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Background: The aim of this study was to compare the outcome of splenic hilum ligation (SHL) and splenectomy in spleen trauma in rat model.
Methods: This interventional study was performed on 38 rats with spleen injuries. Rats were randomly divided into SHL and splenectomy
groups. After 7 days of surgery, IgG, IgA, IgM, and IgE were measured. At this time, blood smear was prepared to evaluate Howell-Jolly
bodies, target cells, schistocyte, poikilocyte, and anisocyte. Three months after the surgery, the spleen viability was evaluated by relaparotomy.
Results: After 7 days, white blood count was significantly lower in SHL group as compared to control group (P = 0.024). All variables in
peripheral blood smear were significantly lower in SHL group as compared to control group, except Howell-Jolly bodies (P =0.461). In the SHL
group, all spleens were viable in second operations. Conclusions: SHL can be used safely in the management of traumatic splenic injuries in rats.
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INTRODUCTION

Splenic injuries after major abdominal trauma are common
and can be associated with major morbidities or even death.!?]
Most of the surgeons are desired to save spleen with different
methods, to decrease the side effects of splenectomy, especially
in children.B¢

Different methods such as nonoperative management and
splenic artery embolization (SAE) have been described to
prevent splenectomy. SAE is reported to increase the success
rate of saving spleen, approaching 98%.! However, some
studies showed some serious side effects in SAE including
splenic abscesses, infarction, cysts, contrast-induced renal
insufficiency, left-sided pleural effusions, coil migration, and
fever.'”

In this study, we performed splenic hilum ligation (SHL)
without resection to compare the outcome of this method
with splenectomy in the rats with splenic trauma injuries. Our
hypothesis is that the short gastric circulation is sufficient as
whole blood supply for injured unresected small spleen.
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MeTHops
Study design and target group

In an interventional study in the Surgery Department of
St-Zahra Hospital in Isfahan at the center of Iran from August
to December 2015, 40 Wistar-Albino rats were selected. All
experiments were performed in accordance with relevant
guidelines and regulations (i.e., IJACUC guidelines and
federal regulations). Approval of the study by an Institutional
Review Board was obtained. The ethics approval from
the Ethics Committee of Isfahan University of Medical
Sciences (395020) was taken.

The study flowchart is shown in Figure 1. Forty Wistar-Albino
rats (with age 6—8 weeks) undergone surgery and inclusion
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Allocated to splenic helium clipping (n = 20)

» Received allocated intervention (n = 20)
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Allocated to total splenectomy (n = 20)

* Received allocated intervention (n = 20)

* Did not receive allocated intervention (give
reasons) (n = 0)

L

v Follow-Up v
J

Lost to follow-up (Died) (n = 1)
Discontinued intervention (give
reasons) (n = 0)

L

Y Analysis J v

Lost to follow-up (Died) (n = 1)
Discontinued intervention (give
reasons) (n =0)

Analysed (n = 19)
* Excluded from analysis
(Dropped out) (n = 0)

Figure 1: Study flowchart (CONSORT format)

and exclusion criteria were included. The rats were randomly
allocated in two groups using a block randomization procedure
with matched subjects in each block based on sex and age.
Exclusion criteria consisted of rats died during the study due
to other reasons.

Housing was performed in a controlled environment for at
least 2 days before starting the experiment. Rats were fasted
for 4 h before the experiment. Under general anesthesia with
ketamine (35 mg/kg intramuscularly), acepromazine (1.2 mg/kg
intramuscularly), and nitrogen oxide/oxygen (50%:50%) plus
halothane 3%—4%, the rats were placed in the supine position
throughout the experiment. Antisepsis was provided by
chlorhexidine. With 5 cm length incision, rat abdomen was
opened in midline. After exploration of the abdomen, a
deep stab wound is created in the lower pole of the spleen
with a scalpel blade. In the control group, total splenectomy
was performed. In SHL, after total separation of spleen, a
splenocolic ligament was cut. The spleen was mobilized
medially, and main splenic vessels were divided closely
into the hilum after double ligature with silk 2/0 [Figure 2].
Gastrosplenic ligament, which contains short gastric vessels,
remained intact. After complete hemostasis, the abdomen
was closed. The operative time was recorded, and blood
loss in surgery was measured based on gauze consumption.
After the surgery, the rats had free access to oral feeding at
the 1% postoperative day. The rats received subcutaneous
postoperative analgesia with flunixin (Razak Co., Iran), they

Analysed (n = 19)
* Excluded from analysis
(Dropped out) (n = 0)

also received syrup cefazolin in a dose of 20 mg/kg/d by oral
gavage for three times in a day.

After 7 days of surgery, differential white blood cell count was
performed with Giemsa stain and under the low power (x10).
As well as, red blood cells count, hemoglobin, and hematocrit
were measured after 7 days.

After 3 months of surgery, rats were explored to evaluate
the spleen viability. At this time, blood smear was prepared
to evaluate Howell-Jolly bodies, target cells, schistocyte,
poikilocyte, and anisocyte, and IgG, IgA, IgM, and IgE were
measured with Elisa method (Monobind, USA).

Data analysis

Data were analyzed and reported only for rats which
completed the study. Statistical analysis of data was performed
using SPSS ver 22 (SPSS Co, Chicago, ILL, USA). To
compare qualitative variables between groups, Chi-square
test was performed. The normal distribution of all studied
parameters was checked with Kolmogorov—Smirnov test.
Student’s ¢-test and paired ¢-test were used for normal
distributed variables. Mann—Whitney and Wilcoxon test were
performed for variables that have not normal distribution. P <
0.05 was considered as statistically significant.

ResuLts

Two rats were dropped out, and finally, 38 rats completed the
study. In the SHL group, one rat died after 2 weeks, while in
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Figure 2: Mobilization of spleen and division main splenic vessels

the control group, one rat died after 6 weeks. By evaluation
of both rats, we did not find internal hemorrhage. In fact, the
reason of rats’ death was unclear.

After 7 days, white blood count (WBC) was significantly lower in
SHL group as compared to control group (P =0.024) [Table 1].
Moreover, there were no significant differences in C3, C4,
IgG, IgA, IgE, and surgery duration [Table 1] between groups.
However, IgM was significantly reduced in total splenectomy
group.

In the SHL group, all spleens were viable in second
operations [Figure 3]. All variables in peripheral blood
smear were significantly lower in SHL group as compared
to control group, except Howell-Jolly bodies (P = 0.461).
The other variables in peripheral blood smear were including
anisocyte (1.41 vs. 3.25 mm2, P<0.001), target cells (0.95 vs.
2.64 mm™2, P < 0.001), poikilocyte (1.35 vs. 3.85 mm™,
P < 0.001), and schistocyte (1.4 vs. 3.26 mm™2, P < 0.001).
There was no abscess formation in the SHL group.

Moreover, we found that the bleeding volume in SHL group
was significantly lower than control group (P < 0.001).

Discussion

During the past three decades, there have been major changes
in the management of traumatic splenic injuries toward splenic
preservation procedures. Although nonoperative management
is now believed to be the choice treatment in stable patients,
however, surgery is necessary for some conditions such as
high-grade injuries or in unstable patients. Today, radiological
interventions!' such as SAE are performed in many developed
countries as an alternative of surgery, but these interventions
are not accessible in every centers, and as our review showed
most of operative splenic preservations were performed in the
past two decades. As radiological intervention is also limited
in Iran for splenic trauma, this interventional study can help
to preserving the spleen during the surgery.

The short gastric arteries are five to seven small branches
arising from splenic artery and passes between the layers

Figure 3: In splenic hilum ligation group, all spleens were viable in the
second operations

Table 1: Studied variables in groups

Variables Group P
Splenic hilum Total
ligation splenectomy

WBC (10°/L) 3.2+0.67 4.07+1.43 0.024
RBC/mm?® 6.24+0.22 6.14+0.45 0.442
Hb (mg/dl) 12.38+0.5 12.12+0.83 0.25
Hct (%) 35.55+1.13 34.9442.42 0.333
Platelet/mm? 653.15+2.55 749.57+3.71 0.358
C3 (mg/dL) 38.73+6.78 40.94+5.91 0.292
C4 (mg/dL) 4.36+1.45 4.64+1.55 0.578
1gG (pg/ml) 248.31+26.78 265.26+56.69 0.246
IgM (pg/ml) 27+11.4 11.21410.1 <0.001
IgA (pg/ml) 3.21+0.85 7.47+14.23 0.209
IgE (pg/ml) 28.45+5.45 31.87+6.51 0.088
Anisocyte/mm? 1.41+0.46 3.25+0.76 <0.001
Target cells/mm? 0.95+0.35 2.64+0.4 <0.001
Poikilocyte/mm? 1.35+0.3 3.85+0.51 <0.001
Schistocyte/mm? 1.4+0.37 3.26+0.48 <0.001
Howell-Jolly bodies (%) 4 (21.1%) 6 (31.6%) 0.461
Blood volume (cc) 1+0.47 3.15+1.01 <0.001
Surgery duration (min) 18.47+10.68 19.36+1.49 0.72

WBC: White blood cell count, RBC: Red blood cells count, Hb:
Hemoglobin, Het: Hematocrit, Ig: Immunoglobulin

of the gastrolineal ligament to distribute in the greater
curvature of the stomach. The upper part of the spleen
receives blood directly from the short gastric vessels which
have some vascular connection with cardiac branches of the
left gastric artery. However, the adequacy of short gastric
vessels circulation as the blood supply of whole spleen is
in controversy.

In Giirleyik et al.l'? study, with scintigraphic functional study
of devascularized spleen showed that collateral circulation is
inadequate for the entire spleen after disconnection of the main
blood supply and its function is markedly impaired. They also
showed that after reduction of spleen volume, the upper part
of the spleen remains well vascularized by the short gastric
vessels, with satisfactory activity.
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In the year 2000, in following of two patients who had ligation
of splenic artery at ages 4 and 2 years in 1977, patients had
spleens with normal uptake. Immunoglobulins, complement
fraction, antibodies response to vaccinations, and peripheral
blood tests were in normal ranges. No Howell-Jolly bodies or
side effects were found.!"!

In another study performed by Keramidas et al.'¥ revealed
10-year experience in splenic artery ligation in children with
splenic injuries. They showed splenic artery ligation was an
effective mode of treatment for rare cases of splenic injury
unable to be treated nonoperatively or by splenorrhaphy alone.
In their study, there were no postoperative complications,
and all imaging and immunological status remained
undisturbed postoperatively. However, our results showed
that IgM increased significantly in the SHL group, but other
immunological status remained undisturbed postoperatively.

In another study of Carrapita et al.,['! they showed that
animals could tolerate the ligation of the splenic artery without
complications. Keramidas et al.l' showed that 2 months after
splenic artery ligation, histology of the spleen showed no
abnormalities, and healing of the spleen had been completed.
Although the platelets and reticulocytes were temporarily
increased, the hematocrit values, WBC counts, serum
immunoglobulin M, bone marrow smears, and scintigrams
remained within normal levels. These results are in consisting
with our results.

Our study showed that short gastric vessels can supply an
adequate circulation for small spleens in case of ligation
of splenic vessels. According to our results, no significant
changes were observed in immunoglobulin subunits except
IgM, while we observed a significant reduction in blood smear
subunits (target cells, schistocyte, poikilocyte, and anisocyte)
except Howell-Jolly bodies in the SHL group.

According to mentioned studies and our results, it seems that
splenic artery ligation closely to hilum without splenectomy
can be used successfully to control bleeding after blunt injury
to the small spleen (e.g. in children). It can be due to fairly
extensive collateral blood supply to the spleen.['” It has several
benefits for patients, especially reduction in blood smear
subunits and bleeding volume.

Platelet activation, hypercoagulability, endothelium activation,
and altered lipid profiles are contributing factors of vascular
events in splenic trauma and splenectomy. Several studies
have reported that splenectomy resulted in thrombocytosis,
leukocytosis, concentrated hemoglobin, hyperlipidemia, and
increased C-reactive protein levels.['*2l However, we found
that total splenectomy increased WBC counts significantly
and other mentioned side effects did not different between
two groups.

We found that just WBC increased significantly in total
splenectomy and platelets remains similar between two groups.
Moreover, IgM increased significantly in the SHL group. These
differences may due to different type of animals, we studied

or may due to different methods. Moreover, in our study, the
spleen of rats had small changes in function and appearance
based on lower Howell-Jolly bodies and other variables in
blood smear. However, several small studies demonstrated the
preservation of splenic function after surgical splenic artery
ligation based on the absence of Howell-Jolly bodies and
normal uptake of technetium-99 on scintigraphy.?-4

CONCLUSIONS

Our results showed SHL can be used in the management of
traumatic splenic injuries. SHL has been shown to be safe and
effective in increasing rates of splenic salvage in rats.
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