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ABSTRACT
Purpose: To evaluate the feasibility and safety of subtotal splenectomy by laparoscopy  with inferior pole preservation and to
determine the viability of the splenic remnant. Methods: Twenty male Wistar rats weighing between 365 g and 474 g (mean 417.92
± 36.15g SD) were operated and randomly assigned to two groups :  Group 1 rats were killed on postoperative day 10 (n = 10), and
Group 2 on the postoperative day 80 (n = 10). Both the inferior splenic pole and the superior part of the spleen, which was used as a
control to measure inferior pole viability, were weighed and morphologically examined. Results: The technique was feasible in all
cases. There were two postoperative deaths on immediate postoperative and one not well defined. The average weight percentage of
the inferior pole, measured indirectly on the 10th day, was 53.67% ± 11.59% and on the 80th day was 62.69% ± 6.89%. The inferior
pole was necrotic, with abscess formation in one case (5.9%) and appeared normal in all other cases. Microscopy showed features
that were compatible with normality. Conclusions: Subtotal splenectomy with preservation of the inferior pole by laparoscopy was
feasible and safety. The lower splenic pole was viable in 94.1% of animals.
Key words: Spleen. Splenectomy. Laparoscopy. Rats.

RESUMO
Objetivo: Avaliar a exequibilidade e a segurança da esplenectomia subtotal com preservação do polo inferior do baço por
videolaparoscopia, e a viabilidade do referido polo. Métodos: 20 ratos Wistar, machos, pesando entre 365g e 474g (MA 417,92
± 36,15g) foram operados e distribuídos em dois grupos de acordo com a época da retirada do polo inferior para estudo: grupo 1 do
10º dia, (n= 10),  grupo 2, do 80º dia (n=10). A porção superior do baço que serviu de controle da viabilidade do pólo inferior e
esse remanescente, retirados no término do experimento, foram medidos, pesados e enviados para exame morfológico.
Resultados: A técnica foi exeqüível em todos os casos. O peso médio percentual do polo inferior avaliado de forma indireta no 10º dia
foi 53,67% ± 11,59%, e no 80º dia 62,69% ± 6,89%. Houve dois óbitos após a cirurgia, provavelmente por mal condução da anestesia
e/ou do pneumoperitônio, e um tardiamente por causa desconhecida. O exame macro e microscópico do polo inferior nos 17 animais
sobreviventes e no que faleceu tardiamente mostrou necrose em um caso (5,9%). Conclusões: A esplenectomia subtotal com preservação
do pólo inferior por videolaparoscopia em ratos foi exequível e segura. O polo inferior do baço mostrou-se viável em 94,1% dos
animais.
Descritores: Baço. Esplenectomia. Laparoscopia. Ratos.

Introduction

Total splenectomy may cause complications1, the most
feared of which are infections2, as observed in experimental
animals3. Changes in lipid metabolism have also been described
in humans4 and in experimental animals5, where these can lead to
atherosclerosis6. Thus, non-operative treatment of splenic trauma,
as well as operations for total or partial splenic preservation, is
increasingly valued. The advent of laparoscopic surgery with

Mühe7 in 1985 in Germany and laparoscopy from Mouret8 in 1987
in France motivated surgeons to develop minimally invasive
technical modalities to diagnose and treat acute and chronic
diseases of the abdominal cavity. The spleen is an abdominal
organ that is easily accessible by laparoscopy. Surgery on this
organ is facilitated by the great magnification of the objective lens
of the laparoscope (up to 20-fold). One can identify the splenic
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pedicle and its segmental branches and perform a splenectomy.
Laparoscopic spleen surgery began in the 1990s. Initially, total
and partial splenectomies9 were performed on humans10 and
experimental animals11,12. Partial splenectomy that preserved the
inferior pole, a more recent alternative for spleen-conserving
surgery, was described in experimental animals via laparotomy.
The technique was feasible, and the inferior pole was viable in
86.6% of the cases13. Until recently, partial splenectomy by
laparoscopic access and viability of the remaining inferior pole
have not been described.

The objective of this study was to evaluate the feasibility
and safety of partial splenectomy by laparoscopy that preserves
the inferior pole and to study, after two distinct time intervals, the
viability of the remainder of the spleen after the operation.

Methods

This work was performed at the Fundamentals of
Surgery Laboratory, College of Science of Santa Casa de
Misericordia de Vitoria-Emescam, following approval from the
Ethics Committee of the Minas Gerais Federal University.

The animals were placed in collective cages, each with a
capacity of five animals, and were fed with commercial pellets for
laboratory animals (Mill Primor MP-77, Sao Paulo). The bottom
of each cage was lined with shavings, and the ceiling was covered
with a metal grille. The rats underwent clinical examinations to
rule out underlying conditions, and were subsequently returned to
their cages for an adaptation period of 15 days.

Twenty Wistar rats were used in this experiment, each
weighing between 365 g and 474 g (mean 417.92 ± 36.15) and
approximately 12 weeks old. The rats were obtained from the
vivarium of the School of Sciences of Santa Casa de Misericordia
de Vitoria-ES (Emescam).

The rats were distributed into two groups with the aid of
a random numbers table prepared by a statistician, according to
the period during which the inferior pole (IP) was removed for the
study: in Group 1 (n = 10), the IP was taken out on the 10th day
after surgery, whereas in Group 2 (n = 10), the IP was removed on
the 80th day after surgery The rats were fasted for eight hours and
then subjected to the subtotal laparoscopic splenectomy ( SSL/IP)
following procedures:

- Anesthesia with ketamine hydrochloride at a dose of
50 mg/kg and xylazine hydrochloride at a dose of 2.5 mg/kg
intraperitoneally, weighing (electronic scale Filizola®-sensitivity
to 1 g) and identification by a mark on the ear (with a linear cut for
group 1 and V-cut for group 2);

- Removal of the fur on abdominal wall at the trocar
insertion area;

- Placement in the supine position on the operating table
(handled by the feet);

- Antisepsis of the abdominal skin with iodinated alcohol
and draping of the surgical field;

- Insertion of the primary 10-mm trocar into the lower
left quadrant of the abdomen under direct visualization (A);

- The locations of the spleen and gastrosplenic ligaments
were determined by the surgeon by applying traction with the
Maryland forceps to expose the splenic hilum;

- Dissection and clamping of segmental vessels leading
from the superior splenic portion to the inferior pole, with
preservation of vessels in the gastrosplenic ligament that supplied
the inferior pole (Figure 2);

- Use of the L200 Ethicon®staples, Endoview®clipper,
and 5-mm trocar;

- Sectioning the spleen and removing the superior
portion with preservation of inferior pole vessels supplied by the
gastrosplenic ligament (Figure 3);

- Hemostasis at the incision with local compression;
- Preservation of a thin peritoneal fold that connects the

greater antral curvature to the anterior part of the inferior pole
(Figure 3);

- Deflation of pneumoperitoneum and removal of the
trocars;

- Suturing the abdominal skin wound and the underlying
muscles with 4-0 mononylon sutures;

- Application of topical povidone iodine on the sutured
wound.

The superior portion that was removed was fixed in 10%
formalin for future microscopic study. This fragment served as a
control for analysis of the viability of the inferior pole.

FIGURE 1 – Position of the three trocars on the rat abdominal wall for
subtotal laparoscopic splenectomy with preservation of the inferior pole.
Abdominal distension by pneumoperitoneum was observed. A. 10-mm
trocar introduction under direct vision in the lower left quadrant,
B. Trocar (5-mm) through which the Maryland forceps were inserted,
right superior quadrant; C. Trocar (5-mm) through which the clipper was
introduced, right lower quadrant.

A 

B C 

- Introduction of the 2nd trocar (5-mm) in the right
hypochondrium, guided by laparoscopy, through which the
Maryland (B) forceps were introduced;

- Placement of the third 5-mm trocar (C) in the lower
right quadrant, also directed by laparoscopy, through which the
clipper was introduced (Figure 1).
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Statistical analysis

Descriptive statistics were used to calculate the arithmetic
mean and standard deviation of the weights of the two rat groups
and the weight of the superior and inferior poles of the SSL/IP
group.

Linear regression analysis was used to calculate the
mass percentage of the remaining inferior pole at the 10th and
80th postoperative days. This was accomplished by dividing the
weight of this splenic pole by the ideal weight for each animal
in each group. The ideal splenic weight was calculated using the
following formula: splenic weight (= (1.80 x body weight) +
230.49. The average percentage of the remaining splenic mass
with its respective standard deviation was then calculated.

Student’s t-test was used for related samples to compare
the weight of the rats at the beginning of the experiment with weight
at the end of the experiment within the same group.

Results

Performance of SSL/IP was feasible in all cases and was
efficacious and safe.

Three rats died postoperatively in the 80-day group.
Two deaths occurred soon after surgery, and one death occurred
in the late postoperative period. Autopsy of these animals did not
identify a specific cause. At the time of autopsy, the inferior pole
was macroscopically preserved in the animals that died in the late
postoperative period. For the two animals that died during the
immediate postoperative period, analysis was inconclusive because
it could not predict the likely evolution of the apparently normal
remnants.

No complications were observed at the sites of trocar
insertion.

The weight of animals subjected to SSL/IP in the 10-day
and 80-day groups at the beginning and end of the experiment
can be seen in Table 1.

FIGURE 3 – Photograph of the video monitor showing a detail of the
inferior pole (IP) of the rat spleen, which is supplied by existing vessels
in the gastrosplenic ligament (GEL). A thin peritoneal fold (PF) was
observed overlying the vessels that went from the greater antral
curvature to the IP.

S 

SP 

P 

FIGURE 2 – Photograph showing exposure of vessels from the superior
spleen in rats that were clipped (arrow) during  laparoscopic surgery.
S - Stomach. P - Pancreas. SP - Spleen

IP 
GEL 

PF 

At the end of surgery, the animals were returned to
their cages. In the immediate postoperative period, the rats
received paracetamol orally at a dose of 200 mg/kg, dissolved in
drinking water, as well as diet and water ad libitum.The animals
that died were autopsied, and those that survived were killed
on postoperative day 10 (Group 1) or 80 (Group 2) with a lethal
intraperitoneal dose of sodium pentobarbital. At the time of
sacrifice, the rat was weighed, and an incision was made in the
form of an inverted U on the abdominal wall in order to study
the cavity and remove the splenic remnant. After macroscopic
analysis, the inferior pole was weighed and sent for histological
examination after fixation in 10% formalin. The superior portion
(removed during SSL/IP) and the inferior pole were embedded
in paraffin, and sections were stained with hematoxylin-eosin.
Analysis of the tissue was performed by a pathologist with a
binocular microscope. The sections were analyzed for
morphological alterations. The focus of our analysis was splenic
viability.

Groups                                        Weight of the Animals (g) 

                               Beginning of Experiment    End of Experiment           p 

                                      AM     SD                        AM        SD 

1- 10 d PO    (n=10)     402.00 ± 45.52                 433.86± 20.78                0.02 

2- 80 d PO   (n=10)      372.57±  43.08                 433.14 ± 60.93               0.007 

TABLE 1 – Changes in weights of animals subjected to SSL/IP from
the beginning to the end of the experiment.

SSL/IP- Subtotal splenectomy by laparoscopy with preservation of the
inferior pole. Student’s t-test for related samples. p < 0.05, significant.
AM - Arithmetic mean, SD - Standard deviation. Group 1 - animals
killed on the 10th postoperative day. Group 2 - animals killed on the
80th postoperative day.
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The abdominal cavity displayed mild adhesions in both
groups (day 10 and day 80). These adhesions were observed
between the inferior pole and the stomach and greater omentum.

In our analysis of 17 of the 20 rats operated on, there was
only one case of necrosis, with an abscess in the inferior pole
(5.9%); this occurred in one animal in Group 2. The other poles
were grossly normal (94.1%) (Figure 4).

The average weight percentage of the inferior pole,
calculated with the aid of linear regression analysis, was 53.67 ±
11.59% on the 10th and 62.69 ± 6.89% on the 80th postoperative
day (p = 0.10).

In Group 1 (10 days), the superior and inferior pole
exhibited structural preservation. In the white pulp, mild lymphoid
hyperplasia was observed. The red pulp displayed sinusoidal
dilatation with endothelial hyperplasia and mild to moderate

FIGURE 4 – A. Inferior pole after 10 days. We observed that the macroscopic aspect was normal. The pole below
should not be fixed to any abdominal structure, and its cut surface should be facing upwards (cranially); B. Inferior pole
on day 80, adhering to the greater omentum; the vessels were observed to run between the omentum and pole; C and D.
Aspects of the inferior pole isolated on day 80. S - stomach. IP - inferior pole.

congestion. Macrophages with hemosiderin were also seen
(Figure 5). There were no significant differences between the
superior and the inferior pole.

In Group 2 (80th day), the white pulp had moderate
lymphoid hyperplasia. The red pulp sinusoids appeared to be
collapsed, with slight endothelial hyperplasia. A slight increase
in the amount of lymphocyte traffic and the presence of
macrophages containing hemosiderin were observed. In the
samples from inferior poles, there was a greater concentration of
macrophages with hemosiderin compared to samples from the
superior portion (Figure 6). Sinusoidal dilatation was present in
samples from the inferior pole. Stromal sclerosis was also seen in
samples from the superior portion but not in samples from the
inferior pole.
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FIGURE 5 – Microscopic view of the inferior splenic pole of the rats,
10 days after SSL/IP. The white pulp contained slight lymphoid
hyperplasia. In the red pulp, we observed sinusoidal dilatation with
endothelial hyperplasia and mild to moderate congestion as well as
macrophages with hemosiderin. Magnified 400 times.

these circumstances, of course, the patient should be hospitalized
and closely monitored. When surgery becomes necessary,
spleen-conserving operations such as splenorrhaphy16, vascular
occlusion17-22 and partial splenectomy23-26 should be attempted. If
the organ has been completely destroyed, autoimplantation should
be attempted27. Given that operations on the spleen often require
extensive, painful, unsightly incisions that can result in loss of
function, abdominal laparoscopy has been used to perform
splenic operations in the last several years28-30. Partial splenectomy
with preservation of the superior pole has been described on
experimental animals12, as has splenic tissue implantation by
laparoscopy30 and an experimental model of laparoscopic
splenectomy31. This study describes spleen-conserving surgery
via laparoscopy, this time with preservation of the inferior pole,
a technique already described by conventional access19.

At the beginning of this study, a pilot study was
necessary to devise several technical improvements. We initially
had difficulty achieving ideal pneumoperitoneum. The rats
underwent general anesthesia without intubation or paralysis, and
they displayed no relaxation of the abdominal wall and breathed
spontaneously. This complicated the pneumoperitoneum technique.
Ideal pneumoperitoneum was finally achieved in our study under
4 mmHg pressure. The trocar position was optimized to yield the
largest possible angle (0-90°) between the working clamps, the
best position for a surgeon to work in, as it is otherwise difficult to
handle the instruments during operations. These improvements in
technique showed that the best trocar positions were a) 1st trocar
(10-mm) in the left lower quadrant (optical port to 30 degrees), b)
2nd trocar (5-mm) in the right subcostal region on a line that
intersects the junction of the distal third of the clavicle, and c) 3rd
trocar (5-mm) in the right lower quadrant. In the pilot study, we
developed an efficient way of fixing the trocars in the abdominal
wall with rings cut-off from 3.0 mononylon silicone hose.  The 3-0
mononylon wire was used so that the trocar would not fall out of
the abdominal cavity. Silicone rings (5 mm in diameter), made by
cutting silicone tubing similar to that used in conventional vacuum
apparatus, were placed around the trocar ends, allowing only a
short length to penetrate the abdominal cavity, thus preventing the
trocars from entering the abdomen too deeply. These procedures
allowed wide access to the abdominal cavity, making the intended
operation possible. Subtotal laparoscopic splenectomy was
performed using conventional access techniques to the spleen25.
In addition to these precautions, two others were taken during the
operation that followed the author’s clinical SSL/IP technique13:
a) The first was to not position the inferior pole against the greater
stomach curvature, in order to avoid twisting the remainder of the
spleen. This twist is made possible by the long inferior pole pedicle
(about 1 cm). Experience with the SSL/IP technique on rats
previously showed that positioning the inferior pole against the
stomach resulted in a high incidence of necrosis of the remaining
spleen (data not shown). The inferior pole should be placed in
the abdominal cavity with its cut surface facing anteriorly. After
this maneuver, the greater omentum falls naturally over the
pole, which can be beneficial. b) The second precaution was to
preserve the thin peritoneal membrane that connects the greater
antral curvature to the inferior splenic pole, in order to maintain
these organs in their anatomical position, i.e., with the IP’s cut
surface facing anteriorly.

FIGURE 6 – Microscopic appearance of the inferior splenic pole of rats
on day 80 after SSL/IP. The white pulp shows moderate lymphoid
hyperplasia. The red pulp shows collapsed sinusoids with mild endothelial
hyperplasia. A slight increase in the amount of lymphocyte traffic and
the presence of hemosiderin-containing macrophages were observed.
Samples from the inferior pole contained a higher concentration of
macrophages with hemosiderin, and sinusoidal dilatation was also seen.
Stromal sclerosis was not observed in samples from the inferior pole.
Magnified 400 times.

Discussion

Because of its important functions, the spleen should
be partially or fully preserved. This resolve should only be
strengthened by the realization that this organ has functions
that are still unknown. In cases of splenic trauma, medical (non-
operative) therapy can be attempted in children14 and adults15. In
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In Group 2, two animals died in the immediate
postoperative period, and one died in the late postoperative
period. Autopsy was unable to determine the cause of death of
the animals that died in the late postoperative period. For animals
that died during the immediate postoperative period, it is possible
that the cause of death was an overdose of anesthesia and/or
the technic of the pneumoperitoneum, since the animals did not
wake up after surgery. In the late postoperative period, it was not
possible to pinpoint the cause.

The technique was feasible in all animals after initial
difficulties were overcome in the pilot study. No accidents
occurred during surgery that could have jeopardized the outcome
of surgery. The animals had excellent postoperative courses and
even gained weight. The average inferior pole percentage was
greater on postoperative day 80 than on day 10. This suggests that
the splenic remnant grew over time, as described by Paulo et al.32

In another partial splenectomy model, growth was also seen in the
inferior pole33. This is a promising observation, as it suggests that
splenic function can improve, and was demonstrated in previous
work5. Bradshaw and Thomas34 reported that the greater the splenic
remnant, the greater the protection against sepsis, and calculated
that 25% residual splenic tissue constituted the critical mass
for retaining normal phagocytic function. This report has been
accepted by most authors who previously argued that the
minimum critical mass required to maintain splenic function is
more than 25% of the total splenic mass35. In an experimental study
in rats, Van Wick et al.36 considered it necessary to maintain 1/3
of the total spleen tissue in order to restore splenic function. In
our study, the mass percentages on the 10th and 80th days were
53.67 ± 11.59% and 62.69% ± 6.89%, respectively. Based on these
results, we expect that the IP will eventually be able to carry out
all splenic functions.

In our macroscopic analysis of the inferior pole, we noted
that 17 splenic remnants from the 20 animals remaining appeared
to be macroscopically normal. However, two of the 20 animals
died during the immediate postoperative period, and their inferior
poles were analyzed within the same timeframe. This examination
was inherently limited by the impossibility of knowing how
these poles would have evolved by the 80th day. Thus, our mass
percentage calculations were based on 17 animals, among which
only one pole displayed necrosis. However, our calculation of
the percent feasibility of SSL/IP was based on results from all 20
animals. From these calculations, we found that the percentage of
viable poles was 94.1% and that the percent feasibility 100%.
Necrosis with abscess occurred in one case and may have been
caused by torsion of the pedicle or a pedicle that was not long
enough to reach the pole. It is important to remember that some
technical conditions must also be met in splenectomy in order to
preserve the inferior pole. Other precautions, such as avoiding
division of the thin peritoneal fold between the greater curvature
of the antrum and the inferior pole and preventing fixation of the
inferior pole in any one location have been described elsewhere.

Microscopic analysis of the inferior pole on the 10th day
found no differences compared to microscopic analysis of the
superior portion during the same period. However, on day 80,
lymphoid hyperplasia of the inferior pole was increased (slight at

day 10, moderate at day 80), and concentrations of hemosiderin-
containing macrophages were higher in samples from the inferior
pole compared to those from the superior portion. Taken together,
these observations suggest growth of the inferior pole.

Further work by surgical specialists is needed to
demonstrate the feasibility, efficacy and safety of SSL/IP using
this technique. The SSL/IP can be used in other conservative
splenic operations to treat traumatic and non-traumatic disorders
of the spleen13. Because it retains all the benefits of laparoscopy,
including faster postoperative recovery, decreased endocrine
response to trauma, lower risk of infection, better cosmetic and
functional outcomes, and early hospital discharge.

Conclusion

Subtotal splenectomy with preservation of the inferior
pole by laparoscopy was feasible and safety. The lower splenic
pole was viable in 94.1% of animals.
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