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ABSTRACT

Introduction: In Brazil, hemotherapy was started as a medical specialty in the 1940s in the Rio de
Janeiro and Sao Paulo axis with the inauguration of the first Blood Bank at the Fernandes Figueira
Institute. As a governmental initiative, Law n. 1,075/1950/MS, which provides for the voluntary
donation of blood, was promulgated, culminating with the Law n. 10,205/2001, which regulated
paragraph 4 of article 199 of the Federal Constitution, regarding collection, processing, storage,
distribution and application of blood and its components. Among the components obtained in the
Hemotherapy Services, we can highlight the frozen fresh plasma (FFP) that can be transfused
and, when becoming a surplus of the therapy, continue to be used to produce industrialized blood
products. Objective: This study intends to demonstrate the most relevant aspects regarding the
recovery of factor VIl content, in the FFP units collected in 72 Hemotherapy Services visited in
the country, aiming at its safe and effective use both for therapeutic use and as a pharmaceutical
input in the production of blood products. Method: The methodology adopted included five steps:
Elaboration and validation of the questionnaire applied; Selection of Hemotherapy Services to be
visited; Analysis of quality indicators according to the Donabedian Triad; Collection, packaging
and transport of FFP units; Analysis of the Factor VIII content in the FFP units collected during
the technical visit during the period from 2013 to 2015. Results: Among the results obtained,
it is important to highlight the concentration of factor VIII (IU/mL), in the FFP units, with the
following results: mean 0.68; standard deviation 0.32; coefficient of variation 47.1%, confidence
interval 0.64 to 0.71. Conclusions: factor VIl content greater than or equal to 0.70 IU/mL was
found in 38.5% of FFP units, as specified in the Brazilian Pharmacopoeia, which can and should
be used as a pharmaceutical input in the production of blood products. It was also found a
disposal of approximately 500 million IU/mL of factor VI, which represents 83.0% of the annual
acquisition by the Ministry of Health of Concentrate of factor VIII for medical uses. Such use could
generate significant savings in public coffers.

KEYWORDS: Frozen Fresh Plasma; Hemotherapy Services; Recovery of Factor VIII Content

RESUMO

Introdugéo: No Brasil, a pratica hemoterapica foi iniciada como especialidade médica, na
década de 1940, no eixo Rio de Janeiro e Sao Paulo com a inauguracéo do primeiro Banco de
Sangue no Instituto Fernandes Figueira. Como iniciativa governamental, foi promulgada pelo
Ministério da Salde a Lein° 1.075, de 27 de marco de 1950, que dispde sobre a doacao voluntaria
de sangue, culminando com a Lei n° 10.205, de 21 de marco de 2001, que regulamentou o
paragrafo 4° do artigo 199 da Constituicdo Federal, relativo a coleta, processamento,
estocagem, distribuicao e aplicacdo do sangue e seus componentes. Dentre os componentes
obtidos nos Servicos de Hemoterapia destaca-se o plasma fresco congelado (PFC) que pode
ser transfundido e quando excedente da terapia, seguir para ser beneficiado a medicamentos
hemoderivados industrializados. Objetivo: Desta forma, este estudo pretende demonstrar os
aspectos mais relevantes relativos a recuperagao do teor de fator VI, nas unidades de PFC
coletadas em 72 Servicos de Hemoterapia visitados no pais, visando seu aproveitamento seguro
e eficaz tanto para o uso terapéutico, quanto como insumo farmacéutico na producdo de
medicamentos hemoderivados. Método: A metodologia adotada compreendeu cinco etapas:
Elaboracgdo e validacdo do questionario aplicado; Selecdo dos Servicos de Hemoterapia a
serem visitados; Analise dos indicadores de qualidade segundo a Triade de Donabedian; Coleta,
acondicionamento e transporte das unidades de PFC; Analise do teor de fator VIII nas unidades
de PFC coletadas durante a visita técnica, no periodo de 2013 a 2015. Resultados: Dentre os
resultados obtidos, destaca-se a analise do teor de fator VIII (Ul/mL) nas unidades de PFC,
com os seguintes resultados: média de 0,68; desvio-padrao de 0,32; coeficiente de variacao
de 47,1%, intervalo de confianca de 0,64 a 0,71. Conclusdes: O teor de fator VIII superior ou
igual a 0,70 UI/mL foi encontrado em 38,5% das unidades de PFC, conforme especificado na
Farmacopeia Brasileira e esses podem e devem ser utilizados como insumo farmacéutico na
producdo de medicamentos hemoderivados. Este estudo também evidenciou o descarte de
aproximadamente 500 milh6es de Ul/mL de fator VIl o que representa 83,0% da aquisicao anual,
pelo Ministério da Salde, do medicamento Concentrado de fator VIII. Essa utilizacdo poderia
gerar uma expressiva economia aos cofres publicos.

PALAVRAS-CHAVE: Plasma Fresco Congelado; Servicos de Hemoterapia; Recuperacao do
Teor de Fator VIl
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INTRODUCTION

Since the dawn of mankind, human blood has fascinated men
because it is associated with the concept of the right to life and
linked to ethical and moral values, which make blood a men’s
patrimony'. Whole blood and blood products are vital in medical
procedures and are therefore considered essential technologies?.

Blood transfusion for different therapeutic proposals has a rel-
atively recent origin. This practice became more widespread
during World War I, but the concept of transfusion dates back to
a long time ago. There are reports on the subject by Hippocrates
430 years before Christ. The earliest report of the modern era is
from 1492 and refers to a transfusion to Pope Innocent VIII, who
probably suffered from chronic kidney disease?.

In 1937, Bernard Fantus, from Chicago’s Cook County Hospital,
established the first Blood Bank in which blood was collected
in glass vials and stored in refrigerators for more than 10 days.
In 1941, Phillip Levine discovered the Rhesus (Rh) system,
associated with the fatal condition of hemolytic disease in
newborns. In 1943, Loutit and Mollison developed the ade-
nine citrate dextrose (ACD) anticoagulant solution, extend-
ing the life of red blood cells. In 1944, Edwin Cohn and his
collaborators developed plasma fractionation into different
protein fractions®.

In Brazil, the practice of hemotherapy became a medical spe-
cialty in the 1940s, in Rio de Janeiro and Sao Paulo. On Decem-
ber 7, 1942, the first Blood Bank was open at the Fernandes
Figueira Institute (Rio de Janeiro) to obtain blood for this hospi-
tal, as well as to support the war effort by sending human plasma
to battlefront hospitals®.

After the beginning of this practice, the Brazilian Ministry of
Health enacted Law n. 1.075, of March 27, 1950, which pro-
vides for voluntary blood donation®. However, over the years,
Blood Banks opted for paid donations, which encouraged and
increased the occurrence of donors like beggars, alcoholics
and patients with infectious diseases’. Furthermore, there
was an increase in the number of small blood collection banks
that operated unethically, without quality standards and with-
out inspection’?.

To regulate this practice and control the blood collected and
transfused in Brazil, the National Commission of Hemotherapy
(CNH) was created in 1964. In 1976, it was renamed as the
National Council of Hemotherapy (CTH) of the National Health
Council (CNS), with normative and advisory functions®®. This
Commission prepared the first normative instrument in this
area in Brazil. Its scope ranged from the registration of insti-
tutions that performed hemotherapy activities to the export of
human plasma®. Law n. 4.701 was enacted on June 28, 1965. It
regulated hemotherapy activities in Brazil and determined the
principles of the National Blood Policy, like: unpaid voluntary
donation, donor and recipient protection measures, organiza-
tion of the collection, storage and distribution of blood and
blood components'®.
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In the 1970s, two important laws for health surveillance activi-
ties were enacted: Law n. 6.360, of September 23, 1976, which
provides for the health surveillance of medicines, drugs, phar-
maceutical and related ingredients, cosmetics, sanitizers and
other products; and Law n. 6.437, of August 20, 19772, which
specifies the violations of federal health legislation, establishes
sanctions and other measures that are in force up to today. It is
noteworthy that quality deviations are regulated by these laws
up to today'"'2.

In 1980, CTH was replaced by the National Blood and Blood
Products Program (Pro-Sangue), created by Interministerial
Ordinance n. 7, of April 30, 1980, of the Ministry of Health and
Social Security, as a special program that instituted the Blood
Centers - Public Blood Banks, proposing a total reorganization of
blood therapy activities. This ordinance can be seen as an official
response to the growing dissatisfaction of the society with the
system’s poor control'3.

The 1990s witnessed the promulgation of Ordinance n. 1.376, of
September 19, 19934, which provides for the technical standards
for the collection, processing and transfusion of blood, compo-
nents and derivatives, and Ordinance n. 121, of November 24,
1995%, which provides for the rules for implementation, over-
sight and inspection of Hemotherapy Units. Their objective is to
guarantee the safety of the products, as well as the organization
of hemotherapy activities. When any irregularity or quality devi-
ation is found, the service is fined or shut down, based on Law
n. 6.437/7712,

In 2001, Law n. 10.205, of March 21, was enacted. It regulated
paragraph 4 of article 199 of the Federal Constitution, concern-
ing the collection, processing, storage, distribution and applica-
tion of blood and its components, establishing the institutional
order indispensable for the execution of these activities'. Arti-
cle 23 of Law n. 10.205/2001 allows non-therapeutic apheresis
only for the purpose of obtaining blood products. This can be
done exclusively by the public sector and the activity is regu-
lated by a specific standard, which defines fresh frozen plasma
(FFP) as a pharmaceutical ingredient for the production of blood
products. However, this is not in practice yet'®.

Currently, hemotherapy activities are regulated by the following
laws: Resolution of the Collegiate Board (RDC) n. 34, of June
11, 2014, which provides for Blood Cycle Good Practices, and
Consolidation Ordinance n. 5, of September 28, 2017'¢, which
deals with the consolidation of the rules on health initiatives and
services of the Unified Health System (SUS)'®.

Therefore, from 1995 until the current regulation, the country’s
Hemotherapy Services (HS) are regularly inspected at least once
ayear by state Health Surveillance agencies (VISA), together with
the National Health Surveillance Agency (Anvisa) of the Ministry
of Health, with the objective of reducing the health risk of prod-
ucts obtained from donated and collected whole blood. These
are called blood components and include packed red blood cells,
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fresh frozen plasma, platelet concentrate, i.e. the main blood
components authorized for consumption' -1,

The object of this study is the human plasma that preserves
the factor VIII content within the specification, the so-called
FFP'. When the plasma is not properly preserved or when the
fraction called cryoprecipitate (which contains factor VIIl) has
been removed, this plasma is called common plasma (CP)".
For preservation and later recovery of the most important
fraction of plasma, factor VIIl, among other fractions involved
in blood coagulation, satisfactory conditions in the handling
and processing of plasma are required, such as proper collec-
tion, fractionation, freezing and storage'-'®. Therefore, FFP
is the plasma obtained by apheresis or from a whole blood
unit by centrifugation, completely frozen within 24 h after
collection, in order to recover factor VIII':'8, Coagulation
factor VIII, also called antihemophilic factor, is a labile pro-
tein, essential for the treatment of Hemophilia A, an X-linked
hemorrhagic disease!'®1.

The whole process of fractionation of FFP units, including careful
donor selection, clinical, hematological, serological screening,
storage, distribution and use, requires clear rules for constant
monitoring and an instrument for monitoring, evaluation and
control of products under health surveillance! 18,

Careful donor selection and serological control are intended
to minimize the risk of blood component contamination with
infectious diseases''®. |t should be noted that each unit of
whole blood collected with approximately 500 mL and, con-
comitantly, different fractionated blood components is indi-
vidually assessed by serological tests for the presence of:
HIV-1/2 including group O; hepatitis B and hepatitis C antigen
and antibody; anti-HTLV-I/1l; Chagas disease and syphilis, as
well as molecular testing for HIV, HBV and HCV, according to
current legislation @,

After freezing, FFP can follow three distinct pathways: be trans-
fused as such; be fractionated to cryoprecipitate, which con-
tains coagulation factor VIIl and also be transfused; or go to the
industry to be processed into blood products. FFP-derived drugs
are: human albumin, normal or specific human immunoglobulin,
factor VIl concentrate, factor IX concentrate, prothrombin com-
plex, biological glue, among others'”'8.

Thus, FFP is the active pharmaceutical ingredient (API) for the
production of blood products. Like any drug, it is fundamental
to intervene in the evolution of diseases, aiming at curing or
minimizing their effects on the human body'”-'.

According to Said, drugs are some of the most powerful ways mod-
ern medicine has to treat diseases. However, just as they can cure
or alleviate disease, they can also cause health problems .

Fresh frozen plasma as an active pharmaceutical ingredient

Human plasma is the aqueous component of the blood, consist-
ing of approximately 85% - 90% water. It accounts for 6% to 8% of
total body water, between 40-50 mL/kg of body weight, and has
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various constituents, like proteins, nutrients, crystalloids, hor-
mones and vitamins?'. FFP is plasma obtained in two ways: frac-
tionated from the whole blood unit, centrifuged and separated
and rapidly frozen to a volume of 150 mL or more, with waiting
time between collection and freezing recommended in national
and international literature between 6 and 24 h'":18,

As for how to obtain FFP, the international concept considers
two ways: Source Plasma and Recovered Plasma. Source Plasma
is the FFP obtained by apheresis, a fully automated proce-
dure that allows the plasma to be collected directly from the
donor and at the same time red blood cells return to circula-
tion, while the plasma is immediately frozen. The frequency
of donation can be twice a week in the USA and up to 24 times
a year in Europe, with a volume between 600 and 800 mL2.
These donations are restricted to the production of blood prod-
ucts and these services are regularly controlled by the blood
product industry. A quarantine period of at least 60 days is also
adopted. If in this period the donor presents positive serol-
ogy, this plasma bag is discarded. In the USA, virtually all of
the plasma collected for the production of blood products is
obtained from Source Plasma (Plasma for Fractionation), as
specified by the Food and Drug Administration (FDA), and is
usually from paid donors?"22,

A second way to obtain FFP is the Recovered Plasma, obtained
by centrifugation and separation of whole blood, with a mini-
mum volume of 150 mL. This donation is of limited frequency,
two to four times a year, usually from unpaid donors. These ser-
vices are regularly controlled by the country’s health authority
and have no quarantine period, since blood donors are insuffi-
cient and this form of procurement is inspected by the coun-
try’s health authorities'” '@,

In Brazil, according to current legislation, FFP is obtained
from Recovered Plasma, collected from rigorously selected
altruistic donors''®,

FFP has different characteristics and specifications according to
the method of production, time between whole blood collection
and human plasma fractionation, freezing time and recovery of
factor VIl content, as shown in the Table.

As shown in the Table, different FFP specifications are
intended to recover the coagulant fraction, cryoprecipitate
or factor VIII. This protein is precipitated under extreme
heat shock conditions, so it is also called cryoprecipitate.
According to some authors, if the cryoprecipitate is fraction-
ated or stored outside the relevant specification, there can
be substantial loss of factor VIII?1:22:23,2425.2627  Therefore, the
blood component that has both therapeutic indication and
interest in the production of blood products is the FFP that
complies with the Brazilian Pharmacopoeia specification. It
is also called plasma for fractionation, regardless of how it
-is ObtainedZZ,ZZ,23,24,25,26,27,28'

The coagulant fraction of the FFP is essential for the production
of factor VIl concentrates and for patients with coagulopathies,
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Table. Differences in freezing time and temperature definitions and parameters for fresh frozen plasma.

Guideline

Specification of fresh frozen plasma unit

Freezing temperature (T) and
factor VIII content (FVIII)

FFP collected by apheresis or fractionated from whole blood up to 8 h before

freezing.
A-FFP24RT24 - defined as apheresis-collected plasma, stored for up to 24 h after
collection at room temperature and before freezing;

Blood Products Advisory
Committee/FDA%

No mention to the freezing
temperature or the FVIII content.

WB-FFP24RT24 - defined as plasma obtained from collected whole blood up to 24 h
after collection and before freezing.

American Association of
Blood Banks (AABB)*

United Kingdom?*

Council of Europe?
World Health
Organization?

RDC n. 46 of May 18,
20007

European
Pharmacopoeia?®

RDC n. 34/2014"7

FFP collected and separated from whole blood or collected by apheresis;
FFP24 is the plasma separated and frozen within 24 h.

FFP separated from whole blood and frozen within 8 h.

FFP collected and separated from whole and frozen blood within 8 h.

FFP is plasma separated from whole blood or apheresis collected within 24 hours
for the production of labile coagulation factors and stable plasma proteins.

FFP whose freezing process has been completed within 8 hours of collection.

FFP as plasma for fractionation separated from whole blood or by apheresis,
collected within 24 h and rapidly frozen.

FFP separated from whole blood by centrifugation or obtained by apheresis,
completely frozen within 8 h or between 8 and 24 h.

Temperature for PFC and FFP24
equal to or below -18°C;
No mention to the FVIII content.

No mention to the temperature; FVIII
content of 0.70 IU/mL in at least 75%
of the collected units.

Temperature of -70°C;
FVIII content equal to or greater
than 0.70 IU/mL.

Temperature of -20°C to -30°C;
FVIII content equal to or greater
than 0.70 IU/mL.

Temperature of -20°C or below;
No mention to the FVIII content.

Temperature of -20°C or below;
FVIII content equal to or greater
than 0.70 IU/mL.

Temperature of -20°C or below;
No mention to the FVIII content.

FFP separated from whole blood by centrifugation and frozen within 6 h.
FFP24 - plasma separated from a whole blood unit by centrifugation and completely
frozen between 8 and 24 h, maximum time for separation is 18 h after collection if

the whole blood unit is kept refrigerated at 4+/-2°C.

Consolidation Ordinance
n. 5/2017'

Cryoprecipitate-Free Plasma (CFP) - plasma from which cryoprecipitate has
been removed.

Temperature of -30°C or below;
No mention to the FVIII content.

Common Plasma (CP) - plasma whose freezing was not within the stated technical
specifications or resulting from the transformation of expired FFP or FFP24 or CFP.
It cannot be used for transfusion and is exclusively intended for the production of

blood products.

including Hemophilia A, an X-linked hereditary pathology, with
a frequency of 1:10,000 births, caused by factor VIl deficiency,
which makes blood coagulation difficult and favors the occur-
rence of bleeding and hemorrhages?:30:31,

FFP produced in the various Brazilian HS is intended for thera-
peutic use. Since its use is restricted, there is often overstocking
in these HS. This affects the maintenance of the cold network,
since the storage is done at temperatures below -20°C, at a cost
of approximately BRL 1 million per year. Additionally, it is a phar-
maceutical input for the production of blood products32.

Given this fact, by strategy and initiative of the Ministry of
Health, in 2004, through Law n. 10.972, of December 2, 2004,
the Brazilian Company of Hemoderivatives and Biotechnology
(Hemobras) was created with the objective of optimizing the use
of surplus FFP of therapeutic use, in order to achieve self-suffi-
ciency in the production of blood products®. Today, Hemobras,
considered the largest producer of blood products in Latin Amer-
ica, is not yet fully operational, but, according to the company’s
website, this is expected to happen by 2020.

According to the National Registry of Hemophiliacs of the Min-
istry of Health, Brazil has about 6,900 patients with Hemo-
philia A, and the factor VIII concentrate is essential for the
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survival of these patients. This supply is fully funded by
the SUS, and Brazil is one of the few countries to offer it
to patients free of charge®. To this end, the federal govern-
ment, through international bidding, acquires 100% of factor
VIl concentrates imported from Europe and the USA. Accord-
ing to Ministry of Health information, about 600,000,000 IU
of factor VIII are imported annually at the average cost of
USD 0.20/1U, totaling a financial impact of approximately USD
120,000,000 for the procurement of these drugs and for the
care of hemophiliac patients®. According to Soares, the liter
of FFP in international quotations costs about USD 70.00 to
USD 120.00, so Brazil is in a conundrum33:

[...] at the same time that it encourages voluntary blood
donation, that is, when the donor donates motivated
by the feeling of human solidarity and the exercise of
citizenship, it is disposing of thousands of liters of human
plasma every year*.

The discrepancy between the annual procurement of factor VIl
by the Ministry of Health and the annual disposal of thousands of
liters of FFP motivated the study on the quality and efficacy of
this input obtained in Brazilian HS, aiming at its safe and effec-
tive use for both therapeutic use and as a pharmaceutical ingre-
dient for the production of blood products.
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Therefore, this study aims to demonstrate the most relevant
aspects related to obtaining and recovering factor VIII content
in FFP units collected in 72 HS visited across the country. The
monitoring is intended to be an instrument of assessment for
health surveillance, understood as a set of measures adopted
by societies over time to reduce and prevent health problems in
the population®.

METHOD

Design and validation of the questionnaire

For the design and validation of the questionnaire applied at
the time of the technical visit, we used the Marconi and Lakatos
model containing the following characteristics: a) reliability: the
results will be the same, regardless of who applied it; b) validity:
the data collected are necessary for the research, c) effective:
accessible vocabulary with clear meaning®.

In the validation of the questionnaire some concepts were
revised, especially those regarding the quality indicators treated
as a unit of qualitative or quantitative analysis. These types of
analysis are used to represent or measure a problem, condition,
topic or event that has to be observed in a real situation®. The
revised questionnaire after the pre-test had information about
the quality indicators of the work processes.

Selection of hemotherapy services to be visited

The country’s HS are hierarchically organized at different levels
of complexity, as set forth in RDC n. 151, of August 21, 2001.
The Coordinating Blood Centers, located in the state capitals,
are considered of high complexity and perform the activities of
Donor Cycle and Blood Cycle®:

1. Donor Cycle: donor registration, clinical and hematologic
screening, whole blood collection'8;

2. Blood Cycle: fractionation of blood units collected in blood
components, serological and immunohematological scree-
ning, storage, distribution and transfusion''.

The Resolution also establishes Regional Blood Centers, Hemo-
nuclei, Collection and Transfusion Units and Transfusion Agen-
cies. The latter only performs the transfusion activity of the
collected blood and, in this study, services of this type were
not considered?.

The Hemotherapy Service Register (Hemocad) was used to select
HS and is available on Anvisa’s website. At the time, it had 2,351
registered services, distributed in the 27 states of the federa-
tion. Of this total, 1,777 services corresponded to transfusion
agencies, so they were excluded. Therefore, there was a total
of 574 services, including Coordinating Blood Bank, Blood Banks
(private and/or SUS services), Regional Blood Centers, Hemonu-
clei and Collection and Transfusion Units.

For the purpose of this study, 72 HS were selected from
the country’s five macroregions: Center-West, Northeast,
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North, Southeast (except for the state of Sao Paulo, which
did not join the project) and South, based on confirma-
tion of the availability of each state to participate in this
evaluation, which was duly accompanied by a local health
surveillance representative.

The selection of HS included services located in border areas, like
Boa Vista (Roraima), Rio Branco (Acre), Porto Velho (Rondonia)
and other municipalities of the following states: Amapa, Ror-
aima, Amazonas, Acre, Rondbnia, Mato Grosso, Mato Grosso do
Sul, Parana, Santa Catarina and Rio Grande do Sul*’.

Analysis of quality indicators by Donabedian Triad

For the analysis of the indicators, we used the Donabedian Triad
model, according to the approach of only two specific attributes:
Processes and Results®>.

The Process is part of the monitoring activity. It is a set of activ-
ities done in the relations of production, as well as between
professionals and patients. It is also considered the most
direct manner to evaluate the quality and results obtained
from the desirable characteristics of the products or services,
without errors, imperfections or harmfulness. In addition to
improving the workplace, it is an indicator of indirect quality
assessment?>3%, Process indicators comprised equipment avail-
able in the HS to support the production, freezing and storage
of FFP units, like power generators, refrigerated centrifuges
and freezers.

The indicators of the process of FFP units production were also
analyzed, including validation of the freezing process, time
and temperature adopted by the HS between the collection of
whole blood and the freezing of FFP units. These parameters
are considered critical control points''8. As for the results, the
average monthly productivity of the FFP units and the factor
VIIl content dosage in the units collected during the technical
visits were analyzed.

Regarding the analysis of the Results attribute, the monthly pro-
ductivity of FFP and CP units produced by the HS was evaluated.

Collection, packaging and transport of FFP units for factor
VIII analysis

The collection of five FFP samples per HS visited was done by
researchers accompanied by local VISA professionals. This
included the fulfillment of the Sample Collection Term or similar
document, evidencing that it is Contamination-Free Biological
Material. The samples were individually placed in plastic bags
with hermetic closure and arranged in boxes of rigid material
and recyclable ice, in order to preserve the samples.

The procedure adopted for the transportation of FFP units was
Anvisa/SAS Joint Ordinance n. 370, of May 7, 2014, which pro-
vides for the Technical-Sanitary Regulation of blood component
transportation. Upon receipt of the samples, each bag was visu-
ally inspected for solid state, since thawed samples could impair
the results of factor VIIl content analysis®.
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Analysis of factor VIII content of FFP units collected during
technical visits to HS from 2013 to 2015

The procedure adopted for factor VIII content analysis involved
the following steps?:

1. preparation of FFP units for analysis: thawing in water bath
at 37 +/- 1°C, with strictly controlled temperature;

2. after thawing, each FFP unit was divided into three different
aliquots: two of approximately 100 mL each in polypropylene
bottles and immediately frozen and a 3 mL aliquot in test
tubes intended for factor VIl dosing;

3. for factor VIl analysis we used STA Compact by Stago,
with MS-DOS operating system. Because it is an automa-
ted device, the v. 107.10 software directly calculated the
calibration curve as well as the result of tests, which are
given in IU/mL;

4. The reagents were purchased commercially from Stago
and chosen because of the following parameters: they
were suitable for that particular device; authorized by
the in vitro Diagnostic Product Management of Anvisa’s
General Management for Technology and Health Products
GEVIT/GGTPS; and used in the laboratory for over 15 con-
secutive years.

The methodology adopted for factor VIII content was One Stage
(2.7.4) Coagulometric, a method described in the European
Pharmacopoeia ed. 6.0. We used Reference Serum from the
National Institute for Biological Standards and Control (NIBSC)
n. 07/316 - 6th International Standard 2009 - Factor VIII and von
Willebrand in plasma. Data obtained from the performed analy-
ses were treated with analysis tools available in Microsoft Excel
v. 2013 - Statistical Analysis. The following parameters were
analyzed: mean; standard deviation; coefficient of variation and
confidence interval.

At the same time, the project was submitted to the Research
Ethics Committee, since it involves the collection of five units
of FFP surplus from therapeutic use and stored in HS. Opinion n.
198.914 was favorable to the conduction of the project.

RESULTS AND DISCUSSION

Questionnaire

The questionnaire was based on RDC n. 34/2014 and prepared in
Excel v. 2013. It addressed nine items that referred to the quality
indicators of interest in this study. It was filled out manually and
qualitatively, at the time of the visit to the HS, with the follow-
ing answers: Yes - corresponds to positive information; No - for
negative information; Not applicable - for questions that were
not applicable to the evaluated HS setting.

The 72 completed questionnaires from the HS visited between
2013 and 2015 were transcribed into Excel v.2013 spreadsheets.
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Selected and visited Hemotherapy Services

The 72 HS selected were scattered about Brazil’s five macrore-
gions: 27% in the Northeast (20 HS), 24% in the Center-West
(17 HS), 17% in the North (12 HS), 17% in the South (12 HS) and 15%
in the Southeast (11 HS). The Northeast region was the most rep-
resentative, with its nine states. However, it is worth mentioning
the absence of the Southeastern state of Sao Paulo, which did not
join the project. This fact is also occurred in the 6th Hemotherapy
Production Bulletin (Hemoprod), issued by Anvisa®.

The sampling was completely random, including public and pri-
vate services, high-complexity HS, like the Coordinating Blood
Centers, and even less complex services, like Collection and
Transfusion Units, located in smaller municipalities, especially
in border areas®.

Analysis of quality indicators by Donabedian Triad

Processes executed in HS

In the Processes attribute analysis, according to the Donabedian
Triad, quality indicators or critical control points of importance
to obtain FFP units for the recovery of factor VIIl were analyzed,
including power generators, refrigerated centrifuges, freezers
and blast freezers. The presence or absence of such equipment
was evaluated.

Other critical control points evaluated were: validation of the
freezing process; freezing temperature and waiting time between
whole blood collection and the fractionation of the FFP units.

Power generators are intended for the maintenance of the
cold network in a reliable and continuous fashion, thus pro-
viding stability and quality to the product. Of the 72 services
we visited, 84.7% (61) had power generators to supply the
facilities and 15.3% (11) did not yet have such equipment.
This fact is contrary to item 5 of article 8 of RDC n. 34/2014,
in which the HS must have an emergency power source with
capacity compatible with critical activities and equipment.
However, the absence of power generators was observed in
less complex HS, usually located in municipalities distant from
the state capitals'”8.

Refrigerated centrifuges are intended for fractionation of
whole blood into FFP and other blood components. It was
found that 93.0% (67) of the HS had this equipment, whereas
7.0%, (five) did not. This suggests that these HS use a pro-
cedure called spontaneous sedimentation. This procedure is
intended for the therapeutic use of packed red blood cells and
allocated to hard-to-reach municipalities of the hinterland.
Nevertheless, the precepts of Blood Cycle Good Practices still
need further encouragement'”.

Regarding the freezers available for freezing and storing FFP
units, 91.6% (66) of the services had the equipment in their
facilities and 8.4% (six) did not yet have it, resulting in the loss
of coagulation factors of this blood component. These six ser-
vices are located in smaller municipalities, but they also need to
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implement Blood Cycle Good Practices'. Regarding the presence
or absence of blast freezers - devices used for rapid freezing -
the study highlights that 44.4% (32) of the services had this piece
of equipment, while 55.6% (40) did not.

Validation of the freezing process according to Good Manufac-
turing Practices should consist of documented evidence, which
assures - with a high degree of confidence - that a specific
process will consistently generate products that meet prede-
termined specifications and quality characteristics*. It was
observed that 52.7% (38) of the HS validated the freezing pro-
cess and 47.3% (34) of the HS had not yet validated it. That is
contrary to the provisions of article 9 of RDC n. 34/2014: “The
Hemotherapy Service must validate processes considered critical
to the quality assurance of products and services prior to their
introduction and revalidate them whenever they change.” Again,
the HS that had not yet performed the FFP unit freeze validation
process corroborated the need to implement the principles of
Blood Cycle Good Practices'” (Figure 1).

Regarding the freezing temperature of the FFP units adopted by
the HS, this study revealed that 42.0% (30) of the HS use a freez-
ing temperature between -26 and -30°C, 30.0% (22) used tem-
peratures below -60°C, 14.0% (ten) used temperatures between
-31°C and -40°C and 14.0% (ten) used freezing temperatures from
-20 to -25°C. Temperatures below -60°C were found in HS that
had a blast freezer available' ' (Figure 2).

These results corroborate the studies by Sidhu et al.#2 and Nagh-
adeh et al.®, which described the freezing temperature of -30°C
for FFP units. The rapid freezing procedure of FFP units was also
discussed by Bloom et al.*, who compared fast and slow freezing
and found that both recovered 70% of factor VIlI, agreeing with
other authors.

International literature has also shown that rapid freezing
achieves a heavier amount of factor VIIl, but with low activity,
further recommending that the complete freezing of the FFP
unit should be 30 min®. Myllyla et al. stated that freezing should
be rapid when the freezing temperature is below the eutectic

80 -
70 -
60 -
50
40
30 1

20 A

I Validation
Freezing

Generators Centrifuges Freezers Blast
freezers

—@— Yes —@l— No
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point of the solution, thereby achieving complete and homoge-
neous plasma freezing. The recommended freezing temperature
in the study is equal to or lower than -30°C*4546,

As for the waiting time between collection and fractionation of
whole blood into a FFP unit and other blood components, the
following results were obtained: 91.6% (66) of the HS had a wait-
ing time of up to 8 h, 2.8 % (two) of the HS had from 18 to 24
h and 5.6% (four) of the HS had a waiting time longer than 24 h
(Figure 3).

[0 20 to 25° Neg
[l 26 to 30° Neg
[ 31 to 40° Neg
[ 60° Neg

Figure 2. Freezing Temperature of FFP Units.

I Within 8 h
O From 18 to 24 h
M After 24 h

Figure 1. Processes done in Hemotherapy Services.
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Figure 3. Waiting time between whole blood collection and fractionation.
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The data obtained are compatible with the studies by Serrano et
al. from 2010, when the time described was 8 h and 24 h, and
Cardigan et al., who worked with FFP units with waiting time
between 18 and 24 h.

If the sum of the waiting times between collection and frac-
tionation of whole blood up to 24 h is considered, 94.4% (68) of
the HS that obtained FFP units had this waiting time. However,
5.6% (four) of the HS still had waiting times longer than 24 h,
indicating that they need improvement in their work processes
to properly obtain FFP units.

Although these services produce only CP, as defined in Consolida-
tion Ordinance n. 05/2017, that is an important pharmaceutical
ingredient that is rich in two proteins of therapeutic importance:
human albumin and immunoglobulin'”:1827,

When analyzing the attribute of Processes performed in HS, it
was observed that HS do not pose risks to patients, corroborating
the 6th Hemotherapy Production Bulletin®, but they still need
improvement in their processes, as well as the implementation
of Blood Cycle Good Practices'.

Results obtained in HS

In this attribute, the monthly production of FFP units in the
72 HS visited was analyzed, with an average monthly produc-
tion of 17,715 FFP units and 1,324 CP units. These data are cor-
roborated by Soares, when 12 months are considered, totaling
212,580 L/plasma obtained per year*.

It is worth highlighting the information from the 6th
Hemotherapy Production Bulletin of 2018, which presents
2017 Hemoprod data. According to this document, Brazil dis-
carded 1,831,355 bags of FFP and 386,129 bags of CP*, not
including the disposal done in the state of Sao Paulo. Consid-
ering that each FFP and CP unit contains at least 150 mL in
volume, these values would correspond to 274,703 L of FFP
and 57,919 L of CP, respectively.

According to Soares, if the price of 1 L of FFP is assumed at
USD 70.00, it is possible to estimate a loss of approximately USD
19,000,000.00 in discarded FFP. This value does not include stor-
age costs for these units until their expiration date, which is 12
to 24 months, depending on the storage temperature®. Thus,
these products that could be used as pharmaceutical ingredients
remain stored in HS and are discarded after their expiration,
awaiting a government decision about what to do with them,
since Hemobras is not yet fully operational.

Collection, packaging and transport of FFP units for factor Vil
content analysis

For factor VIII content analysis, 360 FFP units were collected,
received and registered for factor VIIl content analysis, which
corresponds to five FFP units collected in the 72 HS we visited.
In the laboratory, these FFP units were considered samples and
thawed at the time of analysis.

http://www.visaemdebate.incgs.fiocruz.br/
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In the visual inspection of the 360 FFP units received, 20 units
were discarded for being damaged. Therefore, the factor VI
content analysis was done in 340 samples collected.

Analysis of factor VIl content of FFP units collected during
technical visits to the services from 2013 to 2015

The study was designed to demonstrate the worst case or crit-
ical points in factor VIII recovery in the collected FFP units. In
this case, we considered the waiting time of 24 h between the
collection of whole blood until the freezing of the FFP units pro-
vided for in the current legislation, RDC n. 34/2014. The level
of complexity of the HS was not considered. We included both
samples collected in the Coordinating Blood Centers and samples
collected at the Collection and Transfusion Units, which are ser-
vices with a lower level of complexity.

Analysis of factor VIII content (IU/mL) was done 15 min after
thawing of the FFP units and produced the following results:
mean of 0.68 IU/mL, standard deviation of 0.32 IU/mL, coef-
ficient of variation of 47.1%, confidence interval from 0.64 to
0.71. Therefore, it can be seen that the factor VIl content of the
units sent for analysis achieved results within the specification
for therapeutic use, above 0.50 IU/mL*%%,

However, according to the guidelines of the European Pharmaco-
poeia and Brazilian Pharmacopoeia, which recommend - in the
Monograph for Fresh Frozen Plasma or Fractionation Plasma -
that the FFP unit, considered as a pharmaceutical input for the
production of blood products, should have at least 0.7 IU/mL
of factor VIII?2%.4_ This study has shown that 38.5% (131) of the
analyzed FFP units can be considered a pharmaceutical input
for the production of blood products, with results equal to or
greater than 0.7 IlU/mL of factor VIII recovered.

It should be noted that when analyzing the results of factor Vill
content in the collected FFP units, these were properly grouped
into three categories: higher than 0.70 IU/mL, corresponding to
38.5% (131) of the samples; 0.69 to 0.50 IU/mL, corresponding
to 32.1% (109) of the samples; and less than 0.49 IU/mL, corre-
sponding to 29.4% (100) of the samples (Figure 4).

140
120 1 131

100 A 109

100
80
60 -

40 -

20 A

Less than
0.49 IU/mL

From 0.69 to
0.50 IU/mL

Higher 0.70 IU/mL

Figure 4. Dosing of factor VIIl content in FFP units collected at
Hemotherapy Services.
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In this study it was possible to show that, regardless of the wait-
ing time between collection, fractionation and freezing, as well
as the freezing temperature, 38.5% (131) of the FFP units have
shown results above or equal to 0.70 IU/mL of factor VIII con-
tent, in agreement with Naghadeh et al., who have found a level
higher than 0.70 IU/mL in 34.8% of the samples®.

The factor VIII content lower than or equal to 0.69 IU/mL
obtained from the samples corresponded to 61.5% (209) of
the samples. Although outside the specification of 0.70 IU/mL
of factor VIII, these are fully capable of producing two other
extremely important blood products: human immunoglobulin
and albumin.

When analyzing the results obtained from the factor VIl content
of the FFP units versus the information from the 6th Hemother-
apy Production Bulletin, which declared a disposal of 1,831,355
FFP units in 2017, we observed that 274,703 L of FFP were lost.

This study has shown that 38.5% of the FFP units analyzed had
values greater than or equal to 0.70 IU/mL of factor VIII con-
tent®. If we include the number of discarded FFP units, we have
approximately 500 million IU/L of factor VIII. This means that,
considering only what was discarded in terms of pharmaceutical
input, Brazil could produce approximately 83% of the factor VIII
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