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ABSTRACT

BACKGROUND: Conservative treatment options developed and tested over several decades prevent splenectomy, which
leads to post-splenectomy hyposplenism associated with immunodeficiency and hematologic disorders. This article reviews
22 years of conservative management of traumatic splenic rupture, emphasizing the important role of organ preservation and
minimizing surgical intervention.

AIMS: The aim was to summarize 22 years of experience in the management of children with traumatic splenic rupture.
MATERIALS AND METHODS: This observational single-center prospective study was conducted from March 2002 to March
2024 at the Ivano-Matreninskaya City Children’s Clinical Hospital in Irkutsk. The medical records of 95 children with trau-
matic splenic rupture were evaluated. Conservative treatment was received by 83 (87.4%) patients and surgical treatment
was received by 12 (12.6%) patients. The age of the affected children was 12 [8; 14] years, with 3.3 times more boys observed
(73 vs. 22). For analysis, patients were divided into two groups: comparison group (n = 62; 65.3%) in the early treatment period
(March 2002 to August 2012); main group (n = 33; 34.7%) in the late treatment period (September 2012 to March 2024). All
children were followed for complications related to spleen injury. Comprehensive follow-up of patients after discharge ranged
from 6 months to 15 years.

RESULTS: Of the 95 patients, 2 (2.1%) underwent splenorrhaphy, 3 (3.1%) underwent laparoscopic exploration of the spleen,
and 7 (7.4%) underwent splenectomy. Surgical treatment required prolonged combined antibacterial therapy for 13 [10; 16]
days. If the spleen was removed after discharge from the hospital, patients were prescribed preventive vaccinations. A dis-
criminant analysis was used to identify cumulative factors that influence the choice of surgical treatment in children with
splenic rupture. Combined factors included low systolic blood pressure of 95 (70; 118) mm Hg (p = 0.002); tachycardia with
heart rate of 105 [100; 120] beats per minute (p = 0.019); increased shock index of 1.1 [0.9; 1.57] (p = 0.001); blood loss at ad-
mission of 13% [6.3; 19] of the circulating blood volume (p = 0.001); maximum degree of blood loss of 2 [1; 3] (p=0.001). When
comparing the groups by duration of treatment, a statistically significant difference was found in the number of days spent in
the Surgery Department: the duration of hospital stay was 12 [8; 14] days in the comparison group and 7 (7; 9) days in the main
group (p = 0.001). Patients did not differ in terms of blood loss and hemodynamics. Recently, however, the number of surgeries
for splenic rupture has decreased 2.6 times, from 16.1% to 6.1%. When evaluating immediate outcomes after splenectomy, it
was found that 71.4% (n = 5) of the children had thrombocytosis on day 3-6 after surgery. After spleen removal, all children
had an elevated ESR of 25 [23; 39] mm/h for 2 weeks. Long-term results showed that 57.1% of patients had frequent infectious
diseases. No symptoms of hyposplenism were observed with conservative management.

CONCLUSIONS: Conservative management of children with traumatic splenic rupture is safe and clinically effective. Non-
surgical management can be used in 93.9% of cases. Based on the results obtained, the active use of conservative treatment
options for traumatic splenic rupture in children is recommended as the preferred option, with an individualized approach to
patient monitoring.
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AHHOTALMA

AxrtyanbHocTb. KoHcepBaTuBHbIE MeTo/bl, pa3paboTaHHble ¥ anpobupoBaHHbIE HA MPOTAXKEHUW HECKONBKUX LECATUNETUN,
Mo3BONAT M36eKaTb CNNEHIKTOMMM, MOCNEACTBUEM KOTOPOK CTAHOBUTCS CUHAPOM MOCTCI/IEHIKTOMUYECKOr0 FMNOCMIEHN3-
Ma, COMPOBOXAAMLLIMIACA UMMYHOAEDULMTOM U reMaToNIorMyecKUMI HapyLweHnaMu. B AaHHON cTaTbe Mbl paccMaTpuUBaeM
22-neTHWIA OMbIT KOHCEPBATMBHOIO JIeYeHWs TPaBMaTUYECKUX Pa3pbiBOB CENIE3eHKW, MOAYEPKMBAs BAaXHOCTb COXpaHEHWS
opraHa 1 MMHMMU3aLMK XUPYPrUYECKOr0 BMeLLaTeNbCTBa.

Lienb — 06061MTb 22-neTHMIA ONBIT NeYeHUs AeTel C TPAaBMaTUUECKUMM pa3pblBaMU CENe3eHKU.

Marepuanbl u Metoapl. lpoBefeHo obcepBaLMOHHOE OJHOLEHTPOBOE MPOCMEKTMBHOE MCCNEL0BaHWe B MEPUOA C MapTa
2002 no Mapt 2024 r. Ha ba3e [opoacKoii MBaHO-MaTpeHUHCKOM LeTCKOM KMHMYecKoi bonbHuubl MpkyTcka. AHanusupo-
Basm uctopum bonesnn 95 feteii ¢ TpaBMaTUYECKUM paspbiBoM cenie3eHku. KoHcepeatueHoe nedenne nonydmnv 83 (87,4 %)
naumeHTa, xvpyprideckoe — 12 (12,6 %). Bospact nocTtpagaswmx aeten coctaBun 12 [8; 14] net, ManbuuKoB Habnioganock
B 3,3 pasa bonblwe (73 npotve 22). [InA aHanu3a naumeHTbl ObIW pasgeneHbl Ha ABe rPynnbl: rpynna cpaBHeHus (n = 62;
65,3 %) — paHHuit nepuog nevenns (Mapt 2002 — asryct 2012 r.); ocHoBHas rpynna (n = 33; 34,7 %) — no3pHuin nepuop,
neyenun (ceHtadpb 2012 — mapT 2024 r.). OcnoKHeHWs, CBA3aHHbIE C MOBPEMAEHWUEM CENe3eHKM WU3YYeHbl B KaTaMHese
y Bcex peteit. KomnnekcHoe obcnefoBaHue NaLyeHTOB Nocie BINUCKW NPOLOSIKANOCh Ha NPOTSXEHUM OT 6 Mec. 1o 15 ner.
Pesynbtatbl. 13 95 naumneHToB y 2 (2,1 %) BoinonHeHa crneHopadwms, y 3 (3,1 %) — nanapockonus ¢ peusuei ceneseHKy,
ny 7 (7,4 %) — cnneHaktomms. lpu onepaTMBHOM fedeHun feTaMm TpeboBanack LInMTeNlbHas KOMOMHMpOBaHHas aHTUbaK-
TepuanbHas Tepanus B TedeHue 13 [10; 16] gHe. lpu yoaneHun ceneseHKW Nocsie BbIMUCKW M3 CTaLMOHapa NaLyeHTaM Ha-
3Hauanacb BaKUMHoONpouUnaKkTuKa. Mpn AUCKPUMMHAHTHOM aHanu3e BbiAB/EHbI COBOKYMHbIE HaKTopbI, BAUAIOLLME Ha Bbibop
B M0J1b3Yy ONEPaTMBHOTO NEYEHUs JeTel ¢ paspbiBaMm cene3eHKW. CoBOKYMHbIe (haKTOpbl: HU3KOE CUCTONIMYECKOE apTepuasib-
Hoe paeneHne — 95 (70; 118) MM pr. cT., p = 0,002; Taxukapams — yvacToTa cepAeyHbIx cokpallenmii 105 [100; 120] B Mu-
HyTy, p = 0,019; noBbiweHHbIN WoKoBbIN MHaeKe Anbroepa — 1,1 [0,9; 1,571, p = 0,001; kpoBonoTeps npu nocTynieHun —
13 % [6,3; 19] OUK, p = 0,001; MakcumanbHas cteneHb kpoonotepu — 2 [1; 3], p = 0,001. Mpum cpaBHeHum rpynn no nepuopy
NeYyeHns BbISIBNEHO CTATUCTUYECKM 3HAYMMOE Pasfinume Mo KONMYECTBY KOWKO-[HEN B OTAENEHUU XUPYPruM: B Ipynne cpas-
HeHUs CPOK rocnuTanmsaumu coctasun 12 [8; 14] aHeit, B ocHoBHoM rpynne — 7 (7; 9), p = 0,001. MaumneHTbl He 0TAMYaIUCh
Mo nokasaTensM KpoBOMoTepyu M reMoguHamuku. OfHaKo 3a nocnefHee BpeMs KOMWYECTBO OnepaLmii Npu paspbiBe cene-
3eHKM CHM3MUNoch B 2,6 pasa, ¢ 16,1 no 6,1 %. Mpu aHanM3e HeNOCPeACTBEHHBIX MCXOL0B MOCNE CMAEHIKTOMUMU OTMEYEHO,
uto y 71,4 % (n = 5) peTeii BoissBNEH TpoMboOLMTO3 Ha 3—6-e cyTKM nocnie onepaumu. locne yoaneHus ceneseHKV B TeYeHHe
2 Hep. y Bcex AeTeii oTMeyanoch nosblilweHHoe CO3 25 [23; 39] Mm/u. Mpu uccnepoBaHum oTaaneHHbIX pesynbtatoB y 57,1 %
NaLMEeHTOB 0TMEYaNMCh YacTble MHPEKLMOHHbIe 3aboneBanus. Mpy KOHCEPBATUBHOM NleYeHUWM CUMMTOMOB FUMOCMIEHN3Ma
He BbISIBNIEHO.

3akunitoyeHne. KoHcepBaTuMBHOe NieueHue [eTel C TpaBMaTMUECKUMM paspbliBaMu Cesle3eHKM 6e30MacHo M KIMHUYECKM
3ddekTMBHO. HeonepaTnBHoe BefieHMe BO3MOXHO NpuMeHsATh B 93,9 % cnyyaes. B cBeTe nosy4eHHbIX pe3ynbTaTtoB, Mbl pe-
KOMEH[YeM aKTMBHOE MCMONIb30BaHWe KOHCEpBAaTWUBHBIX METOLOB JIeYEHUS! TPaBMaTUUECKUX Pa3pbiBOB CENE3eHKU Y AeTelt
KaK MpeanoyTUTENbHBIA BapuaHT, C aKLEHTOM Ha WHAMBUAYaNbHBIA NOAX0L MOHUTOPUPOBAHUA COCTOSHUSA MaLMEHTOB.

KnioueBble cnosa: TpaBMa CeJie3eHKU; AEeTU; KOHCepBaTUBHOE 1IeHeHUe; onepaTtuBHOE JieHeHe.
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BACKGROUND

Total splenectomy causes the syndrome of post-
splenectomy hyposplenism associated with immunodeficiency
and hematologic disorders. Fulminant sepsis is the most
dangerous late complication after splenectomy with a
mortality rate of 50%-70% [1, 2]. Primary prevention
of post-splenectomy complications includes spleen
preservation through non-surgical management [3, 4].
Non-surgical management of children with ruptured spleen
was implemented in our clinic in March 2002 after 5 years
of experience in therapeutic and diagnostic laparoscopy.
The use of active laparoscopy for splenic injuries in children
has shown that laparotomy can be avoided in more than
70% of cases due to the absence of persistent bleeding
[5]. The fact that splenic hemorrhage in children resolved
spontaneously led to a revision of the treatment strategy
in favor of conservative, organ-sparing options. Our study
provides a detailed analysis of clinical cases, observational
findings, and long-term outcomes, as well as practical
recommendations for healthcare professionals.

The study aimed to summarize 22 years of experience in
the management of children with traumatic splenic rupture.

MATERIALS AND METHODS

This observational single-center prospective study was
conducted from March 2002 to March 2024 at the Ivano-
Matreninskaya City Children’s Clinical Hospital in Irkutsk,
Russia. Data of 95 children with traumatic splenic rupture
were evaluated. Non-surgical treatment was received by
83 (87.4%) patients and surgical treatment was received by
12 (12.6%) patients. The age of the affected children was
12 [8; 14] years, with 3.3 times more boys observed (73
vs. 22).

Eligibility criteria. Inclusion criteria were blunt abdominal
trauma, splenic rupture, hemoperitoneum. Non-inclusion
criteria were splenic injury without peritoneal bleeding,
concomitant abdominal trauma with hemoperitoneum.

Intervention description

When a child presented to an Emergency Unit with
abdominal pain and a history of abdominal trauma, a physical
examination and hemodynamic assessment were performed.
The Allgower’s Shock Index (SI) was calculated as the ratio
of maximum heart rate (HR) to minimum systolic blood
pressure (SBP). The shock index was adjusted for childhood
age. S| cut-off values were >1.2 (age up to 6 years), >1.0
(7-12 years), and >0.9 (over 12 years) [6]. An elevated Sl was
defined as a criterion for hemodynamic instability in children.
The hemodynamic status was considered as a factor of the
treatment choice in patients with splenic rupture.

If hemodynamics were stable and abdominal ultrasound
showed hemoperitoneum, the patient was admitted to a
Surgery Unit with physical activity restriction for 3 days.

Vol. 14 (4) 2024
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Physiological functions (SBP, heart rate, SI, urine output,
temperature) were monitored every 6 hours. Laboratory
tests (hemoglobin, platelet count, white blood cell count,
erythrocyte sedimentation rate) were evaluated. Hemostatic
and antibacterial therapy was prescribed for 3-7 days. Echo
ultrasound was performed every 6 hours for the first day,
then on the second day, and then at discharge.

If the SI was elevated, the child was admitted to the
Intensive Care Unit (ICU). Bolus therapy was administered
at 20-40 mL/kg of body weight. Clinical and laboratory
parameters were monitored. If hypotension persisted despite
the use of crystalloids, blood components were transfused
at 10-15 mL/kg body weight. If the hemoglobin level was
below 70 g/L, blood transfusion was also performed. If the Sl
remained elevated despite blood transfusion, an emergency
laparotomy was performed. To monitor peritoneal blood
volume, ultrasound monitoring was performed every 2 hours
for 6 hours after admission, then every 6 hours for the first
day and once a day thereafter [7-9].

To calculate the abdominal volume, the method for
determining the free fluid volume in the abdomen (patent RU
No. 2830196 C1, issued on November 14, 2024) was used;

V=V

ultrasound

x BSA x K;

where, V is the hemoperitoneum volume; V,.coumg 1S the
hemoperitoneum volume calculated using the formula for an
ellipsoid; BSA is the body surface area, m? K is a coefficient
equal to 2.35 for hemoperitoneum up to 11 mL/kg of body
weight, 1.35 for hemoperitoneum 11-22 mL/kg of body
weight and 1.0 for hemoperitoneum more than 22 mL/kg of
body weight.

All children were followed for complications related to
spleen injury. Comprehensive follow-up of patients after
discharge ranged from 6 months to 15 years.

Subgroup analysis. For analysis, patients were divided
into two groups: the control group (n = 62; 65.3%) in the early
treatment period (March 2002 to August 2012); the study
group (n = 33; 34.7%) in the late treatment period (September
2012 to March 2024).

Statistical analysis. Data samples were tested for
normality of distribution at a significance level of p < 0.05
(frequency histogram, Lilliefors test, Shapiro-Wilk test). The
significance of differences between groups was assessed
using a non-parametric procedure; results were presented
as median (Me), 25th and 75th quartiles [Q;; @,]. Groups were
compared using the Mann-Whitney U test Categorical criteria
were compared using the chi-squared test (x?). Discriminant
analysis was used to predict outcomes when assessing the
combined differences in multiple factors between groups.
The risk prediction model was represented graphically by
constructing a receiver operating characteristic (ROC) curve,
which is a graphical representation of the dependence of two
values: sensitivity (Se) and specificity (Sp). The corresponding
area under the curve (AUC) was calculated. The model was
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tested for validity using the Hosmer—Lemeshow test, and
the null hypothesis was accepted if p > 0.05. Statistical data
were processed using Statistica v.10.1, MedCalc statistical
software. The confidence level was set at p < 0.05.

RESULTS

Injury-to-hospitalization time was 2.9 [1.6; 7.1] hours;
73.7% of children were admitted within the first 6 hours. Of
95 patients, 62 (65.3%) children required hospitalization in the
ICU. The number of bed days was 3.5 [2; 5] days in the ICU
and 8.7 [6; 13] days in the Surgery unit. The spring/summer
period was the season with the highest hospitalization rate
at 67.4% of the total patient cohort.

The surgical treatment rate was 12.6% (n = 12). Initially,
four (4.2%) patients received surgical treatment within the
first 2 hours of admission; three patients underwent laparot-
omy due to hemodynamic instability; one patient underwent
laparoscopic exploration due to risk of the hollow organ inju-
ry. Due to persistent bleeding, six patients (6.3%) underwent
surgery, five patients after 6—12 hours of hospitalization and
one patient after 24 hours of hospitalization. Persistent intra-
peritoneal bleeding with a tendency to hypotension was an
indication for surgery in 4 patients. In 2 cases, laparoscopic
abdominal lavage was performed at 12 hours after admis-
sion due to persistent abdominal pain and unclear ultrasound
and radiologic findings. Two patients (2.1%) underwent lapa-
rotomy on days 5 and 6 after injury due to delayed bleeding.

Of 95 patients, 2 (2.1%) underwent splenorrhaphy,
3 (3.1%) underwent laparoscopic exploration of the spleen,
and 7 (7.4%) underwent splenectomy. All splenectomized
patients underwent autotransplantation of splenic tissue.

Tom 14, N® 4, 2024
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aHecTe3nosorn U peaHuMaToorum

In he surgical management group, children required long-
term combination antibacterial therapy for 13 [10; 16] days,
which was statistically significantly longer than in the non-
surgical management group, where antibacterial prophylaxis
was given for 5 [3; 7] days (p = 0.001). If the spleen was
removed after discharge from the hospital, patients were
prescribed preventive vaccinations.

Discriminant analysis was used to identify the
combined variables associated with surgical treatment
(Table 1).

Statistically significant combinations of factors of the
surgical treatment choice for traumatic splenic rupture
were identified: low SBP of 95 [70; 118] mmHg, p = 0.002;
tachycardia with HR of 105 [100; 120] per minute, p = 0.019;
elevated SI of 1.1 (0.9; 1.57), p = 0.001; blood loss at
admission of 13% [6.3; 19] of circulatory volume, p = 0.001;
maximum blood loss of 2 [1; 3], p = 0.001.

The ROC curve in Figure 1 shows the overall reliability of
the model for the identified factors associated with surgical
treatment.

The model validity test was positive (x? = 12.3; p = 0.14).
The test sensitivity was 95.2% [95% confidence interval
(CI): 86.7-99.01, specificity was 100% (95% Cl: 59-100).
The overall confidence level was 95.7% (95% CI: 88.0-99.1;
Table 2).

The model fit each identified factor well (AUC > 0.6). When
the identified parameters were pooled, the area under the
curve (AUC) was 0.90 + 0.07 (95% Cl: 0.81-0.96), indicating
excellent model quality.

Five combined factors of the surgical treatment choice
were identified, which were associated with blood loss and
hemodynamics.

Table 1. Discriminant analysis of factors influencing the choice of surgical treatment for splenic rupture in children (n = 71)
Tabnumua 1. [IMCKPUMUHAHTHBIN aHanu3 GaKTOpPOB, BAMSIOLLMX Ha BbIDOP XMPYPridecKoro fiedeHus Npu paspbiBe cesie3eHku y aeteii (n = 71)

Variables
mersrs | | e | e | e | o
Age, years 13 [7; 14] 0.417 0.997 0.186 0.667 0.232
Systolic blood pressure, mmHg 95 [70; 118] 0.489 0.848 10.35 0.002 0.936
Diastolic blood pressure, mmHg 55 [40; 60] 0.417 0.995 0.287 0.594 0.871
Heart rate, per minute 105 [100; 120] 0.457 0.910 5.762 0.019 0.961
Glasgow Coma Scale 15 [13; 15] 0.416 0.999 0.042 0.839 0.291
Vegetative Kerdo’s index, relative units 48 [39; 60] 0.415 0.999 0.001 0.979 0.918
Shock index 1.110.9; 1.57] 0.529 0.784 15.95 0.001 0.971
Blood loss at admission, % 1316.3; 19] 0.516 0.805 14.06 0.001 0.828
Maximum blood loss 2101; 3] 0.600 0.692 25.81 0.001 0.827
Injury-to-hospitalization time, hours 2[1; 6] 0.424 0.9792 1.229 0.272 0.158

Note. Result of discriminant function analysis. Number of variables in the model: 10; grouping: by surgery. Wilks' Lambda: 0.415, approx.

F(10,58) = 8.16, p < 0.0000

[pumeyanue. Utor aHanusa OUCKPUMMHAHTHOM dyHKuMM. KommdecTBo nepemeHHbix B Mogenu: 10; rpynnupoeka: onepaums. Wilks' Lambda:

0,415 approx. F(10,58) = 8,16, p < 0,0000
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Fig. 1. Receiver operating characteristics (ROC) curve based on
combined factors: systolic blood pressure (7), heart rate (2), shock
index (3), % percentage of blood loss from circulating blood volume
(4), and maximum degree of blood loss (5)

Puc. 1. Kpuas paboumx xapakTepucTuK no COBOKYMHOCTM (aKTo-
POB CUCTOIMYECKOrO apTepuasbHoro Aaenenus (1), YactoTsl cep-
[JEeYHbIX COKpaLLeHui (2), nHaekca Anbrosepa (3), % KpoBonoTepu
0T 00bEMa LIMPKYNMPYIOLLEN KPOBM (4) M MaKCUMarbHOW CTeneHu
KpoBonoTepu (5)

In the early stages of management of splenic rupture
in children, the factors of the surgical treatment choice in-
cluded polytrauma, persistent bleeding, and depression of
consciousness. The combination of blood loss and hemody-
namic factors has been used since September 2012 to divide
patients into two groups. It should be noted that the incidence
of splenic injury has decreased 1.9-fold over the past decade
(62 vs. 33).

Table 3 shows clinical and epidemiological characteristics
of patients in control and study groups.

No differences were found in age, injury-to-hospitalization
time, or bed days in the ICU. A statistically significant
difference was found in the number of days spent in the
Surgery Unit: the duration of hospital stay was 12 [8; 14] days
in the control group and 7 (7; 9) days in the study group
(p = 0.001). Patients in the groups compared did not differ
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in ISS, Glasgow Coma Scale, blood loss, or hemodynamics.
Table 4 shows the main categorical parameters of the
treatment choice in the evaluated groups.

Over 22 years, there were no statistically significant
differences in the incidence of polytrauma, persistent
bleeding, hemodynamic parameters, or blood transfusions
between the groups. However, it should be noted that over
the past 11 years, the incidence of splenic rupture surgery
decreased 2.6-fold from 16.1% to 6.1%. Non-surgical
management of splenic rupture in children in the study group
was 93.9%.

When evaluating immediate outcomes after splenectomy,
it was found that 71.4% (n=15) of the children had
thrombocytosis on day 3-6 after surgery; the platelet count
was 430 [369.8; 431] x 10%/L. In the non-surgical management
group, the maximum platelet count during the 3—6 day period
was 256 [210; 279] x 10°/L (p = 0.002). After spleen removal,
all children had an elevated ESR of 25 [23; 39] mm/h for
2 weeks. In the non-surgical management group, the ESR
on days 5-7 was 6 [4; 8] mm/h (p = 0.001).

To evaluate the long-term outcome of splenic rupture in
children, 100% (n = 95) of patients were followed up for the
first 6 months, 38.9% (n = 37) were followed up between
6 months and 3 years, and 10.5% (n = 10) were followed
up at 3 years and later. In the late phase after splenectomy,
three patients (42.8%) had frequent infections up to 5-7 times
per year. One patient (14.3%) had up to 3-4 infections per
year. No hyposplenism was reported during the non-surgical
management of splenic rupture.

DISCUSSION

Non-surgical management of splenic rupture in children is
becoming the gold standard of care. Preservation of the injured
spleen is the goal of primary prevention of hyposplenism and
its complications associated with post-splenectomy infection
[10]. International guidelines for non-surgical management
of children with splenic rupture have been published in the
last decade [11-13]. Foreign literature showed that when
these guidelines were followed, the rate of non-surgical
management was 42.5%-97.2%, while the rate of surgical
treatment varied from 2.8% to 31.8%, and splenectomy was
performed in 0.0%-7.5% of children. Special focus should be

Table 2. Predictive accuracy of ROC curve for identified factors in discriminant analysis
Tabnuua 2. MNporHoctuyeckas LeHHocTb ROC-KpuBOIA BbISBNEHHBIX GaKTOPOB NpU AUCKPUMUHAHTHOM aHann3e

Parameters AUC 95% confidence interval
Systolic blood pressure 0.68+0.13 0.56-0.79
Heart rate 0.70+0.08 0.58-0.81
Shock index 0.77 £0.08 0.66-0.87
Blood loss at admission, % 0.69+0.07 0.57-0.79
Maximum blood loss 0.74+0.09 0.62-0.84
Combination of factors 0.90+0.07 0.81-0.96
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Table 3. Characteristics of patients with splenic rupture in early and late treatment groups
Tabnuua 3. XapaKTepuCTUKY NaLMEHTOB C Pa3pbiBOM CENE3eHKY B rpynnax paHHEero W No3aHero nepuooB fieyeHus

Poccuiickui BECTHUK [ETCKOW XMUpYPruu,
aHecTe3nosorn U peaHuMaToorum

I
Age, years 11[8; 14] 12 [7; 14] 0.75
Injury-to-hospitalization time, hours 2.311; 8] 3.5102; 7] 0.2
Number of bed days in the Intensive Care Unit 312; 4] 2.8[2; 5] 0.4
Number of bed days in the Surgery Unit 12 [8; 14] 117,91 0.001
Injury Severity Score (ISS) 919; 13] 919;13] 0.9
Glasgow Coma Scale, score 15 [15; 15] 15 [15; 15] 0.7
Ultrasound volume of hemoperitoneum at admission, mL 200 175 0.45
[100; 400] [90; 350]
Ratio of hemoperitoneum volume to admission weight, mL/kg 4.9 4.5 0.54
[2.4; 9.1] [2.7;8.1]
Blood loss at admission, % of circulatory volume 7.11[3.4;13] 6.413.8; 11.6] 0.54
Maximum blood loss, % of circulatory volume 8.5 [4; 17.6] 11.4[5.5; 16.2] 0.72
Maximum blood loss 101;2] 101;2] 0.81
Systolic blood pressure, mmHg 110 [100; 118] 115 [106; 120] 0.1
Diastolic blood pressure, mmHg 65 [60; 771 70 [63; 75] 0.13
Heart rate, per minute 100 [90; 110] 98 [90; 110] 0.51
Shock index 0.9 [0.8; 1.1] 0.85 [0.76; 1.0] 0.27

Table 4. Key categorical parameters in groups of different observation periods
Ta6nuua 4. OcHoBHble KaTeropuanbHble napaMeTpbl B rpynnax pasHbiX NepuoAoB HabnioaeHus

Control group Study group
Parameters (n = 62) (n=33) p
n % n %
Polytrauma
Yes 23 37.1 10 30.3 0.51
No 39 62.9 23 69.7
Persistant bleeding:
Yes 14 22.6 10 30.3 0.41
No 48 71.4 23 69.7
Elevated Allgower’s Shock Index at admission:
Yes 16 25.8 7 21.2 0.62
No 46 74.2 26 78.8
Blood transfusion:
Yes 7 11.3 5 15.2 0.59
No 55 88.7 28 84.8

paid to the widespread use of angioembolization in children
with splenic injury, ranging from 1.2% to 42.5% according to
the references reviewed [14-17].

The literature review highlights papers that address
the practice of treating children with splenic injury. For
example, Filipescu et al. [18] showed that the incidence of
splenectomy during treatment was 1.5% in a pediatric hos-
pital and 14.4% in an adult hospital (p = 0.01). The authors
reported that children admitted to pediatric hospitals had
a higher severity of splenic injury. However, children were

more likely to receive blood transfusions in adult hospitals.
Miyata et al. [19] showed that in clinics with extensive expe-
rience in the management of children with splenic rupture,
the rate of splenectomy was low (odds ratio: 0.5; 95% CI:
0.3-0.8). Gorelik et al. [20] showed that the effectiveness
of conservative management of traumatic splenic rupture in
children during primary hospitalization in a tertiary hospital
was 94.1%. In community hospitals, 58.8% (n = 53) received
surgical treatment, with the rate of splenectomy of 47.8%
(n = 43). The study data were consistent with our findings
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that the incidence of surgery decreased from 16.1% to 6.1%
with long-term patient management.

In Russian publications, the rate of laparoscopy for
splenic injury with hemoperitoneum remains high [21, 22].
In our study, 3 (3.1%) children required laparoscopic
treatment. The following practically significant facts were
highlighted in the literature, which led to the decision to stop
the routine use of laparoscopic treatment of splenic injury
in children: the incidence of spontaneous hemostasis of
splenic rupture in children was 78%-85%, laparoscopy for
isolated splenic injury was a diagnostic sign in only 61%—72%
[23-26]. The decision was made to use minimally invasive
treatment options in patients with persistent abdominal pain
and controversial findings of ultrasound and multispectral
computed tomography. With the parameters described,
laparoscopy is very rarely used for abdominal injuries. In
the American College of Surgeons Pediatric Trauma Centers
Consortium (ATOMAC) study, 5 (1.3%) of 410 children with
splenic injury underwent laparoscopy 42 [21; 90] hours after
admission. Laparoscopy was usually required for concomitant
abdominal injury [26].

When the immediate outcomes of splenic rupture
treatment were evaluated, it was found that splenectomy
was associated with thrombocytosis and elevated ESR.
A literature review found splenectomy in 4.5% of all causes
of thrombocytosis in children [27]. Thrombocytosis can lead to
thrombosis due to blood clotting disorders in blood vessels.
Thrombosis of the portal vein system is particularly dangerous
in the early post-splenectomy period and can develop for up
to 1 month after surgery [28]. Deep vein thrombosis and
pulmonary embolism develop in up to 3.5% of adolescents
aged 12-17 years in the late post-splenectomy period [29].
A persistent increase in body temperature and persistently
elevated CRP levels (up to 55 mg/dL), leukocytosis (up to
22 x 10°/L), and elevated ESR (up to 20 m/h) were reported
in children during the first week after splenectomy [30].

In our study of long-term splenectomy outcomes, 57.1%
of patients reported frequent infections. The data obtained
are consistent with other scientific papers. Splenectomy has
been shown to significantly disrupt the interaction between
T and B lymphocytes, leading to antiviral resistance. Over
90% of children are predisposed to frequent seasonal
viral infections, herpes, inflammatory skin lesions, and
exacerbation of chronic diseases [30, 31].

Non-surgical management of children with splenic
rupture is shown not to cause symptoms of hyposplenism.

CONCLUSION

Twenty-two years of treating children with traumatic
splenic rupture have demonstrated the clinical efficacy and
safety of non-surgical management which is possible in
93.9% of cases. Many years of our experience confirm the
effectiveness of the used organ-preserving options. These
findings confirm the importance of a personalized approach

Vol. 14 (4) 2024

Russian Journal of Pediatric Surgery,
Anesthesia and Intensive Care

for each pediatric patient based on both the clinical picture
and the regenerative potential of the body. The non-surgical
option not only minimized the need for surgery, but also
helped to better restore spleen function, which is a way of
primary prevention of hyposplenism.

Therefore, our results serve as a basis for further re-
search in this area and highlight the need to develop a strat-
egy to preserve the spleen that will undoubtedly have a posi-
tive impact on the long-term health of children who have
experienced traumatic injury to this organ.
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AOMOTHUTENIbHASA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHECNM CYLLECTBEHHLIN BKNAA
B pa3paboTKy KOHLEnumW, NpoBeAeHWEe WCCIedoBaHUA U Mofd-
FOTOBKY CTaTbW, MpOYNM M 0A06PUAM (UHambHYI0 Bepcuio
nepen nybnuKaumen. JIuHbIA BKNag Kaxaoro asTtopa: B.B. Moa-
KaMeHeB — KOHUEnuus U AM3aiH MUCCNefoBaHus, HanucaHue
TeKcTa, peaakTvpoBaHue; WA, Tukano — KoHuenums v Am3aiH
UCcCcnef0BaHus, Kypaums nauumeHTos, cbop 1 0bpaboTka Matepu-
ana, CTaTUCTUYECKUI aHanm3, HanucaHwe TeKCTa, pefaKTMpoBa-
Hue; B.A. Hosoxunos, H.W. Muxaiinos, E.M. MNetpos, B.X. Jlatbinos,
C.B. Mopos, [1.H0. XantaHoBa — Kypauwms naumeHTos, cbop v 06-
pabotka Matepuana; 0.A. KapabuHckas — obpaboTka Matepuana,
CTATUCTUYECKUI aHaNK3.

WUcTounuk dmHaHcmpoBanus. VccnenoBaHve He UMENO CMOH-
COPCKOW MOLAEPHKKM.

KoHnukT nHTepecoB. ABTOpbI 3aABNAKOT 06 OTCYTCTBMM KOH-
(QIMKTA MHTEPECOB.

3TnyecKasa aKcneptusa. VccnenoBaHue bbII0 040bpeHo no-
KasnbHbIM 3TnueckuM Komutetom OIBOY BO «MpkyTckuid rocynap-
CTBEHHbIM MEAMLMHCKUIA YHMBEpPCMTET» MuH3apaBa Poccum (npo-
Tokon N2 3 ot 15.11.2019).
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