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The incidence of splenic injuries among all closed injuries of the abdominal cavity is from 15.5 to 30.0 %, and
a mortality rate is between 7 % and 26 %. The tactics in the treatment of splenic injuries is determined by the
degree of traumatic injury, the patient's condition during the operation, and a concomitant pathology. Studies of
tissue regeneration of the operated spleen allow identifying two main options for its regeneration, associated
with the nature of blood circulation in the preserved part.

OBJECTIVE — to study the regeneration and filtration function of the spleen after various types of surgery for the
management of traumatic spleen injuries.

MATERIALS AND METHODS. The results of treatment of 85 patients in the period 2015—2020 were analyzed. To
investigate the changes in the filtration function of the spleen, a study of the peripheral blood (general blood test)
was performed to assess the shape of erythrocytes. In order to determine the size of the residual splenic paren-
chyma, its structure and regenerative processes were evaluated and sonographic examination was carried out.

REesuLts. The average increase in the size of the residual splenic tissue after subtotal resection of the organ with
the formation of couplings of the parenchyma averages 40.2+ 3.4 % one year after surgery, and in patients who
underwent subtotal resection of the spleen with covering the cut plane with adhesive hemostatic plate 70 % —
49.14+6.77 %. The study of changes in the filtration function of the spleen in patients, who underwent subtotal
resection of the spleen, showed the appearance of target cells, acanthocytes and halocytes in the peripheral
blood, but their number was insignificant and did not exceed normal (not more than 3 %). Any destroyed and
pathologically altered erythrocytes were not visualized in patients, who underwent atypical resection of the
spleen (mass deficit less than 30 %).

CoNcLUSIONS. Spleen regeneration is determined both by the nature of blood supply to the residual splenic tissue
and its size, and does not depend on the nature of the pathological process. Organ-preserving surgical interven-
tions on the spleen allow maintaining the filtration function of the spleen.
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The spleen is an unpaired peripheral organ of lym-
phoid hematopoiesis and immune defense. Cur-
rently, one of the urgent problems of surgery is
control of bleeding caused by the damage to the
parenchymal organs of the abdominal cavity as-
sociated with injuries resulting from home-related
and traffic accidents, natural disasters and terrorist
acts. These conditions, based on the data from the
World Health Organization studies conducted in
cooperation with the Harvard Center for Prospec-
tive Studies, are a common cause of death among
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people of working age. The incidence of splenic
injuries among all closed injuries of the abdominal
cavity is from 15,5 to 30 %, and a mortality rate is
between 7 % and 26 %. [1]. Traumatic injuries occur
in all age groups, but the peak incidence is observed
in adolescence and in the middle age group (15—35
years) [2], which emphasizes the socio-economic
importance of the problem.

The tactics in the treatment of splenic injuries
is determined by the degree of traumatic injury,
the patient's condition during the operation, and
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a concomitant pathology. To date, the most common
method of treating splenic injuries has been surgery
[3]. In about 99 % of adult patients, the spleen was
completely removed. However, this surgery can
lead to severe complications, both in the early and
long postoperative periods, resulting from impaired
immunological homeostasis and is called «postsple-
nectomy hyposplenism», an extremely severe form
of which is instantaneous sepsis [4].

In-depth experimental and clinical studies of tis-
sue regeneration of the operated spleen, allow us
to identify two main options for its regeneration,
related to the nature of blood circulation in the
preserved part. The first option is typical for organ-
saving interventions, when the organ or its part has
a preserved main blood supply. The spleen in the
postoperative period has a characteristic histologi-
cal structure with the presence of elements of both
red and white pulp. Computed tomography (CT)
examination (including after intravenous amplifica-
tion) reveals normal densitometric characteristics
of organ tissue. y-Scintigraphy with labeled autolo-
gous erythrocytes, damaged by heat, shows a suffi-
cient accumulation of radiotherapy in the pulp of
the spleen (preserved filtration function) [5].

The second type of regeneration is described in
humans with free heterotopic autotransplanta-
tion of the spleen [6]. The slow regeneration of the
structures of the spleen pulp is typical and associat-
ed with the germination of capillaries from the sur-
rounding tissues, developing reticular tissue filled
with erythrocytes (analog of red pulp), elements of
white pulp are absent or weak [7]. Densitometric
analysis of CT reveals a decrease in the density of
transferred and newly formed tissue with a weak ac-
cumulation of contrast after its intravenous admin-
istration [8]. The accumulation of radiotherapy in
y-scintigraphy is observed in the projection of the
graft only in the remote postoperative period. The
features of the autotransplanted spleen tissue in
adults are the following [9].

L. The main anatomical changes
1. Reduced weight (< 20 % of normal).

2. Decrease in the number of cells in a gram of tissue.
3. Decreased blood flow (< 10 % of normal).

I1. Architectural changes

1. Structures that are in the normal spleen, but

changed in the graft:

- relatively reduced area of trabeculae, marginal
zone, marginal sinus, PALS (periarterial lympho-
cyte clusters), PALS reticulum, separation of red
and white pulp;
relatively increased area of the capsule, red pulp,
increased hematopoiesis.
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2. Structures that are absent in the normal spleen,
but are in the graft:
- fibrous tissue;
adipocytes in the central zone;
location of white pulp directly under the capsule;
accumulation of lymphocytes under the capsule;
some proteins.

II1. Functional changes: reduced filtration func-
tion, clearance, malaria protection and overwhelming
post-splenectomy infection.

Negative factors include inflammatory compli-
cations after autotransplantation, which in emer-
gency and purulent surgery can reach 30 % with
extraperitoneal location of fragments of the spleen
[10]. Based on the described patterns, we can ex-
pect a better functional result while preserving the
organ or a part of it along with the main blood sup-
ply. This is confirmed by many reports, according to
which autotransplantation of the spleen is accom-
panied by less pronounced immunohematological
changes, compared with splenectomy, but is infe-
rior to organ-sparing operations [11]. At the same
time, according to the literature, removal of 90 %
of the spleen does not lead to the development of
hyposplenism [12]. The presented data significantly
changed the tactics in the management of the dis-
eases of the spleen.

Thus, the spleen is an organ endowed with im-
portant functions in the body. Splenectomy causes
a number of serious disorders that have certain
clinical manifestations. There are methods of clini-
cal, laboratory and instrumental assessment of the
structure and functions of the spleen, as well as hy-
posplenic manifestations.

OgJeCTIVE — to study the regeneration and filtra-
tion function of the spleen after various types of sur-
gery for the management of traumatic spleen injuries.

Materials and methods

According to the analysis of case histories, 156 pa-
tients with splenic trauma were operated at the
clinic of the Department of Surgery No 2 at Bogo-
molets National Medical University (on the basis
of the 1st and 2nd surgical departments of hospital
No 4 in Kyiv) from 2015 to 2020. In order to study
the condition of patients, including filtration func-
tion of the spleen, we arranged appointments with
the operated patients by writing to them. Patients
were invited to come to the clinic and undergo out-
patient examination (laboratory and instrumental
(sonographic). 85 (54.49 %) operated patients re-
sponded. The study included 61 (71.76 %) men and
24 (28.24 %) women. In terms of age distribution

25



1.V. Kolosovych, 1.V. Hanol

Job-related — 2 %
Sport —3 %
Tatrogenic — 6 %

Road transport — 8 % ‘

Street — 24 %

Household — 57 %

Figure 1. Distribution of patients with traumatic
injuries of the spleen by the nature of the injury

of splenic injuries, the majority (30.18 %) were pa-
tients aged 20—29 years, while the average age of
patients was 37.61 £ 11.43 (n=106), i.e. persons of
working age. The causes of injury to the spleen were:
a blunt trauma — 68 (80 %) cases; a knife wound —
17 (20 %) cases. The distribution of patients by the
nature of the injury is shown in Fig. 1.

Of the total number of the examined patients,
63 (74.11 %) patients had a history of isolated inju-
ries of the spleen, 22 (25.89 %) were operated on for
combined and multiple injuries.

According to the classification of splenic injuries
proposed by the American Association of Surgical
Trauma [13], 8 (9.41 %) patients were classified as
splenic injuries, 18 (21.18 %) patients with IT degree
injuries, and 28 (32.94 %) patients with III degree,
23 (27.07 %) patients with IV degree and 6 (7.04 %)
patients with V degree. 5 (5.88 %) patients were
diagnosed with post-traumatic cyst of the spleen.
Later, given the size of the residual splenic tissue,
these patients were classified as patients with grade
IT damage to the spleen. The types of surgical inter-
ventions that were performed are presented in Table.

As can be seen from the table, a predominant
number of the examined patients underwent organ-
saving interventions (82.3 %). However, the analy-
sis of their case histories revealed that the propor-
tion of patients whose spleen was removed was 36 %

Table. Types of surgical interventions
for splenic injuries

Method of surgical intervention Amount (n=85)

Standard splenectomy 15 (17.7%)
Subtotal resection of the spleen o
(weight deficit is more than 70 %) SSIELA%)
Atypical resection of the spleen o
(weight deficit is less than 30 %) 25(294%)
Minimally invasive interventions

(electrocoagulation, splenoraphy, 10 (11.7 %)

fenestration of the cyst)
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(compared to 17.7 % in this study). Along with the
traditional operations (cyst fenestration, electro-
coagulation, splenoraphy, atypical resection of the
spleen), patients underwent organ-sparing inter-
ventions, which were carried out using the meth-
odology developed at the Department of Surgery
N 2. These were techniques that allowed to preserve
part of the parenchyma in severe traumatic injuries
of the organ (IT1-V degrees) (the method of subto-
tal resection of the spleen with cutting of couplings
around the arteries of the second order and the
method of subtotal resection of the spleen with cov-
ering the cut plane with adhesive hemostatic plate).

To study the changes in the filtration function of
the spleen (mechanical blood purification function)
in the early postoperative period, the peripheral
blood (general blood test) was checked to detect ag-
ing, damaged erythrocytes, pathological cells (sphe-
rocytes, sickle cells, etc.), as well as assess the shape
of erythrocytes. However, upon careful study of the
hemogram, we found that the shape of erythrocytes
also depended on the method by which blood was
taken for analysis. We compared the informative-
ness of the methods of studying the filtration func-
tion of the spleen during the collection of venous
and capillary blood.

Results and discussion

Analyzing the nature of surgical interventions,
which were performed in different time periods, we
can say that the concept of choosing the method of
surgical intervention in patients with splenic trauma
has changed dramatically. Since 2015, the organ-pre-
serving approach has prevailed. Even in case of se-
vere organ damage (IV—V degree), a subtotal resec-
tion of the spleen is performed. For post-traumatic
cysts of the spleen, laparoscopic surgical techniques
(fenestration of cysts) are most commonly used.
Ultrasound examination of the abdominal cav-
ity allowed visualization of the residual splenic
parenchyma, assessment of its structure and char-
acteristics of the regenerative processes after the
application of organ-saving techniques. The spleen,
including the structure of the left parenchyma, was
studied, and a doppler investigation was ordered to
evaluate blood flow and verify the detected paren-
chymal formation. The size of the spleen stump was
determined by using an associated software package
after measuring its largest size in two-dimensional
orientation and delineation. The sonograms, which
were performed in the early postoperative period
and recorded in the patient’s case history, were
used as a control measurement (Fig. 2). The study
of the spleen in patients, who underwent subtotal
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Figure 2. Ultrasound scan of the left area of the
parenchyma after subtotal resection of the spleen
with the formation of couplings of the parenchyma
(on day 10 of the early postoperative period)

resection of the spleen with the formation of paren-
chymal couplings (parenchymal deficit was more
than 70 %) in the remote postoperative period, re-
vealed a decrease in heterogeneity and an increase
in the size of the residual splenic parenchyma.
Analyzing the obtained data, we found out that
the average increase in the size of the spleen after

Figure 4. Ultrasound scan of the spleen after
subtotal resection of the organ with covering the
plane of the cut with an adhesive hemostatic plate
(4 years after surgery)
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Figure 3. Ultrasound scan of the left area of the
parenchyma after subtotal resection of the spleen
with the formation of couplings of the
parenchyma one year after surgery

subtotal resection of the organ with the formation
of couplings of the parenchyma one year after sur-
gery averages 40.2 = 3.4 % compared to baseline. Ul-
trasound data of the left area of the parenchyma of
the spleen two months after surgery are presented
in Fig. 2 and 3.

In patients, who underwent subtotal resection
of the spleen with covering the incision plane with
adhesive hemostatic plate (parenchymal deficit was
less than 70 %), there was a more intense increase in
the size of the left parenchyma, which, in our opin-
ion, can be associated with a larger surface area of
the left parenchyma (a year after surgery, an increase
in the size was 49.14 + 6.77 % compared to baseline).
In one patient, 4 years after subtotal resection of the
spleen with covering the plane of the cut with an ad-
hesive hemostatic plate, complete restoration of the
structure and size of the spleen was noted (Fig. 4).

The data described above allow us to conclude
that the regeneration of the spleen is determined
by the nature of blood supply to the residual splenic
tissue and its size, and does not depend on the na-
ture of the pathological process.

Analyzing different ways of blood collection for
the study of the filtration function of the spleen,
it was found that when taking venous blood, the
assessment of changes in erythrocytes can not be
considered informative. This is due to the fact that
according to the method, blood is taken into a test
tube that contains an anticoagulant. Its components
(for example, Trilon-B or citrate) affect erythro-
cytes, changing their shape (Fig. 5).
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Figure 5. Examination of red blood cells in patients
after organ-sparing surgery on the spleen by
venous blood sampling, Pappenheim staining, lens

x 100, microscope Olympus CX 41 (Japan): change in the
shape of erythrocytes

- i

Figure 6. Examination of red blood cells in patients
after organ-sparing surgery on the spleen by
capillary blood collection, Pappenheim staining, lens
x 100, microscope Olympus CX 41 (Japan): normal
erythrocytes

Figure 7. Examination of red blood cells in patients
after subtotal resection of the spleen — a deficit of
more than 70 %, Pappenheim staining, lens x 100: 1 —
single target cells

To objectively assess the changes in the hemo-
gram in the norm and in pathological conditions, it
is necessary to use a second drop of capillary blood
when taking it directly from the finger on the slide
(Fig. 6).

When studying changes in the filtration function
of the spleen in patients who underwent subtotal
resection of the spleen (mass deficit of more than
70 %), the appearance of target cells, acanthocytes
and halocytes in the peripheral blood was observed,
but their number was insignificant and did not
exceed normal (not more than 3%). The appear-
ance of fragmented, damaged erythrocytes, as well
as changes in the chromium of erythrocytes in the
studied blood samples, was not observed (Fig. 7).
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Figure 8. Examination of red blood cells in patients
after atypical resection — removal of less than 30 %
of the parenchyma, Pappenheim staining, lens x 100
pathologically altered erythrocytes were not detected

In the blood samples of patients who underwent
atypical resection of the spleen (mass deficit of less
than 30 %), destroyed and pathologically altered
erythrocytes were not visualized or their number
did not exceed normal. This fact can be explained
by a larger surface area of the splenic parenchyma
that is preserved during surgery and less trauma-
tizing surgical procedure, both resulting in more
efficient functioning of the left parenchyma in the
postoperative period. The described data are pre-
sented in Fig. 8.

After splenectomy, a considerable impairment of
the filtration function of the organ was manifested
by a significant number of destroyed (fragmented)
erythrocytes, pathological cells (spherocytes, sickle
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Figure 9. Examination of red blood cells in patients
after splenectomy, Pappenheim staining, lens x 100:

1 — severe anisocytosis, with the presence of giant
erythrocytes; 2 — erythrocyte hyperchromia;

3 — a significant number of stomatocytes;

4 — acanthocyte

cells, target cells, acanthocytes, etc.), erythrocytes
with different hemoglobin size and content in pe-
ripheral blood (Fig. 9).

Thus, taking into account the described data,
we can conclude that the presence of even a small
amount of the splenic parenchyma and normal blood
flow through it ensure maintenance of the filtration
function of the organ, while removal of the spleen
is associated with serious disorders of the organ.
erythrocytes in excess of normal (more than 3 %).

Conclusions

Regeneration of the spleen is determined by the na-
ture of blood supply to the residual splenic tissue
and its size, and does not depend on the nature of
the pathological process.

Organ-preserving surgical interventions, includ-
ing subtotal resection of the organ, allow the spleen
to perform its filtration function (destroyed and
pathologically altered erythrocytes were not visual-
ized or their number did not exceed normal).

Splenectomy leads to serious and persistent
changes in the patient's hemogram (appearance
of a significant number of destroyed (fragmented)
erythrocytes, pathological cells (spherocytes, sickle
cells, target cells, acanthocytes, etc. in the periph-
eral blood).

To objectively assess the hemogram, capillary
blood sampling from a finger (the second drop is
taken directly on a glass slide) must be performed.

The use of venous blood for research is uninfor-
mative due to the damaging effect of the preserva-
tive on erythrocytes.
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3MiHH (pinpTpaliiHOI PYHKILi CeNe3iHKU
I1iCJIsA OIEPATUBHUX BTPY4YaHb
3 IIPUBOAY TPABMATUYHHUX YIIKO/PKEHb OpPraHa

I. B. Kosocosuu, I. B. Tanois
Hamionanpuuit meguanmii yaiBepeuret iMeni O. O. Boromobirst, Kuis

HYacrora TpaBMATHYHUX YIIKO/PKEHD CEJIE3iHKU CepEe/l YCiX 3aKPUTHX TPAaBM OPIaHiB YePEBHOI HOPOKHUHU
CTAaHOBUTH BiT 15,5 10 30,0 %, nmeTanbHICTb CKIaiae 7— 26 %. TaKTUKA i CIIOCi6 JTIKYBAHHS BUSHAYAIOTHCS CTYIIC-
HEM TPABMATUYHOI'O YIIKO/PKECHHS, CTAHOM XBOPOI'O IIiJI Yac onepaliii Ta HasgBHICTIO CYIyTHbOI I1aTOJIOTIL.
Jocmiprkennsa pereneparitii TKAaHUH IIPOOIEPOBAHOL CEJIEZIHKU TAI0Th 3MOI'Y BUJIIUTH JIBA OCHOBHUX BaPiaHTH
1l perenepartii, NOB’A34aHi 3 XaPAKTEPOM KPOBOOOGII'Y B 30€PEKEHIN YACTUHI.

MeTa — BUBYUTH PEreHEPALiHNY Ta DINBrpanifiiy (PyHKLT CEIE3IHKU ITiC/IA PiI3HUX BU/IIB ONIEPALIil 3 IPHUBOLY
11 TIOIIKO/PKEHHS.

Marepiagau Ta MeTOaH. [IpOaHai30BAHO PE3YIBIaTH JIKyBaHH:A 85 NalieHTiB 32 nepiog 2015—2020 pp. g
BUBYEHHS 3MiH (DUIBTPALiHOI (DYHKII{I CEIE3iHKU MPOBOAWIN JOCIDKEHHS NepU(pPEepUIHOi KPOBI XBOPUX
(3araspHUI aHAII3 KPOBi) 3 OLIHKOIO (POPMH €pUTPOLIUTIB. /11 Bizyasizarliii 3a/IMIIeHOl YaCTUHU MAPEHXIMU
CEJIE3iHKH, OLIHKHU 1f CTPYKTYPHU T4 OCOOIMBOCTEN PETEHEPATUBHHUX MPOIIECIB BUKOPHUCTOBYBAJIU COHOTPadiuHe
JOCJTIKEeHHSI.

PesyabraTn. CepeHilt NPUPICT IO CENE3iHKUA IIPU 3aCTOCYBAHHI CITOCOOY CyOTOTANIBHOI PE3EKIIiT OpraHa
3 (POPMYBAHHAM MY(PT MAPEHXIMHU YEPE3 PiK CTAHOBUB Yy cepeHbOMY (40,2 +3.4) %, a y HallieHTiB, AKUM OYyJI10
34CTOCOBAHO CIOCI6 CYyOTOTAIBHOL PE3EKILiT CENE3IHKN 3 YKPUBAHHAM IUIOMIUHH 3Pi3y KIEMOBOIO FEMOCTATUY-
HOIO ITACTUHOIO (fedinnT napenximu <70 %) — (49,14£6,77) %. [Ipu BUB4EHHI 3MiH QUIBIPaiitHol (PYHKIT
CEJIE3IHKU Y XBOPUX, IKUM OyJIa BUKOHAHA CYOTOTAJIbHA PE3EKILis CENIE3iHKM, BUABIEHO MOSBY MilIEHETTONIOHIX
KJITUH, AaKAHTOIIUTIB i TaIOIUTIB y NEpHU(MEPHUYIHIN KPOBi, OAHAK IX KUIbKICTh Oya HE3HAYHOIO T4 HE MEPEBU-
IIyBaIA OKA3HUKIB HOPMU (HE O6inblie 3 %). V NalieHTiB, AKUM Oy/1d BUKOHAHA ATUIIOBA PE3CKIlisl CEJIC3iIHKU
(medpinut macu < 30 %), 3pYHHOBAH] Ta MATOJIOTTYHO 3MiHEHI EPUTPOLIUTU HE Bi3yali3yBaJIUCh.

BucHOBKH. Perenepariis cene3inku BU3BHA4AEThCA AK XAPAKTEPOM KPOBOIIOCTAYAHHA TKAHUHH, 1110 3A/TUIITNIA-
€4, TAK i 11 KUIBKICTIO, T4 HE 3AJIEXKUTD BiJl XapAKTEPY ITATOIOTTYHOTrO nporiecy. OpraHomaiHi Xipypriyii BTpy4JaH-
HS1 HA CEJIE3iHII IAI0Th 111 3MOTI'Y BUKOHYBATU (DUIBTPALIiFIHY (DYHKILIO.

K/I¥090Bi cJI0Ba: YIIIKO/PKCHHS CEJIE3iHKH, OPTaHONIAIHI XipypriyHi BTpy4YaHHs, CIUICHEKTOMIs, (piBrpaniiina
(yHKI1IisA, pereHepartis.
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