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ABSTRACT

Introduction: The rates of request and use of blood concentrates are still poorly reported in the
literature. This study aimed to analyze the rates of requests for blood concentrates and their use
in patients undergoing emergency surgery in a teaching hospital.

Methods: A retrospective, quantitative and descriptive study was conducted in 359 medical records
of patients in urgent surgery scheduled with a request for a reserve of blood concentrate. The ratios
between crossmatched and transfused units (C/T), transfusion index (Tl), and probability (TP) were
calculated, and the times between request and delivery at the transfusion agency (TA) and patient
admission to the surgical center (SC).

Results: The mean age was 58.5 + 22.2 years, with the majority being male (53.1%). There was an
average of 27.5 monthly requests (min 12, max 44). Ninety-seven units of blood concentrates were
transfused into 44 patients (C/T ratio 7.59; Tl 0.27; TP 12.3%). Only seven patients had their
requests made after admission to the OR. The median time between the request and arrival at the
TA was 1h15min, while that between the request and the patient's arrival at the SC was
5h23min. There was greater transfusion in major surgery (major 37, 14.8% vs. medium 7, 6.5%; p =
0.027) and non-orthopedic surgery (orthopedic 9, 4.0% vs. non-orthopedic 35, 26.9%; p < 0.001).
Conclusion: there was a significant discrepancy between the number of requests for blood
reservation and its real use and an increased time between reservation requests and their arrival
at the TA.
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INTRODUCTION

In the routine of in-hospital elective surgeries,
standard operating protocols are developed to organize
the flow and maintain patient safety. According to the
World Health Organization (WHO), surgical patient
safety consists of the surgical team recognizing and
preparing for potential blood loss. It is recommended
that a team member check the availability of blood
components before anesthetic induction’.

With the increase in demand for elective
surgeries, the excess of blood component reserve
requests and the number of unused bags have
become constant. With the increase in longevity and
high-risk interventions, a greater demand for blood
components for older patients has also been observed?.

The reserve of blood components follows a pre-
established flow, depending on the type of surgery. The
transfusion agency (TA) and the nursing team are
informed about collecting blood samples for blood
typing, investigating irregular antibodies, and
crossmatching. However, when there is no previous
blood typing, a low supply of rare blood groups, or
intercurrences in patients without prior reservation,
there may be a delay in the release of the blood
components®. The blood reserve must be done in
advanceby filling out a standardized form and the
medical prescription. All documents and the identified
patient’s blood sample must be forwarded up to 48 h in
advance, according to the institution’s protocol. This
allows time for sample testing, proof of compatibility,
and verification of the available stock*.

Based on the institutional protocol, blood
reservations must be made consciously, as prepared, and
non-transfused blood components lead to greater
material consumption, more significant financial
expense, and service time. The blood component units
prepared as a surgical reserve for a patient will not be
available for other patients; the surgeon confirms that
the reserved blood components will not be used
intraoperatively or in the immediate postoperative
period, which may lead to the product being
discarded®. Additionally, the response time between the
reservation request and the actual transfusion in the
patient is a measure of efficiency®.

Despite being a critical topic in hospital dynamics,
these parameters are rarely reported in the scientific
literature. There is a scarcity, not only at the national
level, of data on the dynamics of blood component
requisition and their usage rates. Considering the
demand for urgent surgeries in large hospitals, the need
to use standard operating protocols (SOP) for the reserve
of blood components for surgeries, and the scarcity of
locoregional data, this study aimed to analyze the
transfusion and request rates for blood concentrates and
their use in patients undergoing emergency surgery at a
teaching hospital.

METHODS
Design of the study
This was a cross-sectional study conducted by

analyzing 359 medical records of patients who were
referred to the surgical center (SC) to undergo urgent

surgery and who had a request for a reserve of blood
concentrates from March 2020 to March 2021. The
hospital is an "open door” unit with a population
coverage of 300 thousand inhabitants. Furthermore, it is
a quaternary hospital that performs solid organ
transplants and is a reference in high complexity in
cardiovascular surgery.

Sample size

Based on an estimate that at least 37% of the
surgeries referred to the SC did not follow the
reservation protocol within the predefined period’,
using a confidence level of 95% and an estimated error
of 5% for an infinite population, the minimum sample
value calculated was 348 surgeries. Sampling was
performed sequentially, not probabilistic, in order of
entry into the SC from the start date of the investigation
(March 2020), according to the administrative records of
the sector.

Data collection

Urgent surgeries were defined as those required
to be performed within 48 h of hospital
admission. Elective  surgeries were considered in all
those whose execution could await an appropriate
circumstance and be rescheduled if
necessary. Emergency surgeries were those that
required immediate surgical treatment at risk of death.

Data collection from the medical records
(physical and electronic) of the patients included in the
study was performed by checking requests for blood
concentrate reservations sent to the institution
TA. Patients of both sexes, of any age, who underwent
urgent surgical treatment, with a request for a reserve
of blood concentrate at any time of hospitalization,
either through the Brazilian universal public health
system (Sistema Unico de Saude, SUS), health plans,
or private hospitalizations, between the predetermined
months, were included. Exclusion criteria were medical
records that did not contain basic information on
whether to request blood transfusions, patient
reoperations (same hospitalization), and patients with
voluntary restriction of blood transfusion (Jehovah's
Witnesses). Elective and emergency surgeries were
excluded from the study.

To describe the profile of the study participants,
primary clinical-epidemiological data (sex, age,
comorbidities, indication for surgery, surgical size, and
type of surgery performed) were collected, as well as
data on the reservation request: the time of request and
prescription, time of admission to the SC, performance
or not of the proposed surgery, time of infusion of the
blood product, and completion or not of the free and
informed consent form for a blood transfusion by the
patient or companion.

Comorbidities were defined as described in the
medical records and surgery notes. Heart disease was
defined as any functional or structural disease of the
heart, and central neuropathy as any neurological
disorder that affected central functions. Chronic kidney
disease was defined as admission serum creatinine > 1.5
mg/dL. Smoking and alcohol consumption were self-
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reported without detailing the number of packs/year or
grams of alcohol/year.

Outcomes

The information collected was entered into a data
acquisition worksheet, and the following outcomes were
obtained: sample distribution according to sex, mean
age of patients transfused or not, occurrence and
number of reservation requests and transfusions
performed, mean time between the request for the
blood concentrate reserve to the TA and the patient's
arrival at the SC. The ratio between the number of units
subjected to the compatibility test (crossmatched) and
the number of transfused units (C/T ratio) was
calculated. A ratio lower than or equal to 2.5 is
considered an indication of efficient use of blood?®. Also,
the probability of transfusion (PT), defined as the
number of transfused patients divided by the number
of typed patients (x100), and the transfusion index (TI),
considered as the number of transfused units divided by
the number of typed patients (values > 0.5 are
considered effective use of blood)®°, were calculated.

Statistical analysis

Data were submitted to descriptive statistics,
using relative and absolute frequencies, mean and
standard deviation, or median and interquartile range,
depending on the symmetrical or asymmetrical
distribution of the values. Data normality was analyzed
by its graphic distribution and by the Kolmogorov-
Smirnov test. Identification of outliers was performed by
the ROUT' test. However, these values were included in
the final analysis as they were considered correct. The
comparison of groups with an asymmetric distribution
was made by determining the 95% confidence
intervals. The association of groups with normally
distributed values was performed using the two-tailed
unpaired Student's t-test and groups with binary
variables using Pearson's chi-square test. An alpha value
= 5% was considered. GraphPad Prism v. 9.0 (San Diego,
CA, USA) was used.

Ethical considerations

The study was approved by the Research Ethics
Committee of the Faculty of Medicine of Itajuba (CAAE
40762220.9.0000.5559, decision nr. 4,515,089). All the
study steps were conducted in accordance with the
Declaration of Helsinki. As the study had a retrospective
design based on the collection of information obtained
from clinical records, the informed consent form for the
research was waived.

RESULTS

The initially eligible sample consisted of 398
patient records, of which 40 were excluded due to the
lack of information relevant to the study and after
application of the exclusion criteria, totaling 10% of
losses. Therefore, the final number of medical records

evaluated was 358. Most of the patients studied were
male (male: n = 190, 53.1% vs. female: n = 168,
46.9%). The mean age of the sample was 58.5 + 22.2
years. Clinical data and types of the emergency
surgeries analyzed are shown in Table 1. The average
monthly request for blood concentrates for urgent
surgeries was 27.5, ranging from 12 (April 2020) to 44
(October 2020). All patients or guardians signed the

informed consent for the transfusion of blood
components.
Forty-four patients were transfused,

corresponding to 12.3% of the total requests. Of the 736
units of blood concentrates requested, only 97 were
transfused, corresponding to a usage rate of 13.2% and a
C/T ratio of 7.59. The reserve and transfusion indicators
are shown in Table 2. A total of 343 patients with
requested reserve were operated. The remaining 15
patients had their surgery suspended for various reasons:
lack of availability of postoperative ICU (3), death (2),
limb edema (1), use of anticoagulants (1), hypotension
(1), and unreported causes (7).

Table 1 — Clinical data of the analyzed patients and types
of urgent surgeries performed in the studied period (N =
358).

Variable n %
Age (years) (mean + SD) 58.5 +22.2
Sex
Male 190 53.1
Female 168 46.9
Comorbidities
SAH 124 34.6
DM 54 15.1
Heart disease 41 11.5
Central neuropathy 21 5.9
Smoking 17 4.7
Elitism 11 3.1
CKD 6 1.7
Types of surgery
Orthopedic 228 63.7
General 68 19.0
Neurosurgery 21 5.9
Gynecology 14 3.9
Vascular 10 2.8
Urological 8 2.2
Thoracic 7 2.0
Cardiac 2 0.6
Type of surgery
Major 250 69.8
Minor 108 30.2

SD, standard deviation. SAH, systemic arterial hypertension. DM,
diabetes mellitus. CKD, chronic kidney

Table 3 shows the temporal indicators between
the request for reservation and referral to the TA and
the patient's admission to the SC. It was noted that the
median time between the request and its arrival at the
TA was 1h15min, while the median time between the
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request and the patient's arrival at the SC was
5h23min. Many requests (n = 104; 30.3%) were made
within 6 h of the patient's admission to the SC. In 44
patients (12.8%), the request for a reserve of blood
concentrate was made more than 48 h after admission
to the SC.

In 36 patients, the time between the request and
the delivery of the blood sample in the TA was
discrepant, ranging from 4h50min to 43 h. No outliers
were identified for the time between the request and
the patient's admission to the SC. Figure 1 illustrates the
time distribution between the request for the surgical
reserve and its delivery to the TA and between the
patient's arrival at the SC.

There was no difference in the rate of transfusion
in relation to sex (male n = 22; 11.6% vs. female n = 22;
13.1%; p = 0.66) or age (transf.: 59, 1 + 22.3 years vs.
non-transferred: 58.4 + 22.2; p = 0.83). However, there
was a higher percentage of transfusion in patients
undergoing major surgery (major: n = 37, 14.8% vs.
minor: n = 7, 6.5%; p = 0.027) and non-orthopedic
surgery (ortho.: n =9, 4.0% vs. non-ortho.: n = 35, 26.9%;
p < 0.001).

Table 3 — Temporal indicators in relation to the

Table 2 — Reserve and transfusion indicators for the 358
patients studied.

Variable value
Nr. of transfused patients 44
Transfusion Probability* 12.3%
Nr. of requested blood bags 736
Nr. of transfused bags 97
C/T ratio 7.59
Transfusion index t 0.27
Nr. of pa.tients whose reservation was made 7 (2.0%)
after arrival at the SC

Nr. of patients whose surgery was cancelled 8 (2.2%)

*Number of transfused patients divided by the number of cross-
matched patients. C/T ratio, number of units subjected to
compatibility testing/number of units transfused. tNumber of units
transfused divided by the number of patients typed. SC, surgical
center.

request for a reserve of blood concentrate, its delivery

at the transfusion agency and patient arrival at the surgical center.

Variable median IQR 95% ClI
Time between request and delivery at TA (h:min)
All 1:15 0:35-2:34 1:10 - 1:26
Transfused 0:50 0:18 - 1:32 0:26 - 1:08
Not transfused 1:20 0:40 - 2:40 1:12 - 1:35
Time between request and arrival at SC (h:min)
All 5:23 2:04 - 16:07 4:34 - 6:39
Transfused 3:09 1:14 - 13:41 1:37 - 11:52
Not transfused 5:34 2:13 - 16:10 4:50 - 7:03
IQR, interquartile range. TA, transfusional agency. SC, surgical center.
A
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Figure 1 — A, Distribution, in logioscale, of times (in hours) from the request (Req) for blood concentrate reservation
to the recievement at the transfusion agency (TA), according to the transfusion status (transfused, non-transfused, and
total). B, Linear distribution of times from the request for blood concentrate reservation and the patient's admission to

the surgical center (SC). The vertical bars symbolize the medians.
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DISCUSSION

This study observed a low probability of
transfusion and a high C/T ratio in the sample. However,
there was a relative speed in the delivery of requests for
blood concentrates, especially for patients who were
effectively transfused. Most patients were referred to
the SC within 12 h of the reservation request, and for
patients effectively transfused, the median time was
only three hours.

A small prevalence of males was observed in the
sample (non-significant), consistent with their greater
presence in emergencies (accidents and violence), and
agrees with other studies''? that obtained similar
results. The mean age observed was similar to that
observed in the literature' and was not different
between transfused and non-transfused patients.

The reserve of blood for surgical procedures is an
activity aimed at the safety of patients with the
potential for bleeding between the intra- and immediate
postoperative periods. Before performing any surgical
intervention, even if considered urgent and emergency,
the patient's risk of bleeding is evaluated through
clinical characteristics, laboratory parameters, and
particularities of the surgery that will be
performed. Due to these findings, it is requested to
reserve blood or blood products that the patient will
possibly need"s.

However, this practice must be carried out
consciously since it is an expensive activity with high
costs for the health system. The transfusion of blood
components involves costs from collecting blood units,
transport, storage, preparation for transfusion or
reservation within hospital units, and conducting pre-
transfusion immunohematological tests so that the
request cannot be carried out the wrong way'4">,

The request for reserve blood concentrates
proved to be much greater than their actual use,
following the high C/T ratio. The ratio between typed
and transfused bags is an index used worldwide to
measure the efficiency in the use of blood products. A
study conducted by Zewdie et al.? revealed an equally
high rate (7.6), indicating an insignificant use of
blood. Bhuthia et al.'¢, in turn, observed mostly lower
C/T ratios (but ranging from 0.75 to 30.5), especially in
oncological surgery. An Iranian study'” also observed a
lower C/T (3.7), but in a sample essentially of elective
surgery.

The probability of transfusion is another valuable
tool to assess the efficiency in the requisition and use of
blood components. It has also been used as an indicator,
considered ideal if it is greater than 30%. In this study, a
very low rate (12.3%) was observed, reflecting an excess
of requests to reserve the service. Zewdie et al.® and
Yazdi et al.” observed similar probability (15.3% and
16.8%, respectively), while other authors observed
higher values'®.

The Tl observed in this study (0.27) was also
below that considered adequate by the literature,
indicating approximately one transfused bag for every
four typed patients. As with other indexes, the
variability of Tl in different studies points to different
efficiencies of each service. Shrestha et at.' observed a
TI of 1.09 bag/patient in a general hospital in

Kathmandu, Nepal, with the worst rates observed in
general surgery (0.88) and the best in pediatrics and
dialysis (1.30). Alternatively, the study by Zewdie et
al.® also indicated an insufficient use of blood, with a Tl
of 0.29, while in a Nigerian study, a reasonable Tl (0.9)
was observed in orthopedic patients, whether elective
or not, ranging from 0 to 2.619. An adequate Tl of 0.77
was also observed in an Ethiopian tertiary hospital in
surgical, obstetric, and gynecological cases®.

It is necessary to emphasize the importance of
elaborating protocols to optimize the use of blood
components and the work process involved in blood
transfusion. This is considered an effective strategy for
organizing and reducing the time and expense of
unnecessary materials, aiming to reduce the number of
transfusions  without compromising the clinical
outcome',

This study investigated the time interval to
making a reservation request and the time between the
request and the patient's arrival at the SC. A median
time between the medical request and its delivery at the
TA of 1Th15min was observed, while between the request
and the patient’s arrival at the SC was 5h23min. It is
important to note that the median time interval was
just over 3 hamong properly transfused
patients. Despite being an important indicator to
measure the efficiency of blood transfusion, few studies
have addressed the response time of this workflow?%?',
nor is there any standardization or threshold of
acceptable times described in the literature.

The response time from the request chain to the
transfusion was studied in an Indian tertiary hospital,
where the median time between the request and its
arrival at the blood bank was 47 min, the bag
preparation time was 55 min, and the total time to
transfusion was 135 min?2, The authors considered this
interval excessively long, mainly due to the delay in
sending samples to the blood bank (34 min), shortages
and messengers who completed the task, and the
physical distance between sectors. Alternatively, a
South Korean study observed that the institutional
response time (up to 30 min) was achieved in 85.9% of
blood requests, indicating another scale of
efficiency?®. Even shorter response times (8 to 12 min)
were observed in two large North American teaching
hospitals®.

However, it is essential to emphasize that the
abovementioned studies do not refer to the request for
a surgical reserve but to already indicated blood
transfusions, with no margin for the interruption of the
process. In the present study, it is worth noting that
there was a considerable time gap between the request
and the arrival of the transfused patient at the SC,
indicating a reasonable working window for the nursing
and medical staff. It was not possible to find any other
national publication studying this temporal flow.

The administration of blood with urgency criteria
is directed to maintain survival, but its use is usually
preceded by the infusion of crystalloid or colloid
solutions, both pre- and intraoperatively™. In most
cases, there is adequate vital stabilization, and blood
transfusion becomes a procedure with less urgency, and
it is possible to wait for the determination of the ABO/Rh
blood group and the performance of the compatibility
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tests'4?4, For refractory cases or those with excessive
volume loss, the transfusion of red blood cells from type
O-negative donors without a compatibility test
(emergency transfusion modality) is used. Although this
situation is not directly linked to emergency surgeries or
preoperative reservations, the adequacy of the service's
response time is essential for the maintenance of life. It
is essential to mention that pre-transfusion exams take
an average of 15 min to be performed, so the delays in
the process are much more bureaucratic issues, such as
taking and bringing samples, ordering, and picking up
the released bag, among others.

Based on the premise that delays in blood supply
can put the patient's life at risk, the professionals
involved in the transfusion act (doctors, nurses, nursing
technicians, blood bank and nursing technicians) must
understand the importance and seriousness involved in
the entire transfusion process. It must be emphasized
that any error, from inappropriate requests to the
delivery of blood components in a longer time than
expected, can cause irreversible damage to the
patient. Therefore, all professionals involved must
understand that the safety and efficacy of the
transfusion process depend on them?.

Furthermore, implementing strategies to
optimize blood component requisition is essential to
reducing costs and waste3.Theelaboration of time goals
by the teams can be a decisive factor in improving the
processes?. Mapping the structure of blood banks and
transfusion agencies is another critical tool to leverage
improvements. A study carried out in the state of Minas
Gerais, involving the reference service (Hemominas), of
which the hospital in this study is part, suggested
adopting performance criteria for transfusion services
and an external quality control program for the entire
state?.

In addition to being observational and unicentric,
within the limitations of this study, we can mention the
absence of a data acquisition protocol defined in the
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