 – 0.37)

P-value

0.211
0.093

Neoadjuvant group (n=27)
Research variable
Mean no. of lymph nodes
Mean size of lymph nodes

0.614
0.730

The mean size of the smallest lymph nodes found at secondary dissection was
similar in both the neoadjuvant group (0.9mm) and the entire sample (1.2mm),
although there was a difference in the mean size of the largest lymph nodes found at
secondary dissection between the neoadjuvant group (2.9mm) and the entire sample
(4.1mm) (Table 2). When comparing further fixation and GEWF, there was minimal
difference between the size of nodes found in either the entire sample (2.6mm with
further fixation vs 2.4mm with GEWF) or neoadjuvant group (1.8mm for both
interventions) (Table 4), with no statistically significant difference in the size of lymph
nodes retrieved at secondary dissection in either the entire sample (p=0.093) or the
neoadjuvant group (p=0.730) (Table 3).

Table 4. The effect of further fixation vs GEWF on the number and size of
lymph nodes harvested at secondary dissection.
Sample (n=200)

Total no. of nodes
Mean no. of nodes
Mean size of nodes
Negative nodes
Total no. of negative nodes
Mean size of negative nodes
No. of nodes ≥5.0mm
No. of nodes ≥2.0-4.9mm
No. of nodes >0.2-1.9mm
Positive nodes
Total no. of positive nodes
Mean size of positive nodes

Neoadjuvant (n=27)

Further fixation
(% / range)
(n=101)

GEWF
(% / range)
(n=99)

Further
fixation
(% / range)

GEWF
(% / range)

837
8.3 (0-28)
2.6mm
(>0.2-12.0mm)

718
7.3 (0-30)
2.4mm
(>0.2-9.5mm)

101
6.7 (0-13)
1.8mm
(>0.2-5.0mm)

70
5.8 (0-18)
1.8mm
(>0.2-5.0mm)

828
2.6mm
(>0.2-12.0mm)
81/828 (9.8%)
500/828 (60.4%)
247/828 (29.8%)

698
2.4mm
(>0.2-9.5mm)
51/698 (7.3%)
399/698 (57.2%)
248/698 (35.5%)

99
1.8mm
(>0.2-5.0mm)
2/99 (2.0%)
55/99 (55.6%)
42/99 (42.4%)

70
1.8mm
(>0.2-5.0mm)
1/70 (1.4%)
31/70 (44.3%)
38/70 (54.3%)

9
20
2
0
3.0mm
4.5mm
2.5mm
(1.5-5.0mm)
(1.5-8.0mm)
(1.5-3.5mm)
a
No. of large metastases
1/9 (11.1%)
9/20 (45.0%)
0/2 (0%)
b
No. of small metastases
6/9 (66.7%)
9/20 (45.0%)
1/2 (50%)
c
No. of micrometastases
2/9 (22.2%)
2/20 (10.0%)
1/2 (50%)
a
b
c
large metastases: ≥5.0mm; small metastases: ≥2.0-4.9mm; micrometastases: >0.2mm-1.9mm.

Fewer specimens elicited positive lymph nodes than at primary dissection (9.7% vs
39.5%), with only 29 positive nodes identified at secondary dissection (Table 2).
Most positive nodes were retrieved in the non-neoadjuvant cases (93.1%).

The mean size of positive nodes identified at secondary dissection was smaller
(Table 2). The mean time spent performing the secondary dissection for each group
was almost identical - 15.3 in the further fixation group vs 15.2 minutes in the GEWF
group (Table 1).

Upstaging that would lead to a possible change in treatment (pN0 to pN1/pN2)
occurred in only two cases (1.0%), both of which were in the non-neoadjuvant group
and had primary dissections performed by experienced dissectors. The first case

was in the GEWF group (primary nodal count 0/11). Two of the 22 lymph nodes
identified at secondary dissection were positive (4mm and 8mm in size), giving a
final nodal count of 2/33. The second case was in the further fixation group (primary
nodal count 0/43). A further 12 nodes were identified at secondary dissection, and
one of these was positive (3mm in size), giving a final nodal count of 1/55.

There was a clearly detectable macroscopic difference between the two chemicals.
GEWF made the fat nodular and hard, consistent with dehydration by the alcohol,
making palpation for nodes more difficult. On the other hand, GEWF improved the
visibility of lymph nodes as they became white in colour (Figure 2).

DISCUSSION
Secondary dissection resulted in the detection of more lymph nodes, in keeping with
previous studies.[9,16,37-43,45-46] We found that GEWF was not superior to
formalin fixation in this respect. Only 29 (1.9%) of additional lymph nodes found at
secondary dissection contained metastases; this small number may be a reflection of
high quality underlying dissection practice, with staff meeting appropriate national
standards[51-52] allowing positive lymph nodes to be appropriately identified at
primary dissection.

The mean size of positive nodes identified at secondary dissection was smaller in
the entire sample, and also in the neoadjuvant group - most likely because the larger
positive nodes had already been identified at primary dissection. Our findings are in
keeping with previous studies which have described the retrieval of smaller lymph
nodes in the specimens of patients who have received neoadjuvant therapy.[53-57]

Nevertheless, the mean number of nodes retrieved at primary dissection in the
neoadjuvant group achieved recommended targets in our study, contradicting the
suggestion that the retrieval of 12 lymph nodes is unrealistic in these
specimens,[49,54] We found the target of 12 nodes is achievable without adjunct
techniques, but relies upon high quality dissection practice; in our experience tiny
lymph nodes may be identified in this way.

Upstaging following secondary dissection from node negative (pN0) to node positive
(pN1) was very infrequent, being observed in only two cases (1.0%). Two previous
studies found much higher levels of upstaging,[42-43] but were small and open to
detection and analysis bias, e.g. unclear statistical methodology.

Although GEWF made nodes more visible, distinction between nodes and nodular
fat or blood vessels by palpation was more difficult. In contrast, formalin is waterbased and so the fat remained soft. Lymph nodes may not be so easily visible, but
as only small lymph nodes remained in the fat at secondary dissection the ability to
detect them by touch may have been more important in our specimens. It is
therefore essential that during training dissectors develop appropriate techniques in
both vision and palpation in order to identify smaller nodes, as this may be important,
especially for patients who have received long-course neoadjuvant therapy.

This study attempted to remove and minimise bias, however, it was not entirely
achievable.[58] The main issue was the ability to detect the adjunct chemical, due to
the distinctive smell and texture of GEWF making it instantly recognisable. It has to
be accepted that potential bias from the secondary dissector could be introduced

because blinding to the secondary fixation solution is not possible. However, the
equivalence in the time spent on the secondary dissection for each adjunct chemical
may be evidence that equal effort was used for each. A further limitation of this
study is the small size of the neoadjuvant group (n=27), which may put the findings
at risk of type 1 statistical error.

In conclusion, we have shown that secondary dissection retrieves more lymph
nodes, irrespective of whether GEWF or formalin is used as the fixative. Although
GEWF might be of benefit to practitioners who rely more on vision than palpation, we
recommend further fixation in formalin in difficult cases – not only because it yields
an equivalent number of lymph nodes, but also because it is cheaper, easier to
prepare and more readily available. Furthermore, adequate fixation combined with
high quality training of staff and an appropriate time spent retrieving lymph nodes
should allow standards to be achieved without the need for adjunct techniques in the
great majority of cases.

TAKE HOME MESSAGES
GEWF is no better than further fixation in formalin in terms of number and size of
lymph nodes harvested at secondary dissection.

The use of adjunct techniques followed by secondary dissection only leads to
upstaging in a small percentage of cases, but in these it may be clinically significant.

Adjunct techniques are not required in the majority of cases if an appropriate primary
dissection has been performed on an adequately fixed specimen by an appropriately
trained person who spends appropriate time performing the task.

In difficult cases adjunct techniques and/or a secondary dissection may be useful,
but further fixation in formalin is recommended as it is cheaper, more readily
available and more efficient at detecting lymph nodes.

ACKNOWLEDGEMENTS
Thank you to the scientific and technical staff within the Cellular Pathology
department at UHS, who supported the technical work within this study. Thank you
to Dr Reuben Ogollah and Dr Darren Van Laar who provided statistical support and
advice during this study.

CONTRIBUTORS
JH had the original research idea, led the study and performed all secondary
dissections. IR, ACB and NJC helped develop the research idea, contributed to the
study and helped structure the paper. NK provided statistical support. JA and SS
provided scientific and technical leadership and support within the dissection
laboratory during the data collection period.

COMPETING INTERESTS AND FUNDING
None.

PROVENANCE AND PEER REVIEW

Not commissioned; externally peer reviewed. This work formed part of the
Professional Doctorate thesis of JH.

REFERENCES
1.

Cancer Research UK (2014). Bowel cancer key stats. Available at:

http://www.cancerresearchuk.org/cancer-info/cancerstats/keyfacts/bowel-cancer/
(Accessed July 2015).

2.

Tsai HL, Lu CY, Hsieh JS, et al. The prognostic significance of total lymph

node harvest in patients with T2-4N0M0 colorectal cancer. J Gastrointest Surg
2007;11:660-665.

3.

Wong SL, Ji H, Hollenbeck BK, et al. Hospital lymph node examination rates

and survival after resection for colon cancer. J Am Med Assoc 2007;298:2149-54.

4.

Chen SL & Bilchik AJ. More extensive nodal dissection improves survival for

stages I to III of colon cancer: a population based study. Ann Surg 2006;244:602610.

5.

The Royal College of Pathologists (2014) Standards and datasets for

reporting cancers: Dataset for colorectal cancer histopathology reports (3rd ed.)
(G049). Available at:

http://www.rcpath.org/Resources/RCPath/Migrated%20Resources/Documents/G/G0
49_ColorectalDataset_July14.pdf (Accessed July 2015).

6.

Washington MK. Colorectal carcinoma: selected issues in pathologic

examination and staging and determination of prognostic factors. Arch Pathol Lab
Med 2008;132:1600-1607.

7.

Sommariva A, Donisi PM, Gnocato B, et al. Factors affecting false-negative

rates on ex vivo sentinel lymph node mapping in colorectal cancer. Eur J Surg Oncol
2010;36:130-134.

8.

Morcos B, Baker B, Al Masri M, et al. Lymph node yield in rectal cancer

surgery: effect of preoperative chemoradiotherapy. Eur J Surg Oncol 2010;36:345349.

9.

Lindboe CF. Lymph node harvest in colorectal adenocarcinoma specimens:

the impact of improved fixation and examination procedures. APMIS 2011;119:347355.

10.

Van Steenbergen LN, van Lijnschoten G, Rutten HJT, et al. Improving lymph

node detection in colon cancer in community hospitals and their pathology
department in southern Netherlands. Eur J Surg Oncol 2009;36:135-140.

11.

Scabini S & Ferrando V. Number of lymph nodes after neoadjuvant therapy

for rectal cancer: how many are needed? World J Gastrointest Surg 2012;4:32-35.

12.

Lemmens VE, van Lijnschoten I, Janssen-Jeijnen ML, et al. Pathology

practice patterns affect lymph node evaluation and outcome of colon cancer: a
population–based study. Ann Oncol 2006;17:1803-1809.

13.

Sanders SA, Smith A, Carr RA, et al. Enhanced biomedical scientist cut-up

role in colonic cancer reporting. J Clin Pathol 2012;65:517-521.

14.

Horne J, Carr NJ & Walker M. (2011, September). Nodal harvesting by an

advanced practitioner: Poster presented at the Institute of Biomedical Science
Congress, Birmingham. Retrieved from https://www.ibms.org/congress/

15.

Greco P, Andreola S, Magro G, et al. Potential pathological understaging of

pT3 rectal cancer with less than 26 lymph nodes recovered: a prospective study
based on a resampling of 50 rectal specimens. Virchows Arch 2006;449:647-51.

16.

Poller DN. Method of specimen fixation and pathological dissection of

colorectal cancer influences retrieval of lymph nodes and tumour nodal stage. Eur J
Surg Oncol 2006;26:758-62.

17.

Märkl B, Kerwel T, Jähnig H, et al. Lymph node preparation in colorectal

cancer. Ex vivo methylene blue injection as a novel technique to improve lymph
node visualization. Pathologe 2008;29:274-9.

18.

Kerwel TG, Spatz J, Anthuber M, et al. Injecting methylene blue into the

inferior mesenteric artery assures an adequate lymph node harvest and eliminates
pathologist variability in nodal staging for rectal cancer. Dis Colon Rectum
2009;52:935-41.

19.

Haboubi NY, Clark P, Kaftan SM, et al. The importance of combining xylene

clearance and immunohistochemistry in the accurate staging of colorectal
carcinoma. J R Soc Med 1992;85:386-88.

20.

Sanchez W, Luna-Perez P, Alvarado I, et al. Modified clearing technique to

identify lymph node metastases in post-irradiated surgical specimens from rectal
adenocarcinomas. Arch Med Res 1996;27:31-36.

21.

Hida J, Mori N, Kubo R, et al. Metastases from carcinoma of the colon and

rectum detected in small lymph nodes by the clearing method. J Am Coll Surg
1994;178:223-28.

22.

Haboubi NY, Abdalla SA, Amini S, et al. The novel combination of fat

clearance and immunohistochemistry improves prediction of the outcome of patients
with colorectal carcinomas: a preliminary study. Int J Colorect Dis 1998;13:99-102.

23.

Cawthorn SJ, Gibbs NM & Marks CG. Clearance technique for the detection

of lymph nodes in colorectal cancer. Br J Surg 1986;73:58-60.

24.

Schmitz-Moormann P, Thomas C, Pohl C, et al. Patho-anatomical

demonstration of lymph node metastases in a surgical specimen. Path Res Pract
1982;174:403-11.

25.

Kim YM, Suh JH, Cha HJ, et al. Additional lymph node examination from

entire submission of residual mesenteric tissue in colorectal cancer specimens may
not add clinical and pathologic relevance. Hum Pathol 2007;38:762-67.

26.

Gilchrist R & David V. Lymphatic spread of carcinoma of the rectum. Ann

Surg 1938;108:621-42.

27.

Vogel C, Kirtil T, Oellig F, et al. Lymph node preparation in resected colorectal

carcinoma specimens employing the acetone clearing method. Pathol Res Pract
2008;204:11-15.

28.

Hyder JW, Talbott TM & Maycroft TC. A critical review of chemical lymph

node clearance and staging of colon and rectal cancer at Ferguson Hospital, 1977 to
1982. Dis Colon Rectum 1990;33:923-26.

29.

Brown HG, Luckasevic TM, Medich DS, et al. Efficacy of manual dissection of

lymph nodes in colon cancer resections. Mod Pathol 2004;17:402-06.

30.

Morikawa E, Yasutomi M, Shindou K, et al. Distribution of metastatic lymph

nodes in colorectal cancer by the modified clearing method. Dis Colon Rectum
1994;37:219-23.

31.

Wang H, Safar B, Wexner SD, et al. The clinical significance of fat clearance

lymph node harvest for invasive rectal adenocarcinoma following neoadjuvant
therapy. Dis Colon Rectum 2009;52:1767-73.

32.

Jass JR, Miller K & Northover JMA. Fat clearance method versus manual

dissection of lymph nodes in specimens of rectal cancer. Int J Colorect Dis
1986;1:155-56.

33.

Cohen SM, Wexner SD, Schmitt SL, et al. Effect of xylene clearance of

mesenteric fat on harvest of lymph nodes after colonic resection. Eur J Surg
1994;160:693-97.

34.

Scott KW & Grace RH. Detection of lymph node metastases in colorectal

carcinoma before and after fat clearance. Br J Surg 1989;76:1165-67.

35.

Herrera L & Villarreal JR. Incidence of metastases from rectal

adenocarcinoma in small lymph nodes detected by a clearing technique. Dis Colon
Rectum 1992;35:783-88.

36.

Scott KWM, Grace RH & Gibbons P. Five-year follow up study of the fat

clearance technique in colorectal carcinoma. Dis Colon Rectum 1994;37:126-28.

37.

Švec A, Horák L, Novotný J, et al. Re-fixation in a lymph node revealing

solution is a powerful method for identifying lymph nodes in colorectal resection
specimens. EJSO 2006;32:426-29.

38.

Newell KJ, Sawka BW, Rudrick BF, et al. GEWF solution – an inexpensive,

simple and effective aid for the retrieval of lymph nodes from colorectal cancer
resections. Arch Pathol Lab Med 2001;125:642-45.

39.

Gregurek SF & Her-Juing Wu H. Can GEWF solution improve the retrieval of

lymph nodes from colorectal cancer resections? Arch Pathol Lab Med 2009;133:8386.

40.

Iversen LH, Laurberg S, Hagemann-Madsen R, et al. Increased lymph node

harvest from colorectal cancer resections using GEWF solution: a randomised study.
J Clin Pathol 2008;61:1203-08.

41.

Kelder W, Inberg B, Plukker JTM, et al. Effect of modified Davidson’s fixative

on examined number of lymph nodes and TNM-stage in colon carcinoma. Eur J Surg
Oncol 2008;34:525-30.

42.

Saleki S & Haeri H. Lymph node revealing solution: a prospective study on 35

patients with colorectal carcinomas. Acta Med Iran 2002;40:223-25.

43.

Koren R, Siegal A, Klein B, et al. Lymph node-revealing solution: simple new

method for detecting minute lymph nodes in colon carcinoma. Dis Colon Rectum
1997;40:407-10.

44.

Ustün MO, Onal B, Tuğyan N, et al. Lymph node revealing solution: is it

effective on detecting minute lymph nodes? Adv Clin Path 1999;3:135-38.

45.

Storli K, Søndenaa K, Furnes B, et al. Improved lymph node harvest from

resected colon cancer specimens did not cause upstaging from TNM stage II to III.
World J Surg 2011;35:2796-803.

46.

Tasi CK, Chen CY, Liu CY, et al. Reliability and effectiveness of GEWF

solution in the identification of lymph nodes in specimens of colorectal carcinoma. Int
J Surg Pathol 2012;20:589-95.

47.

Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane Collaboration’s

tool for assessing risk of bias in randomised trials. BMJ 2011;343:d5928.

48.

Human Tissue Authority. (2004). Code of practice 1 – consent. Retrieved from

https://www.hta.gov.uk/code-practice-1-consent (Accessed July 2015).

49.

Marks JH, Valsdottir EB, Rather AA, et al. Fewer than 12 lymph nodes can be

expected in a surgical specimen after high-dose chemoradiation therapy for rectal
cancer. Dis Colon Rectum 2010;53:1023-1029.

50.

IBM. (2012). IBM ® SPSS ® Statistics (Version 21) [Computer software].

Retrieved from
http://ithelp.port.ac.uk/questions/321/Student+Personal+Software+Requests
(Accessed August 2014).

51.

General Medical Council. (2014). Good medical practice: develop and

maintain your professional performance. Retrieved from http://www.gmcuk.org/guidance/good_medical_practice/maintain_performance.asp (Accessed July
2015).

52.

Health and Care Professions Council. (2012). Standards of proficiency:

biomedical scientists. Retrieved from http://www.hcpcuk.org.uk/assets/documents/100004FDStandards_of_Proficiency_Biomedical_Scient
ists.pdf (Accessed July 2015).

53.

McDonald JR, Renehan AG, O’Dwyer ST, et al. Lymph node harvest in colon

and rectal cancer: current considerations. World J Gastrointest Surg 2012;4:9-19.

54.

Miller ED, Robb BW, Cummings OW, et al. The effects of preoperative

chemoradiotherapy on lymph node sampling in rectal cancer. Dis Colon Rectum
2012; 55:1002-1007.

55.

Latkauskas T, Lizdenis P, Janciauskiene R, et al. Lymph node retrieval after

resection of rectal cancer following preoperative chemoradiotherapy. Medicina
(Kaunas) 2010;46:299-304.

56.

Baxter NN, Virnig DJ, Rothenberger DA, et al. Lymph node evaluation in

colorectal cancer patients: a population-based study. J Natl Cancer Inst
2005;97:219-225.

57.

Topor B, Acland R, Kolodko V, et al. Mesorectal lymph nodes: their location

and distribution within the mesorectum. Dis Colon Rectum 2003;46:779-785.

58.

Hartman JM, Forsen JW, Wallace MS, et al. Tutorials in clinical research: part

IV: recognizing and controlling bias. Laryngoscope 2002;112:23-31.

Group 1
24 hours GEWF
n = 99

Group 1A
GEWF
Non-neoadjuvant
cases
(n = 87)

Group 2
24 hours further fixation
n = 101

Group 1B
GEWF
Neoadjuvant
cases
(n = 12)

Group 2A
Further fixation
Non-neoadjuvant
cases
(n = 86)

Group 2B
Further fixation
Neoadjuvant
cases
(n = 15)

Figure 1. Groups within the study.
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Figure 2. Characteristic white colour of lymph nodes after GEWF use.

Figure 3. Normal distribution plots of data.
a. no. of additional nodes at secondary dissection (all cases); b. no. of additional nodes at
secondary dissection (neoadjuvant cases); c. size of nodes at secondary dissection (all
cases); d. size of nodes at secondary dissection (neoadjuvant cases).

