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Haematological and biochemical characteristics of the
splenic effluent blood in schistosomal patients undergoing

splenectomy

Caracteristicas hematolégica e bioquimica do sangue efluente esplénico em
pacientes esquistossomdticos submetidos a esplenectomia
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ABSTRACT

Objective: To assess hematological and biochemical features of splenic effluent blood and their influence on the rise of
hematological values after splenectomy. Methods: we studied 20 patients undergoing surgical treatment for schistosomatic
portal hypertension. We collected blood samples for CBC, coagulation, bilirubin and albumin in the splenic vein (perioperative)
and peripheral blood (immediately pre and postoperative periods). Results: the splenic blood showed higher values of red
blood cells, hemoglobin, hematocrit, platelet count, total leukocytes, neutrophils, lymphocytes, monocytes, eosinophils and
basophils, as well as reduction of laboratory coagulation parameters in relation to peripheral blood collected preoperatively. In
the postoperative peripheral blood there was an increase in the overall leukocytes and in their neutrophil component, and
decreased levels of basophils, eosinophils and lymphocytes. The other postoperative variables of complete blood count and
coagulation tests were not different compared with the splenic blood. The albumin values were lower postoperatively when
compared to preoperative and splenic blood. There were higher values of direct bilirubin in the postoperative period when
compared with the preoperative and splenic blood. Postoperative indirect bilirubin was lower compared to its value in the
splenic blood. Conclusion: hematological and biochemical values of splenic effluent blood are higher than those found in
peripheral blood in the presence of schistosomal splenomegaly. However, the splenic blood effluent is not sufficient to raise the

blood levels found after splenectomy.
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INTRODUCTION

he spleen is one of the most vascularized organs of the

body, with a blood flow of approximately 350 liters a
day. It is part of the mononuclear phagocyte system and
it is located between the portal and systemic circulations.
Its irrigation comes from the splenic artery and from a
rich arterial collateral network, mainly esplenogastric,
while its venous drainage flows to the splenic vein and a
small part to the esplenogastric veins. The splenic vein
joins the superior mesenteric vein to form the portal vein
3. The spleen plays important functions, including
hematopoiesis, cell purification and reservoir of blood
elements 4>,

During splenectomy, the approach and splenic
artery ligation allow blood to exit the spleen through the
splenic vein, reducing its size*¢. It is believed that the inflow
of splenic blood into the bloodstream explains the observed
increase in hematologic indexes immediately after splenic

artery ligation”®'". However, there is no scientific reasoning
to prove this hypothesis.

In schistosomatic portal hypertension (SPH),
splenomegaly, anemia, thrombocytopenia and
leukopenia associated with bone marrow hyperplasia
occur without clinical manifestation 324 The
normalization of this blood and bone marrow condition
is obtained after partial or total removal of the spleen
and even after splenic vein bypass without
splenectomy '>'8. Despite the extensive literature on
this organ, the characteristics of its effluent blood
are still unknown. These data are especially important
in situations such as portal hypertension, in which
there is increase in the organ size, with accumulation
of blood inside it.

This study aimed to determine the hematological
and biochemical values of effluent splenic blood and
evaluate their influence on the rise of hematological values
after splenectomy.
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METHODS

This was a cross-sectional descriptive study
approved by the Ethics Committee of the Federal University
of Minas Gerais under record CAAE-0399.0.203.000 11.
We studied 20 consecutive adult patients, of both genders,
with a diagnosis of schistosomiasis that were referred to
undergo surgical treatment of SPH. All patients were
diagnosed with hepatosplenic schistosomiasis confirmed by
parasitological examination of stool and rectal biopsy
positive for Schistosoma mansoni eggs, abdominal
ultrasound and liver biopsy during surgery, which revealed
Symmers-Bogliolo fibrosis ''°.

All procedures were performed electively and the
surgical option depended on patients’ data and disease
stage®. The indication for surgical treatment was upper
gastrointestinal bleeding 3.

In the immediate preoperative period 5 ml of
blood was drawn for blood count (RBC count, hemoglobin,
hematocrit, leukocytes and platelets), coagulation
(international normalized ratio - INR and prothrombin time),
and quantification of bilirubin and albumin. The same tests
were performed on blood collected from the splenic vein
after splenic artery ligation (FIGURE 1) and from peripheral
blood immediately after the operation.

Statistical analysis was performed using the
nonparametric Mann Whitney test and the Shapiro Wilks
normality test '2?°. The level of significance was greater
than 95% (p <0.05) 2"

RESULTS

The age of patients ranged from 17 to 65 years,
mean 44 + 13; there were 11 men and nine women. Three
patients underwent subtotal splenectomy, and the others,
total splenectomy. Operative time ranged from 180 to 330
minutes, with a mean of 259 + 42 minutes. The length of
stay ranged from 4 to 10 days, with a mean of 6 £ 2. No
patient had postoperative complications.

During preoperative evaluation,
thrombocytopenia (<150,000 platelets/mm?3) occurred in 20
(100%) individuals, leukopenia (<4,000 cells/mm?) was
observed in 19 (95%) and anemia (<12 g/dl) was found in
14 (70%). The prothrombin time was less than 70% in 10
patients (50% of cases). Only one patient had a dose of
albumin below 3.5 g/dI. Direct bilirubin was below 0.4 g/dI
in all patients and only four (20%) had indirect bilirubin
greater than 0.9 g/dl, the highest value being 1.8 g/dI (Table
1).

The values of the number of red blood cells (p
= 0.01), hemoglobin (p = 0.04), hematocrit (p = 0.03),
platelet count (p = 0.00), total leukocyte (p = 0 00),
neutrophils (p = 0.00), lymphocytes (p = 0.00), monocytes
(p = 0.00), eosinophils (p = 0.00), basophils (p = 0.00) and
INR (p = 0.02) were higher in the splenic effluent compared

Figure 1 -

Puncture and collection blood from the splenic vein.

with the preoperative peripheral blood. The comparison of
the splenic blood with the postoperative peripheral blood
showed differences only in the global leukocyte count (p =
0.04) and its neutrophil component (p = 0.00), which were
higher in the splenic effluent. Variables of blood count
showed no difference.

In the comparative analysis of peripheral
blood pre and postoperatively, there was an increase
in the number of red blood cells (p = 0.03), platelet
count (p = 0.00), total leukocyte (p = 0.00), number
of neutrophils (p = 0.00) and monocytes (p = 0.00) at
the end of the operation. The other parameters showed
no difference.

There was a reduction of albumin in the
postoperative peripheral blood relative to its values in the
splenic vein and preoperative peripheral blood (p = 0.04
and p = 0.00, respectively). The analysis of bilirubin showed
higher postoperative values of direct bilirubin compared
with the preoperative and splenic effluent (p = 0.03 and p
=0.01, respectively). The indirect bilirubin level was higher
in the splenic blood and decreased in the postoperative
peripheral blood in relation to the splenic vein blood (p =
0.01).

DISCUSSION

The splenic artery ligation in early splenectomy
allows the output of blood by the spleen splenic vein and
reduces the size of the spleen due to the inflow of splenic
blood into the portal circulation 222>, According to the
literature during the removal of larger spleens there is inflow
of more than 500 ml of whole blood '. However, the
characteristics of the blood exiting the spleen and its effects
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Table 1 - Results of hematological and biochemical tests in peripheral blood and in the splenic vein effluent blood of the 20
patients undergoing surgical treatment for schistosomatic hypertension.
Exams Preoperative Splenic Vein Postoperative
RBCs (109mm?) 448 + 0.43" 474 + 0.64" 475 + 1.04**
Hemoglobina(g/dl) 11.80 = 1.76" 12.48 + 2.49* 12.26 2.58*
Hematocrit (%) 3583 3.96° 39.50 + 8.50** 39.35 + 10.75**
Platelets(cel/mm?3) 50050.00 + 22530.62° 128052.00 + 50860.89* 115500.00 + 107000.00**
Total leukocyte count (cells/mm?3) 1900 + 1542.50™" 10131.05 =+ 5310.68* 14133.00 = 4890.00*
Neutrophils (cells/mm?3) 1320.00 + 1070.00™ 5020.00 £+ 7115.00** 12073.11 = 4258.93*
Lymphocytes (cells/mm?3) 523.79 = 245.617 1690.00 £ 2580.00** 510.00 = 258.50**
Monocytes (cells/mm?) 140.00 = 129.00™ 310.00 + 470.00** 570.00 = 783.00**
Eosinophils (cells/mm?3) 70.00 = 105.00"" 220.00 £ 180.00** 0.00 = 0.00**
Basophils (cells/mm?) 0.00 12.50™ 30.00 + 20.00** 5.00 + 19.25**
INR ™ 1.30 = 0.157 147 + 0.19* 132+ 0.28**
Prothrombin activity (%) 68.70 = 14.66" 54.46 + 12.58* 61.83 = 17.26%
Albumin (g/dl) 430 = 1.00™ 3.58 = 0.52* 3.30 = 0.73**
Direct bilirubin (mg/dl) 0.10 = 0.00™" 0.10 = 0.10** 0.20 = 0.23**
Indirect bilirubin (mg/dl) 0.69 + 0.49° 0.72 = 0.51* 0.51 = 0.39*

Shapiro Wilks normality test used to characterize the variables.
* - Mean + standard deviation for parametric variables.

** - Median = interquartile range for nonparametric variables.
*** _ INR: international normalized ratio

on the peripheral circulation had not been studied. As for
the biochemical tests, preservation of liver function is in
line with the literature 2627,

The findings of this study support the hypothesis
that correction of cytopenias starts perioperatively and can
be observed soon after the operation. The higher values
of blood elements in the splenic effluent blood compared
with preoperative one suggest that the splenic blood after
splenic artery ligation is self-infused. At the same time there
is reduction in the size of the spleen, which becomes
softened .

The increase in total number of leukocytes and
their neutrophilic component in the postoperative peripheral
blood suggests acute response to surgical trauma. However,
even the infusion of 500 ml of splenic blood is not sufficient
to raise the values of peripheral blood elements to the
levels achieved in the postoperative period, which are close
to the values of the effluent. It is worth considering the
dilution of elements present in the splenic blood in about
five liters of the systemic circulation of the adult "?8. Even
in the presence of leukopenia, sepsis is not registered in
these patients 16710,

Therefore, the spleen may have only a partial
role in elevating the blood levels observed postoperatively.
There is the possibility that the increased spleen possesses
a factor that inhibits the release of blood proteins from the
bone marrow into the blood stream. This theory being true,
partial or total splenectomy would be accompanied by
splenic infusion of blood elements from the bone marrow,
with increased values in the peripheral blood.

The blood from the spleen does not appear to
influence the values of coagulation. Thus, the observed
large increase in coagulation parameters cannot be
attributed to the splenic blood. Coagulation factors are
produced in hepatocytes and bone marrow to be released
into the circulation as needed,, even though their
pathophysiology is not well understood 7% Even when
these factors are low in the circulation, there is no clinical
manifestation of coagulopathy, as observed in all patients
of this study.

The reduction of postoperative albumin is in
agreement with previous studies, which showed a decrease
after medium and large operations, as part of the systemic
response to surgical trauma .

Given the lack of relationship between the various
structures of the mononuclear phagocyte system and its
influence on blood elements, more research is needed to
understand the mechanism of blood control and the role of
the spleen in the process.

In conclusion, haematological and
biochemical values of the splenic effluent blood are
higher than those found in the peripheral blood.
However, the splenic effluent is not sufficient to raise
the hematological values found in the peripheral blood
after splenectomy.
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RESUMDPO

Objetivo: verificar valores hematoldgicos e bioquimicos do sangue efluido do baco e avaliar a sua influéncia na elevacdo
dos valores hematoldgicos apds esplenectomia. Métodos: foram estudados 20 pacientes submetidos ao tratamento cirdr-
gico para hipertensdo porta esquistossomdatica. Foram coletadas amostras sanguineas para hemograma, coagulograma,
bilirrubinas e albumina na veia esplénica (peroperatdrio) e no sangue periférico (pré e pos-operatérios imediatos). Resulta-
dos: o sangue esplénico apresentou valores maiores de: hemdcias, hemoglobina, hematocrito, contagem de plaquetas,
global de leucdcitos, neutrdfilos, linfécitos, mondcitos, eosindfilos e basdfilos, bem como redugdo dos pardmetros laboratoriais
da coagulacdo em relacdo ao sangue periférico colhido no pré-operatério. No sangue periférico pds-operatério, houve
aumento do global de leucdcitos e de seu componente neutrofilico, além de reducdo dos valores de basdfilos, eosindfilos e
linfécitos. As demais varidveis do hemograma e do coagulograma pds-operatérios ndo foram diferentes na comparagdo com
0 sangue esplénico. Os valores da albumina foram menores no pods-operatério em relacdo ao pré-operatério e sangue
esplénico. Houve valores maiores para a bilirrubina direta pds-operatéria em relacdo a pré-operatéria e a do sangue
esplénico. A bilirrubina indireta pds-operatéria foi menor em relacdo ao seu valor no sangue esplénico. Conclusédo: os
valores hematoldgicos e bioquimicos do sangue efluido do baco sdo superiores aos encontrados no sangue periférico em
presenca de esplenomegalia esquistossomética. Entretanto, o efluente sanguineo esplénico ndo é suficiente para elevar os
niveis sanguineos encontrados apds esplenectomia.

Descritores: Sangue. Baco. Células sanguineas. Hipertensdo portal. Transfusdo de sangue autdloga. Veia esplénica.

REFERENCES

Petroianu A. O Baco. Sao Paulo: CLR Balieiro; 2003.

Alves Jr A, Fontes D, Melo V, Machado M, Cruz J, Santos E.
Hipertensdo portal esquistossomatica: influéncia do fluxo sangui-
neo portal nos niveis séricos das enzimas hepaticas. Arq
Gastroenterol. 2003;40(4):203-8.

Petroianu A. Tratamento cirdrgico da hipertensdo porta na
esquistossomose mansoni. Rev Soc Bras Med Trop. 2003;36(2):253-
65.

Sipka Jr S, Brath E, Toth FF, Aleksza M, Kulcsar A, Fabian A, et al.
Cellular and serological changes in the peripheral blood of
splenectomized and spleen autotransplanted mice. Transpl
Immunol. 2006;16(2):99-104.

Sipka S, Brath E, Toth FF, Fabian A, Krizsan C, Barath S, et al.
Distribution of peripheral blood cells in mice after splenectomy or
autotransplantation. Microsurgery. 2006;26(1):43-9.

Petroianu A, Oliveira AE, Alberti LR. “Hiperesplenismo” em hiper-
tensdo porta por esquistossomose mansonica. Rev Bras Hematol

mansonic schistosomiasis. Acta Trop. 2007;101(3):183-6.

16.

17.

18.

19.

Ferraz AAB, Lopes EPA, Araujo Junior JGC, Lima BA, Cantarelli F,
Ferraz EM. Peso do baco como fator prognostico do tratamento
cirtrgico de pacientes portadores de esquistossomose mansonica.
Rev Col Bras Cir. 2002;29(1):29-35.

Gielchinsky VY, Elstein D, Hadas-Halpern |, Lahad A, Abrahamov A,
Zimran A. Is there a correlation between degree of splenomegaly,
symptoms and hypersplenism? A study of 218 patients with
Gaucher disease. Br J Haematol. 1999;106(3):812-6.

Miko I, Nemeth N, Sajtos E, Brath E, Peto K, Furka A, et al. Splenic
function and red blood cell deformability: the beneficial effects of
spleen autotransplantation in animal experiments. Clin Hemorheol
Microcirc. 2010;45(2-4):281-8.

Voieta |, de Queiroz LC, Andrade LM, Silva LC, Fontes VF, Barbosa
A Jr, et al. Imaging techniques and histology in the evaluation of
liver fibrosis in hepatosplenic schistosomiasis mansoni in Brazil: a
comparative study. Mem Inst Oswaldo Cruz. 2010;105(4):414-21.

. Feitosa M, Pires R. Diagnéstico bioquimico: principios e técnicas. In:

Erichsen E, Viana L, Faria R, Santos S, editores. Medicina
Laboratorial para o Clinico. Belo Horizonte: Coopmed; 2009. p.
41-8.

Hemoter. 2004;26(3):195-201. 21. Altman D, Machin D, Bryant T, Gardner M. Statistics with
Petroianu A, Oliveira AE, Alberti LR. Hypersplenism in schistosomatic confidence. Bristol: BMJ Books; 2000.

portal hypertension. Arch Med Res. 2005;36(5):496-501. 22. Bakovic D, Eterovic D, Saratlija-Novakovic Z, Palada I, Valic Z,
Wang Y. Surgical treatment of portal hypertension. Hepatobiliary Bilopavlovic N, et al. Effect of human splenic contraction on variation
Pancreat Dis Int. 2002;1(2):211-4. in circulating blood cell counts. Clin Exp Pharmacol Physiol.
Andraus W, Pinheiro RS, Haddad LB, Herman P, D'Albuquerque 2005;32(11):944-51.

LAC. The best approach for splenectomy in portal hypertension. 23. Bakovic D, Valic Z, Eterovic D, Vukovic |, Obad A, Marinovic-Terzic
Surgery. 2011;149(6):853. I, et al. Spleen volume and blood flow response to repeated breath-

. Petroianu A, Resende V, Silva RG. Late follow-up of patients hold apneas. J Appl Physiol. 2003;95(4):1460-6.
submitted to subtotal splenectomy. Int J Surg. 2006;4(3):173-8. 24. Bau PC, Cavazolla SA, Souza HP, Garicochea B. Preoperative

. Speck B, Tichelli A, Widmer E, Harder F, Kissling M, Wursch A, et al. embolization of the splenic artery in patients that underwent
Splenectomy as an adjuvant measure in the treatment of severe splenectomy for immune thrombocytopenic purpura. Acta Cir Bras.
aplastic anaemia. Br J Haematol. 1996;92(4):818-24. 2007;22(6):470-3.

. Paes C, Xavier S, Carvalho T. Diagndstico hematoldgico: principios 25. Justo CRE, Brandt CT, Lucena MT, Jales M. Effect of splenectomy
e técnicas. In: Erichsen E, Viana L, Faria R, Santos S, editores. and ligature of the left gastric vein on portal hypertensive colopathy
Medicina Laboratorial para o Clinico. Belo Horizonte: Coopmed; in carriers of surgical hepatosplenic schistosomiasis mansoni. Acta
2009. p. 29-40. Cir Bras. 2005;20(1):9-14.

. Blanchard TJ. Schistosomiasis. Travel Med Infect Dis. 2004;2(1):5- 26. Borges DR, Manoukian N. Avaliacdo da funcdo hepatica de sinte-
11. se proteica na hepatopatia esquistossomotica compensada e na

. Sturrock RF. Schistosomiasis epidemiology and control: how did cirrose. Rev Assoc Med Bras. 1987;33(1/2):3-6.
we get here and where should we go? Mem Inst Oswaldo Cruz. 27. Ferraz A, Lopes E, Silveira M, Silva L, Ferraz E. Tratamento cirur-
2001;96 Suppl 1:17-27. gico da hipertensdo portal esquistossomatica no HC/UFPE: analise

. Maia MD, Lopes EP, Ferraz AA, Barros FM, Domingues AL, Ferraz de 131 casos. Rev Col Bras Cir. 2000;27(5):332-7.

EM. Evaluation of splenomegaly in the hepatosplenic form of 28. Neto JBR. Choque em cirurgia. In: Petroianu A, editor. Clinica

Cirtrgica. Rio de Janeiro: Revinter; 2001. p. 40-55.

Rev. Col. Bras. Cir. 2014, 41(3): 176-180



Petroianu
180 Haematological and biochemical characteristics of the splenic effluent blood in schistosomal patients undergoing splenectomy

29. Petroianu A, Alberti LR, Zac RI, Andrade Junior JCCG. Influéncia do Address for correspondence:
trauma cirdrgico na concentracdo sérica de albumina no pos- Andy Petroianu
operatério imediato. Rev Col Bras Cir. 2004;31(3):194-9. E-mail: petroian@gmail.com

Received on 19/04/2013

Accepted for publication 31/05/2013
Conflict of interest: none.

Source of funding: CNPq and FAPEMIG

Rev. Col. Bras. Cir. 2014, 41(3): 176-180





