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Blood transfusion during haemodialysis improves systemic
tissue oxygenation: A case report

La transfusion de sangre durante la hemodidlisis mejora la
oxigenacion sistémica del tejido: un reporte de un caso

Dear Editor,

Tissue oxygenation is maintained through various mecha-
nisms, includingblood pressure, circulating blood volume, and
hemoglobin (Hb) concentration. In particular, Hbitself is consi-
dered an important factor because of its oxygen transportation
function to systemic organs. Therefore, it is evident that oxy-
gen supply would decrease in a severe anemic state.! Recent
reports have demonstrated the measurement of regional oxy-
gen saturation (rSOy), a real-time marker of tissue oxygenation
using near-infrared spectroscopy (NIRS).>® Measurement of
rSO, by using NIRS is a straightforward non-invasive pro-
cedure, which can be performed continuously. Nevertheless,
only a few studies have investigated the association between
systemic tissue oxygenation and the increase in Hb levels after
blood transfusion in hemodialysis (HD) patients. In the current
case study, we were able to monitor changes in the rSO; of
brain, liver, and lower-limb muscles during HD with and wit-
hout blood transfusion.

A 79-year-old woman undergoing HD was admitted to
our hospital with acute obstructive suppurative cholangi-
tis. Upon admission, we administered intravenous antibiotics
and performed endoscopic biliary drainage, which resulted
in a gradual improvement of her symptoms. Her anemia
had been previously managed with an erythropoietin-beta
(30001U/session, 3 times/week); however, her Hb levels decrea-
sed to 6.8 g/dL. Therefore, blood transfusion during HD was
performed. She provided written informed consent to parti-
cipate in monitoring of her systemic rSO, during HD with or
without blood transfusion. The rSO, levels were monitored
at the forehead, right hypochondriac region above the liver,
and lower leg above the gastrocnemii muscles by using the
INVOS 5100c (Covidien Japan). She received a transfusion of
560 mL of concentrated red blood cells during HD and her Hb
levels increased from 6.8 to 10.0 g/dL after HD (Table 1). Furt-
hermore, we compared the time course of rSO, ratio in each
organ, with and without blood transfusion. The rSO; ratio was
defined as the ratio of SO, values at t (min) during HD and ini-
tial rSO, value before HD. As shown in Fig. 1, the changes in
rSO, ratio during HD without blood transfusion were modest
in each organ, whereas the rSO; ratio at each organ increased
with blood transfusion, particularly in cerebral and hepatic
regions.

In the world including United States, Europe, and Japan
in around 1990, the use of erythropoiesis stimulating agents
(ESA) in clinical settings was approved, which dramatically
improved the Hb levels in patients with HD. However, even
in the present day, blood transfusion during HD is still ne-
cessary for improving Hb levels in HD patients with severe
anemia. Indeed, in comparison of blood transfusion frequency
between ESA responsive and hyporesponsive HD patients,
hyporesponsive patients had approximately 5 to 7-fold higher
burden of blood transfusion than those with responsiveness.*
In addition, changes in systemic oxygenation induced by blood
transfusion during HD have not been investigated extensively.

The brain has an auto-regulatory mechanism to main-
tain cerebral oxygenation. In HD patients, normalization of

Table 1 - Vital signs and laboratory findings under HD
with or without blood transfusion.

HD without HD with blood
blood transfusion
transfusion
Body weight, kg
Before 59.0 58.9
After 57.8 57.9
BP, mmHg
Before 147/71 118/93
After 149/74 173/75
Pulse, beats/min
Before 78 85
After 77 75
Hb, g/dL
Before 7.1 6.8
After 7.2 10.0
BUN, mg/dL
Before 38 26
After 7 5
Cr, mg/dL
Before 4.3 3.7
After 1.0 0.9
Albumin, g/dL
Before 2.9 2.8
After 3.0 3.0

BP, blood pressure; BUN, blood urea nitrogen; Cr, creatinine; Hb,
hemoglobin; HD, hemodialysis.
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Fig. 1 - Changes in regional oxygen saturation (rSO;) of the
forehead (A), liver (B), and lower leg (C) as per the
oxygenation values of cerebral, hepatic, and muscle tissue,
respectively, under hemodialysis (HD) with or without
blood transfusion. rSO, ratio is defined as the ratio of rSO,
value at t (min) during HD and the initial rSO; value before
HD (rSO; at t (min) during HD/initial rSO, before HD).

hematocrit by ESA did not increase cerebral oxygenation.’
Moreover, cerebral oxygenation in these patients was well-
maintained when compared to pre-dialysis patients,® and
cerebral rSO; values did not change by ultrafiltration under
well-managed Hb levels.” In the present case, SO, values
did not change in any organ during HD without blood trans-
fusion, which is similar to a previous report.” On the other
hand, each rSO, values improved with an increase in Hb le-
vels after blood transfusion. Particularly in the brain, oxygen
supply decreases in patients with severe anemia’; further-
more, acute anemia by phlebotomy induces the deterioration
of intracellular oxygen reactions in mice.? Thus, presence of
severe anemia may lead to a decrease in cerebral oxygenation
despite the auto-regulatory mechanism of the brain. There-
fore, the improvement of cerebral oxygenation after blood
transfusion could be explained by the increase of oxygen-
carrying capacity, which is associated with the increase in Hb
levels.

Regarding the changes in rSO, of each organ after
blood transfusion, the improvement of lower-limb muscular
rSO, was relatively lower than that of cerebral and hepa-
tic SO, even in this case without peripheral artery di-
sease. In HD patients, the prevalence of subclinical peripheral
artery disease reached around 20-25%,” and its presence may
directly influence the lower-limb muscular rSO; via a decrease
in oxygen supply induced by the dysfunction of macro- and
micro-circulation. Furthermore, the skeletal muscle index has
been reported to be lower in HD patients than in healthy
subjects.' Therefore, the changes in lower-limb muscular
rSO, value during HD might be influenced by the circula-
tory impairment and skeletal muscle weakness. However, the

mechanism responsible for the differences in rSO, improve-
ment between different organs, induced by blood transfusion
during HD, remains unclear and requires further investigation.

Our study suggests that blood transfusion during HD could
be an effective method to improve tissue oxygenation, parti-
cularly cerebral and hepatic oxygenation in HD patients with
severe anemia.
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Afectacion glomerular en paciente con enfermedad

falciforme

Glomerular involvement in patient with sickle cell disease

Sr. Director:

La nefropatia falciforme (NF) es una de las complicaciones que
la enfermedad falciforme (EF) puede provocar por la propen-
sién de la hemoglobina S desoxigenada a la polimerizacién
en la médula interna renal, dadas sus condiciones fisio-
légicas especiales (hiperosmolaridad, hipoxia y acidosis)®?,
que contribuye a los fenémenos vasooclusivos tipicos de la
enfermedad?.

La insuficiencia renal crénica y la proteinuria son los fac-
tores de riesgo asociados a un incremento de mortalidad en
estos pacientes?, y la albuminuria, el marcador inicial de glo-
merulopatia asociada a la EF, cuya expresién mds frecuente
es en forma de glomeruloesclerosis focal y segmentaria (GME
FyS)>°. La biopsia renal estd indicada en los casos en los que
se sospecha glomerulopatia.

Presentamos el caso de un varén de 30 afos y raza blanca,
con antecedentes de drepanocitosis homocigota que trata con
hidroxiurea y deferasirox, desarrolla 1-2 crisis anuales, sin
repercusién renal hasta ese momento. Fumador de 3 cigarri-
llos/dia.

Es derivado a consulta por proteinuria de 2,75¢g en orina
de 24h (microalbuminuria: 1,5 g/24 h). El sistematico de orina
muestra densidad: 1006, ph: 5,5, proteinuria 100 mg/dl y sedi-
mento normal; la funcién renal es a priori normal (Cr: 0,7 mg/dl
y MDRD > 60 ml/min); presenta Hb: 10,8 g/dl; Hto: 30% (IST: 80%;
acido fdlico: 8,2 ng/ml; VitB: 570 pg/ml) y PCR: 6,6 mg/1. El estu-
dio ampliado con autoinmunidad y virus de la hepatitis C
y B, asi como VIH resulta negativo. En la ecografia abdomi-
nal, los rifiones no tienen alteraciones morfoldgicas y el bazo
es pequeno con aumento difuso de ecogenicidad sugiriendo
fibrosis tras infartos esplénicos repetidos.

Comprobada por segunda vez el nivel de proteinuria, se
decide biopsia renal objetivindose hipertrofia glomerular sin
esclerosis, con expansién de los capilares glomerulares y pre-
sencia de hematies falciformes en su interior (fig. 1). Los
tubulos presentan células cargadas de hemosiderina con la

tincién de Perls y ocasionales dreas de atrofia asociadas a
fibrosis con el tricrémico (fig. 2 A y B). Los vasos intersticia-
les no revelan alteraciones y la inmunofluorescencia directa
ausencia de dep6sitos.

El paciente es diagnosticado de glomerulopatia especi-
fica de la EF. Inicié tratamiento con valsartdn 80mg/dia
consiguiendo un descenso de proteinuria a 1,6 g/24 h (microal-
buminuria: 1,1g/24h) después de un ano y presién arterial
media 111/63mmHg por AMPA, no pudiéndose incre-
mentar dosis de ARA-II ni hacer doble bloqueo del
sistema renina-angiotensina por hipotensién sintomatica.
En la actualidad, la funcién renal se mantiene con Cr:
0,64 mg/dl (MDRD >60 ml/min; CKD-EPI: 130 ml/min), fésforo
sérico 5mg/dl (reabsorcién tubular de fosfatos: 0,9; reabsor-
cién tubular de urato: 0,9) y sedimento urinario persiste
normal.
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Figura 1 - Hematoxilina eosina. Hipertrofia glomerular.
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