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Abstract: Background: Detecting, treating and monitoring anaemia has a functional, social and economic impact on
patients' quality of life and the health system, since inadequate monitoring can lead to more accident & emergency
visits and hospitalizations. The aim of this study is to evaluate the impact in the patient clinical outcomes of using
haemoglobinometry to early detect anaemia in patients with chronic anaemia in primary care.

Methods: Randomized controlled trial Capillary haemoglobin will be measured using a haemoglobinometer on a
monthly basis in the intervention group. In the control group, the protocol currently in force at the primary care cen-
tre will be followed and venous haemoglobin will be measured. Any cases of anaemia detected in either group will be
referred to the transfusion circuit of the reference hospital.

Discusion: The results will shed light on the impact of the intervention on the volume of hospitalizations and
accident & emergency (A&E) visits due to anaemia, as well as patients’ quality of life. Chronic and repeated bouts of
anaemia are detected late, thus leading to decompensation in chronic diseases and, in turn, more A&E visits and
hospitalizations. The intervention should improve these outcomes since treatment could be performed without delay.
Improving response times would decrease decompensation in chronic diseases, as well as A&E visits and hospitaliza-
tions, and improve quality of life. The primary care nurse case manager will perform the intervention, which should
improve existing fragmentation between different care levels.

Trial registration: NCT04757909. Registered 17 February 2021. Retrospectively registered.

Keywords: Anaemia, Red blood cell transfusion, Advanced practice nursing, Nurse case manager,
Haemoglobinometry, Non-invasive haemoglobin measurement, Primary health care

Background

The World Health Organization defines anaemia as a con-
dition in which haemoglobin (Hb) concentration is lower
than 13g/dl in men and 12g/dl in women [1, 2]. The
global prevalence of anaemia is 5-10% in patients aged
65 to 70 [3] and 15-25% in patients over 80. Moreover,
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prevalence ranges from 48 to 60% in patients presenting
frailty criteria, according to data from the National Geri-
atrics Research Consortium and the Beverly Healthcare
Data Warehouse [4].

Currently, many patients with chronic anaemia require
periodic transfusions. While blood transfusions are safe,
they are not exempt from producing adverse effects, so
patients must be monitored during the procedure by
trained providers who know how to detect and respond
to any reactions that may arise and prevent negative
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clinical outcomes [5] [6]. Several studies recommend
making personalized indications for blood transfusions
based on the patient’s clinical context, pathologies and
preferences rather than exclusively on Hb and haema-
tocrit levels in order to reduce the risks inherent to
transfusions. In asymptomatic patients without car-
diovascular risks, transfusion is rarely needed until Hb
drops below 7—8 g/dl or haematocrit falls between 21 and
24%, although there are some clinical circumstances in
which is not recommended to let Hb drop that low for
an extended period, or the optimal transfusion strategy
is unclear. For example, in patients with coronary artery
disease, it has been found that a restrictive transfusion
strategy (in most cases, with the limit at 9mg/dl) is linked
to a higher risk of experiencing another cardiac ischemic
event, while a personalized, liberal transfusion strat-
egy lowers that same risk [7—11], however, the observed
results of a recent clinical trial suggests that there may be
merit to a restrictive strategy [7].

Chronic anaemia can lead to multiple decompensa-
tions, not just as a result of the disease itself, but also
due to its contribution to the adverse development of
other chronic pathologies. The prevalence of anaemia in
patients with heart failure (HF) is approximately 37% [8],
although it can range from 9 to 69.6% depending on the
patient’s characteristics. Patients with HF and anaemia
present greater cardiovascular risk and higher mortal-
ity [2, 3, 8]. Iron deficiency in patients with low ejection
fraction is associated with decreased long-term survival
and lower quality of life [9].

As for patients with chronic obstructive pulmonary
disease (COPD), the incidence of anaemia is estimated
to be about 12%, although studies vary, reporting from
7.5-33% depending on patient selection criteria. Moreo-
ver, in this group of patients, there is also an association
between low haematocrit levels and increased mortal-
ity, more hospitalizations and longer average duration of
hospital stays [1] . Low Hb in patients with emphysema
is also directly linked to mortality. Several studies on the
intensive care received by patients with severe COPD
and anaemia observed a statistically significant reduction
in minute ventilation and the work of breathing, with
discharge of respiratory muscles and higher mortality
[1, 10]. A study by Sarkar et al. (2015) on COPD patients
admitted to intensive care units found that extubation in
patients with Hb levels above 12g/dl was more suitable
than in patients with Hb levels below 12 g/dl. In addition
to the direct impact anaemia has on the evolution of res-
piratory diseases and mortality, it also affects quality of
life due to the way it limits exercise capacity [1].

Other diseases, such as upper and lower gastroin-
testinal bleeding, can also lead to chronic anaemia and
require transfusions. For those without curative care,
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therapy most often consists of transfusions to reduce
mortality and rebleeding, although they must be based
on clinical judgement [11, 12].

Detecting, treating and monitoring anaemia has a func-
tional, social and economic impact on patients’ quality of
life and the health system [4], since inadequate monitor-
ing can lead to more A&E visits and hospitalizations [13].
In general, haematocrit and Hb levels are measured in at
least 8 ml of venous blood extracted through venipunc-
ture. The blood is transported to a lab where it is meas-
ured using automated equipment. There are also portable
systems available known as haemoglobinmeters that pro-
vide haemogram results in five seconds using just a drop
of capillary blood. Clinically speaking, these devices have
proven to be accurate and precise in post-anaesthesia
care units, intensive care units, hospital A&E and anae-
mia screening before blood donation [14-16].

Anaemia is a complex clinical issue that often requires
coordination between different levels of care. A Nurse
Case Manager, is a nurse with a training similar to an
Advanced Practice Nurse, and play a crucial role in the
communication between primary health care and the
hospital level, to ensure the continuity of care and avoid-
ing the defragmentation of the health system [17-19].
The use of haemoglobinmeters by nurse case managers
in primary care, on patients with chronic diseases that
require regular transfusions would facilitate early detec-
tion of low Hb levels and swift inclusion in the adequate
hospital circuit for dispensing treatment. This, in turn,
would decrease decompensations in chronic diseases
requiring extended hospitalization and improve the vol-
ume of A&E visits due to this cause [17-19].

The purpose of the present paper is to describe a study
protocol for a randomized controlled trial of an inter-
vention directed to early detect anaemia in patients with
chronic anaemia through the use of haemoglobinometry
in primary care, and thus reduce the number of hospital
admissions compared with the standard surveillance of
anaemia.

Methods/design

Research question

Monthly capillary Hb measurement with a hemoglobi-
nometer improves patient outcomes compared to stand-
ard venipuncture monitoring in chronically anemic
patients?

Main objective

Compare the number of hospitalizations due to anaemia
of patients receiving monthly capillary Hb measurements
and those receiving standard venipuncture monitoring.



Luengo et al. BMC Fam Pract (2021) 22:199

Secondary objectives
Compare the number of hospital A&E visits due to anae-
mia of patients receiving monthly capillary Hb measure-
ments and those receiving standard monitoring.
Compare changes in quality of life of patients receiving
monthly capillary Hb measurements and those receiving
standard monitoring.
Assess satisfaction with monthly haemoglobinometer
measurements.

Hypothesis

The research hypothesis is that periodic measurements
taken by the nurse in primary care using the haemoglobi-
nometer will decrease the number of A&E visits and hos-
pitalizations and improve quality of life as compared to
standard venous Hb measurements.

Design
Randomized controlled trial number NCT04757909.

Sample
Setting
Catalan Health Institute primary care centres in Santa
Coloma de Gramenet, Badalona and Matar$ (Barcelona,
Spain).

Inclusion criteria

1. Patients over 40 who had two or more transfusions
of packed red blood cells due to chronic anaemia in a
year.

2. Patients’ whose primary care health provider is the
Catalan Institute of Health.

Exclusion criteria

1. Patients with kidney failure receiving haemodialysis
treatment.

2. Patients receiving palliative care.

3. Patients presenting moderate to severe cogni-
tive impairment, with a score of 5 or higher on the
Pfeiffer questionnaire and who do not have a care-
taker capable of detecting signs of decompensation in
the patient.

The study procedure is explained in the Consolidated
Standards of Reporting Clinical Trial (CONSORT) flow
chart (Fig. 1) [20].

Sample size

The sample size was calculated at 138 patients, 69 in both
the control and intervention group, thus making it pos-
sible to detect a difference in hospitalization of 25% (60%
in the control group and 35% in the intervention group,
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based on the disposable information in the database
of the health provider). This sample size also takes into
account an alpha risk of 0.05, a beta risk below 20% and
a 10% dropout rate, with bilateral comparison. The arcsin
approach was used for this calculation.

Assigning patients to interventions

Patients will be randomly assigned to the control or
intervention group using a list of numbers with a random
computer-generated allocation to control or intervention
in an adjacent column.

Data collection, management and analysis

Data will be collected at the monthly visits of participants
in the intervention group and the bimonthly visits of par-
ticipants in the control group.

Intervention

The Hb levels of participants in the intervention group
will be taken once a month with a Veri Q® haemo-
globinometer, that showed good performance data, in
accuracy test compared with the reference value from
Nihon Kohden MEK-6420 (R2=0.9881) and with the
Sysmax reference value (R2=0.9968) [21]. If a patient’s
haemoglobin level falls below their reference value, the
nurse case manager will activate the transfusion circuit
by scheduling an urgent referral to the day hospital, an
outpatient service where short-term treatment and diag-
nostic tests are performed. The interdisciplinary team at
this unit will prescribe and administer the transfusion
and handle the hospital discharge, in a specific circuit
between health levels created to this intervention.

The WHOQOL-BREF questionnaire on quality of
life will be administered at the first visit and six and
12 months.

To know the satisfaction with the intervention, a sin-
gle item survey will be administered upon inclusion in
the study and six and 12 months. The question is “to what
extent are you satisfied with your anemia control’, and
the possible answers are not satisfied, satisfied and very
satisfied.

An ad hoc satisfaction survey on the intervention will
be administered upon inclusion in the study and six and
12 months.

Participants in the control group received standard
monitoring, the frequency of which is variable, since it is
determined by clinical criteria. The data will be collected
by reviewing patients’ computerized clinical records and
a bimonthly phone call to determine how many times
they have been hospitalized and visited the A&E during
the study period. The WHOQOL-BREF questionnaire on
quality of life will be administered at the first visit and six
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Fig. 1 CONSORT Study Flow Chart

and 12 months of inclusion in the study. Data will also be
collected for the control group.

Criteria for suspending or modifying the interventions
assigned to each subject in the trial
Participants can leave the study at any time and may
withdraw consent.

They will be excluded from the trial in the following

cases:

1. Death.
2. They wish to leave the study.

3. Palliative care is initiated and transfusions are

rejected.

During the trial, patients in the control group may not
have their capillary Hb levels measured.

No risks are anticipated for patients by participation in
this study.

Statistical analysis
Statistical analyses will be conducted on a blinded inten-
tion-to-treat basis, with all participants who were initially
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randomised into the study included where data are avail-
able for each measurement time point.

Univariate descriptive statistics:

The main numerical variables will be described by
measures of centrality and dispersion or absolute and rel-
ative frequencies in the case of categorical variables. Uni-
variate comparisons between the intervention group and
control group will be performed using mean comparison
tests (T-test or similar) or distribution comparison tests
(Chi-squared or similar).

Predictive model:

The result variables will be considered discrete quan-
titative variables. Multiple linear regression will be used
to model the data collected, taking those that present sig-
nificant differences in the previously calculated univari-
ate models as independent variables, in addition to the
demographic and clinical variables considered relevant.

Validity and reliability/rigour

To ensure rigour in the collection of quantitative data,
it will be included in a pseudonymized database so that
participants cannot be identified, without any additional
data, which will be recorded separately using techniques
that guarantee it cannot be traced. Data will be stored in
a local repository that only the researchers have access to.
Participants will be randomly assigned to the groups to
avoid any selection bias.

To improve compliance with intervention protocols,
the clinical trial supervisor will prepare a report each
semester detailing whether or not follow-up visits are
being held and properly recorded in the data collection
form.

Throughout the trial, if patients who are not in the
transfusion circuit are identified, they will be included
therein based on the consensus of hospital and primary
care professionals.

Expected results
The main result variables are

— Number of hospitalizations due to anaemia.

— Number of A&E visits due to anaemia.

— Time elapsed between Hb measurement and circuit
activation.

— Time elapsed between Hb measurement and when
the transfusion is performed.

— Time elapsed between Hb measurement and return
home.

The specific measurement variable is the Hb level taken
with the Veri-Q® haemoglobinometer once a month.
Other variables are:
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— Satisfaction with monthly anaemia monitoring: taken
at six and 12 months. Ad hoc questionnaire.

— Quality of life: measured at the start of the study and
six and 12months. WHOQOL-BREF questionnaire
[22, 23].

— Prescribed medication that might alter Hb or haema-
tocrit levels.

— Signs and symptoms of anaemia at monthly visits
(dyspnoea, asthenia, palpitations, bleeding, and chest
pain).

Socio-demographic and clinical data will be collected
from both groups for comparison, including age, sex,
educational level, type of anaemia, primary care cen-
tre, the physician responsible for monitoring anaemia,
cognitive status, inclusion in the case management pro-
gram, number of haemogram controls performed via
venipuncture.

Discussion

Primary care professionals experience difficulties in
monitoring haemoglobin levels in patients with chronic
anaemia due to delays in receiving haemogram results,
sometimes of up to 12h. Using a haemoglobinometer
in patients with chronic diseases and chronic anaemia
would allow healthcare providers to detect the need for
transfusions or other treatment and activate the hospital
circuit at the corresponding care level early and quickly,
thus preventing decreased quality of life and worse prog-
nosis in patients, reducing decompensations and opti-
mizing health resources.

The haemoglobinometer is a portable, pocket-sized
device that can be easily transported to patients’ home.
It is very simple to use and can be operated by any health
professional with minimal training [14—16] . The tech-
nique consists of pricking the patient’s finger, collecting a
drop of capillary blood with a micropipette and deposit-
ing it on a test strip inserted into the device [24]. In short,
it is a simple technique that requires minimal training
and can be performed in a matter of minutes.

Moreover, in our setting there is no existing a spe-
cific and direct circuit to introduce patients who were
detected anemia in primary care, the intervention test a
procedure to avoid this difficulty and try to improve the
defragmentation of the health system for these patients,
nor have we seen evidence of such a circuit in other
regions with similar a population.

Therefore, this study will allow us to implement and
assess a transfusion circuit, the rapid response of hos-
pital resources to perform transfusions, user satisfac-
tion with this resource, any incidents that may arise
and any improvements needed. The results of this study
are expected to facilitate the implementation of an
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early-detection anaemia circuit and a quick inter-level
response that improves care for patients with chronic
anaemia. Disseminating the protocol will facilitate repro-
ducibility in other regions.

The figure of the nurse case manager is essential to car-
rying out the treatment circuit since they are responsible
for defragmenting the health system [17-19]. That is why
they are in charge of initiating and monitoring the entire
intervention process in this study and employing fluid
communication with all the parties involved.

Early detection of anaemia contributes to improved
quality of life in patients with the clinical profile outlines
in this study since we expect to find greater satisfaction
among those who are monitored with a haemoglobinom-
eter than those who undergo venipuncture. This expec-
tation is based on the easier and less invasive technique
used to obtain the sample [16], as well as lower levels of
emotional distress, anxiety and uncertainty that patients
experience while waiting for results that will determine
what interventions will be necessary since, with a hae-
moglobinometer, the results are available almost imme-
diately upon taking the sample. Moreover, by monitoring
anaemia with a haemoglobinometer, we predict a drop in
A&E visits and hospitalizations, thus reducing patients’
discomfort and the risks associated with such visits, as
well as the health expense they represent.

One of the main limitations of this study is recruit-
ment difficulty. In recent years, there has been a ten-
dency to limit transfusions, meaning it is possible that
fewer patients than initially expected meet the inclusion
criteria. If the recruitment objectives cannot be met, the
recruitment region could be expanded to include other
nearby geographical areas with similar socio-demo-
graphic and health characteristics.

If the results of the study are as expected, health insti-
tutions could evaluate the possibility of using a hae-
moglobinometer to monitor patients who frequently
experience anaemia and adding a transfusion circuit to
the reference day hospital. If the hypothesis is confirmed,
the number of hospitalizations and A&E visits would
be reduced and patients’ quality of life would improve.
Future studies might also hypothesize that healthcare
costs would decrease considerably as well. The regular
use of a haemoglobinometer by nurse case managers in
primary and home care would enable early detection and
treatment of anaemia.

Trial status

Protocol version number: 6.0, date: 1 September 2017.
Date the recruitment began: 6 March 2018. The approxi-
mate date when recruitment will be completed: 31st
December 2023.
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