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The Effects of Formalin Solution on
Wall Thickness and Size in Stomach
Resection Materials

Mide Rezeksiyon Materyallerinde Formalin
Solusyonunun Duvar Kalinligina ve Boyutuna Etkisi
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Kemal Memisoglu'

Adnan Somay,’
Mehmet Koéroglu,?

Nuriye Esen Bulut;’
Aziz Bora Karip,!  Umit AkyUz,?

ABSTRACT

Objectives: Histopathological evaluation of endoscopic submucosal dissection (ESD)/endoscopic full-thickness
resection (EFTR) resection materials is important for disease follow-up. There are many studies on the effects of
formalin solution on histopathological examination. To our knowledge, in this study, the effects of this solution on
the macroscopic dimensions of gastric tissue were investigated for the first time.

Methods: ESD/EFTR specimens were obtained from different localizations of the stomach resection materials re-
moved from patients who underwent laparoscopic sleeve gastrectomy surgery due to morbid obesity. Pre- and
post-formalin fixation, macroscopic measurements were made by the surgeon and pathologist conducting the
study and compared with each other.

Results: In this study, stomach specimens taken from 50 patients with a mean age of 36.04, and a body mass index
of 46.06 were evaluated. After formalin fixation, it was observed that 4.4, 5.6 and 7.2 times thickening occurred in
full-layer wall thicknesses of the antrum, corpus and fundus, respectively. Similarly, 1.8, 2.5 and 4.6 times increase
was found in mucosa/submucosa thickness. In addition, due to the shrinkage effect of the formalin solution, an av-
erage size reduction of 31.0% and 23.3% in the mucosa/submucosa and full-thickness stomach tissue, respectively,
were detected.

Conclusion: The shrinkage effect of formalin solution on tissues has been reported before, but it has not provided
any evidence of how this effect affects macroscopic measurements. This study is important in that, to our knowl-
edge, it is the first study of formalin fixation to investigate macroscopic size changes on stomach tissue.

Keywords: Formalin fixation; gastric wall thickness; shrinkage.

OzET

Amag: Endoskopik submukozal rezeksiyon (ESD) veya endoskopik tam kat rezeksiyon (ETR) materyallerinin dog-
ru histopatolojik degerlendirilmesi hastalik takibi agisindan oldukga 6nemlidir. Literatiirde formalin sollisyonunun
histopatolojik degerlendirme Uzerine etkisini arastiran bircok makale bulunmaktadir. Bidigimiz kadaryla, bu
makalede ise ilk kez, bu sollisyonun mide dokusundaki makroskopik élclimlerine etkisi arastiriimistir.

Yontem: Morbid obezite nedeniyle sleeve gastrektomi yapilan hastalardan ¢ikarilan mide rezeksiyon materyaller-
inin farkl lokalizasyonlarindan ESD/ETR spesmenleri elde edildi. Calismay yiiriiten cerrah ve patolog tarafindan
formalin sollisyonu 6ncesi ve sonrasi makroskopik 6l¢timler yapildi ve birbiri ile karsilastirldi.

Bulgular: Bu calismada, ortalama yasi 36.04 ve viicut kitle indeksi 46.06 olan 50 hastadan alinan mide spesmenleri
degerlendirildi. Formalin fiksasyonu sonrasi yapilan degerlerdirmede sirasiyla antrum, korpus ve fundus tam kat
duvar kalinliklarinda 4.4, 5.6 ve 7.2 kat kalinlasma meydana geldigi izlendi. Benzer sekilde mukoza/submukoza
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kalinliklarinda ise 1.8, 2.5 ve 4.6 kat artis oldugu saptandi. Ayrica, formalin solisyonunun meydana getirdigi biiziilme etkisi ile mukoza/submu-
koza ve tam kat mide dokusunda sirasiyla ortalama %31.0 ve %23.3 boyut kiicilmesi saptandi.

Sonug: Formalin sollisyonunun dokularda biziilme etkisi olabilecegi daha énce literatiirde bahsedilmis olsa da, kanit diizeyinde makroskopik
Olctimlere olan etkisi bildirilmemistir. Bu calisma, formalin sollisyonunun mide dokusunda makroskopik boyut degisikligini bildiren ilk calisma

olmasi bakimindan énemlidir.

Anahtar so6zciikler: Biiziilme; formalin fiksasyonu; mide duvar kalinligi.

ndoscopic mucosal resection (EMR), a part of minimal-

ly invasive surgery, was first described in 1974 and has
become a commonly performed procedure due to its accept-
able oncological results in the treatment of precancerous le-
sions and early-stage gastric cancers along with its low cost
and morbidity rates as has been reported by many studies
in the literature.['3! Further, the endoscopic submucosal
dissection (ESD) technique has been described thanks to
the increase in EMR experience and the related developing
endoscopy techniques and equipment!#! and it facilitated
the resection of larger lesions. Moreover, the endoscopic
full-thickness resection (EFTR) technique has also been de-
scribed for the resection of fibrotic or subepithelial lesions
in cases where the EMR/ESD technique was not fitting.”!

The accurate histopathologic assessment of EMR/ESD/EFTR
samples bears critical significance. It not only offers insight
into diagnosis and tumor stage but also delivers information
about the fittingness of the procedure performed, marginal
status and risk factor assessment for nodal metastasis guid-
ing the future treatment and survival of the patients.[6]

Many studies have been conducted about the preparation of
resected specimens and their transfer to pathology laborato-
ries because the accurate histopathologic evaluation of such
samples is technically challenging. However, researchers in
these studies have focused on the effects of fixation methods
on alterations in histologic features of the specimen rather
than the macroscopic alterations in them.%8!

We, therefore, investigated the effects of 10% formalin fixa-
tion on alterations in specimen sizes of ESD/EFTR samples
obtained from gastric specimen resected from patients who
underwent laparoscopic sleeve gastrectomy because of mor-
bid obesity.

This study was designed prospectively upon the approval
of the Board of Ethics at FSMEAH Hospital (No: FSMEAH-

KAEK2018/71, Date: November 08, 2018). In this study, 50
patients who received laparoscopic sleeve gastrectomy be-
cause of morbid obesity at our clinic between October and
December 2019 were included. Informed consent was ob-
tained from all patients included in this study.

Study Design

Gastric specimen resected from patients with LSG due to
morbid obesity was opened up along the stapler line with-
in the first 30 minutes of the procedure while the gastric
mucosa and serosa were evaluated macroscopically by the
surgeon conducting the study. Full-thickness gastric tissues
of about 6 cm? (2x3 c¢m) in size located in the fundus, cor-
pus and antrum on the greater curvature were resected. The
mucosa and submucosa was lifted from the same sites by
injecting normal saline under the submucosa. Specimens of
similar sizes were obtained through submucosal dissection.
The resected specimens were separately fixed by a pin (in
the middle of the tissue) on foam specimen containers. In
the meantime specimen sizes were measured by a digital
vernier caliper and recorded (Fig. 1). The measurement of
the material was performed by two different individuals and
their average figures were delivered to ensure standardiza-
tion and the material was fixed in 10% formalin solution.
The material was taken out of the fixation after 12-18 hours

Figure 1. Preparation of ESD/EFTR specimens.
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by the pathologist conducting this study. The same mea-
surements were also recorded by the pathologist without
performing any stretching procedure and routine histopa-
thology procedures were performed.

Information on patients’ ages, sexes, and body mass indices
(BMI) were also recorded within the scope of this study.

Statistical Analysis

The statistical analyses for this study were performed using
the Statistical Package for the Social Sciences (SPSS 21 Inc.,
Chicago, IL, USA). The recorded data were presented in mean
(+SD), minimum and maximum figures. The Mann-Whitney
U test, Student’s t-test, and Wilcoxon signed-rank test were
used to compare data on sex and gastric specimen size mea-
surements, while paired samples t-test was utilized to com-
pare fresh tissue and post-formalin fixation measurements.
Statistical significance was set at p<0.05.

Results

This study was conducted with 50 cases, including 16
(32.0%) male and 34 (68.0%) female patients, between Octo-
ber and December 2019. While the mean age of the patients
was 36.04+12.68, their mean BMI was 46.06+5.57.

The results of the evaluation revealed that the gastric mu-
cosa-submucosa and full-thickness gastric tissue gradually
got thicker from the fundus towards the antrum.

The results of full-thickness gastric tissue and gastric mu-
cosa-submucosa measurements showed that male patients
had significantly thicker tissues than female patients, while
the difference between the two was reduced as one moved
from the fundus towards the antrum (Table 1).

When the patients were divided into two as those over 40
years of age (n=23) and those under (n=27), the resultant
evaluation did not reveal any differences between muco-

Table 1. Relationship of stomach wall thickness measurements pre- and post-formalin fixation with gender

Gender Total p
Male Female
Fixation Mead+SD Mead+SD Mead+SD
Fundus mucosa+submucosa depth Fresh 0.36+0.3 0.16+0.09 0.21+0.19 Tag. 002+
Fixed 1.0340.2 0.95+0.2 0.97+0.2
p2a 0.002* 0.000* 0.000+ 4.6x increase
Fundus Full Thickness Depth Fresh 1.0610.66 0.65+0.27 0.76+0.45 Tap 010+
Fixed 6.01£1.62 5.31+0.88 5.5¢1.16
p2a 0.001+* 0.000+* 0.000+*
7.2 x increase
Corpus mucosa+submucosa depth Fresh 0.58+0.34 0.37+0.16 0.43+0.24 TaQ.047+
Fixed 1.22+0.21 1.04+0.17 1.09+0.2
p2a 0.001+* 0.000+* 0.000+*
2.5 x increase
Corpus Full Thickness Depth Fresh 1.36+0.69 0.98+0.3 1.08+0.47 Tag, 033+
Fixed 6.1£1.1 5.99+1.14 6.02+1.12
p2a 0.001+* 0.000+* 0.000+*
5.6 x increase
Antrum mucosa+ submucosa depth Fresh 0.730.35(0.7) 0.62+0.27 (0.5) 0.65+0.29 (0.6) Tag 179
Fixed 1.2620.21 (1.2) 1.1740.21 (1.2) 1.1940.21 (1.2)
p2a 0.002+ 0.000+* 0.000+*
1.8 x increase
Antrum Full Thickness Depth Fresh 1.9310.94 (1.7) 1.2310.33(1.2) 1.4240.64 (1.3) a0 001+
Fixed 6.24+1.53 (5.8) 6.29+1.18 (6.3) 6.28+1.27 (6.2)
p2a 0.001+* 0.000+* 0.000+*

4.4 x increase

TaMann-Whitney U test; TPStudent t-test; 22Wilcoxon sign test; 2PPaired sample t-test *p<0.05
|
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sa-submucosa thickness and full-thickness figures in gastric
sections.

When we considered the effects of formalin solution on var-
ious anatomical sites of the stomach regardless of age and
sex, the following points were observed (Tables 1, 2):

In the fundus site: Gastric mucosa-submucosa was observed
to have thickened by 4.6 times, while the full-thickness gas-
tric tissue thickened by 7.2 times in the formalin fixation.
Shrinkage was observed in the sizes of gastric mucosa-sub-

Table 2. The assessment of pre- and post-fixation

measurements of gastric specimen sizes

Fixation  Specimen size (cm?2)
Mean+SD
Fundus Mucosa+Submucosa Fresh 5.9141.0
Fixed 3.8210.7
p2b 0.000+
% Shrinkage 35.3
Fundus Full Thickness Fresh 6.3411.4
Fixed 4.74+0.8
p2b 0.000+
% Shrinkage 25.2
Corpus Mucosa+ Submucosa Fresh 6.21£1.6
Fixed 4.16+0.9
p2b 0.000+
% Shrinkage 329
Corpus Full Thickness Fresh 6.3311.3
Fixed 4.86+0.8
p2b 0.000+
% Shrinkage 23.2
Antrum Mucosa+ Submucosa Fresh 5.47+1.1
Fixed 3.93+1.3
p2b 0.001*
% Shrinkage 28.0
Antrum Full Thickness Fresh 5.56+1.3
Fixed 4.35+0.8
p2b 0.002+
% Shrinkage 21.7

2bpajred sample t-test *p<0.05
|

mucosa and the full-thickness gastric tissue (cm?) by 35.3%
and 25.2%, respectively, with the fixation in the same site.

In the corpus site: Gastric mucosa-submucosa was observed
to have thickened by 2.5 times, while the full-thickness gas-
tric tissue thickened by 5.6 times in the formalin fixation.
Shrinkage was observed in the sizes of gastric mucosa-sub-
mucosa and the full-thickness gastric tissue (cm?) by 32.9%
and 23.2%, respectively, with the fixation in the same site.

In the antrum site: Gastric mucosa-submucosa was observed
to have thickened by 1.8 times, while the full-thickness gas-
tric tissue thickened by 4.4 times in the formalin fixation.
Shrinkage was observed in the sizes of gastric mucosa-sub-
mucosa and the full-thickness gastric tissue (cm?) by 28.0%
and 21.7%, respectively, with the fixation in the same site.
Pre- and post-formalin fixation measurements were cor-
related with the above-mentioned results in both sexes.

Discussion

This study investigated the macroscopic alterations brought
about by 10% formalin solution on ESD/EFTR specimen ob-
tained from the resected stomachs of patients who under-
went laparoscopic sleeve gastrectomy. The results of our
study revealed that there was on average 32.0% and 23.3%
shrinkage, respectively, in the sizes of both the mucosa/sub-
mucosa and full-thickness gastric tissues and accordingly
there was an increase in the thickness of these layers due
to this shrinkage. Additionally, our results established that
gastric wall thickness increased moving from the fundus to-
wards the antrum and it was thicker in male patients than
female similar to those of other studies in the literature!912!
(Table 3). The impact of BMI on wall thickness could not
be investigated since our study group was made entirely of
morbidly obese patients (BMI 46.06). However, the same
studies!912 reported that there was no relationship between
gastric wall thickness and BMI, while only Rawlins et al.l%!
indicated that the patient group with BMI >50kg/m? had
thicker antrum measurements in comparison to those with
lesser BMI. In contradistinction to other studies in litera-

Table 3. Measurement results reported by other studies in literature on gastric wall

Elariny10 Rawlins® Van Rutte!’ Susmallian'2 Our study
Wall thickness (mm) Female Male Female Male Female Male Female Male Female Male
Fundus 1.61 1.81 1.94 2.09 1.37 1.37 2.58 2.66 0.65 1.06
Corpus 2.34 2.6 2.32 2.38 1.98 1.98 3.92 4.19 0.98 1.36
Antrum 3.09 3.17 2.64 2.96 2.55 2.55 5.00 5.15 1.23 1.93



ture, we were not able to establish any differences between
the group over 40 years of age and the group under 40 in
terms of gastric wall thickness.

As is presented in Table 3, the measurement results we ob-
tained were lower than those of other studies in the litera-
ture. Other researchers plan to compare gastric wall thick-
ness and the type of stapler employed and the effects of
these on the results of obesity surgery. They, therefore, per-
formed their measurements on a double layer without open-
ing up a line over a site close to the stapler line. We, on the
other hand, carried out the measurements on a single layer
over the specimen resected from the side of the greater cur-
vature and we believe that the difference we found could be
associated with this fact. In support of our suggestion, Elar-
iny et al. reported in their study!l% that the measurements
performed on the side of the greater curvature were thinner
in comparison to those performed along the stapler line.

Resections are performed through various endoscopic tech-
niques, which are used in early-stage gastric cancer cases
or precancerous gastric lesions, with the gradual spread
of minimally invasive methods today and researchers have
underlined in comparisons with surgery that similar onco-
logical results were obtained with lower morbidity rates.?
3] Accurate pathology assessment is a critical component of
predicting the long-term results of endoscopic resection in
the treatment of these lesions. Many studies have been con-
ducted over the years on the pathology assessment of resect-
ed specimen and various techniques have been employed
in guidelines as to the ways in which the samples could be
fixed and transferred to pathology laboratories.[3)

There are two techniques, pinning and direct fixation, in
specimen fixing used all around the world. The former is
a commonly performed one in Western European and Far
Eastern countries during the course of which the resected
specimen is fixed on foam with fine pins at frequent inter-
vals and the specimen is evaluated following formalin fixa-
tion.[8:1416] Djrect fixation, on the other hand, is a technique
used in other countries, particularly in the US, during which
the specimen is directly put in formalin solution and evalu-
ated in this way after fixation.[t”]

The advocates of the pinning technique argue that the spec-
imen edges would shrink due to the muscular layer in the
specimen, which, in turn, would affect pathology assess-
ment. The group for the direct fixation technique indicates
that fixation with pins brings along over-stretching in the

specimen leading to destruction and pin artifacts on the
pin entry points which, in turn, affect accurate pathology
assessment.[6:15:17]

In a study conducted in the Netherlands that investigated
the effects of handling methods for EMR specimen in pa-
tients with Barrett’s esophagus on histopathologic assess-
ment, the authors reported that both the pinning and direct
fixation techniques had optimal histopathologic assessment
scores (98, 90%; p=0.14, respectively). Authors of the same
study also suggested that the direct fixation method should
be preferred over pinning on paraffin given the significantly
shorter handling time for the preparation of specimen.[13]

Pathology studies on gastric tissue in the literature have all
reported the shrinkage effect of formalin on tissues but have
not offered any evidence on the ways in which this effect
was reflected on macroscopic measurements.!417] Bejanaro
et al.['8] mentioned an estimated 10% shrinkage due to for-
malin in esophageal resection material but did not present a
definitive value. S1u et al. reported that the effect of formalin
fixation on material sizes was 32-39% in patients who under-
went esophagectomy due to esophageal tumors.["9] Further,
Goldstein et al. indicated in their study on colon tissue that
maximum shrinkage (40%) occurred as soon as the speci-
men was resected while shrinkage went up some more after
formalin fixation amounting to 57%.[20

Study Limitations

One of the limitations of this study was that only one meth-
od was chosen as the fixation technique, which did not al-
low for comparisons with other techniques. Another disad-
vantage was brought about by that the patient population
was entirely made up of obese patients, which, in turn, did
not allow us to compare their results with those of patients
with normal BMI figures.

This study still proves to be significant since, to our knowl-
edge, it was the first of its kind to investigate the effects of
formalin fixation on specimen sizes in ESD/EFTR material
obtained from sleeve gastrectomy specimen. It should be re-
membered that pathology reports present the size of endo-
scopic resection material as the shrunk version of their mac-
roscopic sizes. We believe that additional reporting of fresh
tissue sizes in pathology reports would bear significance for
further clinical studies.
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