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Abstract
Introduction: Exchange transfusion is the treatment of choice for patients with severe hyperbilirubinemia who
do not respond to phototherapy. This procedure is highly complex and requires substantial expertise to perform,
however it´s not done frequently enough to guarantee adequate training. Traditional learning scenarios do not have
a space reserved for teaching this procedure or an instrument that fully and objectively evaluates the skills that a
professional must acquire.
Objectives: The purpose was to construct and evaluate the INEXTUS instrument´s validity evidence relevant to internal structure, in a simulated scenario through the performance of an objective structured clinical exam (OSCE).
Materials and methods: The Delphi consensus methodology was utilized to design the instrument; six experts
participated through three rounds using the Google Forms platform. The categories and items previously obtained
were subjected to validation by nine experts through a dichotomous survey. Prior to data collection, the evaluators
were trained through a pilot test with 10 medical students. Subsequently, all residents of a paediatric programme
were evaluated through the OSCE methodology in a simulated scenario, with 6 stations, of a clinical case of a newborn with an explicit need for exchange transfusion. During their participation in the scenario, the residents were first
evaluated with the instrument developed. Additionally, audio and video filming of all students who participated was
performed with the aim of conducting a second evaluation two weeks after the first four evaluators participated.
Results: The final INEXTUS instrument consists of 46 subitems grouped into 23 items divided into 6 categories, demonstrating an inter-rater intraclass correlation coefficient of 0.96 (95% CI 0.94, 0.98 p-value < 0.001). For the Fleiss Kappa
of the 23 items evaluated, concordance was evaluated for 14 items but could not be determined for the 9 remaining
items because all the ratings were equal, either because the items were not performed or they were all performed
adequately. Of the 14 items, 9 good scores were obtained (95% CI 0.61 to 0.8; p value < 0.001), and 5 very good scores
were obtained (95% CI 0.81 to 1; p value < 0.001).
Conclusions: The INEXTUS instrument evaluates exchange transfusion skills in medical personnel in training in simulated scenarios using the OSCE methodology; it has high validity and reliability and is a high-impact educational tool.
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Introduction
Jaundice is the leading cause of hospitalization in neonatal intensive care units (NICU) [1]. Patients who present severe hyperbilirubinemia and do not respond to
initial management with phototherapy have a high risk
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of bilirubin-induced neurotoxicity, requiring immediate management by exchange transfusion, a highly complex procedure that leads to adverse events in 67–87% of
cases, depending on the expertise of the professional and
the gestational age of the patient [2].
Exchange transfusion consists of replacing the neonatal
blood volume (recommended that it be a double volume).
The goal is to lower serum bilirubin levels and remove
circulating maternal antibodies from circulation. The
choice of donor blood type depends on the hemoclassification of the mother and the neonate. There are different routes for carrying out the procedure. To carry out
the procedure, it must be considered to connect sequentially to the line: catheter for drainage of extracted blood,
that of donor blood and a syringe pre-filled with saline
solution. The exchange volume of each aliquot should be
5–10% of the infant’s blood volume [3, 4].
The advent of new methods to prevent jaundice from
Rh incompatibility, such as the administration of anti-D
immunoglobulin and the development of advanced noninvasive technology for the treatment of jaundice such
as phototherapy, has led to a decrease in the need for
exchange transfusion, especially in developed countries,
where exchange transfusion rates are close to 1.9 per
100,000 live births [5, 6]. Second, there has been a lack of
competence in the skills of professionals to perform this
procedure, given the limited opportunities during postgraduate education and later in paediatric practice, which
leads to an increase in adverse effects such as infection,
cardiac arrest and death [6].
Clinical learning scenarios do not have a space reserved
for teaching this procedure or a method that fully and
objectively evaluates the skills that the professional must
acquire. The Objective Structured Clinical Examination
(OSCE) arises as a methodology aimed at evaluating in
an objective, planned and structured way the components that make up clinical skill in a simulated scenario
[7]. The OSCE is presented as a valid and reliable instrument for the evaluation of clinical components of the
medical profession, for which it is necessary to appropriately design both the test and the instrument that evaluates the acquired skills [8–11].
The instrument ensures that the acquisition of skills is
evaluated objectively, avoiding biases or impartial and
unfounded judgements [12, 13]. An evaluative instrument can be useful to score clinicians frequently and
guarantee the quality of the procedure, compare the skills
between doctors, ascertain retentive skills and provide
feedback during training [12].
Both a simulated scenario and an instrument that evaluates the performance of the student in itself is especially
relevant in clinical practice scenarios that occur sporadically and in those of high complexity [14]. The exchange
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transfusion procedure is high-complexity procedure,
and despite being performed infrequently, if indicated,
it changes the neurological outcome and even prevents
the death of patients severely compromised by hyperbilirubinemia [15, 16]. Despite the existence of multiple
management guidelines in which the exchange transfusion technique is systematically explained in detail, after
conducting a literature search on the subject, an instrument validated to measure paediatric residents´neonatal
transfusion skills is not available.
The objective of the present study is to construct and
evaluate validity evidence relevant to internal structure
an instrument that evaluates skills in exchange transfusion and to evaluate its validity and reliability in a simulated scenario through an OSCE. The rubric designed
will support the development of the research protocol
published in Trials Maldonado et al. Trials (2020) 21:387.
https://doi.org/10.1186/s13063-020-04312-3 and registered in clinical trials 18/08/2019 (Trial registration:
NCT04070066).

Methodology
Development of INEXTUS
Phase 1: Bibliographic search and definition of need
for designing an instrument

The study began with an extensive literature review on
the evaluation instruments of the exchange transfusion
procedure in Medline, Scopus, Cochrane, LILACS and
SciELO, determining that to date, there is no related
instrument. The need for designing an exchange transfusion evaluation instrument (INEXTUS) is defined
using the Delphi-type consensus methodology of multiple, individual rounds and without contact between the
experts consulted. Figure 1 shows the Flowchart Intexus
development Phases.
Phase 2: Selection of the panel of experts

A first preselection of 30 expert neonatologists or paediatricians came from different hospitals, with care experience in medium- and high-complexity neonatal units was
proposed, selecting 12 who practiced in university hospitals with teaching experience and who had performed the
exchange transfusion procedure during their professional
practice. The pre-selected experts were invited to participate, and 6 of them agreed to participate.
Phase 3: Development of the Delphi consensus

Three rounds were conducted. First, a survey was sent
to each expert via Google Forms®. The authors used
an open-ended question to instruct the experts to list
the skills for exchange transfusion. Once the results of
the first round were in, the authors compiled and categorized the skills, constructing a general matrix from
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Phase 4: Validation of experts

A new group of 9 expert neonatologists or paediatricians
was contacted to send them the instrument for their consideration of whether they agreed with each of the items
included. A survey was sent via Google Forms® with
questions on a dichotomous scale of Yes or No responses.
In this survey, they could make additional comments
where they could suggest including an item or reorganizing the categories and related items. After this expert
validation, an instrument of 6 categories, 23 items and 46
subitems was obtained.
Phase 5: Pilot test

Prior to data collection, the evaluators were trained in the
operation of the instrument through a pilot test with 10
final year medical students so the evaluator could assess
their comprehension of the instrument and the feasibility
of applying it.

Fig. 1 Flowchart Inextus development phases

which the second round was carried out. In this questionnaire, all items were listed with questions on a
5-point Likert scale and to include an item definitively
in the instrument, a cut-off point of 80% or more was
established for totally agree and agree; and those items
with 80% or more for totally disagree or disagree were
excluded. After this round, a total of 25 items were
excluded, obtaining a preliminary instrument with
3 categories, 18 items and 20 subitems. In the third
round, the research group submitted the questionnaire
again to the experts for their evaluation, asking their
agreement on including each item through a dichotomous survey (yes or no). In this round, only one item
was excluded.

Population, procedures and scenario The study population corresponds to residents enrolled in the paediatrics programme of the Universidad de La Sabana. It was
developed in the Simulated Hospital of the Universidad
de La Sabana during the month of January 2020. The
Simulated Hospital is an academic and research centre
that teaches clinical simulation with high-fidelity simulators in simulated clinical scenarios. The pediatric residents included in the study received training prior to the
start of data collection. For this, an educational strategy
was developed that consisted of a video and guide of the
procedure and recommended references for individual
reading. Students who participated in the study signed
an informed consent, and it was clarified that their participation in the study would not affect their academic
situation and that the confidentiality of the data would be
guaranteed.
All 24 residents underwent the evaluation and application of the checklist for a standardized clinical case
according to the OSCE methodology.
The clinical case scenario was a term neonate with normal weight for gestational age of 13 h of life, blood group
incompatibility, clinical jaundice, haemolysis and signs
of hyperbilirubinemic encephalopathy who was with the
mother.
This evaluation scenario consisted of six stations, (Fig. 2:
Flow chart OSCE stations) that evaluated each subtopic
of the evaluation instrument. Patients (simulated mother)
participated in stations one and two, head nurses in station five, and high-fidelity neonatal simulators with
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Fig. 3 simulated scenario

monitors and equipment for exchange transfusion. Figure 3 shows the simulated scenario.
The evaluators responsible for applying the instrument
were professors from the School of Medicine and the
Universidad de La Sabana Clinic, two neonatologists and
two paediatricians, with experience in the procedure and
in medical education in simulated scenarios.
During the participation of the paediatric residents in
the scenario, the first assessment was carried out by
the evaluators using the instrument developed (INEXTUS—Exchange transfusion evaluation instrument, Universidad de La Sabana). In order to perform the proof
reproof intra-raters reliability, audio and video filming
of the entire participation of the student in the scenario
was made with the objective of performing the second
assessment two weeks after the four evaluators first
participated.
Statistical analysis A sample size was calculated for
inter-rater and intra-rater reliability, taking into account
an expected intraclass correlation coefficient (ICC) of 0.8,
with a 95% confidence interval (CI) of 0.2 and alpha error
of 0.05, power of 80% and with four observers a total of
24 participants [17].

Fig. 2 Flowchart OSCE stations

Each item of the instrument was scored dichotomously:
0 (did not meet or partially met) and 1 (all met). The
score of each subtopic was obtained by dividing the student’s score by the maximum possible and multiplying it
by 100. Similarly, the total score was obtained from the
score of each subtopic divided by the possible total and
multiplied by 100. For inter-observer and intra-observer
reliability, the ICC was calculated with two mixed factors
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and single measures with the 95% CI for the percentage
of the total score of the instrument. Likewise, to evaluate
whether agreement of the classification was partially met
and/or not met (0) and all met (1) for the inter- and intraevaluator test–retest, the Fleiss Kappa coefficient with
95% CI and the Kappa coefficient 95% CI were calculated,
respectively.
The recording and analysis of the information was performed in Microsoft Excel for Windows 10 and IBM
SPSS Statistics 26 software. A value of p < 0.05 was established as a value of significance.

Results
Twenty-four residents of the paediatrics programme
participated, 6 of whom had completed their studies
and not yet graduated. The sociodemographic characteristics are summarized in Table 1. The four evaluators
responsible for applying the instrument were professors
from the School of Medicine and the Universidad de La
Sabana Clinic (two neonatologists and two paediatricians), with experience in the procedure and in medical
education in simulated scenarios (Table 2).

Assessment instrument

A total of 9 neonatologists with academic and healthcare experience participated in the consensus rounds.
One was head of department in their School of Medicine, and four were coordinators or heads of neonatal
units. All exercised their clinical practice in university
hospitals, responsible for training paediatric residents.
The final instrument incorporated the different
aspects of the exchange transfusion procedure, from
evaluating and identifying patients who require the
procedure, to patient preparation and stabilization,
requesting tests and necessary equipment, to managing
the parents and the technique of the procedure.
The final instrument to assess skills in exchange transfusion (INEXTUS) consists of 46 subitems grouped into
23 items, divided into 6 categories: Clinical history and
risk approach of patients with neonatal jaundice, Comprehensive assessment of the patient with jaundice,
Definition of clinical behaviour, Preparing equipment
for the procedure, Perform the exchange transfusion,
Inform and manage the parents. In the pilot test, the
feasibility of the application of the instrument and its
easy and rapid comprehension by the evaluator was
observed (see Table 3 INEXTUS Instrument (Instrument of exchange transfusion of La Sabana)).
Reliability

Table 1 Characteristics of the participants
Characteristic
Gender
Age
Year of residence

n

%

Male

2

8

Female

22

92

25–30 years

19

79

31–35 years

5

21

First

6

25

Second

6

25

Third

6

25

Awaiting degree

6

25

The inter-rater intraclass correlation coefficient was
0.96 (95% CI 0.94, 0.98 p value < 0.001). The test–retest
intra-rater reliability is shown in Table 4, obtaining
excellent reliability values.
Table 5 shows the Fleiss kappa coefficient for the
agreement between evaluators of each item at each
evaluated station. Of the 23 items, agreement for 14
items was possible to calculate since in the remaining 9,
the assessments by the four evaluators was equal (evaluators assigned an equal rating to all the residents,either
complied or not complied). Table 6 shows the intrarater agreement (evaluator 1) test–retest for each item

Table 2 Residents rating (%) for each station
Evaluators Station 1. Clinical
history and risk
approach of the
patient with
neonatal jaundice

Station 2.
Comprehensive
evaluation of
the patient with
jaundice

Station 3: Definition Station 4.
of clinical behaviour Preparation of the
equipment for the
procedure

Station 5.
Performing
exchange
transfusion

Station 6.
Information to
parents

1

76,9

65,5

85,0

48,8

23,3

83,3

2

75,3

64,3

85,4

45,4

22,8

75,0

3

76,0

66,1

81,3

47,1

23,6

66,7

4

74,7

64,3

80,0

47,5

25,8

66,7
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Table 3 Final INEXTUS instrument
INEXTUS INSTRUMENT FOR TRAINING AND EVALUATION OF EXCHANGE TRANSFUSION
Station 1. Clinical history and risk approach of the patient with neonatal jaundice

Yes No

1. The student identifies background of pregnancy and childbirth
   a. Inquires about obstetric care and birth spacing
   b. Asks about history of the evolution of previous pregnancies (emphasis on abortions, deaths or stillbirths)
   c. Asks about pathological history during pregnancy (UTI, infections, preeclampsia, tropical exanthematous diseases)
   d. Inquires about the number of prenatal check-ups and when they started
   e. Determines the gestational and chronological age of the patient
2. Review prenatal exams (Complete blood count, serology, blood typing and indirect Coombs, thyroid stimulating hormone, ultrasound.
Others according to particular case)
3. The student identifies history and risk factors for severe neonatal jaundice
   a. Jaundice in the first 24 h
   b. Group incompatibility—verifies maternal and neonatal blood typing
   c. Coombs positive
   d. Gestational age from 35 to 37 weeks
   e. Family history of haemolytic disease
   f. Clinical factors: cephalohaematoma and exclusive breastfeeding
   g. History of maternal blood ingestion
Percentage of skills met at Station 1: _____%
Station 2. Comprehensive evaluation of the patient with jaundice

Yes No

1. Evaluates skin and mucosal colouration describing percentage of extent of involvement
2. Evaluates signs and symptoms of acute hyperbilirubinemic encephalopathy
  a. Hypotonia
  b. Lethargy
   c. Poor suction
3. Evaluates signs and symptoms compatible with haemolysis
   a. Evaluates vital signs of the new-born
   b. Evaluates state of consciousness
   c. Performs abdominal palpation to rule out hepatomegaly
Percentage of skills met at Station 2: _____%
Station 3: Definition of clinical behaviour

Yes No

1. The student determines the use of paraclinical tests and requests:
   a. Complete Blood Count. (CBC)
   b. Total and direct bilirubin levels
   c. Direct Coombs test of the new-born
  d. Reticulocytes
   e. Peripheral blood smear
2. The student performs the comprehensive interpretation of the data and classifies the patient
   a. Classifies the type of hyperbilirubinemia according to the results as severe
   b. Orders immediate intensive phototherapy
3. Indicates that exchange transfusion is required according to the use of the nomogram
4. The student explains the behaviour to the parents and resolves their concerns
5. Sign informed consent
Percentage of skills met at Station 3: _____%
Station 4. Preparation of the equipment for the procedure

Yes No

1. The student verifies that he or she has the appropriate personnel to perform the procedure (head nurse and nursing assistant)
2. Properly selects the catheter
   i. Preterm: 2.5f; Near-term: 5f; At term: 5-7f
3. Requests, prepares and verifies equipment for catheter passage (Gloves, gauze, sterile gown and drapes, mask, cap, cloths, sterile gauze, 1
scalpel blades, 3 and 4 zero floss, syringes loaded with heparinized serum, chlorhexidine solution, surgical team)
4. Request, prepare and verify equipment for exchange transfusion

2
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Table 3 (continued)
INEXTUS INSTRUMENT FOR TRAINING AND EVALUATION OF EXCHANGE TRANSFUSION
   i. 5,10 and 20 ml Syringes
  ii. Three-way stopcocks
   iii. Bag to dispose of blood and metal support to hang it
   iv. Pipes to connect the systems
5. The student requests the blood from the laboratory and verifies it when it is delivered
   i. Properly requests blood according to group and Rh compatibility
   ii. Request fresh blood less than 5 days old
6.The student determines the type of fluid to be used and the volume of replacement
   i. The student performs the adequate calculation of the replacement volume considering the diagnosis of the patient (5 cc in premature infants, 10 cc at term)
Percentage of skills met at Station 4: _____%
Station 5. Performance of exchange transfusion

Yes No

1. The student verifies the conditions of the patient and monitors vital signs
   i. Check blood pressure
   ii. Heart rate
   iii. Respiratory rate
   iv. Oxygen saturation
2. The student performs the umbilical catheter passage appropriately
   i. Verify the distance at which the catheter will be inserted
   ii. Follow the rules of asepsis and antisepsis for performing the procedure
   iii. Adequately and successfully introduces the catheter to the previously determined site
   iv. Check its permeability
   v. Fix the catheter
   vi. The student requests images to verify the position of the catheter (Request an abdominal x -ray)
3. The student performs the exchange transfusion sequentially and in an orderly manner
   i. Properly connect the exchange transfusion system
   ii. Complies with the order of introducing the aliquot—blood extraction in the stipulated time and volume
   iii. Instructs the help staff to record in detail the meticulous aliquot process
4. The student orders post-exchange transfusion monitoring to detect the appearance of early complications
5. The student requests diagnostic testing at the end of the procedure and 6 h after it (blood count, bilirubins and serum electrolytes)
Percentage of skills met at Station 5: _____%
Station 6. Information to parents

Yes No

1. The student reports the results of the procedure to the parents
Percentage of skills met at Station 6: _____%

Table 4 Intra-rater test–retest reliability
Intraclass
correlation
coefficient

95% CI

p value

Observer 1

0.99

0.98

0.99

p < 0.001

Observer 2

0.97

0.95

0.99

p < 0.001

Observer 3

0.96

0.92

0.98

p < 0.001

Observer 4

0.99

0.98

0.97

p < 0.001

at each station, finding moderate to high agreement for
14 of the 23 items evaluated.

Discussion
Through this work, we constructed and reviewed targeted validity evidence of the INEXTUS instrument
intended to evaluate the skills of residents in training in
exchange transfusion under simulated scenarios using an
OSCE for its high validity and reliability, thus promoting
learning through the realistic recreation of scenarios [18,
19]. The reliability estimated by the intraclass correlation
coefficient and by the Fleiss Kappa is found reasonably
reliable and reproducible ranges for use in the training of
paediatric graduate studies. Validating the rubric allowed
us to refine the content and make decisions about the
items to be included. These data are important as input
for generating a controlled educational environment
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Table 5 Fleiss Kappa coefficient for each station item (inter-rater reliability)
Station

Fleiss’ kappa

95% CI

p value

item
Station 1. Clinical history and risk approach of the patient with neonatal jaundice
Identifies background of pregnancy and childbirth

0.75

(0.59, 0.91)

< 0.001

Reviews prenatal exams

0.67

(0.50, 0.83)

< 0.001

Identifies history and risk factors for severe neonatal jaundicea

-

-

-

Station 2. Comprehensive evaluation of the patient with jaundice
Evaluates skin and mucosal colouration describing percentage of extent of involvementa

-

-

Evaluates signs and symptoms of acute hyperbilirubinemic encephalopathy

0.61

(0.45, 0.78)

< 0.001

Evaluates signs and symptoms compatible with haemolysis

0.84

(0.68, 1.00)

< 0.001

Station 3: Definition of clinical behaviour
Determines whether to use diagnostic testing and requests the appropriate ones

0.75

(0.59, 0.92)

< 0.001

Performs comprehensive interpretation of the data and classifies the patient

0.60

(0.44, 0.76)

< 0.001
-

Indicates that exchange transfusion is required according to the use of the nomograma

-

-

Explains the behaviour to the parents and resolves their concerns

0.78

(0.62, 0.95)

< 0.001

Signed informed consent

0.69

(0.52, 0.85)

< 0.001

The student verifies that they have the appropriate personnel to perform the procedure

1.00

(0.83, 1.1)

< 0.001

Properly select the cathetera

-

-

-

Station 4. Preparation of the equipment for the procedure

Requests, prepares and verifies equipment for catheter passage

1.00

(0.83, 1.1)

< 0.001

Requests, prepares and checks equipment for exchange transfusion

-

-

-

Requests the blood from the laboratory and verifies it when it is delivered

0.88

(0.79, 1.04)

< 0.001

Determines the type of fluid to be used and the volume of replacementa

-

-

-

Verifies patient condition and monitors vital signsa

-

-

-

Performs the passage of the umbilical catheter properlya

-

-

-

Performs sequential and orderly exchange transfusiona

-

-

-

1.00

(0.83, 1.1)

< 0.001

0.70

(0.53, 0.86)

< 0.001

0.75

(0.59, 0.91)

< 0.001

Station 5. Performing exchange transfusion

Indicates post-exchange transfusion monitoring to detect the appearance of early c omplications
Requests diagnostic testing at the end of the procedure and 6 h after ita

a

Station 6. Information to parents
Reports the outcomes of the procedure to parentsa

Interpretation of the kappa values: < 0.2 poor, 0.21—0.40 weak, 0.41—0.60 moderate, 0.61—0.80 good, 0.81—1.00 very good
a

The Fleiss Kappa coefficient could not be determined in these items since all the ratings were equal, either because it was not performed or all were performed
adequately

based on clinical simulation in the exchange transfusion
procedure [20].
Opportunities in daily practice to develop skills in
exchange transfusion are scarce, and paediatric professionals do not reach a sufficient level of competence to
master this procedure in the clinical setting [21]. Clinical
simulation scenarios are proposed as a valid, reliable and
effective teaching option for skills acquisition in graduate-level medical personnel in training [22, 23].
Exchange transfusion is a highly complex procedure
that is performed in neonatal intensive care units and
under specific medical indications, so it requires a high
level of expertise [24]. To date, there are no reports in
the literature of the development of a rubric to assess
the exchange transfusion procedure; therefore, the

instrument developed (INEXTUS) will allow a solution to
a known problem in the training of future paediatricians,
that together with the simulated scenario is an appropriate strategy for the development and evaluation of these
skills [25, 26].
The assessment of clinical skills is a key objective in
the training of human talent in health; however, it is a
challenge since knowledge, skills and attitudes must be
evaluated simultaneously. A continuous and comprehensive assessment drives learning, recognizing that it
is a complex process that requires a consistent methodology through valid and reliable instruments [27]. The
rubric designed for exchange transfusion allows assessing theoretical skills, communication, procedural skills,
among others, allowing teachers and students to identify
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Table 6 Kappa coefficient for each station item (intra-rater reliability for evaluator 1)
Station

Kappa

95% CI

p value

Identifies background of pregnancy and childbirth

0.88

(0.48, 1.2)

< 0.001

Reviews prenatal exams

1.00

(0.60, 1.4)

< 0.001

Identifies history and risk factors for severe neonatal jaundicea

-

-

-

Evaluates skin and mucosal colouration describing percentage of extent of involvementa

-

-

-

Evaluates signs and symptoms of acute hyperbilirubinemic encephalopathy

0.59

(0.19, 0.99)

< 0.001

Evaluates signs and symptoms compatible with haemolysis

0.64

(0.24, 1.00)

< 0.001

Determines whether to use diagnostic testing and requests the appropriate ones

1.00

(0.60, 1.40)

< 0.001

Performs comprehensive interpretation of the data and classifies the patient

1.00

(0.60, 1.40)

< 0.001

Indicates that exchange transfusion is required according to the use of the nomograma

-

-

-

Explains the behaviour to the parents and resolves their concerns

1.00

(0.60, 1.40)

< 0.001

Signed informed consent

1.00

(0.60, 1.40)

< 0.001

item
Station 1. Clinical history and risk approach of the patient with neonatal jaundice

Station 2. Comprehensive evaluation of the patient with jaundice

Station 3: Definition of clinical behaviour

Station 4. Preparation of the equipment for the procedure
The student verifies that they have the appropriate personnel to perform the procedure

1.00

(0.60, 1.40)

< 0.001

Properly select the cathetera

-

-

-

Requests, prepares and verifies equipment for catheter passage

1.00

(0.60, 1.40)

< 0.001

Requests, prepares and checks equipment for exchange transfusion

-

-

-

Requests the blood from the laboratory and verifies it when it is delivered

1.00

(0.60, 1.40)

< 0.001

Determines the type of fluid to be used and the volume of replacementa

-

-

-

Verifies patient condition and monitors vital signsa

-

-

-

Performs the passage of the umbilical catheter properlya

-

-

-

Performs sequential and orderly exchange transfusiona

-

-

-

1.00

(0.60, 1.40)

< 0.001

1.00

(0.60, 1.40)

< 0.001

1.00

(0.60, 1.40)

< 0.001

Station 5. Performing exchange transfusion

Indicates post-exchange transfusion monitoring to detect the appearance of early c omplications
Requests diagnostic testing at the end of the procedure and 6 h after ita

a

Station 6. Information to parents
Reports the outcomes of the procedure to parentsa

Interpretation of the kappa values: < 0.2 poor, 0.21—0.40 weak, 0.41—0.60 moderate, 0.61—0.80 good, 0.81—1.00 very good
a

The Fleiss Kappa coefficient could not be determined in these items since all the ratings were equal, either because it was not performed or all were performed
adequately

the skills and abilities that should be reinforced in a more
granular way, similar to what has been described by
Smith and collaborators during the development of
a rubric to evaluate students during assessing virtual
patients [28].
The present study has some limitations. The research
was limited to 2 sources of validity evidence- test content and internal structure. Although a sample size was
calculated for the main outcome, the number of students included may be low, and only pediatric residents
from one university were included. This limits the generalizability of the results to other settings. Similarly, all
residents were evaluated without stratifying the level of
training, which could impact the results. However, the
objective was to evaluate the reliability of the instrument,

observing the reproducibility of the results when applied
by the same evaluator, by different evaluators and at different times.
In this context, the future use of INEXTUS is recommended at stratified training levels, with a greater number of participants and from different universities and
even scenarios (it may be already trained personnel).
As strengths of the present study, the development of
an instrument with content constructed through an indepth search of the literature and the contribution of
experts in the exchange transfusion procedure is identified, which supports its valid content. There were no
problems during the evaluation in the simulated scenario or during the data collection. Within the limitations, it was not possible to directly evaluate evidence
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relevant to relationships to other measures since there
is no instrument with which to compare it.

Received: 6 September 2021 Accepted: 3 June 2022

Conclusions
The exchange transfusion instrument is validated based
on reliability and its construction to be used to evaluate students during the development of an of exchange
transfusion OSCE. The results obtained show that the
validity of the instrument and the intra- and inter-rater
reliability were achieved.
This instrument will allow the evaluation of paediatric students when performing the exchange transfusion procedure, providing teachers with objective
information about their performance. Likewise, when
the evaluation is developed in an OSCE, students can
be trained, and objective feedback can be given to the
participants.
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