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Executive Summary

Objectives:
1. Explore risk management behaviors of NICU nurses and factors affecting their behaviors,
2. Develop the risk management program for clinical activities in NICU which identify, evaluate

and reduce the risk of injury and loss to sick neonate, personnel, and the facility itself.

Methodology: There were two phases in this project.
Phase 1. Explore risk management behaviors of NICU nurses and factor influencing the behaviors.

Design. Qualitative-phenomenological method

Phase 2: Develeop the risk management program for neonatal intensive care.
Design: Program development utilizing the Clinical Practice Guideline Development

framework for patient safety in neonatal intensive care unit

Summary of project done: Activities carried out

Phase 1
September to November 2002 - \dentifying and getling permission for subject enroliment

November 2002 to January 2003 - Collecting data by using phenomenoclogical qualitative approach
A first round of data collection using an in-depth interview with 27 neonatal intensive care unit
(NICU) nurses was carried out at four hospital settings in Bangkok that were seeking or had been
Hospital Accreditation {HA) certified. The purposes of this activity were to explore the nurse’
experiences with errors and find out what constituted the error behaviors of nursing care in NICU,
the expernences of the error considered most common and most sernous, and the approach to

aveid making the same mistakes in the future.

April to June 2003 — A second round of data collection which the researchers returned to the

informants for further interviews to elicit their views on the findings and to validate them

December 2002 to January 2003 and Aprif 2003 fo August 2003 — Checking data quality, content
analysis, and interpreting research findings
Six themes of nursing errors in neonatal critical care identfied were: (a) medication error, (b) failure in

providing a safe patient environment, (c) technical error, (d) avoidable delay/omission in trealment
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and care, {e) lack of attentiveness, and (f} failure to follow appropriate protocols. The contributive
factors to the occurrence of errors involved the human factors (knowiedge, attitude, skill, negligence,
inconceivability of patient agency, and decision-making), the syslem operating care, equipment
readiness, communication problems, and situation provecation. Individual nursing error found in this
study constitutes one of the many types of factors contributing to the occurrence. The avoidance

measure was corresponded mainly on the errors that have adverse events and were reported.

August to September 2003 — Confirmation of the qualitative research findings and pastponing
the schedule of defining the construct of the NICU-RM program to December 2003

Since the subject was new to Thal neonatal critical care experts and yet to the USA experiences
which had no recent studies (last 10 years) exclusively described error phenomena on this
populatiorn {Fernandez and Gillis-Ring, 2003). The panel expeds felt the need for further
confirmation of the pattern of nursing errors and factors influencing the behaviors that emerged
from phenomenological study (phase 1) on a larger population. Therefore, an extra quantitative
research design was conducled tc build a naticnal evidence base. A cross sectional study was
conducted with 300 NICU nurses from hospitals of various levels of care all over the kingdom,
The hospitais thai nurses are employed include regional, general, privale-NGG, military and
university hospitals from 54 provinces. Data analysis revealed a congruent finding with the
qualitative study results. Thus, the results elucidate necessary information used for the group of

experts to develop national cost-effective strategies to improve NICU patient safety.

Phase 2.

Defining the construct of the NICU-RM program

October, 2003 - Contacting and applying for the USA visit to update and exchange ideas on the patient

safety system approach and guality care management, particularly in the area of neonatal critical care

November to December, 2003 - Preparation for the principal investigator's readiness
Making a visit to the Johns Hopkins Hospital in Baltimore, Children's Hospital and UCSD Hospital

in San Diego and Calvert Memaorial Hospital in Calvert County, Maryland.

Footnote: Fernandez, C.V., & Gillis-Ring, J. {2003). Strategies for the prevention of medical error

in pediatrics. Joumal of Pediatrics 143(2), 155-162.



January to February, 2004 — Setting up the task force committee by utilizing a model of collaborating

institutional approach

Project advisory board included the director general of the Department of Health and the
president of Thai Neonatal Scciety. The panel of expert members consisted of twenty-two NICU
staff nurses and eight neonatologists who had experience in working at level [Hl NICU for more
than 5 years and/or had obtained certificate of specialty in the field of neonatology. The RM-NICU
project was brought into the attention of the president of the Thai Neonatal Society and the beard
committee meeting. The Thai Neonatal Society had accepted to be the project host with the
coordination of the principal investigator, The project priority and output, Gantt chart, selection
criteria of the panel expert instituticns, and major areas of unsafe neonatal critical care practices

had been discussed and set up on the second meeting.

The NICU priority unsafe practice areas identified from the evidence base of research resulted
from phase 1 had been agreed by the panel experts to be used as the construct of the NICU-RM
program. As the term of patient safety system is referred to a guality improvement aim at
proactively redesign the structure and process for safer clinical practice rather than tackle on a
per error incidence basic (RCA, a risk management approach). The panel experts felt a need for
the project name to be revised. Therefore, project title had been changed from the RM-NICU
project to “the National Guidelines on Neonatal Critical Care Safety System” (NG-NCCSS). The
collaborating institutions included Siriraj Hospital, Ramathibodi Hospital, Srinakarin Hospital of
Khon-kaen University, and the Queen Sirikit Children National Instituion. Each institution is

responsible for a development of one area of the four safety systems.

Formulating the priority area of NICU unsafe practice

March to April, 2004 - Training the collaborating team of the panel of expert members for the
strategies in formulating and developing the NG-NCCSS in two-group training in Bangkok and

Khon-kaen Provinces.

As the major unsafe practice areas were identified from the evidence base of research result from
phase 1, the expert panels feit unnecessary to conduct activities in step 1 and step 2 of the FMEA
framework. Therefore, NG-NCCSS began with step 3 by developing the preventive methods that
were designed the action plan on risk reduction strategies based on Cohen's 4 basic types of
action calied “error traps”. These include a) remove altemnatives, 2) improve error detection, 3)
prevent completion of error action, and 4} minimize consequences of error. After this preparation,
the expert team from each institution chose one of the four major areas of neonatal care safety
system. Working time frame and detail topics under each major area were agreed among all of

the expert teams.



Developing the NG-NCCSS

April, 2004 to May 2005

The expert team from each institution then further developed NGNCCSS on two of the eight
priority areas of NICU unsafe practice and tried to keep up with the project time frame.

The principal investigator and the project advisor had worked closely with each expert
collaborating team by site visits at each institution. The principal investigator's responsibility also
included administrative supervision, co-ordination of the institution group work and the
collaborative expert group meeting for supporting the progress of the overall CPG development

and served as a nurse expert member in the entire collaborative meeting.

NG-NCCSS development cycle: Each expert group drafted the pathways of clinical practice
processes related to the selected NICU error issues. Then, the groups of the panel of experts
validated the drafted pathway. The pathway was used in examine the potential problematic
practice processes and determined what could go wrong with each process. Weight the potential
seriousness, by all individuals expert rank estimated the possibility of occurrence for each of the
possible errors listed. The analyses of risk in NICU caring process were tracked from point of

initiation untf completion.

The strength of evidence depended on the available data on a particular subject. Consensus was
achieved for most recommendations based on scientific evidence. In controversial areas or in
issues without evidence other than usual clinical practice, expert panel discussion and a
benchmarking process among the four collaborative centers were used to identify best practice

performance that was correlated with better cutcomes.

Testing and revising the NG-NCCSS in an actual clinical field

August, 2004 to August, 2005
All of the NG-NCCSS were tested in the NICU environment. Each of the expert teams
implemented their own CPG development in their NICU setting and evaluated its process and

outcomes, including feasibility and changes in the staff’s practices and error incidence.

Mcdifyving the final NG-NCCSS from the nationa! clinician audience’s feedback

June, 2004 to November, 2005

Dissemination of NG-NCCSS through the national and regional conferences meeting of the
clinicians both physician and nurses who worked with the sick neonates was used as a feedback
mechanism and at the same time promoted the utilization of the NG-NCCSS into clinical practice.
Dissemination of the NG-NCCSS were done at a global conference meeting and seven national

conferences.

Preparing the project finat report for TRF and the manuscript for an intermaticnal publication
December, 2005 to January, 2006



Risk management behaviors of nurses and the model development

of a risk management program for neonatal intensive care unit

Abstract: Necnates are reporied tc be at greater risk of medical error than infants and older
children. However, Thailand, as many countries, has not had standard patient safety system in
the necnatal critical care. Designing necnatal safety depends on an awareness of how the errors
occurred in nursing care delivery systems. Improving safety across organizations especially in
Neonatal Intensive Care Unit (NICU), is challenging. The purpose of this project was twofold;
(1) to explore causes, types, and consequences of errors and near-misses and the error-
management behaviors from the life experiences of nurses working in NICU and postulate a
model to asticulate the relationship between them, and (2) to create the national guidslines for

patient safety system in NICU.

Methods: In phase 1, a qualitative methodology was used to identify common errors in NICU
practice and gain insight into the error phenomena from the life experience of nurse informants,
using an in-depth interview and content analyses. In phase 2, the best practice guidelines on
patient safety in NICU were developed by using the collaborative groups as the expert members
that comprised multidisciplinary team members from 4 lead centers provided neonatal intensive
care in Thailand. The framework of practice guideline development comprised an innovation
process specific to patient safety approach, tool erhancing critica! thinking, benchmarking

process, and the elements of multidisciplinary team building strategy.

Results: The model structure of emor phenomena in NICUs contained five contributing factors
invelving human factors (knowledge, skill, inconceivability of patient agency, and faulty judgemen),
system operating care (team and functional nursing, handoffs procedure, under staffing and lack of
supervision), equipment readiness, communication problems, and situation provocation {sudden
increase in patient acuity and simitar names and packages). These factors often functioned together
when processed to a single occumrence of errcr. Six themes of error types included medication error,
unsafe patient environment, technical error, avoidable delay/omission in treatment and care, lack of
attentiveness, and failure to follow appropriate protocols. Thirty-nine subthemes revealed unigue
aspect of NICU nursing error types. Error outcomes on the neonates ranged from no obvious harm
to tragic outcomes. Nursing management of error varied by the evidence of neonatal culcomes and

nurses' fear and quilt. Thus, nurse reactions ranged from self-corrected error to notifying physician
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and later policy setup. Their preventive measures were limited by those reporting errors. Eight
national practice guidelines on neonatal critical care safety system {NG-NCCSS) have been
developed based on these qualitative findings. The NG-NCCSS include the issues of (a) safety
system in medication administration [prevention of wrong dose and wrong patient medication
administration], (b} safety patient environment [clinical alert alarm system and neutral thermal
regulation], (¢) safety treatment and caring technique [prevention of endotracheal inadverent
dislodgment and miss patient identification], and (d) safety system on complication precaution
[severe intravenous leakage and skin care]. The NG-NCCSS will be available to neanatal clinician

community on the Intemet site and as a clinical practice guideling manual.

Conclusions: The qualitative research approach offers a way to elicit preliminary data for
prioritizing areas of error in NICUs particularly in a country like Thailand which has no national
reporling system of health-care errors. Key success of the guideline development that constitules
work of multidisciplinary team from multi-institutiona! collaboration reguires commitment and
motivation of nefwork members, readily access to literature resources, and continuity of group

meeting.

Keywords: Descriptive phenomenolegy, Error event, Patient safety, NICU, Clinical Practice

Guideline
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BACKGROUND

Error in clinical practice affects the quality of care and puts patients' lives at risk. The error is
more intense in the area of critical care. Previous studies have reported that neonates admitted to
neonatal intensive care units (NICUs) have had multiple preventable complications associated
with practice procedures and the use of equipment. These have included adverse drug events,
nosocomial infections, sepsis, blindness, deafness, chronic lung diseases, neurosensory
sequelae and they have undermined parental trust in the health care system (Chang, Lin, & Lin,
2001; Hack et al., 2000; Lee et al., 2000; Mahieu et al., 2001; Mangurten, Angst, Boyle, See, &
Beckman, 2000; Petdachi, 2000; Prot et al., 2005; Sohn et al., 2001). The adverse outcomes have
resulted in a longer length of hospital stay, and a higher cost of medical care (Mahieu,
Buitenweg, Beutels, & De Dooy, 2001). Moreaver, morbidity is ongoing throughout childhood
(Lindeke, Stanley, Else, & Mills, 2002).

Clinical risk management {CRM) is focused on unsafe practices and unsafe condition prevention
(Cowan, 2000; Agency for Healthcare Research and Quality, 2002; Bryant et al., 1996). At present,
Root Cause Analysis (RCA) is an approach widely apphied to investigate health care adverse
evenis in Thailand. It helps underlie causes and their relative contributions, and identify
administrative and systems problems that might be candidates for RM design and redesign.
However, RCA has significant and methodological limitations. 1t is a method to leamn from past
mistakes. The apprcach limits a detailed analysis of the incidents and the reliability of the causal
attribution of incidents as it relies on implicit judgments by expert (Parker & Lawton, 2003). More
fimitation is in the access to uncover the error types and the underlying causes of the non-
reporting incidents. Traditionally, when incidents occur, the individual involved is counseled and
sometimes terminated. This is considered a quick and easy fix but at the end is ineffective. The
blame hampers capturing of actual causes and adverse events since individuals conceal the
errors committed. It makes CRM difficult to be detected and prevenied the cause of errors.
Mareover, Thailand has not yet well developed an effective hospital incident reporiing systems.

Iu

Studies have found that anonymous and voluntary adverse event reporting system call “self-
reporting system” that shield participants from legal exposure is a best allemative way of report
accuracy {(Wald & Shojania, 2002). Cansidering these limitations, the development of NICU
clinical practice guidelines is favorable as the proactive approach that prevents potential system
errors to these vuinerable neonates. As the guideline is a means to deliver patient safety system

based on evidence-based and consensus best-practice recommendations 1o ¢linicians, This
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guideline requires an investigation to a given practice process, identifies possible or likely errars,

and gauges what their effects will be before they take place (Cohen et al., 1894; Fletcher, 1987).

Does Thailand have urgent needs of patient safety in the NICU? The answer is yes. Since,
Thailand has growing NICUs with variations in the guality of care. NICUs under the Ministry of
Public Health are around 70 units, each in either provincial hospitals or medical center. Ten units
belong to university hospitals and more than 90 are connected with private hospitals, Ministry of
Defense, Department of Police Affairs, Bangkok Metropolitan Administration, and others.
Reducing adverse events in various NICUs requires concrete error-reduction systems to be
instituted rather than tackiing problems on a per-incident basis. However, the RM for neonatal
critical care is not well developed in Thailand and it is only generally stated to meet the hospital
accreditation policy requirement. The patient safety system necessary for idertifying NICU risks
and ways to efiminate the risks will greatly contribute to hospital quality improvement. The action
and system need lc entails clinical and administrative activities that identify, evaluate and reduce
the risk of injury and loss to neonates, personnel, and the facility itself. Thus, neonatal safety
praclices based on the evidence-based and national consensus best-practice guideline will

assure that the hospital admission would help the neonates rather than harm them.

OBJECTIVES

1. To explore emors phenomena in NICU by identified and described causes, types, and
conseguences of errors and even near- misses and the error management of nurses working
in NICU.

2. To develop the NICU risk management program for a universal patient safety practices in NICU

which consisted of standard guidetines and critical pathway on potential risks prevention and

loss reduction 1o sick necnate, persannel, and the facility

METHODS

A three-year research project, from September 2002 to August 2005, consisting of two phases
was conducted: Phase 1, utilizing a qualitative-phenomenolegical methodology; Phase 2, using
the collaborative research model and the framework for evidence-based clinical practice

guidelines for patient safety in NICU.
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PHASE 1
TO DESCRIBE AND EXPLORE THE ERROR PHENOMENA IN NICU

Sample

Padicipants were 27 registered nurses working at NICUs level I, fram three teaching and cne
nonteaching hospital in Bangkok, Thailand (Table 1). These hospitals were randomly selected
from common hospital organizational climates, representing the military, public health, an
academic medical cenler and metropolitan administrations. The sample size was determined
when a recurring regularity pattern of error type and barriers to safe practice in NICUs began to
be identified after interviewing 22 pariicipants. However, we continued to increase the number of

participants to represent each hospital organization climate.

TABLE 1
Characteristics of the Study Participants (N = 27)

. N %
Age (y; mean [SD]) 32.5 (7.6)
NICU working experience (y; mean [SDJ) 9.7 (7.3)
lLeve! of education
Bachelor degree 24.0 89
Master degree 3.0 11
NICU beds (no.; mean [range ] for 4 NICUs) 11.5 (8-18)
Nursing staff* ratio (sick neonates per staff)
Day shift {nc.; mean [range ] for 4 NICUs) 2.1(1.3-3.6)
Evening shift {(no.; mean [range ] for 4 NICUs) 36(1.7-8)
Night shift {(no.; mean [range ] for 4 NICUs) 4.5 (2-8)

* RN and Licensed Vacational or Practical Nurse

Procedure

After receiving institutional review board approval, the nurse manager of each NICU setting
identified the potential pool of subjects based an a nurse's NICU working experience for at least
two years. Upon ihe appointment, the researcher contacted potential nurses to explain the
study’s purpose, emphasizing that participation was voluntary and anonymous. All of the nurses
verbally consented to participate and participants were audiotaped. A face-to-face interview took
place in a privale room. Each interview guestions were asked in the natural course of things

concerning the nurse life experiences in the area of error in care delivered, factors causing the
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unsafe practice in NICU and the neonate's outcomes. The researcher avoided the word error to
prevent the study from appearing threalening to nurses. Each interview lasted from 60 to 90

minutes and data was validated with the participant at the end.

Data Analysis and the rigor of the study

Data was generaled and analyzed using Colaizzi's method (1978). After collecting the
padicipants' description of the phenomena, the interview tapes were transcribed and then
verified for accuracy. No tapes had identification of participants on them and all were destroyed
after the verbatim transcripticn was compleied. Transcnpts were read and reread independently
by each researcher to examine the language for common meanings and for the range of human
responses 10 the stories described. Significant statements relating (o the error events and factors
contributing to the event were extracled. Patterns and themes as well as exemplars were then
identified as part of a search that reflected the collective experience. Data authenticity and
trustworthiness were enhanced by participants reviewing the final exhaustive description to verify
that it was representative and frue to their life experience. Conformability was achieved through

the use of an audit trail and review of the raw data by the second researcher.

Defining Key Terms and Health System Influences the Qualitative Data Analysis

A major issue in reporting and learning to improve patient safety is the lack of a universal
definition. This study uses terms and definitions adopted by the Institution of Medicine (Kohn,
Corrigan, & Donaldson, 2000) to ensure a clear understanding of the terms and a consensus
interpretation of the safety phenomena in NICUs. The errors were defined as the failure of a
planned action to be completed as intended or the use of a wrong plan to achieve an aim and
which had the potential to adversely affect the neonate. Error outcomes were classified based on
events associated with harm or injury that led to the neonate's suffering or disability or death due
to nursing practices rather than the neonate’s underlying disease or condition. An adverse event
{AE) was defined as an unintended incident in care that resulled in an adverse outcome and
required additional care effort. Near misses were events in which unwanted consequences were
prevented. We considered the barrier to safety when it is commonly present for practice

situations that entail error events.

Setling sites in this study are level lIIB (subspecialty intensive care) according to the American
Academy of Pediatrics classification (2004). Level Il is a unit that cares for medically unstable or
critically i1l neonates requiring constant nursing, assisted ventiation, and other intensive

intervention. NICU nurses have lhe capability of providing complex care to mechanically

RSA4580021 Page 8 of 58



ventilated neonates, in collaboration with physicians, pharmacists and social workers. The
practice model supports the values of family-centered care and the Baby-Friendly Hospital.
However Thailand, as many countries, is under pressure to mainfain a quality care service in the
face of staff shortages and increased activity requiring more sophisticated procedures and

technigues.

PHASE 2
TO DEVELOP NATIONAL PRACTICE GUIDELINE ON PATIENT SAFETY SYSTEM IN NICU

Definition

National Practice Guideline on patient safety system in NICU is a guideline that
presents the recommendations based on the scientific evidence, benchmarking
process, and consensus expert opinions. The recommendation is aimed to help
everyday clinician decision-making for delivering effective and universal patient
safety practices in NICU by designing the structure and process to prevent, reduce
and eliminate the risk of adverse events resulting from exposure to the health care

system across a range of diseases and procedures and to promote error-free care.

Sample

Selection of the panel of experts were chosen by their rencwn for the NICU expert in the field and
according to their willingness and availability to participate actively for a period of 18 monihs.
Project advisory board includes the director general of the Department of Health and the
president of Thai Neonatal Society. The panel of expert members comprised 30 members,
twenty-two NICU staff nurses and eight neonatologists, who have experience in working at NICUs
level il for more than 5 years and/or have cbtained certificate of specialty in the field of
neonatology, from four lead centers in Thailand that provides neonatal intensive care. The
collaborating nstitutions included Siriraj Hospital, Ramathibodi Hospital, Srinakarin Hospital of

Khon-Kaen University, and Queen Sirikit Nationai Institute of Child Health.

Procedures
A panel of expert team was set up by using a cottaborating institutional approach The National
Guideline on Neonatat Critical Care Safety System (NG-NCCSS) project was brought into the

attention of the president of the Thai Neonatal Society and the board committee meeting. The
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Thai Neonatal Society accepted to be the project host with the coordination of the principal
investigator. The task force committee for NG-NCCSS was officially created in 2004 by Thai
Neonatal Society in order to deal with the process of guideline development and dissemination in

the scientific community {(Appendix A).

NG-NCCSS development cycle

Preparation phase:

Principal investigator's readiness

The investigator made a USA visit to update and exchange ideas on patient safety system design
and quality care management, particularly in the area of neonatal critical care during November
18, 2003 to December 11, 2003. The visiting sites were the Johns Hepkins Hospital in Baltimore,
Children’s Hospital and University Medical Center at University of California, San Diego and

Calvert Memorial Hospital in Maryland.

Demonstration of the design for medication and environmental safety system in neonatal care

Panel of expert members’ readiness

The principal investigator invited the experts from five large NICUs. One unit declined to
participate due to staff shortage and time constraint. Four units voluntarily participated in this
project. The collaborative team members then met to structure the rules for committee
organization in developing the NG-NCCSS. The project objective, work plan, Gantt chart, and
expected outcemes were discussed and set up. Four expert sub-committees were appointed and
the formal lefters of invitation from the President of the Thai Neonatal Society were seni to the

expert team members' employer.
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Prior to the working phase, The principal investigator trained the collaboraiive teams, the panel of
expert members, for their readiness and the strategies in formulating and developing the NG-
NCCSS. Two training groups, as for the expert members’ convenience, were conducted, cne in

Bangkok and another one at Khon-kaen Province.

The collaborative members’ readiness fraining

Working phase;

The panel of expert members agreed on the four steps of collaborative work on patient safety
guideline production. The working phases proceeded on a bi-monthly meeting basis for the 24-

month duration.

Step 1: Defining the construct of the NG-NCCSS by the experts team.

Risk issues inctuding area of common erroneous and causes for preventing the occurrence
of practice errors was critical assess by delineate the qualitative data found in phase 1; causes,
types, and consequences of errors and even near- misses and the efror management
experienced by nurses working in NICU. Six major areas of errors were identified which included
medication error, failure to provide a safe patient environment, technical error, avoidable delay /
omission in treatment and care, lack of attentiveness, and failure to follow appropriate protocol.
Since the major unsafe practice areas were revealed in phase 1, the expert panels felt
unnecessary to conduct activities accoerding to the FMEA framework. The pane!l of expens
determined 4 potential high-risk areas of unsafe practice behaviors and unsafe conditions for the
NG-NCCSS program development. These included (a) safety system in medication administration
[prevention of wrong dose and wrong patient medication administration], (b) safety patient

environment [clinical alert alarm system and thermal regulation], {c) safety treatment and caring
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technigue [prevention of endotracheal inadvertent dislodgment and patient identification errors],

and (d} safety system on complication precaution [severe intravencus leakage and skin care].

Step 2: Formulating the NICU unsafe practices and unsafe conditions.

After defining the NG-NCCSS construct, the expert team fram each institution chose one
of the four potential high-risk areas of unsafe practice. Working time frame and detailed topics
under each major area were agreed among all four expert teams. Each expert team drafted the
pathways of clinical practice processes related to the selected NICU error issues. Then all groups
of the panels of experts met to validate the drafted pathway. This step used brainstorming
lechnigues and tools for drawing critical pathways (Mosher, 1992; Nyberg, 1993). The pathway
was used to examine the potential problematic practice processes and to determine what could
go wrong with each process. The potential seriousness was weighted by all individual expert and
the rank was estimated the possibility of occurrence for each of the possible errors listed. The

analyses of risk in NICU) caring process were tracked from point of initiation until completion.

Step 3: Developing the NG-NCCSS preventive methods that would lower the risk of errors

After formulating the NICU unsafe practices and unsafe conditions, the expert team from
each institution then further developed the draft of the NG-NCCSS and tried to keep up with the
project time frame.,

The principal investigator and the project advisor had worked closely with each expert
collaborating team by site visits at each institution. The principal investigator's responsibility also
included administrative supervision, co-ordination of the institution group work and the
collaborative expert group mesting for supporting the progress of the overall CPG deveiopment

and served as a nurse expert member in the entire collaborative meeting.

Coordinating a collaborative leam meeting to benchmark best patient safety practice, a lwo-year

national initiative project
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Upon the completion of the first draft of NG-NCCSS, the collaborative group met to
comment on the preliminary guideline. The concept of action plan on risk reduction strategies
called “error trap actions™ {Cohen,1994 cited in Fletcher, 1997) was used in designing potential
interventions and resource structure for the NICU patient safety. These include 1) removing
alternatives, 2) improving error detection, 3) preventing completion of error action, and 4)
minimizing conseguences of error.  Evidence gathering and review of literature related to
neonatal practices and safety system were retrieved from advanced PubMed, Medline,
Cochrane, CINAHL and related web site, i.e. JCAHO (jcaho.org), AAMI (aami.org), NCPS
(patientsafety.gov), etc. The strength of evidence depended on the available data on a particular
subject. The guideline consensus was achieved for most recommendations based on scientific
evidence. In coniroversial areas or in issues without evidence or other than usual clinical practice,
expert panel discussion and a benchmarking process among the four collaborative centers were

used to identify best practice performance that was correlated with better outcomes,

Step 4 Testing and revising the NG-NCCSS in an actual clinical field

From the results of potential risks in each practice area, a guideline and the pathways
were pre-summarized and printed. Each of the expert teams implemented their own NG-NCCSS
development in their NICU setting and evaluated its process and outcomes, including feasibility
and changes in the staff's practices and error incidence. A clinical field test was performed for a
6-month period. Feedback from the nurses in the trial was used as an evidence for the revision of

the program.

Step 5 Modifying the final NG-NCCSS from the nalional clinician audience’s feedback

The field test found problems needed maodifications which included the guideline
language correction and clarity and expansicn of safety practice step in the flow diagram. The
feedback from the nurses and the reduction of the unit's adverse incidents provided evidences
that the NG-NCCSS were practical for clinical implementation and enhanced neonatal patient

safety.
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The finat NG-NCCSS then disseminated tc target users in order to promote the utilization
of the NG-NCCSS into clinical practice. Dissemination activities were done through the
conference meeting of the clinicians both physicians and nurses who warked with the sick
neonates at the globat level and seven national levels, for example, the 6" National Forum of
Quality Improvement & Hospital Accreditation and the Annual Conference of the Thai Neonatal

Society in 2004 and 2005.

National speaker on strategic approach to improve patient safety Lo an audience of 800 nurses
on August 25, 2003

Regicnal dissemination of the final NG-NCCSS hosted by the Thai Necnatal Society
al a regional hospital, Udorntani on September 23, 2005

and at Khon-kaen University on February 17-18, 2005
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SCENES FROM THE INTERNATIONAL PG DISSEMINATION

The 23" Quadrennial Congress 2005: Nursing on the Move: Knowledge,
Innovation and Vitality organized by The International Council of Nurses
in Taipei , Taiwan during 21 - 27 May 2005

Poster Presentation: Development of best practice guideline on patient safety in NiCU:

A collaborative project
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ecenes from the international Pb dissemination

An invilation fior

the Journal of

MNeonatia

Wil & Jourmal el

Oral presentation "An Exploration of the Error Phenomena in Neonatal Intensive

Care” on May 25, 2005 (Concurrent session No.C.0510.B)
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RESULTS AND DISCUSSION

The clinical practice guideline (CPG) is the systematically developed statements tc assist
clinician decision about appropriate management for a specific clinical condition in the conlfext of
the patient's clinical and social circumstances. However, this study has found that CPG
developmeni is a lengthy process and reqguires a lot of investments such as effort, time, and
money. Yet, designing the NG-NCCSS requires knowledge on system approach for patient safety
preventive measures and identification of areas prone to practice errors in NICU which is new for
Thailand and many countries around the world. To understand the error system from its root
cause, the qualitative approach in the phase 1 of this study has found an insight into the specific
causes cf an error event, error pattern, outcome and the management of error. Results of the
phase 2 has offered framework of CPG on patient safety development and eight evidence-based
practice guidelines. The guidelines are designed to assist neonatal units and staff in early
identification of areas prone to practice errors and make recommendations that systematically
prevent and minimize these patential errors in the future. The NG-NCCSS will assist neonatal units

and staff in achieving safer and higher standards of care.

PHASE 1. THE ERROR PHENOMENA IN NICU

As a resuit of in-depth content analysis, a model of phenomena in NICU nursing practice has
been constructed to articulate the relationship between contributive factors, patterns of NICU
nursing errors, outcomes and management of errors (Diagram 1). A detaited descriptions of the

refationships among the essential themes and subthemes are as follows.

Pattern of errors, causative factors and adverse outcomes

Six themes common to nursing errors in neonatal critical care identified were (a) medication error,
(b) faiture to provide a safe patient environment, {c) technical error, {d}) avoidable delay / omission
in treatment and care, {e) lack of attentiveness, and (£} failure to follow appropriate protocol.
Thirty-nine subthemes are expanded and clarified the meanings of these themes, thus indicate
areas of error practices. The contributive factors to the occurrence of errors involved human
factors (knowledge, attitude, skill, negligence, inconceivability of patient agency, and decision-
making), the system operating care, equipment readiness, communication problems, and
situation provocation. Most participants attributed their errors to more than cone cause. The
avoidance measure commoniy corresponded aniy to the error that caused adverse events 10 the

neonates and was reported.
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Medication errers

All of the participants experienced misses and near misses of medication errors. The most

common types of errors were dosing errors followed by drugs given to a wrong patient, at a

wrong time, with wrong drugs, incorrect administration technique, and continuation of an expired

order. Intravenous drugs were administered to the neonales by intermittent infusion more than

bolus dose injection. There was also intravenous solution given by continuous infusion, which often found

to be an infusion rate error. The drugs and intravenous solutions generally involved in dosing

errors were dopamine, adrenaline, potassium chloride, furosemide, digoxin, aminophyiling, and

antibictics. Comman contributive factors revealed were a sum of both human factors and excgenous

factors. Table 2 shows factors causing medication errors and examples of informants' descriptions.

Table 2. Factors causing medication errors and examples of informants’ descriptions.

Common contributing factors

Human factors
1. negligence in:

- following the five Rs of medication
administration (right medication, patient,
dose, route, and time)

- the transcription stage

- the preparation stage

- compleling a medication renew order
and discard process of ol medication
orders

- pre-checking the equipment before

inservice

2. incompetence in dosage/ rate calculation

Sample of the informant's descriptions

"Yes, she prepared the drug correctly. But | didn't check
a baby's name with the medication card.... injected an
intravenous drug to a wrong baby.”

“I copied a medicaticn order correctly but wrote drug
card to a wrong baby's name.”

“... uncareful diluted the standard dosage forms. For
examples, two mgs of Lasix , | prepared 2 mbs instead.
Other times | prepared a dose of aminophylliine 0.8
instead of 0.68 "

"l incompletely {cok the renew medication order. | forgot
to discard the old order. My mind was at some where

else. | wasn't careful ...."

“We received the repaired old infusion pump after a
service. | didn'l pre-test before using. ... knew that it still
had defect during a shift change. The rate was delivered
faster than the preset.. left with an empty IV bottle. Baby
had IV overload. ™

“I couldn’t calculate the dosage accurately. | prepared a
lot of wrong dosages. Maybe because | wasn't careful
and inexperienced....”

“It was because of my miscalculation of the antibiotic
dosage. . .not an accurate reading of medicatiocn card.”
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Table 2 cont'

Common contributing factors

Sample of the informant’s descriptions

3. knowledge deficit of:

- drug preparation and neonatal dosage,

- drug administration

- equipment function setup

4. inexperienced staff

5. lack of patient-advocacy concern
- guestioning a physician's order for
an unclear reading or questioning
a doubtful drug overdose order

6. self-rush to complete the shift work

- self desire

- took a “short cut” by breaking the

rules

I didn’t know well how 1o ditute or subdivide the standard
dosage forms for a very minimum dcsage administration.”

“...after a bolus push of Vancomycin, a baby had
apnea. | didn't know that the infusion rate was
recommended for at least 60 min.”

"IV {luid bottle was empty in a short time due to my wrong
rate set-up. | was unsure about how the infusion pump
functioned....”

“RN made more medication errors in the beginning of
their employment years at the NICU ™

“I was new to work in NICL and didn't know that some
drugs were prohibited to administered together. |
injected all of them in the same IV line.”

"Doctor ordered an overdose. | sensed that but didnl
dispute because | wasn’'t 100% sure. After | gave an
intravenous injection, | checked TIMS annual ta confirm
my thought and it supponted that the dosage was wrong.”

“| hurried to finish the work. The cards had similar
babies' name. | wasn't careful.. .just ook a syringe
(another nurse prepared) from the medication cart and

administered....”

"I wanted to finish my work...changed an
administration

protocol by including all babies’ injection syringes
in one tray. There were several aminophylling
injections, | was mixed-up and gave the injection to

a wrong baby”
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Table 2 cont’

Commen contributing factors

7. habituation to
- the old medication order and

neanate's incubator position

- personal nursing habit

8. forgetting by the distraction of other

WOrk

System operating care
1. assigning mulliple providers to
complete ene drug administration

process

2. poor charting procedure

3. poor policy in drug preparation

Sample of the informant’s descriptions

"Because of a rush, | didn't check & patient's name,
st memorized crib position. After transfusing a litile

blood, oh no, wrong neonate.”

*...working in the NICU for years. | was used to not
following 5R that learned from the school.... skipped

the steps in drug administration when emergency "

"When the unit was busy with severe cases, |

completely forgot the medication of scme babies.”

“One person takes medication order, another
prepares and different person administering drug to

the neonate”

"We had one nurse in charge of medication order. It took a
long time before she delegated the order o a team leader
and then a member carried it out to a baby. if the order
was discontinued, the baby was still given one extra dose
because the nurse member was notified after the former

administration time. "

“Error happened in a transcription process, ‘cause of
multiple steps in copying the medication order. We had to
copy it from the patient's chart 1o kardex, medication

administration record, and on the medication card.”

“Aminophylline was prepared by doctor but injected
by nurse.”

"Antibiotics order that were stable for 24 hours or
longer would be prepared and drawn into separate
syringes ready for intermittent infusions for a whole
day. If the medication order was changed and
nurse accepted it 1ate, baby wouldn’t get the new
ordered dose”
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Common contributing factors

Sample of the informant's descriptions

4. inadequate staffing

5. defective system of medication card that

permit incomplete process of 5 Rs

6. inadequate preparation of the new

NICU staff

7. poor aursing care delivery system by
assigning certain nurse staff to be in

charge of the whole ward drug injections

“Staff ratio was inadequate....had to do something
else while accepting a medication order. So i
missed to write the medication card and knew that
the baby didn't receive the drug during shift
change”

" ...wrong time often occurred because of our
running medication card system. If another shifi ran
the cards in a wrong slot-time, the next shift would
follow. About my case, | didn't check the
administration time again, just fook a card and

administered the infravenous drug...."

“It was a one-day order, | administered the drug
which was supposed to be oif at 6 a.m.. The last
person who administered the drug forgot to tear off

the drug card and | failed to check the kardex.”

Newly graduate staff-nurses increased their drug
administration management skill on the job training.

They were inadequately prepared by school.”

In each shift there was one nurse assigned to give
medications 1o all babies in the unit. Dose errors
occurred when several babies received the same
drug because | couldn’t remember each baby's

detail "

Equipment readiness
1. use of defective syringe pump or infusion

pump due o inadequate routine check up

2. look-alike package

“The error happened because the syringe pump
spontaneously functioned faster than the set rate without
any warning alarm at all.”

The solution bottie labels had same color, sometimes we

missed ...."

“Doctor requested xylocaine but } handed him a wrong

one, 'cause it was in the same size of vial."
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Common contributing factors

Sample of the informant's descriptions

Situation provocation

1. unfamiliarity (Stat dose/ order for one
day, which makes medication
dispensation time ditfer from routine)

10.16,18,19, 27

2. an increase in workload and pressure 1o
proceed: new admission, sudden

deterioration of an infant, severe case who
required multiple medications, emergency

case

3. familiar situation

- same type of IV solution on new order

- same look of package

4. a wrong dose ordered by the physician

5. using same intravenous line for different
drug injections, thus failing to readjust

equipment rate after each change

"...wrang time of drug injection caused by an

unusual administration time. Order for one day had
high chance for error 'cause it may start at different
time from continuous medication, such as at 9a.m.,

21 p.m...."M10

"Wrong because of a lot of work when the babies
were crowded. If fewer, the care would be beller

and drug orders would not be so many.”

"A wrong PPN rate happened when switching from
old to new order. The PPN label on the bottle had
been written 5 ml/hr since morning shift, not
congruent with the new evening order of 4 ml/nr. |
changed the new botlle and used the old
rate....Failed to check the order.”

“| took the aminophylline syringe and put it on the
table near the incubator. But when infusing it |
picked up the NSS syringe prepared for instilling into
the ETT....Both were prepared in the same size of

syringe and were clear and colorless.”

“Doctor ordered wrong dosage, mostly the newly
graduate doclors....| was also inexperienced and didn't

know what was right, so | followed the order.”

"After administering an intravenous drug via the same
line of IV fluid.... | forgot 1o readjust it 1o the previous

rate. The baby had fluid overload and polyuria.”
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Common contributing factors Sample of the informant’s descriptions

Communication problem
- poor communication between physician and  "Some doctor wrote a new prescription in the patient
staff nurse chart and just left it on the desk, didn't say a word ar

inform any nurse...."

- poor communication among staff nurses “The medication order was written off... but | still
administered the drug 1o a baby, because (1) the order
taking person didn't notice the order change and (2) |
didn't care to check the medication administration

record myself...baby received an extra dose."

- appaliing physician handwriting causing ".. letter 3, some doctors wrote it like 5. Also the dosage
error in the transcription order that had decimal point. It frequently caused us a

misunderstanding.”

“The Intralipid rate was administrated af a wrong rate of
12 ml/min instead of 1.2. ml/min. The handwriting lock

like an order for 12...."

Neonatal outcomes of injected medication and iniravenous fluid errors managed by
nurses ranged from no obvious harm detected to cardiac arrest. Most adverse events were fluid
overload followed by hyperglycemia, local burn, apnea, arrnythmia, and cardiac arrest. These
negnatal outcomes vary by many factors, The severity of adverse events depends on drug typs,
drug concentration, and administration duration. No harm oflen experienced in case of early
detection either by self or other team members including nurses and physicians. As described in

words by the informants:

“The physician ordered to add KClin an IV fluid for .7....1t was a soft decimal point....

| thought of 7.... After 10 to 15 minutes the baby's EKG changed and it got worse”™

“Aminophylline was ordered for dilution but my friend prepared the full strength and | was
the one who administered that bolus dose to the baby. Almost the same time my seniar staff
who was aware of my friend’s paslt frequent errors, asked her how she prepared
the solution.... The senior came and pulled out the needle. The baby did not have

any abnormal symptom yet.... It was administered just a little”
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Note that the nurses’ advocacy for the best interests of the neonale can inhibit an
incident of faited medication safety due to transcription or order mistaken. This study found that
errors occurred when participant nurses failed to confirm a physician for poor handwriting order
or question inappropriate physician crders. "The handwriting was not clear...but | did not ask and
adjusted it for a higher rate (dopamine drip in 1V solution), “Physician's order of a over dose...just
followed the order”, and "Doctor gave a verbal order of epinephrine 1:1,000. It shouldn't be for
such a small baby (the correct solution was 1:10,000).... | administered as the order." were typically
nonadvocatory expressions used by the nurses. These evidences were based on crosscheck for

safety between professionals is an important mechanism of error prevention system.

Failure to provide a safe patient environment

Safety environment is a fundamental of iife in all humans regardless of the heaith status.
The essentials are more intense in neonates who have developmental limitation for self-prevention.
Six subthemes of error behaviors are expanded and clarified nurses' experiences toward failure
to provide safe patient environment. Most parlicipants stated their misses mainly in the failure (o
provide neutral thermal environment and to prevent nosccomial infection. The failure to early
detect babies' physiological crisis by turning off or unsetting abnormal alert of monitor alarm.
Error experiences also included failures to provide oplimal oxygenation after changing
concentration of oxygen, prevent accidents incurred by scalp shaving for intravenous line
placement, use hot-water bag as a source of temperature supplementation, and maintain the
neonate’s identity with an identification band. None of the error subthemes in unsafe patient
environment was described as near-misses. Table 3 illustrates a confluent type of factors causing

failures to provide safe patient environment and the examples of informants’ descriptions.

Table 3. Factors causing failures to provide safe patient environment and example of informants’

descriptions.

Common contributing factors Example of the informant’s descriptions

Human factors
1. negligence in: "Cross infection happened ‘cause no handwashing
- handwashing after suctioning or bagging one baby and ther moved

to anoiher baby "

- locking an incubator door "...weighed the baby and took the baby back into the
incubator and forgot to tum the knab to lock the door.
The baby was still inside the incubatoer, didn’i fell from

the incubator.”
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Common contributing factors

Example of the informant’s descriptions

Human factors

- adjusting proper oxygen concentration

- setback of proper incubator mode

- restraint of & baby before shaving the

scalp for venipuncture

- applying knowledge of a check on

abnormat incubator temperature readings

- the basic patient care on infection

control

- correcting the neonate’s problem but

turning off the alarm when it sounded

2. ineffective decision making

3. knowledge deficitin:
temperature supplementation during

performing medical and nursing procedures

“Doctor ardered to decrease oxygen every 15 minutes
....cidn’t follow the scheduwe. Anyway this error dign't
harm the baby. "

“...often forgot to switch back to skin servo-control
mode after switching to air servo-control mode during

an |V tine placement.. ..caused hyperthermia.”

"l wasn't careful when shaving the baby and cut the
baby's finger ‘cause the baby fought and was not

bundled up.™

“| saw an incubator displaying a temperature of 38°C
but | lacked a sense of prompt and proper response.
Al routine temperalure measurement time the baby

had hyperthermia”/10

"...didn't apply antiseptic to the damaged skin or IV

woundgd.”

"We set an alert alarm of pulse oximeter. But when the
baby had desaluration to 80-83%. the alarm failed to

warn us, someone turned it off and didn't admit it.”

“l rushed to perform a venepunciure withoul using a

radiant warmer {0 prevent hypothermia.”

...opened the incubator door for venous catheter
insertion too long and baby developed hypothermia.
My nursing care was right, the radiant warmer was
used. (Informant revealed that the air-conditioner in

the room was on and incubator sieeves were open)”
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Commeon contributing factors Example of the informant’s descriptions

3. knowledge deficit in:
- use of incubator/radiant warmer and "I didn’t know the standard nursing care for phototherapy
pholotherapy lamp ....the incubator was in sunlight and had very high

temperature. The baby had flush and hyperthermia.”

- probing a necnate’s problem when the “...pushed the alarm button off because | didn't know
alarm sounded why it went off and didn't find any causes”
4. inexperienced staff "...inexperience in shaving, it cut baby's scalp and the
baby bled.”

5. lack of patient advocacy concem
- feeling disturbed by the alarm "I didm't set maximum and minimum oxygen saturation
alarms or sometimes lowering the alarm sound. ...
couldn't bear the alarm. The soft alarm scund couldn't

warn sort of problems.”

- not giving the value of baby's "Identification band came off? It sheuldn't be a
identification band problem. We had already had baby's name affixed on

an incubator or a baby's ¢rib.”

- being insensitive to prevent baby from "Baby receiving high oxygen concentration wouldn't
oxygen toxicity be dangerous to dead.. .. | still often forgot (o decrease

the concentration back to...."

6. self-rush to complete the shift work “NiCU was overcrowded. | saw a baby lying on the
skin sensor hut didn't care to change the sensor
attachment location. | just was wanting to complete

other shift work.. later the baby had hypothermia.”

System operating care

1. assigning multiple providers on a process | sent a baby out (of the unit) for ultrasonography

of baby preparation for a transfer out of without an identification band. | didn’t check because
ward procedure and when ingurring a loss of  in our unit the night shift was assigned to take this

baby's identity responsibility.”
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Common contributing factors

2. nonexistent protocol on supplementation
of thermal environment during exposure

procedurg

3. ineffective nursing team system (ward

assignment rather than case assignment)

4. poor nursing policy an keeping baby's
identification band

5. inadequate staffing

Equipment readiness

1. the use of defective ventilater and
incubator due to inadequate routine check
up and availability of devices

2. unfit wrist identification band

3. the use of warming device that disposed

ermor

Example of the informant’s descriptions

“Some babies had hyperthermia or even bum when
we used electric blanket, hot-water bag or together
with a radiant warmer... We hadn't had any rewarming
protocol.”

"... ng a clear-cut job assignment and weren't given
any fix baby. Three RNs on the shift helped one
another take care of all babies. | didn’t know whose

oxygen had been increased so couldn’t reduce it”

"Our nursing policy, baby was not put on an
identification band. We were concerned of infection.
Because a name card was already attached on an
incubator...unless taken ocut side, we would put on the
identification band." /26

“We were short of staff nurses. if there was a new
admission or unstable baby, other babies would not

receive adequate care. Errors often happened...”

“Ventilators were in use all the time, didn’t get routine
maintenance service and check-up.... A ventilaor
suddenly stopped working. The pulse oximeter alerted

me for desaturation...”

*...wrist identification band got loose and sometimes

was too big for a preterm infant”

*...helped a doctor perform a procedure and was
afraid of hypothermia. ...put a hot-water bag beneath
the baby. | concentrated on assisting the doctor but

didn't pay attention to the baby....his hand got burn.”

Situation provocation
1. disfraction to other work that focused on

task more than a neonate

2. an increase in workload and pressure to

proceed: new admission, emergency case in

the unit

.. forgot to lock the incubator door because |
proceeded to clear the area where the baby lay on
and clean the procedure devices”

| was about to close the incubator door and was called
to assist a physician for an emergency case....didn't

lock the door.”
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Common contributing factors

Example of the informant’s descriptions

Communication problem
1. poor communication between physician

and staff nurse

2. poor communication among staff nurses

Doctor weaned down the axygen concentration
without informing us.. ..l adjusted it back fo the

previous concentration.”

“Ventilator alarm went off, | couldn’t find the cause so
just turned off the alarm....] should have asked the

senior otherwise the baby wouldn't have cyanosis.”

Although, a safe environment in NICU is a basic patient care and conducive to healing,

necnatal outcomes of unsafe environment revealed through these interviews with various severity.

Adverse events included cut wound, hyperthermia, hypothermia, hypoxia, cyanosis, local

infection (skin inflammation, abscess, pneumonia), sepsis, burn, limb gangrene, ciipple,

prolonged length of hospital stay, and death. Errors were mainly caused by human factors.

Nurse's discipling, responsibility and, in some case, cognitive base play an important part on

these error occurrences. Safety environment errors in NICU often initiate by a cause of

negligence and a lack of patient advocacy concern. As nurses described their patterns.

“After taking the shifl, | did not recognize that she had hypothermia. | was just busy

with document a bit too long...before went to see this case, the baby had already

had severe problems and poor oxygen saturation”

“The baby looked stupor. [ was surprised... why...and measured his temperature. It was low

{(hypcthermia)...hypoglycemia was followed.. .. He slept on a sheet soaked with urine.

| did not carefully look after him."

"In a new admission (case)} | set the incubator temperature high for fast heating.

After | put the baby in there, just half an hour, | measured the baby's temperature

It was high (hyperthermia). Then | reduced the incubator temperature for one degree

Celsius.... measured again and the baby had hypothermia, not too low about 36.5 degree

Celsius....The baby's sheet was wet through with wrine.”
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in some errors that adversely affect the necnate’s life, nurse's mental information process
begins with a lack of skill or knowledge and follows by the inability to solve the confronted
problem and then avoids acknowledging the problem. As nurses described ihe following

behaviors and feelings:

"] was inexperienced and did not know what to do. | felt annoyed by the alarm. When

it sounded tun, tun, tun...! pressed the push button off .”

“H was after | came back from break. | found the baby's monitor showing no heart rate. ..
checked it's record and found it had happened for 5 minutes. When | saw the
baby's alarm was off, | asked but no one told who turned if off. They were newly

graduate nurses... Medical staff resuscitated.... This patient was dead"”

Lack of altentiveness
Altentiveness to the neonate's conditions and responses to therapies, as well as potential
hazards or errors in treatment is central to good nursing care. Attention behavior is characterized
by conscious thought, analysis, and planning (Shojania, Wald, and Gross; 2002). Attentiveness
leads directly to a nurse's ability to prevent or early detect the neonate from harm. Not surprising,
breaches in this area of nursing care severely impact on neonates' and family well-being.

All participants' experiences lacked attentiveness. Most participants described their attention
error as a failure to observe the neonate's intravenous site, a vital line of critically ill neonates. The
loss of an opportunity to early detect the intravenous leakage caused severe local edema, which
pictured the edema in the participants' term as "Popeye's arm” or "bullfrog". Duration of the leak
ranged from 10 minutes to 2 hours. The leak finally resulted in skin burn, tissue necrosis, skin
infection, prolonged length of hospital stay, pain, and psychic trauma to the mother. Lack of
attentiveness was also identified as failure to detect a dislodgment of three-way stopcock from an
intravenous line. These neonates were found severe blood 1oss that led to hypotension and
hypovolemic shock. Another most common error was the inattentiveness to a process of filling
sterile water into the chamber of ventitator humidifier. The informants described the neonates'
conditions, after an overflowing into the ventilator circuils, as having respiratory distress,
desaturation, eye rclling, and cyanosis. Table 4 revealed common causalive factors of the lack of

attentiveness and examples of informants’ descriptions.
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-~ Table 4. Common causating factors of the lack of attentiveness and examples of informants’

descriptions.

Common contributing factors

Sample of the informant's descriptions

Human factors

1. negligence in:

- observing the site of an intravenous line

regularly

- carefully saving the intravenous iine

during moving the neonate

- securing or observing three-way

stopcock of an intravenous line

- clamping a water line when filling up

humidifier

“I'let 1 leak too long.. .didn't observe seriously

...tremendous edema.”

"...wasn't careful when tuming the baby...dragged an IV

line that rigging and dislodged the |V catheter.. leaked

"After drawing blood ...didn't check if it (3- way

stopcock) was loose or not. .. just less careful.”

"“Filling up water in a humidifier was too slow. | freed the
clamp and went to do other work...water overflowed the

humidifier into the ventilator circuit and the baby...”

2. ineffective decision making in:

- choosing appropriate intravenous site

- determining certain nursing activity is
more important than another that results in

negligence

3. inexperienced staff

- skill of assessing intravenous leakage

*...didn’t check that the vein beyond was already

punctured...l did the one beneath it.”

“ looked af the IV site but didn't assess it thoroughly. .. |
saw other work was more important and went on to a

more severe case.”

| tested with a saline push, it didn't lock like leak...about
10 minute... already edema. It was hard to tell (IV leak)”
| was a new staff-member who just wanted to help but

didn't know how to do it property.
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Common contributing factors

Sample of the informant’s descriptions

4. lack of patient advocacy concemn
- believe that intravenous leak in neonates

is unavoidable

- less severe case in NICU should have less

attendance

5. self-rush to complete the shift work

- doing multiple nursing cares at the same

times

6. forgetting by the distraction of other work

"IV leak, couldn't stop it from happening. Baby moved,
small vascular, administering drug in that line

frequently...."

"I just went by the baby and observed if the baby was
pink, breathed, or the ventilator was slill working. ...

won't thoroughly assess.

*| hurried to do my nursing work by performing three activities
al the same time....unclamped the water line to fill up
water in a humidifier while a PN was taking a baby out
for weighing. | also made an incubator's mattress at the
same time. . ..as the PN put baby back into the incubator,
we saw water overflowing into the baby’s ET tube. We

suctioned and bagged....'cause of my haste and negligence.”

“I hurried when working...occupied by suctioning with a
new junior staff....| was afraid of her bagging...forgot to

check the IV site.. "

System operating care

1. double/ multiple assignments

2. inadequate staffing leading to less time for

observation)

3. insufficient stafi supervision on strenuous task

“...less attendance because | was called 1o assist an
emergency case in another nursing team....had to
abandon my baby....| saw the baby when there was

tremendous edema from IV ieak.”

“...lesser IV leak if we took care of 1 to 3 (staff-patient ratio).

But in the evening and night shifts, we had 1to 4 ..."

"It was hard to tell when an adhesive was on. The skin
locked red and was a bit hard on touching. | asked for a
second opinion but the senior was busy.. ., also we

hadn't had an |V ieak assessment guigeline.”
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Common contributing factors

Examples of the informants’ descriptions

Equipment readiness

1. poor quality of intravenous cannula

2. use of inappropriate equipment (unfit

three-way stopcock)

"The new IV cannula was stiff....increased the incidence

of IV leak.”

“The 3-way stopcock and the extension tubing were from
different manufacturers. ...didn't fit well. They were often

accidentally disconnected. .. {resulted in} blood loss.™

Situation provocation
1. characteristics of intravenous solution,
drug concentration, and duration of

intravenous line usead

2. strenuous work due to the negonate’s

characteristic

3. multiple assignments distract the attention

of current work

4. obscurity of an observation site

5. characteristics of frequent usage of three-

way stopcock in nursing care 1,9,18

“IV leak happened easily in babies receiving a long
period of IV injection and some drugs, i.e. dopamine or
calcium...”

“I couldn't identify the leak because the baby had

already had generalized edema.”

"l just turned on the water to fill the humidifier.. . Well,
doctor asked me to draw blood for blood gases. | rushed
to do it and forgot to clamp...Baby had desaturation and
the alarm went off.”

“| didn't see any sign of IV leak often 'cause the site was
covered with a sheet or wasn't in a visible site...found a

baby with a2 Popeye's arm.”

“1 found a baby bled from a broken 3-way stopcock for
about 10 ml. It broke from being worn-out since it was

rotated several times each shift,..”"/18

In this study, human factor is a primary contributive factor to the lack of attentiveness.

Mental lapse, distraction, incorrect attitude of unequal significance on routine observations to ai

NICU neonates dismiss nurses' conscious thought and develop negligent behavior, especially

when concomitant with inexperience and insufficient training. These lead to the nursing staff's

incorrect decision making, thus affect their attention behaviors. In this view, siralegies {o improve

NICU nurses’ attentiveness on the performing activities need to be capiured the weakness of

human factor.
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Avoidable delay / omission in treatment and care

Nursing roles involtve both direct and indirect nursing initiated care. Nurses deliver
nursing therapeutic and medical treatment on behalf of neonate's best interest. Subthemes
identified within this error theme were the defay and omission in suction, feeding, starting
infravenous, administering of blood preduct, assisting in endoiracheal intubation, changing
position, monitoring vital signs, recording gastric content and urine, and weaning of oxygen.
Avoidable omission in the administration of prescribed drugs was found. Common contributing

factors and the error clarified through example descriptions of the informants are shown in Table 5.

Table 5. Common contributing factors of the avoidable delay / omission in treatment and care and

examples of informants’ descriptions.

Common contributing factors Examples of the informants’ descriptions

Human factors
1. negligence in:
- taking an order "l forgot to take a physician order for FFP... It was

because of me, not paying attention.”

- providing indicated treatment/ proper "...requested 10 record gastric content every 3
nursing care hours....| slipped ....recalled that after 8 hours (at a
shift change).”
- checking the readiness of emergency cart  "...a severe case was admitted. | did O.K.

equipment in the emergency cart but not by pieces.
When a time to intubate, the blade had no light.. .1t

caused a delay in life support.”

System operating care

1. ineffective nursing assignment system "...no ¢lear cut job description. Three nurses on the
shift just took turn to ook after all the neonates, not
specific for any certain case. In some cases, | didn't
know what was changed {new ireatment / nursing

care) and missed to provide the care.”
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Common contributing factors Sample of the informant's descriptions

2. inadeguate staffing Over here only two staff nurses on the evening and
night shifts. There were orders for suction every 2
hours, administering nebulized bronchodilator. ..
and.... we were unable to take them.” {1), 'We had
probiem with inadequate staff. one RN to four cases.

Sometimes. . .couid not be on time."

3. insufficient staff supervision on strenuous | could not do complicated nursing care and

fask needed a senior's assistance...butin a busy time,
the senicr also had complicated workioad... . just
lacked a person, it made error happen.

Situation provocation

1. emergency case caused distraction and I missed to take a doctor's order because ...no one

subsequently forgetting substituted me and | thought in a moment | would be

back to do it,...afterward | forgot.”

Z.an increase in workload and pressure to "This baby was cyanctic. It interrupted and slowed
proceed: new admission, sudden deterioration  down other baby's nursing cares.”

of an in ward patient, high occupancy in NICU

3. time that close 1o routine duties “...100 many things to do for routine....increased

chances of omitting some cares.”

Communication problem
1. poor communication between physician and  "Sometimes the doctor wrote an order and just left it
staff nurse on treatment order in the patient's chart on the table. The erder should

have been taken but no one noticed that.”

2. poor communicaticn among staff nurses "l took a doctor's order for a new case. But | didn't

let my team know. . .."

Most of contributive factors on avoidable delay or omission in treatment and care were
described primarily in the area of system and situational factors. Especially when there were
sudden shifts in the acuity levels of patients without an increase in nursing staff, such as new
admission and emergency cases. The combined effects of poor nursing system, workload, and
multiple assignments interrupted and distracted the nurse's attention from routing treatment. As
nurses' described, "l forgot because of an emergency case” and " It (NICU) was busy and we got

to help...| disremembered the care of my case". These factors and the lower-staffed of NICU also
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limited nurses' availability to observe or take care of other cases. Interconnection of these factors

was expressed.

"When a baby had cyanosis, It delayed other babies' nursing care....
This was a staff problem.. still couldn't deat with it."

" It was work characteristic that distracted and took me away from a current care.
We had not enough staff when compared to workload... Sometimes § forgot for the whole shift.
Even when | did recall, | couldn't leave off other care right away and soor forgot again. ..

gave care behind the schedule for other babies.”

" A baby's ET tube was distodged. There was not encugh time for one person (me)
to look after three babies...."

The communications among health care providers also increase the likelihood of error in
omission or delay. However, neonatal outcomes of all avoidable delay or omission in treatment
were perceived as no obvious harm detected except the delay in endctracheal intubation that
prclonged the severity of respiratory failure in a necnate. The varticipants expressed the possible
negative ocutcomes on no harm event of necnates as a 10ss of cure or being prone to harm by a
missed treatment or nursing schedule and a risk to a consequence of delay/omission in clinical

monitoring.

Technical error

Technigue is a way of using basic skills and in rendering a nursing care. The majority of
the participants experienced misses on five practical technigues. The most common types of
errors were endotracheal tube inadvertent remaval followed by traumatic suction, incorrect
operation of equipment setting, epidermat stripping on adnesive remcval, and one lung intubation.

Reftective patterns of technical errors and the common driving factors are vivified in Table 6.

Table 6. Common contributing factors of technical errors and examples of the informants’ descriptions

Commeon contributing factors Examples af the informants’ descriptions
Human factors "The adhesive was well attached. It was (about) my
1. negligence in: care during changing position.. .over extension of
- giving support while changing the baby's neck, ET tube was dislodged.”

necnate's position / dry and clean

adhesives
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Commen contributing factors

Examples of the informants’ descriptions

Human factors

- applying knowledge to check ETT stability

- carefully removing adhesives

2. mental lapse

3. knowtedge deficit on:
- securing technigue of endotracheal

tube

- circuit connection of ventilator and

4. inexperienced staff and inadequately

trained staff

5. lack of patient advocacy concern

- inadequate endotracheal suction that
causes excessive accumulation of secretion,
poor adherence of ETT adhesive resulting in
dislodgment of ETT

6. self-rush to compiete the shift work

7. attached to the nurse own attitude and habit

in performing wreng procedure

"I didn't observe carefully encugh. The tube moved up
from the right pasition. | detected when the baby had

cyanosis and the oxygen saturation deteriorated.”

“... skin puncture, stopped bleeding by putting an
adhesive on top {(pressing} a cotton ball over the
punciured wound and... | removed the adhesive and

stripped the epidermis.”

"Just not paying attention, | was occupied with other thought.

It took me away from work, like absence of mind."

"...deep intubation of ET tube would prevent dislodgment.
Strapping technique we applied . _still had tube

dislodgment often...."

*...connect a wrong side of circuit. | should had studied
the manual.”

"We had more newly graduate staff than the
senior...more incidence of error in suction, They
suctioned 100 long....want to clear the secretion. Baby

had hypoxia.”

“Baby had lots of saliva...| didn't feel like changing wet
and inadherent adhesive. . It failed to secure the ET

tube.”

"Wrong circuit connection because | was too hurry 1o

complete the work."

.. Inserted a suction catheter and repeatedly moved up
and down until hit the carina as an effort to clear out the

secretion. Baby bleed sometimes.”
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Common contributing factors

Examples of the informants’ descriptions

System operating care
1. assignment of multiple providers on one
task (a process in administering oxygen

therapy)

2. nenexistent protocol for error prevention on

traumatic suction and weighing baby

3. inadequate staffing

“To assembly a ventilator circuit, one person connected
tubing, two of us plugged in the oxygen and air adapters
and prepared the humidifier... forgot to turn on an oxygen
valve, but not the air valve. We knew that when the

baby's oxygen saturation dropped and the menitor alarmed.”

"...no protoco! for safety suction.”

“We didn't have an avoidance measure against wrong
weighing.”

"Only 3 nursing staff for 7 to 8 babies and had to take
care of 3 ventilated babies. When baby's ET tube was

disledged, 1 could not get to her fast enough.”

Equipment readiness
1. use of ineffective tubing holder and

ventitator

2. unfamiliarity with ventilator equipment

3. use of defective blender that requires an

alteration of equipment setting

4. lock-alike tubing

*..stiff goose-neck of the tubing helder. It didn't hold
the way | positioned it and pulled up the ET tube.”
"_.rarely used this oscillator. Some doctors wanied to

use it. We missed the connection of the circuit.”

"This blender's adapter didn't fix with the hose. We

altered it by ...then forgot to tum on the oxygen valve.”

" The oxygen and vacuum suction tube had the same
color, yellow. 1 was unaware of placing vacuum suction

tube into an oxygen box. Baby iacked..."

Situation provocation
1. an increase in workload and pressure to

proceed to an emergency case

" The ET tube was dislodged because | had to be busy
with an arrest baby instead of taking care of a case for
one by one. So | couldn't find time to change an ET

adhesive that was wetted with lots of saliva.”
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Descriptions revealed that human factor is a predominant cause of technical errors.
Human characleristics as negligence, mental lapse, and incongruent professional attitude and
habit drive mental information process into an error act. Extended human factor includes lack of
knowledge, inexperienced staff, and inadequate staff training, which limits application of logical

reasoning foward practice situation. As one nurse participant said:

" Baby had bradycardia after suction. | couldn't find a reason. Was it because of my
suction? Maybe | over sucked or over stimulated....You know it assured me that

catheter passed ET tube tip and secretion was really cleared out."

Negative outcomes incurred in any organ-related errors. Typical outcomes of technical
errors related to respiratory support ranged from bradycardia, bleeding, hypoxia, cyanocsis, and

pneumothorax. Epidermal stripping was commonly described in error of adhesive removal.

Failure to follow appropriate protocol

A clinical protocol is @ means of care quality assurance. A protocol regulates a patient
safety practice by a range of standard procedures. In this study, missing performance of
procedure based on an institution / standard NICU protocols resulted in tragic outcomes. Eight
common sub-patterns of protocol noncompliance behavior emerged from descriptions.
Participants applied over positive pressure bagging than recommended during suction or an
emergency life support situations. The act caused immediate pneumothorax that led to hypoxia
and cyangcsis. Failures to properly attach the pulse eximeter ar move it every four to six hours to a
different location caused skin irmtation, burn, and gangrene. Poor umbilical cord care resulted in
omphalitis. Other unconformity with NICU pretocols included newborn rewarming technique, fast
or short cut of steps in orogastric bolus feeding, inadequate care of post-extubation airway
clearance, and resistance to protocols of weaning from the incubator and routine position
changes for preterm infant. These nursed neonates absorb various negative outcomes as
hypothemia, regurgitation and aspiration, atelectasis with an unplanned reintubation, and
pressure sore, Table 7 depicts the combined effects of human and exogenous factors that lead to

a failure to comply with appropriate protocols.
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’I

Tavble 7. Causative factors of the failure to follow appropriate protocol and example of informants’

descriptions.

Common contributing factors

Example of the informant's descriptions

Human factors
1. negligence in:
- applying knowledge to use an available

safeguard equipment ( pressure gauge)

- changing the attachment site of the pulse

oximeter sensor

2. ineffective decision making due to:
- misconception about preterm baby's

skin care

- misconception toward newborn rewarming

procedure

I knew about what to do but wasn't careful, bagged
without a pressure gauge and did not realize the
applied pressure. When | finished bagging .. why
oxygen saturation didn't rise back to normal. | netified

the physician.... A chest x-ray showed pneumothorax.”

“I noticed that the sensor was attached there for a
long period (> 8 hours). But | didn't feel like

changing it...toes turned blue."

Bedsores were seen sometimes al the ccciput,
pinna, or heel of intubated babies...1 didn't want to
disturb a preterm baby... they needed a long rest....
| changed their position only in case it needed other
nursing care, i.e. when oxygen saturation drops or
swings. | didn't want any error to happen 1o the

baby.”

"Most newly admitted babies had hypoihermia.
Baby's temperature rose too slowly when adjusted
an incubator as the protocol. | wanted to warm him
up guick so skipped some rewarming steps by
setting up a higher incubator temperature. Maybe
too high....measured it again batyy had

hyperthermia."
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Common contributing factors

Example of the informant's descriptions

3. inexperenced staff and inadequately

trained staff

4, aflached to the nurse own attitude and habit

in performing wrong procedure

"A baby suddenly turned blue after bagging. Why did '
it happen? Both doctor and nurse were new and very
nervous...slow in detecting that they bagged when
ET tube was in one tung and so they caused

preumothorax.”

"I was not lazy in changing the sensor site. But | just
didn't believe it could really burn the skin until |
experienced it.... | was surprised myself, how could !

omit changing it while having knowledge?”

System operating care
1. ineffective nursing team system (ward

assignment rather than case assignment)

2. inappropriate level of staff assignment to a

task (TN = technical nurse, NA = nurse aid)

3. inadequate siaffing

"...NQ primary nursing care, just a heiping system. |
thaught someone had changed it but no one did it for
the whole shift. When moved the sensor at the time of
shift change, the skin showed redness and slight

abrasion,”

We used two-person in suction, maybe a RN and a
NA or TN and NA. NA bagged sometimes,

prneumothorax happened often.”

*...alot of babies, 1 nurse to 3 babies. | didn't have

time to change the sensor site.”

Equipment readiness

1 inadequate equipment {pressure gauge)

2. use of defective flexible wraps

"I bagged a baby with a maximum pressure, not
enough pressure gauge 1o use with.... It caused
pneumothorax.”

"Use a worn-out flexible wrap for a pulse oximeter
sensor. It bound the toes too tight and occluded the

blood flow. . .gangrenous toes.”
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Common contributing factors Example of the informant's descriptions

Situation provocation

1. increased workload and pressure to short Arrested baby occupied us from taking care of others.

cut a protocol ! had to save time.... Before giving gavage feed. |
checked feeding tube position only by drawing the

gastric content without using the stethoscope.”

2. emergency case causing distraction and *...a lot of babies, 1 nurse to 3 babies, and a new

subsequently forgetting admission case. | forgot to look after....!

Communication problem
. poor dissemination of protocel 1o make *| hadn't known the protocol for post-extubation care.

known to nurses Whether there was one...”

Most participants committed an error with full knowledge bul missed judging the
situation. A nurse's inappropriate attitude can alter proper nursing practices in a protoco!l. This
factor marks up the wrong confidence and drives into successful error behavior. Multiple
contributive factors coincide in an NICU practice and increase a likelihcod of nurse's failure to
follow an appropriate protocol. Especially when staff nurse is inexperienced, has inadeguate
training and works in a lower staffing environment, coupled with sudden shifts in the acuity levels

of patients. As one nurse described her experience.

" was too hurry and not careful.... The baby who had no Gl problem...did aspirate
‘cause | fed without testing the feeding tube pasition and didn't find time to observe

afierward. You know, 2 staff nurses for that crowded shift with an emergency case.”
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Management of error

The in-depth content analysis revealed 245 error events. Of these, participants indicated
126 adverse events and 119 near-misses in their nursing practices. Only 39% (95} of all events
were reported and action plans were implemented. Learning from these events through nurses’
self-critical analyses vivifies the real life of bed-side error management. Regardless of what the
error pattern is called, error respenses depend on its outcome severity {see diagram 1). If the
adverse evenis were uncoerrectable by nurses, all participanis reported the incidents as soon as
detected. However, the incidents were verbally reported and were not always documented in the
risk-management attempts. An incident woutd be documented only if the paricipants encountered
the foliowing two conditions. First, the adverse event occurred and the error was considered
unacceptable by the NICU organization cuiture. Such outcomes involved severe injury, disability,

or fatality to the neonates. As participants stated:

" | consuited the team leader whether 1o report it or nol...decision was made

mainly on its adverse effects on the baby.”

" Most of my incident reporis were serious cases, like making water overflow from

a humidifier inic a baby. administering overdose drug and fast blood transfusion.”

" | gidn't have to report a swelling IV leak, just removed the line and got a new site. But

had to report on IV leak that caused skin bum or more serious adverse outcomes.”

Second, an incident was decumented on no harm event from medication error {i.e.
dangerous drug, drug overdose or given to wrong patient). A feeling was relayed, " | administered 3

instead of .003, over thousand times. | reported because | was frightened. . .the baby was normal.”

The common process of the studied hospitals' intemal incident-reporting system is first to
notify an error to a nurse team leader and/or physician for immediate correction. Then reports to
the head nurse who forwards it to the nursing department. An incident report that is manageable
by nursing department is often kept in the department. Only some reports are sent to the hospital
risk-management commiitee. In addition, the reporting system assigns a nurse who has
encountered the error to document the incident, not always the one committing the error. A

psychological consequence is seen as expressed by a few nurse participants.
" | didn't do it (error). Why me....| shouldn't have to go through those forms.”

" ... incicdent repori didn’t help. Yes, | wrote what | saw. But why the error occurred?
Was it ‘cause of...? In the conference, the head nurse told.. .happened in the night shift.

it was just like blaming the whole staff nurses.”
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The avoidance measures of NICU nursing practice error are developed mainly on those
reported events. Key preventive strategies consist of the preventive written pratocols and/or the
verbal guidelines, which are brought to the attention of staff nurses duning the NICU nursing
conference and during nursing rounds in shift changes. Strategies utilized were described

similarly across the four hospital settings.

"1 gave an injection to a wrong baby. | was frighiened. ... reported the incident. ..

we had meeting {NICU nursing staff) and reset our 5Rs protocol.”

" A nurse assistant was bagging a baby and baby got worse, Called for doctor,...baby
had pneumotharax. | wrote an incident report. After the incident, bagging poiicy was

changed.” (only RN performed bagging and had to use pressure gauge every time).

"Dripping an IV drug, it leaked and burned the baby. [ told the next shift to observe

the baby. Also | reported the incident for further preventive measure.”

"Since we had the incident repori, the occurrence reduced. We wrote the consequence
of an error situation and proposed our idea for the incident prevention... We didn’t write

a protocol, but was a verbal agreement.”

"Wrong record of the baby's weight, reduced almost 100 grams in one day. We setup
an errgr prevention measure by (1) same day time weighing and (2) if weight change

was + 50 grams or more from previous day, repeated weighing and reported.”

In contrast, many participants undemreported the error events (61 per cent of the
incidents). Underreparting occurs for many reasons including fear of litigation, disciplinary action,
loss of advancement opportunity, embarrassment and stigma associated with errar and the reality
that errors of omission are often overlooked. As nurses expressed their feelings regarding the

reports.

" If there was no serious adverse event, | told no one. If | reported the incident

often | was afraid of its repercussion...no salary promotion.”
" | didn't attempt to report. It could discredit myself."

" | daren't write an incident report. Last year, | reported.... The head nurse

scolded at me."
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Moreover, the near misses and no-harm events are less likely to provoke guilt or other
psychological barriers to reporting and they involve little medico-legal risk. Many participants

described the effecis of errors and their responses.

" ...forgot to reduce oxygen....'t was my nursing deficit, the baby should have been
weaned from a ventilator faster. | just delayed the time. | readjusted..., | thought it

wasn't serious encugh to warrant reporing.”

"t found out that | didn't connect the inspiratory tubing with the humidifier for about 4 hours.
It could cause tow gas humidity but secretion still OK.... | reconnected. .. just a small error

no need to report.”

"...hadn’t seen anyone writing an incident report on a wrong act that made

baby hyperthermia, maybe because it wasn't very dangerous.”

Summary of phase 1 findings

The analysis of phase 1 shows a contrast finding of error pattern to other sectors of the
population. The neonates face a higher potential hazard for an unsafe patient environment due to
their developmental limitation for self-prevention. This error ranks the second most common error
type and yet is most frequently reported to result in adverse events (Table 8) Regarding to the
contributing factors, the findings demonstrate that there are commonality factors in all types of
arrors. Qur analysis of errors In nursing perfarmance suggests that there are multiple factors
interacting between individuals and the complexities of an understaffed working, system
operating care weakness, and error trigger situations (Table9). Remedying problems with these
factors that obstruct nurses from incorporating safety processes into their caring roles as shown
in diagram 1, can reduce error in NICUs.

Moreover, this study demanstrates that a qualitative method is an appropriate means of
increasing access to study unreported error events. The method using voluntary, anonymous and
candid btame-free discussions in the process of incident disclosure can reduce the barriers to
reporting error events. Overall, the 245 nursing error events were identified, of which 61% were
unreported. These findings provide specific contextual infermation of environmental aspects of
the work situation and the individual attribute of error events associated with direct neonate
outcomes. The method lends support to the existing recommendation for the gathering of medical
events (Kohn et al., 2000). Additionally, this qualitative approach may offer a way 1o elicit
preliminary data for prioritizing areas of error in NICUs and cther nursing areas particularly in a

couniry like Thailand which has no nationat reporting system of heatth-care errors.
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Table 8
Category and Specific Type of Errors in NICUs and Outcome on the Neonates
Values are Numbers (percentages) of Errors in 245 Self-Reported Events

Category and specific type of errors Events  Neonates’ outcomes

ADEs  Near-misses

Medication error 73(29.8) 19(7.8) 54¢22.0)
Wrong dose 40 16 24
Wrong patient 14 - 14
Wrong time and continued with expired order 13 - 13
Wrong drug/solvent 4 1 3
Incorrect administration technique (bolus dose injected instead of infused) 2 2 -
Unsafe patient environment 65(26.5) 45(18.3) 20(8.2)
Faiture to provided neutral thermal environment 20 18 2
Failure to provide preventative accidents incurred by use of 13 6 7

hot water bottle/electric blanket, scalp shaving and uniocked

incubator window 12 11 1
Failure to provide preventative nosocomial intection 10 8 2
Inappropriate response to clinical alert alarm meonitor 6 - 6
Failure 1o maintain the neonate’s identification 4 2 2
Failure to readjust indicated oxygen level after procedure
Inattentiveness 38(155) 33(¢13.5) 5¢2.0)
Failure to early detect the intravenous leakage 21 20 ]
Failure to early detect a dislodgment of three-way stopcock 10 8 2
Inattention o over filling sterile water info the ventitator huntidificr 7 5 2
Technical error 34(13.9) 26(10.6) 8(3.3)
Dislodged, inadvertent removal 16 16 -
Traumatic suction 7 2 5
Incorrect ventitator and equipment selup 8 5 3
Adhesive removal incurred epidermal strip 3 3 -
Avoidable delay and omission involving 2008.2) 1(04) 19(7.8)
Mursing care on suctioning, feeding, starting i.v. line, changing 13 | 12

position, monitoring vital signs and recording of fluid bulance
Medical service on endotracheal intubation/ administered blood 7 - 7
product/ oxygen weaning
Inadherance to guideline/protocol related to 15¢6.1) 12(4.9) 3(12)
Over inflated bagging 6 6 -
Too tight attachment / non-relocate the pulse-oximeter probe posilion 5 4 ]
Short-cut / broken the rules in orogustric bolus feeding, umbilical cord care 4 2 2
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Table 9

Common Contributing Factors to Different Type of Errors

Causes Contributing Factors to Error Type of
Errors
Human Characterisites of provider: knowledge deficit, inexperience, ME' U Eb,
incongruent professional attitude, inconceivability of patient agency ~ UA®, TEY,
Factors and poor decision making (incompetent to dituted or subdivided AD/C®, [P
adult standard dosage form for administration (o neonate)
Error-prone characteristics of the neonate: preterm infants and
severely i1l infant
System Understaffing, ineffective mode of nursing delivery system ME, UE, UA.
Operating Care  (functional or team approach}, handoftf procedure and lack of TE, AD/O, IP
Weakncss supervision in strenuous tasks
Problematic Defective, inadequate, inappropriate equipment or suppiies ME, UE, UA,
Medical Complex operational method TE. AD/OQ, [P
Equipment
Poor Team Appalting handwriting, ambiguous abbreviation, unciear verbal order ME. UE,
communication  and nen-communicated order among nurses and physicians or nursing  AD/Q. P
team members
Situational Sudden increase in patient acuity typically causes by deterioration of  ME, UE, UA,
Provocation neonate and new admission of seriously ill case TE, AD/O, P

Multiple assignment during the situation as of:
¢ Operating medical equipment and delivering routine nursing
practices

e new and changing treatment orders between shifts of nurses

Similar situations (look-a-like medical accessories, look-a-like and
sound alike medication, same type of medication order but different
in rate or dosage at the sume time. and using same infusion pump for
administering different rate of intermittent t.v. medication versus
contirous i.v, fulid and same ptacement of incubator/crib position

for ditterent babies,

“ME is medicalion errors.

BT is unsafe environment. SUA is unattentiveness.

4TE is technical error. *AD/O is avoidable delay/omission. TP is [nadherance to protocol

R5A4580021
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PHASE 2: THE COMPONENT OF THE NG-NCCSS DEVELOPMENTAL ACHIEVEMENT AND
THE BEST PRACTICE GUIDELINE ON PATIENT SAFETY SYSTEM IN NiCU

The results emerged from phase 2 are twofold.

A framework for patient safety practice guideline development

This framework is a means to strengihen the systermatic development of praclice guidelines (PGs)
for patient safety where there is no systematic natienal approach to monitoring and the prevention
of health care error. The framework is derived from the twe years' experience in observing an
evidence-based PGs initiative at the NICU national patient safety collaborative project in Thailand
and from a literature review that has uncovered the key attributes of a safe NICU system and

harriers to PGs utilization.

The main features of the NG-NCCSS development process emphasize maximizing the likelihood

of the guidelines being used in practice by utilizing a combination of factors as follows.

1. An evidence base of neonatal practice error phenomena from a qualitative study results, The
study results are used as evidence-based data to identify potential unsafe practice in NICU.

2. Heighten the expert members’ awareness of error in NICUSs.

3. Use well-known experis in the area of neonatal care.

4. Design patient safety system by integrating the steps of PG development with the error trap
action concepts. The system design involves three concepts:
4.1 Prevent error when possible (make them less likely),
4.2 Make errors more visible when they do occur, and
4.3 Mitigate the effects of error when they do occur and reach the patient.

5. Source of evidence-based gathering is based on scientific research, benchmarking process,
and consensus of gqualify expert cpinions.

6. Tools enhancing critical thinking in the process of the guideline production consist of:
5.1) cause-effect diagrams or aka fishbone,
5.2) relational table between causes of error, actions, practice measure, and responsible person,
Note: 5.1 and 5.2 are the tools used to define the clinical process steps of neonatal clinical
practice and assist the expert team in determining causes of unsafe practice in each process.
5.3) guideline algorithms identified the management flow to facilitate the use of the practice

guideline.

7. Team work management include network members motivation of committing to improve

the quality and safety of care for newborn infants, ready access to literature resources, and

continuity of group meeting.
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8. Dissemination of the PG to make potential users aware of the existence of the NG-NCCSS is

an active strategy that promotes the "uptake” and the use of guidelines in practice.

A representative schema of the developmental life cycle for patient safety system practice

guideline is formulated and shown Diagram 2.

An example of processes and tools utilized for the accomplishment of practice guidetine formulation is
demonstrated by using the "prevention of accidental extubation”. Sources of errors and barriers,
cause-effect diagram (Diagram 3) and flow diagram depicted "4 error-trap actions” on
endotracheal tube disiodgment (Diagram 4) are demonstrated. A sample of relational table
between causes of error, actions, practice measures, and responsible persans designed for safe

endotracheal care is depicted in Table 10.

The national practice guidelines on neonatal critical care safety system

Eight evidence-based NG-NCCSS were completed. The detailed sample of six NG-NCCSS that
have been published in the texibooks of Thai Neonatal Scciety in 2005 and 2006 are shown in
Appendix B. These include {a) safety system in medication administration [prevention of wrong dose
and wrong patient medication administration], {b) safety patient environment [clinical alert alarm system
and thermal reguiation], and {(c) safety treatment and caring technique [prevention of endotracheal

inadvertent dislodgment and patient identification errors].

CONCLUSION AND IMPLICATION TO PRACTICE

Given the central role of nurses in health care delivery, including responsibility for advocating in
the interests of the neonates, nurses are criticai to changing the culture of institutions and
redesigning systems so that nursing care and multidiscipiinary team approach are as safe as
humanly possibte. This research report reveals the key issues around NICU errors phenomena
including: 1) the extent of health care errors; and 2) system- wide and expert recommendations to
increase patient safety to create a common patient safety strategy in NICU in Thailand based on
the work of mullidisciplinary from coliaboralive institution. Successful collaborative teamwork for
the develcpmental success of the guidelines requires commitment and motivation of network
members, readily access to literature resources, and continuity of group meeting. Incorperating
the NGNCCSS in nursing daily practice within nurses own praclice, is expected to decrease

errors and improve patient safety with higher standard of care.
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PROJECT OUTPUTS

1. Knowledge on the essential information regarding NICU nurses' risk management
behaviors and factors affecting their behaviors was reveafed from the in-depth content
analysis. Six common errors pattern of nurse practice behaviors in NICUs were (a)
medication error, (b) failure to provide a safe patient environment, (c) technical error, {d)
avoidabile delay / omission in treatment and care, () lack of attentiveness, and (f) failure to
foltow appropriate protocol. Thirty-nine subthemes are expanded and clarified the
meanings of these themes, thus indicate areas of error practices. The contributive factors
to the occurrence of errors involved human factors (knowledge, attitude, skill, negligence,
inconceivability of patient agency, and decision-making), the system operating care,
equipment readingss, communication problems, and situation provocation. Most nurse

participanis attributed their errors to more than one cause.

2. A manual of eight Standard National Guidelines on Neonatal Critical Care Safety System
which entails clinical activities to eliminate or reduce the incidence of adverse effects to the
sick neonates (in press). The National Guidelings include the issues of (a) safety system in
medication administration [prevention of wrong dose and wrong patient medication
administration], {B) safety patient environment [clinical atert alarm system and neutral
thermal regulation], (¢} safety treatment and caring technique [prevention of endotracheal
inadvertent dislodgment and miss patieni identification], and (d) safety system on

complication precaution [severe intravenous leakage and skin care] (see Appendix B).

3. International Publications

3.1 Jirapaet V., Mangchom M., Varglan V., Khamsriboos P. Development of best practice
guideline on patient safety in NICU: A collaborative project. Electronic proceedings of
the International Council of Nursing: 23rd Quadrennial Congress 2005: Nursing on the
Move: Knowledge, Innovation and Vitality, co-hosted by Taiwan Nurses Association,

Taipei, Taiwan, May25, 2005, P.3.618.
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APPENDIX A

The Task Force Committee of National Guidelines on

Neonatal Critical Care Safety System
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The Manuscript of National Guidelines on

Neonatal Critical Care Safety System
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#1919 Drug Incompatibility g1 ldivine

| @eud ' Faen

Incompatibility

1. Acyclovir

Dobutamine, Dopamine

2. Emikacin

Amphotericin B, Amplicillin,
Cloxacillineg, Dilantin,

Heparin >1u/ml., Penicillin G

3. Aminophyliing

Cefotaxime, Ceftriazone, Dilantin
Dobutamine, Epinephrine,

Insulin,Peniciilin G

4. Amphotericin B

Amikacin, Calcium gluconate,
Cimetidine, Dopaming, KCI,
Ranitidine, Gentamicin,

Meropenem, Penicillin G

5. Ampiciliin

Amikacin, Gentamicin

6. Calcium gluccnate Amphotericin B, MgSO4.
NaHCOS, Phosphate,
B Indomethacin
7. o Cefotaxime NaHCOa, Vancomycin,
Aminophylliine J
8. Cefoxitin Vancomycin .
9. Ceftazidime Vancomycin

10. Ceftriaxone

Vancomycin, Aminophytlineg
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Incompatibility

11. Cefazolin

Cimetidine, Vancomycin

12. Cloxacilfin

Amikacin, Gentamicin

13. Cimetidine

Amphotericin B, Cefazolin,

Indomethacin, Phenobarhbital

14, Dexamethasone Vancomycin

15. Digoxin Dobutamine

16. Dilantin Amikacin, Aminophylline,
Dobutamine, Fertanyl,
Heparin=1u/ml., Insulin,
Morphine, KCI, Ranitidine,
Phenobarbital

17. Dobutamine Acyctovir, Aminophylline, Digoxin,
Dilantin, Furosemide, .
Indomethacin, NaH003

18. Dopamine Acyclovir, Ampholericin B,

Furosemide, Indomethacin,

[Insulin, NaHCO3

19, Epinephrine

Aminophyliine, NaHCO3

20. Fentanyl

Dilantin

21. Furosemide

Dobutaming, Dopamine,

Gentamicin, Vecuronium
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A16UR | Fasn Incompatibility

22. Gentamicin Amphotericin B, Ampicillin,
Cloxacillin, Furosemide;
Heparin > tu/mt, Indomethacin,

_ Penicillin G

23. Heparin > tu/ml Amikacin, Dilantin, Gentamicin,
Vancomycin

24. Indomethacin Calcium gluconate, Cimetidine,
Dopamine, Gentamicin -

25, Insutin Aminophyllineg, Dilantin,
Dopamine, Phenobarbital

26. MgSO, NaHCO3

27, Meropenem Amphotericin B

28. Morphine TDitantin, Phenobarbital

r«ZE Penicillin G Amikacin, Aminophylline,

Amphoteracin B, Gentamycin

30. Phencbarbital Cimetidine, Insulin, Morphine,
Ranitidine, Vancomycin

31. Potassium chioride Amphotericin B, Dilantin

{KCL) J
| 32. | Ranitidine Amphoteracin B, Dilantin,

J Phenobarbitat
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T

|

fAUR | Foen Incompatibility
33. Sodium bicarbonate | Calcium gluconate, Cefotaxirne.1
(NaHCOa) Dobutamine, Dopamine,
Epinephrine, MgSOd,Vecuronium
34, Vancomycin Cefotaxime, Cefoxitin, j
Ceftriaxone, Cefazolin,
Ceftazidime, Dexamethasone,

heparine>1 u/ml, Phenobarbital

r 35. TVecuronium

Furosemide, NaHCO3

LS

36. Vit K1

Dilantin

37. . Phosphate

Calcium gluconate
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1. MUWBUAUAIHE N TARTEN
16
Cefotaxine, Cefoxitin,
Ceftazidime, Cefazolin
o b1 1 ar ol ar
2. WHUAINHANHBNETIANINU

Aun

Cipraofloxacin, Norfloxacin,
Ofloxacin .
Amoxycillin, Ampicillin

3. Gewmilauiiu
Armphotericin B,

Amphotericin B lipid complex

nay Sedative
1. ®euadneriu
Pentobarbital, Phencbarbital,

Lorazepam, Midazolam

o da '
nafaeNAfinondenge
{High Alert Drug)
uasadtyaneniiFaulred

MEDICATION CARD |
bk Bl iy - | =
Surname
Room or
Bod No.
Drug:
Caosage:
Fr__oquencv:
i g ~ & — g = v
Houte

Starting Datc v A
g Vievve: | £ T
Oiscontinue Date
And Time:

I s K

Signature.
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NIWNY: LFmaanas a11in. 2540
Lucas AJ. Improving Medication Safety in a Neognatal
Intensive Care Unit. Am J Health-Syst Pharm. 2004 ; 61:
33-7.
Horns KM, Loper DL. Medication Errors:Analysis Not Blame.
JOGNN.2001; 31;347-54,
Cimino MA, Kirschbaum MS. Assessing medication
prescribing errors in pediatric intensive care units. Pediatr
Crit Care Med. 2004 ; 5:124-8.
Young TE, Mangum B, Neofax 16” ed. : A Manual of Drugs
Used in Neonatal Care, ed 16. Raieigh, North Carolina :
Acorn Publishing, USA,2003.
www.nap.edu/openbook/030906837 i/ntml/225.html 2005
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AU 1 ety 854 s

AUATIE N8 The National Coordinating Council for Medication
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{Monitoring Error)
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097 LRBAATUATIULAZATINTULINAINAMIEININFaUNNAa ATy

4. Wi snisdfusaiunisdimee

e

Lmeeﬂﬁ‘l}’mm@nmmmﬁ Wetlssiupauiianaisnisiimns
ganzdeanislienfatuin (wong dose) Fetlsznaudat RUNA)
BBINTIMHANANR URUNUNTTU IR (action plan) dwiLuwne

LASWETLIRNITNUITUIR HANTURINAHIMNNTANTBUARZANUY

ginsai {equipment)
1. Te4ld syringe &
2. AryAnuniAnds (89)
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- t o aro
FvalbyataiunaunsUHIR

A

.
ar

#3181 (prescription)

1.

o o : P . . .
ARt WLTIR cardiopulmonary resuscitation {CPR)
FEINN3AINIIRED wargneiedlunseFaNen
FRUHUR
2w ldadeeinieiat Wiasandaaniaaniusmnidn
bl WETLIAKAYIL To8 1wIAs Auuwndgdann audila
DENTALAL
o wanunadlugnumou sunaen uasdinasun CPR card
d‘ a2 1 a [ 3 ar dl -y,; o
aadlulutunnnguendidty @iy CPR Mlfuawiin
wihailaniulunraunnann
lananTuneLRe 1 CPR card)
o . 4o a o
d WeLIRAARIN WALATIRARULWIE WD L uAdesnaalu
chart Ne N1
4:: a ?/,; ar ar
wneug  AIRUasU CPR card ynddai Taglduinmings
afsamvinelunisAiuan uazesiilszamiend
aglunzingdvnme
ANILNBTINAN
2.1 Msiaey
LR
= o | o R o & ar  ar
a) L THUAIUTNADUALAYATAIIATLTINY HRadaIa Y
k4 a y - o
by meRdeUUwingUre InsmwiznnrdanninesAul

ANUIULNAY

BT HAIARSI UGN



c

f)

arsnoudsrdRnisuienlugos, deavnlunnslden,

Temilsyan@n 19U GBPD, bleeding disorder

dnldenuanngn 2 alisfieaiatsnundail drug incompatibil-

ity £1781 114 NaHCO, 1461 calcium gluconate lu solution

sl

Feou Su ifew T wazinan wilerndaen Tasanizanda

N I Eumns i anTid

Tdsenlae ¥ genedc name snduilpusuiluldou

trade name

wandnanslimedeunudesn

AALTUIARN (mg/kg/dose) WFIT98Y 19U Furosemide

(1 ma/kg/dose)

Aeuannusaitanadiadu dose) 381 froute) AR

(frequency) wiadonn 191 Furosemide {(1mg/kg/dose) sig

1 mg WG 12 h

nadtunany AR

- Widesnessuinaaesuas o

- lidou / (slesh) Tumwneen WEeu + il 172
WTIZaNABNUER Ly 112

- bldswsy 0 wdsgevation (1H3eu 1 mg Tadld
1.0 mg Wszasanulaiii 10 mg)

- @uwar 0 dmhaevaton (Wdn 05 mg Tadld

5 mg wisrzanaguiiaiilu 5 mg)
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k)

mi

n)

2.2
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el
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vt ardefliitduging (19NATUNILEAT 2 Aga
HHTFIU)
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U IMULIAN (U 89 WiBNAW chart Tuniviutioiaw
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nranily WinenunayaniuaAdanieanan agnten
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1 Afus AN lagneInse i

anuzideniuadsigiounuetinatian 1 au saufuianis

NIURBLIANEITY

Arluadannalnsdwy a1sdl  Speaker phone

Tsnnagsenasluly order whan iaTaunne 34 a0

wenunasaeu luwn e dann @eumdatuaednun

ar =1 dl .-_d I'd 13 = i t 7

dnwslaiaNgaiiamnnisalsauadunan virantdd

nelu 8 dalus

3. ﬁqﬁ"amﬁﬁmw@mga (High Alert Drug, HAD)

pepe o o . o .
AIMMHAVTHLABIFI UNBOY NHUUINH safety margin WA,

Py = o LA e 4 o4 ey
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(LONAITURIELAT 4 TIBTENEN HAD)
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a)

bl

d)

UfiFamnsdauAtdeansssian 4o 1-12
NUNIUANRIANATIFIEALEY VIRUANEIANIZNNN UFe
wwneinanqlanda

ar =1 ar o y = o 1 a
naINS s luadTarndyryrniuen 1l vings
w¥a3219 chart Tubnuiudalan (anatsusieine 3
&ryrunouandy)

LAINENLNAFUNIILINFIULTN A0S

nssuAIEE (Tra nscription)

CERRNT

a)

k)
c

d)

@ an y o 4 .
wnnelfiein19desanuuamng AdaEn (prescription)
| v
SIS
2 a o prp =
WUNE B FURIAIENNNAITEENGINTI1]7
wenuatFuAdsn i aaaieile
niaaausaedildauuumadfimvield win

b I =g o 1 =3 ar & L .
wutiadawaiavraiteasds TonEuduainuwngyda

] [ dl - :z | 3 ar ] y
quNINAXTuUneaNTU B9 2 (e IARABNATES

& s o i
AUABUNITARRBNATIFIEN

1. ARRANATEIRI LU

1.1 Kardex

o 4 o
- WHWEN Wauansaliies
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- ueiudvin dadusewisdu
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1.2 lu medication record
1.3 nfee wdaduatinenaauazaniulszniu
The 1huiin de-ans, o1, Arududugasen, aunemn,
321, A0ad U RBN (start) Isfmaariute 3 uvis
(LRETRANGIAT 5 MIEEUNITALN, LONATTUNILIET 2
ANEBNIATIU
d8A299239 - MIT run IAIBT (BNETUNIELAT 5 T run
IaE")
- petlenens A dawAtdn for one day
Tun$aen wiendsuiuugaen (1anans
WUEILAY 5)

- @uuat 0 wihaanAtiauIun e

- li@enua 0 nagAnANoNIWIAEN
k-4 =| =l i’l 1 8
14 APIAABUAINYNFEIIINTIAzIRERBNATY nowld

nnuiinueisedasunnagnlsadsegaving (law

= - o

ﬂl o S 2rar A y §r dldl
Faumndfllien uarasdieneunagsuaidenn lETund
wwngidey wileAdaendiausn
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15 nsiinguenfilnuiResg
3} AYSTINEUIAEFINURATIAABLBNATY
b) orauassdydnsal 1y JURuuyNnIian e

hdtyonnumreaulissdy ganaimvaieias 5)
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n1game (Dispensing)

6L 1R

1.

ATIAE DY

a)

a y ar  of 9 I'd
nunauAdsen, lutiunnnislden, niseen uwas kardex
WHRNAY WUz FU-dnT atinatesduay 1 A%

nunauA e U nfaen anueiu-dains yniag

o)
. gnsni
o LARRIAMAT EVFLAIWINL A1uIuen AasldiATedAn
RIFaTIL ATANGY 1.5 IURLURS AN THANEIAY
7 PUIALAIEIANLAT)
bl Syringe A9TRTEALIATALRY UAZTUIAUHNIZANAY
AUIUELI
FIRENRA
2 AsAdavdesnuuntiann Winseiudestummane
b dnsilerieu uazvdedanmnass
o Amansmauen uhagalinansenfidents tneds
Uasaite uazwanuiaduynak tewilusading
¢ netigRilranandudugs iy Indomethacin dailaann

dde 25 wnjue. (fedeanisauna i 01 wn.

FasAaanafedaetingy (sterile water) 9t

-l tuberculin syringe AIUIULT 0.1 MR, udngaiin
NéL 0.9 1A auATL 1 1a. arldrududusesdann

25 UN /1 ua. (single dilution)

Neonatal Critical Care

283



1111

284

- Taamauen i wberculin syringe 9 0.9 ua. 1Hiwae
(LS 0.1 1R LAY GAUINAL 0.9 HA. AUATL 1 U8, Ay
Tmanudndueaasen 0.25 un. / 1 wa. (double
dilution)
laauquenlu wberculin syringe AUWRE 0.4 1A, /%
IFaumen 0.1 4N, ANFeInIg

waneug 19 wberculin syringe RHARIINTININS 1IN uas

e . a4 N

%1 syringe UAUNAA LSRN W2 syringe TRUN

714 (dead space) 0.3 HA. fsuiadiniues 26 fae

“d o - 2 . e

AeiNUNsIN 0.5 Na. ATUALT LS syringe N
WNAANIAU syringe (LBNANTUNIEILAT 8)

el 11 syringe Adanmsymaaunds ldlurenszaud

y 4 d e o g~ . .

imafiaretnielszAnsiuliinnamsnzausanis g

syfinge 81 WIANTAAAHLNNTARNUNUNITINNNTALLAY

syringe LUDNAEN9INML WWatlaay syringe BAAaU

Uzt lufuiastlasnunsusiulianans (WNATULILEY 8)

i amnuenliGeuies
4. NNSAALAUELN
471 g1 ampuie
° - . - 2 =
al r{]ﬁmmumwmaa‘lﬂﬁ syringe NURHITRUNTANLALIL
duliFaufay soowaiiadndanniae
bl W W@auEes UUARNINES ALY syringe wazldniialn
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4.3

a)

4.4

1N syringe ldoasen

a2 - 9 -4 [V .
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FAUUTRIN

AL AINRNRNTLTE NaLNT e uLe A 2 18m g a9y

2 1

#12895UEUARTAY

dnanaeyning Wiedlesiuuunens

8120 vial

TeuTe a4 solution Mldkan saunedu Larinan

Fumumenguu sticker Halddanlaelailiivdas

T sticker Aatmilariuugn

dinaaminaae iodophore iodine wastlalnwaadae
o <l 8 é’ =l =4

AR TIERINES UWAZLOUNIIULENUTBINL

NUENALendnslsznaun s Ige usas i ludeeiy
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gnresgiieuazAu

dgaanniag inetlediunisunneny

NANEN HAD

ViLeMAsAeatL ampule ¥5e vial wsneniuenizly

Ustuduandssinvnauy Asidnaedfuwen #19%In
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NFONTIAA sticker ALA

g1 (BASITURILLEAY 9 NFAAALIENUAN)
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N151U5U158 (administration)
FRUHR
= s . & ]
1. 2muan 6 right léuA
1.1 gAY ATREDUNT WegniumInIen
A v oA u ow
- gilheda daile dain
- ldmasKnFeeanin
1.2 gnen A%seda
dod o e _ .
- TRYIVIARTENY LTUW cefotaxime, ceftriaxone
- W9AHT WRZRAIN NTUNALAXAAEYTL HedRINLEAs
' UIRIALTEMREIAY 190 FRANUAZTIUIAUIA
- ampicillin WiewTL cloxacillin
- il E9NRY ATHENENIENTNUARE IS
£ A
- - ananroudasdaelagnsied Toun

T NS = 1,000 HAANTH

1 fadnin = 1,000 lulasndy
- ANTATIUNABNTENATY 1
& Fentanyl 14 mcg /kg /dose
J ¢ d’ &=l 3 ' 2 N
1.4 gnnng Auvueen T IR 3 s Toiun
i X a = @ . - ¥ 2
- NANHIHE NYINWITNA ARAWNNIINANHUTAT1
widnauananfn Wil Aend@Ne rectus femoris
muscle WA vatus lateralis muscle
- vaeamean Anazliiay infusion pump AYFTEAIEN

= 2 & d sy o o YR
Vl@ﬂ‘lﬂﬂ’]ﬁuﬂ’amﬂﬂmma FINWDITNNA n'lﬂvi VT
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" Dopamine, dobutamine, adrenaline il n1avaes
=
LRDAUAY
- 1Rauds DR lddasy
2 [ s 2 b r . .
15 Qnaan msFAtYansnl uazaan ignees i tid pe, gid,
twice/week (LNANTUNTELATY 6 NAT run IR RN 4N
RLEUAT 9:00 U,
16 gnnatia neuliunasAii
-~ J
- watAUTERINETS
- AEn15ld i @aendn 9 T 510 wd viEe dip el
30 WA 1Tl
. AMafle  drug incompatibility (¢@NANTUNAELAT 10 Drug
incompatibility) Nawlyit
. DIBMAINTT e
v oo - o v « \ -~
- fndunfasnsadiay e ndnifaanludanaidnly
v P o v an b ow < o
- tlunafeendaas Feslinsinme N LA e tleanu
ARbEV Tkl
- 38 off 81 AEINRIENTALINUN
- danmannisaaunAniauas e
o \ ol o
- Mg ldnngfidianades
a  PARRNNETALAYTaAIN “NO FLUSH, NO PURGE” Wi
Wudauw syringe 1I93RMTATATE wazhanatnliany
ATANt

bl siesld syringe pump 138 infusion pump Tunslia 28T
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o FNERTINNTIVANTRZANEILUN syringe pump WT8 infusion
@ 1 - o
pump lWgnAes lasdinismouaaudnsinisiuaves
#N7arat AL WEILAD NAUMILL
d)  mmasauiuiuasseateidmn 1 49lua
- - o
el thandogeyinsdwnn 1 dolug
fl WiuRINAAELAINNNNTII09RTATANLBENUEN AR
o =N = ar =y - 1
Ben vralinnsdniaulsavaen@anvirall neaau
anginisinadtpenvdelil wardunAnnsgaruaaaATag
a o - w =
Was i sud i
6. NMslengs aminoglycoside ANTUUIRAST
a3 A2sgAn Cr. dhunnda 1 destinsunng d1azenviie
aRUUIALUTe I
b} 1ARaN9ANELNNAL (sterile water) WA drip Bgeias
1 97%u4
7. Ansvaniaaantsivian antibiotic NS&IERIMAITDIUNT

{parenteral nutrition)
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NaIgHyIeLan 1
" CPR CARD

Neonatal intensive Care Unit

SO ¥ X O Ward... e,
AT MBI e ATROTH TUT e
UIAYBEIMIETR NO. e HU, AYIHAN oo 3.
‘ Drug Concentration| mi/kg/dose Final Dose Time
Adrenaling (1:10,000) 0.1 mg/mi {0103 X kg | .ceoien.ml Adrenaling®

NaHCO, 1 mEgfmi [ S L (o [ ml NaHCO3*

10% Glucese 0.1 g/mi 2 SRUSTOIOVOTORON I B SO ml 10% Glucose

10% Calcium Giuconate | 100 mg/ml (1-2) X LG} ml 10% Cal.Glu.

Simple method to calculate infusion drugs %am .................................... Lrate.. s
| Tt Recommended Dose ALY ]
O PGE1 min.-max. 0.01-0.1 megkg/min 500 megiml

0 Adrenaline min.-max. 0.1-1.0 megfkg/min 1 mgfml {1:1,000)

O Dobutamine min-max. 2.0-20 megfkgimin 250 egy20 md (12.5 mgiml)

O Dopamine min.-max. 2.0-20 mcg/kg/min 10 mg/ml

Required dose {mcg/kg/min}] @ASAIUAN  |HAaTWILIW 20 mi At 5% D/W]  Rate

0 120 x wt {kg) Dttt ] mcg | 0.1 mithr
(84 PGET 500 meg/mi) 24 x wt {kg! R eresee e s e meg | 0.5 mifhr
0.10 1.2 x wi (kgl U VOOOR mg | 0.1 mifir
(19U adrenaling 1 mg/ml) 024 x WL IKG) | Zeovceovee e mg | 0.5 mhr
1.0 12 x wt (kg LSOO OU PRV 1) |s 0.1 mlthr
5.0 6 x wi (kg) 1.0 mihr
10.0_ 12 x wt kgl USRI ) 1 's 1.0 mlfhr

wigEue  “Adrensline 1 amp Unidiaanudindu 1:1,000 viudly 1:10,000 Taetd tuberculin
syfinge @A Adrenaline 0.1 ml ufasdav k9t sterite water 1w 1 ml
*+HEaADa19 NaHCO3 Weh ilte 1:1) 1w dAwnulsl 3 mi fieadesnading
g 3 mi spaniy 6 mi

YOO 1 110 Wi =TI WO PROSOMORON (782}
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o 13 d
AIBEINN 1

ar ' ol
ATRENNN 2

AIBEIIMSATUIN

nsNUIVIn 3 flany dmaanT 1% PGET infusion Rsl

u"A 0.01 meg/kg/min TUSRTITI 0.1 mifr

x d. ,

dun 1 PGE Neealglu 20 mi solution = 120 x 3 = 360

mcg

dui 2 fSunnuees PGE Wi = 360 x 1 = 0.72 ml
. 500

(PGE {aunm 500 meg/mi)

v nsdas T usatl

PGET g3 360 mog (0.72 mi) 1Res1ah 5% DAW awfu

20 mi

Drip 0.1 mlfhr {(=0.01 mecglkgfmin)

nsnnin 3 Alaniu Inuseanis Dopamine infusion 1WA

5 mog/kg/min Intsiaensuaniiudnsngd 1 mine

i 1 Dopamine Aid@an1714lu 20 mi solution = 6 x 3
=18 mg

2 Banmres Dopamine Al = 18 x 1=18ml
{Dopamine Tyum 10 mg/mi) 9

Farurdaen st

Dopamine 18 mg (LR8N 5% DW Aty 20 mi

Drip 1 mifhr (5 meg/kg/min)
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LanagrnuLEen 2
AHaNIATIY
UNITS FREQUENCY
amp = ampule bid = 2 times a day
cap = capsule tid = 3 times a day
drop = drop qid = 4 times a day
elx = elixir g4h = every 4 hours
or = grain G12h = every 12 hours
g = gram hs = every night
mcg = microgram prnf{for..} = as needed
mEq = milliequivatent oD = everyday
my = milligram ac = ante cibum (before
meal}
min = minute oc = post cihum (after meal)
mi = milliliter ad-lip = ad libitum {as much as
wanted)
mm = millimeter stat = statim {immediately)
mmaol/L = millimole/flite ROUTE
ppm = parts per million i, @ = intramuscular
sec = second v, @ = intravenous
spray = spray NB = nebulizer
syr = syrup 0G = orogastric tube
tab = table PO,@ = per oral
tbsp = tablespoon D = intradermal
tsp = teaspoon NG = nasogastric tube
U = unit SC = subcutaneous
0z = ounce iV drip = infusion
% = percent inh = inhalation
Y% s0l = percent solution ET = endotracheal
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Ay uuANdS

gy e dadudaanunndgfeudalinaunanguingan
Al nediderau wwdgdiatansudalingunansiunienanday
stluuui 2 atin

1. pduuuBdRe N1sWLLL order Aagy

- AuAd UuIete AF9e Stat, HAD

- &

o = < .
8D MRIEDY ANRIUNEFIHAN

|

~ o y o "o 1= 173 a:
- F[UURABI UHE0L mﬁwﬂmmmu I&Jt?f_l‘l_lﬁ‘ﬂtl WUNI98e
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Antibictic
Aminoglycoside
Amgphotericin B
VYancomycin
Cardiovascular drug
Adenosine

Atropine

Digoxin

Dopamine

Heparn
Indomethacin
Propanolol

Xylocard {Lidocain)
CNS drug
Diazepam

Fentany!

Pethidine
Vecuronium
Respiratory drug
Dexamethasone
Mineral
Potassium chloride
Calcium gluconate
Miscellaneous drugs

Albumin

anasviiulan 4
sredpenfifinaulAeege (High Alert Drug, HAD)

Amicdarone
Captopril
Dobutamine
Epinephrine
Hydralazine
Nitroglycerine
Prostaglandin E1

Dormicum
Morphine
Phencobarbital

Aminophyline

Magnesium Sulphate

Insulin
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wEnaETvInYLan 5

ST EUNS AL

nMTEEUNITALN
1. Geudagangilafisuing Faiu
2. fausiedtiay@en
3. iwndeyaliiauyntes
4. \dlanmuiu off 81 deadaunaniy 11 7 off e
OLERN

gU# 1 mfarndarTa (for one day)

MEDICATION CARD

5U7 2 n1fanings HAD

MEDICATION CARD

Namae: 6 o, L2

Sumame: v dana
Room or
Bed No. i

orug: Foaloeyl A
M: ¢.5 -vncg o

Frequency: & 4 b,
Time: 2 -b- jo-3d-3p- 5t
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ENATRUELaY &

A15 Run WA buien

I|n

9L

9u
iBu

RS

11
16 .

9y
134

18

qu
15 1

21

17 1.

Tu
9.
21U

15U

21U

3u
Su

2t u

ERTA
RS

91

Ayanwni

op

bid

g pe

aid

q 6 hrs

gizh

.36 h

T48h

Qnca

L Twaice 4 wessk

|
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ar i

wWinaRaaTipRatluLas g1 AruRan LU aauag 5 mg 1l
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Drug Incompatibility

AVAUR Faen Incompatibility

1. | Acyclovir Dobutamine, | Dopamine

2. | Amikacin Amphotericin B, Amplicillin, Cloxacilling|
Dilantin, Heparin >1uw/ml., Penicillin G

3. | Amingphylline Cefotaxime, Ceftriazone, Dilantin,
Dobutamine, Epinephrine, Insulin,
Penicillin G

4. | Amphotericin B Amikacin, Calcium gluconate,
Cimetidine, Dopamine, KCl, Ranitidine,
Gentamicin, Merapenem, Penicillin G

5. | Ampicillin Amikacin, Gentamicin

6. | Calcium gluconate Amphotericin B, MgSO,, NaHCO
Phosphate, Indomethacin

7. | Cefotaxime NaHCOB, Vancomycin, Aminophylline

8. | Cefoxitin Vancomycin

9. | Ceftazidime Vancomycin

10. | Ceftriaxone Vancomygcin, Aminophylling

11. | Cefazoln Cimetidine, Vancomycin

12. | Cloxacifin Arnikacin, Gentamicin

13. | Cimetidine Amphotericin B, Cefazolin,
Indomethacin, Phenagbarbital

14. | Dexamethasone Vancomycin

15. | Digoxin Dobutamine
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AALT Faen Incompatibility

16. | Dilantin Amikacin, Aminophylline, Dobutamine,
Fertanyl, Heparin>1u/ml., Insulin,
Morphine, KCI, Ranitidine,
Phenobarbital

17. | Dobutamine Acyclovir, Aminophylline, Digoxin,
Dilantin, Furosemide, [ndomethacin,
NaHCO3

18. | Dopamine Acyclovir, Amphotericin B. Furosemide,
Indomethacin, Insutin, NaHCO3

19. | Epinephrine Aminophylling, NaHCO3

20. | Fentanyl Dilantin

21. | Furosemide Dobutamine, Dopamine, Gentamicin,
Vecuronium

22. | Gentamicin Amphotericin B, Ampicillin, Cloxacillin,
Furosemide, Heparin > Tu/ml,
Indomethacin, Penicillin G

23. | Heparin > tu/ml Amikacin, Dilantin, Gentamicin,
Vancomycin

24. | Indomethacin Calcium giuconate, Cimetiding,
Dopamine, Gentamicin

25. | Insulin Aminophylline, Difantin, Dopamine,
Phenobarbital

26. MgSOd NaHCO3

27. | Meropenem Amphotericin B

28. | Morphine Dilantin, Phenobarbital

300

HUSULIAIEATIINUINAR




o =i %
[/IAUN DEN

Incompatibility

29, | Peniciltin G
30. . Phencbarbital
31. | Potassium
chloride{KCL)

32. | Ranitidine

33. | Sodium bicarbonate

34. | Vancomycin

35. | Vecuronium
36. | Vit K1
37. | Phosphate

Amikacin, Aminophylline, Amphoteracin
B, Gentamycin

Cimetidine, [nsulin, Morphine, Ranitidine
Vancomycin

Amphotericin B, Dilantin

Amphoteracin B, Dilantin,
Phenobarbital

(NaHCO))

Calcium gluconate, Cefotaxime,
Dobutamine, Dopamine, Epinephrine,
MgSOA,Vecuronium

Cefotaxime, Cefoxitin, Ceftriaxone,
Cefazolin, Ceftazidime, Dexamethascne
heparine>1 u/ml, Phengbarbital
Furosemide, NaHCO3

Dilantin

Calcium gluconate

waneEmR | uandansiieynatianieane TPN
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addl wwdde. wdnniswaauna lunagldeungdae
ma#wmmaﬁug’m WUIAALAZNTUNTR (Fuviasadt 9)
NPNWILTENIANSS AR, 2540

. tucas AJ. Improving Medication Safety in @ Neonatal Intensive
Care Unit. Am J Health-Syst Pharm. 2004 . 61: 33-7.

. Horns KM, Loper DL. Medication Errors:Analysis Not Blame.
JOGNN.2001; 31:347-54.

. Ciming MA, Kirschbaum MS. Assessing medication prescribing
errars in pediatric intensive care units. Peawatr Crit Care Med.
2004 ; 5:124-8.

. Young TE, Mangum B, Neofax i6th ed. : A Manual of Drugs
Used in Neonatal Care, ed 16. Raleigh, North Carolina : Acorn

Publishing, USA,2003.
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JUNS1YAD8S:VUANYNYIrulRou

(Clinical alarm system)
LIS @rsuAsng
@na dIAsyA
wss  Asana
Js:a8504  ASWSHUAN
OAtE  SUgSAuDS
gundun  ASIIAY
YIUBA  UMYSYNSSU

AU

nMsiEEaa LN luuaa A uian s nusnialA
d@rAryun Melunisitadelsn nnsdsmidiuanguusivedlsn uaz
nIFeRINNaNITinE Nedsniiivatuisndinduldainnigg menan
NY9LANY warnasiy Genstutantinisauaniinsiedinainianu
ANN90 uasyinEy lunirdssdiu uaninisuneadns idaunndsadiules
B8 TLHUTIANNNTRTIR TN RN R EaN s TEIa N TR
wenlaelfirseanaiimn (monitor) Ains <] 184 puise oximeter, cardio
respiratory monilor, non invasive blood pressure lusiu %dgnﬂ’mﬂ‘ﬁ
‘dl 13 e = ‘=; b2 1 e
e linindhsrdussianiunisnlfauulassamisnldagslngda

= - oa n' ,éf 2/ d; Y 1% od = e

nazisrRnsnomeau nasldaTes Mgniesuasiitst@nsnnwenuna
AaINITUITLLATY IR U auATEAMAN Teas Ay et

nsssaadaliaigs viteAndtsrAvTisaiuld
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= s

watimes (monitor) wnAene nsdinged

o [

& e A o oo
dryoynondeu (alarm)  wRAEDe AyryiruuaIRTadEEIIlRe Y
b3 02; ar exf '_1. =) i3 ‘ 4:1‘ :,/ s |2

vandayainmainininduuudadh innviadenndifinaliuls vis
anaaouudasmdugunss

nniiag lun1azdunss wuohs nenieaInisuand el

= = .
- HEINTWHI (Cyanosis)
. P o - X
- biwela (apnea) Wiadnrenismelafiquusainiuiag

dunmandmsinisunala, nashsie (retraction), Tnaynini (nasal

flaring), X moaning, grunting
- W lasudn < 100 A3y (bradycardia)

ar = =] @ =
- Afane A Uangla Uaisiiu (poor perfusion)
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Innerasa
AnLU9EaNA  (purpose)
- ieaanzduaTavassnlag s uudmnnisien

dil o B = =1 - =
- e linspuanianias M rsuudyrrnseulidsy@ninan
uazgruisoudlanisnidaaadusnninztuniig
- gnsndssfiudyyianfaunasuiliainame
==i" e =y 2
- iadfudgsuunniananihdiseueinivesnnlae e uy

Ayonouhau

1aLLn  (scope)
Wuswamalfjisaesunwnduaznaiuna MEéwiumaguanisn

WAA AR T LI R NAT TN U IZANTBIUARSBIANT

ginsnl (equigment)

e Pulse oximeier ﬁllﬂmmw

. probe sensor # Mauls

[l
=

e Cardio respiratory monitor NHAMUNIW
_ electrode uazang electrode Aldauld

e Non-invasive blood pressure momitor ﬁﬁﬂnm’\w
- BP cuff Aldeuld

e !nfusion pump ﬁlﬁ@ﬂmq‘v\l

e Ventilator ﬁﬁﬂmm‘w
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FUVFYY LAY
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Pulse oximeler News mvasive blood Infusian puin
presune monitor | |

Cardio respasinry emilaun
Maonhar

“AIMTUAAITRINISNN D luN1TAURs Y

WHIBLUR

= = .
- HBSMTYYI (cyanecsis)
' 4 e o - 4
- ldwala (apnea) wiadnuuznisuolanguusniniving
Funaandriniguiala, nshass (retraction), Unaynuau
(nasal flaring), i moaning , grunting
- valaEudn < 100 ATV (bradycardia)
- Fnane Ba Uaneile Uanawindu (poor perfusion)
. = a o .
ANMSURARITDIMSNADY L UNIITAUASIE U8INI5 L Infusion
pump
- o 5 . a
- HANIZUAHENENEEIRINAN NI RNUA N MR DALADA
- dugesiu i linieniilentaldfuansin ansanvnsliiveans

- lasuansun lulBunudsiaandnvieuanndiin e
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Flow chart wamsnistitisnaniiaglunmdunss
mUsLUFyImiaunay Pulse oximeter /

Cardio respiratory monitor

| e .
T | vumnu DT AL G
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Flow chart uwansnisfitmsnieglunisduney
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Non invasive blood pressure
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Flow chart nasmsnafitismanfiaglundunawsiy
gauUdnAauaaY Infusion pump
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i #
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wezriedie
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v |
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Flow chart wamenstitiemaniiaglunsdumnee
payssLLANMLAauTas Ventilator
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Non-invasive blood pressure monitor WUUAARNINADLLAY
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Infusion pump
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Mechanical ventilator
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LNEITUNBLAT 3
YrefiuannIsUARIUBINIINUALNITANNULE Pulse oximeter,Cardio
respiratory meniter, Non invasive blood pressure monitor WREN1711
A maresdrynInuReuLaznIIwl 1z
1. dszfiu@da nsvnela mennauiden nﬂﬂ%ﬁﬁlﬁﬂ%‘WﬂﬁU’mﬂﬁﬂ
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RIS PRV EGY Y
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2.1 Pulse oximeter

ANHLENATLUTENAUNNILLET 3 98 5

2.2 Cardio respiratory monitor

ANLONENTUTZNAURNIAT 4 18 3.4

2.3 Non invasive blood pressure monitor
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4 ' 19 wr 2 oo
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nﬁ‘iﬂ’lﬁ;a‘;"m:}’l pulse oximeter,non invasive blood pressure monitor,

cardio respiratory monitor, infusion pump,ventilator
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Mechanical ventilator
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NMSSNEILUALADSLAZAY Infusion pump (LLNTUNILATRURE WD )
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hoard
e

ik
Wl

-
T8

nils

LiYlaA
g
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an@isusznauvangay 2

£ e o o .
n15A9lsuszAY  high/low alarm limit* 484 monitor

Pulse oximeter

m FIAT low pulse rate

[
o

$4/A1 high pulse rate

¢

ar

m FaAT low SpO,

L4

FaAN high SpO,
Cardio respiratory monitor
B A" low heart rate
FaAn high heart rate
n é’aﬂ'ﬁ low respiratory rate

v
o

f4A1 high respiratory rate

1A% 99 AF1h
1A% 181 Afa/unm
1’?jﬁ 84%

140 96% (nrrunasnl#fusandiau)

159 99 AR
149 181 AFvuW
149 39 A5

149 81 AF9AH

Non invasive blood pressure monitor

1
ar

m 9@ high flow systolic BP 1A% £10 mmHg asna1aassad

ATNALUNRUDININ

f4A7 high /low diastolic BP 199 £ 10 mmHg anAeaan.

F4AN high /low mean BP

m FNA low puise rate
FNAT high pulse rate
Ventilator

m F9A low PIP

ANYNALNATRINITN

T4 +10 mmHg A nANaduTe
ANAUUNABEINITN

157 99 AFaunTi

1A% 181 Afyunf

13 -289-3 cmH O RNAT PIP

Amals
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L%
Qs

FlaAn high PIP 9 +209+3 cmH O AN PIP

a1y
m 351 low PEEP 17 -2 cmH O AT
AndaldFalaisangs 1 cmH O
m 5aA high BPM Wi+ 10 ASaanit anAREeld
m g volume limit 1 810 ml/kg.

VanEwe ¢ 1 MuualagRaNIuneInal ANan-gagn 184A1ng
2 . n3eUTUAN high /low alarm limit 49 menitor 873

Wasuuwlaasnuwenianineealsa lunisnusazing

LENE19E 198

1. 3o Aszuwndl, inFosdng Arzunmd. ndnnizguanianua i
ﬁ‘fuﬁu‘gm. NN TTIRMUWEIANITAATZINISHINLAN, 2545,

2. nvim FuRav. Bedside Monitoring Equipments-How 1o use
them?. lw:ange Tumszfing. Neonalal Care In The Year 2000
The Prevention of Mobidities. NI UTHN SULATE WBUA
neAA A e, 2542,

3. Fletetcher MA MacDcnald MG.Allas of procedures in
neonatology.2™ed. philadelphia: J.B.Lippincott, 1993.
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nATUsznauusaaa 3

N5EA SpO2 sensor
. - e -
1. WRANTUALRYIUIATAY sensor N IENUNITNLINAA
2. MIABNANUWLSY TR sensor Pa
= o < . >
- ANIINTILLABATIA AYEA WiFd
- douhiimaedauluatieaign
- hifauSinnduonums 3a vivediunnan
- ldRenudiudananesdauiinisiapiiusulaiin e
- e . _
UHaudulaurasdiuninngld anerial catheter

3. fim sensor Iuuganuilauas (light source) atimsadnu iy

12

A5ULAY (photo detector)

Neonatal Critical Care




292

- lunsnuusings <3 Alandu Av7Ee sensor L3N
I TR - .
09 tIuyvIeTaNe
- umasniiunnga >3 Alandu ANTRA sensor USWINY
P w Xy,
sl viatinTvesiinwin
= ey ar 4 = (34 = LIV dl
4. ¥m sensorlaglEiegRuLaImaLnUNIILUAST YIs ldNaTh
dl o 2 &I s [ 3
wennulies ([@anisfncoban) W
- n3tla sensor WHLALE I Gisensor Ay / Wi 1w
Tenvigruldanags viasndramduaivtas et iilsuay iy
vinldwszm l¥nisnieuides (perfusion) aRas
5. 1J3ziIunN19vNaNLEs pulse oximeter tag ¢
5.1 Wrinag fieal waveform 189 pulse YTARLLATANLAND
w38 column pulse search AITHAMINEININNTY 75% UBIATINA

qaem °

52  AYVINAT ( pulse rate ) AnNLATAY pulse oximeler A9
winfuvra IndAseiudnsilagoemasnintulid=s vieancardio

respiratory monitor i lsiiuldmnnda 5.1 uay 5.2 iRl
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- Ursiumsndniinzanusulafiesnsumisinagndes
wrali
- R# sensor MAIM URA WL WO sensor LAe winUsiliu
wuilyvn Wiudleanuanive
6. fhumumaiiaa sensor NN 2 7.
- 7. Hasfusinsensorann uasphoto asazsunaunssuaningld

2 o < i = 4
BOUNLLAITY viFa e Tm sensor

{Unammatheinmel Sp O Adeenanie Idyar nrfrlfusudituresmindiau
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wanatsdsznauuineiaa 4

mMSAm electrode

1. \@enAnENTR18Y electrode nunzau Asil’

2. 05

2.1
2.2

2.3

2.4

2.5

HUUNAUUTERTUNATNLINIAA (WaluTUNIuAan1Tn
FAONNT WIBNNFO8N W ReNG
={ A o3 s Sy (3 =Y &
HuaUNIIRAINITDWRLAA IURT LRI TSNt 39980 U
waua A A
v - e om % oo

gel 14 electrode %mamqmﬂuumh@rymﬂmm il g
Aunmann szaz1981789n13 Idaualsqudy gl duiundn
24 34,

4:" =& [ = s 2 (- ar o 1 ':;'
electrode NszATtARIADRqwTTRe Tuvnaemlainwiibe

ABRNDDN

& electrode”

14 electrode Alsmamangnialdeu
frmauazenUiinnfiazie electrode ﬁwﬁ"'\ﬁﬂguﬁﬂ
aze7m wazdulRuis

msnRiiAwineangY 1,250 niu Wide tegaderm/opsite
WNLUDLINT?

Bim electrode Uufinwiamsnannaauduil lUEndnumile
ialgennidaan

ANz an W 9Rm electrode A9%75N
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NWRRA electrode 3 AWMLY (ATIIL)

Ms7A electrode 3 AUWUA (H1RTFN) °

RA  asuFinlsseanninaaatnszanludanis (right
midctavicular line)

LA aausulddeqaiananegsansegnlulanda (left

midclavicular line)

LL 3 WUSIuyiaddiuatamutng (left lower abdomen)
sﬂn‘l = ' o = '; o L P
WA IUNSMAITNAANALNIUUA Wsanisnuuindntas 19iRe
ALY LL IVMNe9nadine waz AIuuta RA LA AIansa

Frugalasnug v 2 919 Tuszdumaniusinu
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3. N3UTEEHUNINLIBUATENURIRAR electrode WA monitor Fia
i wave form T8¢ QRS WAAIAT heart rate ANLATAY EKG AL
= s =d ar Gil 9, £ 7 1 1 ar k7
win ln&ALariy hear rate #ialdmnnvnn o1 ldwinduldamasey
NSAALUL gel 184 electrode WATNNIEANABTANANY electrode

4. AYTIARN lead 2 1A9R1N 1T QRS Faay 2

LANEFRNNEY

1. NMATTINUITITAIAAT ALZUNNLAIAATATINTN LS.
N19AUTNATINIG “ Monitoring in Pediatric Intensive Care”.
NPINY NIAIBINNNTTATARAT  AUZUNVEATRRTATI
WELR |, 2540 : 13,

2. HP Companent Monitoring System HP  Vindia 26/24
Seres User's Reference Manual Volume 2 Parameter
Information . Andover, MA : Hewletl-Packard company ,
1999 : 9.15.

3. Fletetcher MA_ Macdonald MG Allas of procedures in
necnatology.2™ed. Philadelphia :J.B Lippincolt. 1993 : 40-47.
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LBNANSUSENAUNNEULRT 5

45n199% Neonate blood pressure

1. M A18N 8P cust

FaaiA NEINHaRA T UTALILAL 3BT 189nnen Taelipaw

A998 cuff WNAUSeaay 45-70 99UdUTILINLILTIBBLTIUNGY

L |

61

PUIAARY BP Cuff @1USUNISNWSBLne 2

Cuff No. Limb Circumference (cm )
#1 3.6 o
#2 4-8
#3 6-11
#4 7-13
#5 8-15

From: American Academy of Pediatrics Task Force Pressure

Controt : Report. Pediatrics 59 : 797,1977,

as =4 1 - = 1 1 A =
2. WU BP cuff 78UUIUNTEYN DUNNAA Tauru m@umumuw

3. 274 BP cuff 1 arterial mark ma4iiU artery 189mN3ndtunazin BP
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U n13im BP fing

- anuzdanenseangil
- N1949@ BP uuuRanusailos linmu auto uazfIRIINnedaani
FABNNT3IA IRz ANTLAN1IZ I8N UEINALN start

14 ' @ =8 Y ar ’; o :: ‘ 2 =4 ]
- fhereanuntinndlidn BP 41 Tasdisradunaudngnievralsl

o 5 \ [ o w
winlddu stat fesnatly stop MnAFIAINITIA EIzANTIaR

LAEIIN TN 7 RN TG ischemia, ecchymosis WRT neuropathy i
. BRI IALUURARANABINEY {continuous monitoring) Fia LU

naLlH start Tyl

1
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TAAIGTTLIN °

1. #i1 B8P dedelildlunsd
1.1 nandenawa cufl gniiuld vinli BP gendnate cuff
TunytAuld vl BP sndnade widhaludeaden Thaen
cuff "Lmy'Lﬁ@amnm’mﬁmmLﬂﬁﬂm:ﬁf@ﬂnd’]
12 BP cuff FvanafulUvinlden BP gandnannuiflusis viada
Taile
13 BPavadalildlunstivianiinmaniaiuidenlia

14 BP T gnéfas dmasnildnuedu ( tremors )

au L T L m T L T L] T
i _./‘P/‘r/’t- ol ot )
-~ 4~ 60 " &
Syswike | |-~ | 1 Mean I e V] g PR
(torr) 80— o) O35
y g
20 20
0 1 2 3 1 5 0 1 2 3 4 5
90 T T T T T m T T ' T
60 60
Diasiallc T {1 Pulse | k
(tom) W3 ] (tem) 40 —
-.’_,—- |t 1 L 1.k
20 [ = m | ud - —— |
6 1 2 3 4 5 0 1 2 3 4 5
Birth Welght (kg) Birth Weight (kg)
sUuansdinAtaanuiMuien Al FugRn
URZAMNAUTW LTI 12 %E::.L:* TR
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LPNATUTZNALVNIELRT 6

N5l Infusion pump

1. @angtiaga Warsuidalaiuinfusion pumplasiaasUTEm

2. uanggaliansiilaainiauiaunoadniiaTearngesi

s liareat ludunsasradsegiaradliiaiin

3. dlaedas LLﬁtﬁdé/ﬁl?Wﬂﬂ?lﬁﬂLﬂu AT,

4. Fafiunatruainisnatsleaulu 2 au.

5. nAFRNIINU

AnwsMspaniadyyIniiautarnswily

“ILue)

nsunla ]

-1. Occlusion )
- @nega AU nin Wy
a8 wIBgNYY
- mﬂ@m'lﬁﬂﬁﬁﬂn'?n
T-conneclor QNUTILAYE
Fianiiy (clamp)
- MYUTEF AR TNNISHAN
2. Airin ling
- ﬁfmgwm'lwqm‘l.ﬁm?ﬁﬁ
- ATUNVINE
3. No drop
- Bm drop sensor ‘hjgnﬁ'umm
- Aasunaunszs
- gnvue
. Completion
. Door open
. Low battery
widea / guUnTdtNge

~ Oy U B

AYSYLIYAIARTNISNLSITR

- Anapge atsdn ilvaldazean

% L
- ‘lr‘.l!i!”ﬂ%l!“iﬂﬁ"lll‘\r'l".‘.-l‘)L\gI-'ﬂ'N

- lagnmeanaingnliansin
- AerImarunlug

- #n drop sensor vl lsonaum
= % e -
- DusrsinWsaeATanszine
v
- RRUGRTHT L




" e ¥ P
anugaaanis i lasuarsuimnlET R

AIUR

nisunla

1. {aRaf1a ‘) { T-connector,
extension tube, faReanun,
waldansdn ) vgasniu

2. EIATINITIMAY DR 1T U A

- seteralveilanld aseptic

technique

- fafRsnaTiuazesa1sun uad i

AFAUAEIRITT DEILRETIENUY
Ve a . |
wwne Tuniuiedseiduennig

|

wisnuazldn1snm

quUEI9¢79 Infusion pump TR #in drop sensor

Uﬁﬁm’)‘i&ﬂﬁ&l
1. TERUFUSION infusion pump TE-171 Series User's

Reference Manuat. \,Tokyo: Terumo corporation, 1997.
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VNASUsTNRUNNIELAT 7

nsldasasdagmala |

1 wtenaiestoamela s auoniem wieauiaanaieg
mmum’m%u {(Heated wire humidifier)

2. maviafing (Air) La=aan@iau (Oxygen) Funasaneiaand by
TRtusefuumsEne fnm 30-80 Uaudiusns luantnamii 50 ans
AOWT

3. Lﬁang’es:ﬂmmﬁﬂuapnea,alarrnﬁmmmmﬁumiﬂﬁﬁ'@mu

4. soldnaeiasiionnla uaneaanAsRuTUNTTIE I
nauen

5. fansaniAdastienalannn ( patient circuit )

6. L%’ﬂﬂ%&ﬂuﬂquﬁﬁnmﬁﬁﬁnmmﬂ?@amu@ummfﬁuﬁﬂu airway

lemperature W8y chamber control

b =3
LANS198 1989
1. Wisunt eaiion, ATTund aoiA. Allanislieiesdaumnla
o o e 1 ar d’ <A fr
awiunien. lu: glenislduaznisguainyiaTesiiatamaile

TUWagMNINUINITA. NTINWY : 2542,
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vand@lsdsenauvaneaa 8

AUVAEDIRUURAUNAZNTADURUDS

8.1

High

pressure

nisusziay
LWAMEILUA

NITADUANRD

_finnIin AL eees ETT

VIAHATHBIATE 119
wiela

~wisnwne lasnuesadle

InpUszidiuann

2.1 sl laidiiug
rTmﬂ?;m

2.2 MNINANNTEAUNTLANY

2.3 n'l‘ir?N;"\i {retraction)
WINN3AN

EEUTVRGIRTOREE MR FEN

ey RN

- ngaTuugy ETT 9l

Fandasznlag

41 Sidandaly 17

4.2 NIHBADNGIAR
uanas

4.3 Wadsamelswas

4.4 Diisnians s
{transmilled)

45 1iU bag uAAasid
useiisitnnnn e

4.6 HIUMRDARMAL L
Taenn

&1 posttion 184 ETT
Taugaussidun CPG
nstiasiu ETT wgm
Sonanavipuesiiumnla
Yagumianiasuvzauils
T i
Tiggauy o S14,
utln

WATI=IaMsaanaL
AAUIRRUAS WINYII308 7100

o
himulaotiainisuaniees
49 2 usstn 4.2, 4.3, 4.5,
4.6 BnlAsu ETT
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Alarm

nsuUszily
=
[NDVNAUR

8.2 LowPIP

8.3 Hyh breath

rale

_ETT vitaviewssestouwigla

waauuTaVgATANIINTY

. aRsnamrasTIEwn 185,

waINuIangAeanaInG
Tatmenigsauan faurilg
) 4
tagullanuseasvienias
dagwiala nnauisennu
ETARY

. Uay ETT vigern trachca

Taodseifiuann

3.1 lafudgansnfaa

32 wmﬂnh{mﬁ'@um*u
FIMAAIDIT L

33 anailaniiaiseenin

‘rj’]&ﬂ“i“u‘ﬂn’iﬂﬂnﬁ

. B4 high breath rale alarm

ARG [RYB
N

AABMNIaelEuTNen

Twldnszsiu (auto cycling)
OERCR
2.1 fudeadluianas

u

2.2 Hauwad U1 iNaT

wiastamglaunga

BUSLLTTAI@NSISHUINGR

NI1TA2UAUBN

- AP ETT AUvBIATEIEIY
v l] Al
z R 4 1
ppnviveinettousla
b e ar
yin 7 dalviaiin dnilsesi
viauanldulion

1 ETT Tuad

- A4 breath rate (TUER
win |SRNasnnT: fsal ua

Ty + 10 afaem

Wik T ssvin
ATaeTaEvlaeen
USugniunil chamber uwaz
ansmivel imueay
Ta i auratiugassvie

= 1
Gh b IS




Alarm

n151seiiiu
LWEWENUR

MIAAUAUDY

8.3 (Fo)

-4 Low PEEF/

25 Volume limit
alarm
8.6 Apnea

2.3 ETT leak hanfi=1iin
VINTUNALAZ A IHED
AUaBUAATT CPG
msileariu ETT van

3. N5 venulator selling

Lzt use iann
Uampeaanisn

1. narvswiastiavalavgn

90 ETT /Nasal prongs

2. BETT fNasal prongs

WRES 17N

3. Tunsainld Nasal CPAP

31 mndmhndas
3.2 Nasal prongs 1ANWTE

- .

Wiyl

3.3 Nusal prongs iiu

4. 513 low PEEP alarm f4nin

PEER/CPAP Wiv~~1iifu
CPAP

1.\ Volume limit glarm

L cnyay

1. manvgawla (apnea)

g 4
- WRBTRLESAIEN

a4 ETT Wipnsias

mﬂmuuuwmhﬁam:tﬁu

Wieng s setling T

VAR

pavasATastan s

MUETT/Nasal proni Vv
- 14 ETT/Nasal prong

16 Nasal [prongs

(U 1 Fiwannd)

Tud,

o -
NE Ll bt [ 1

- Aadawinauu iy
wWansmua Nasal pronos
T zan fiumsn (fu 2
HI0A1)

AUAM AT IHESE IS T
Nasal prongs

514 low PECRICPAP T4
ML ANRIUENATS
WHUIAT 3

- §ia Volume limit atarm L
AN T

- dszdu @0, SpO, HR uaz
IR RTI ST EERREE

- M flgpnea alarm /HR <
100 AFANT Tl SpO.
ansd uaxlangyl e
WBHT9INIn, ARaiTnn T
nezrulay fudadmmonuig
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Alarm

5.6 ({sia)

8.7 Chamber
alarm

Temg probe

- Healed wire

- Chamber temp
low

- Chamber temp
high

308

nsUsziaiy
AR AR

nisRavaduad

. #43@7 apnea alarm

Bawiull (< 10 5u)

. Temperature probe W 1#sle

iR TR a@ I
wgla

. dauane temperalure probe

fim

. &8 temperature probe ‘ﬁ']'@ﬁ

IR
. Heated wire LiFaAsam

SR ENLIGE AT PTRTIC

. healer plate Liuuuatintiy

g’wwﬂm chamber

L I
. lemperature probe WiERE

AL chamber outlet

 finywaeeenimunniull
Cdlddaninasly chamber

. healer plale ‘ﬁwgm

BUTHITANARSININUIAA

{h@dantin SO, Wi HR
ndvsAAnlnivamren T
Uszdidvsnwns & e
o . 13 . =l
wiald dlumelsey
apnea Ut 2 2 A1
Treenawwiifaunly
Ri3 apnea alami 190 15:20

= =
AWM

ABATY temperalure probe
Wi niuaTato
wgl s

ATIRADUIA UL HGRNE
temperalure probe Wignstes
AU emperine probe
Iwluazdadan

fin heated wire BIILT393
viawatamat s
RIIRALLILAZINY Heater
plate Iuuuaumiig 99
chamber

A9 temperature probe MU
chambar outiat

PITRROLNTF IMRYE281N71A
hjﬂfiﬂﬁu 80 @R/,
Wil chamber g
Tusz stz

L"JEE'.; chamber TWiLas

A49au




Alarm

8.7 ()
- Airway temp

low

- Airway toimp
high

8.8 Circlut fault

8.9 Low baltery

8.10 Eictrical

failure

N9 IMATaIRINNARINGN
lull#se temperature probe

. SEAEMITIUIN

_ Innawunnslvateaann g
. AULTEY lemperature

. FTUYNIsEWI temperature
. In}fzrnal battery La;ﬂu

- lanstal AC naauviTanan

Bilddla uPs
L ATl RATaIN

nasudssiiiuy
=
LAAUIELUG

NITAAUAUAY

Un
fu probe housing

temperature probe A
heated win: mmﬁum

2119974159
pribe '|'-;'.!J='.:j~}U

probe 1y heated wire
el ‘
dAUFN 7 T9RYIBIATEY
dauwy lavaa/sehislin

HALINM

- RFINABUNTT IMATIENNNA

1inlringe

At 15 ARaa

§8 temperature probe
fuprobe housing
FATEHUNTIWIN
temperalure probe MU
heated wire wasndn 100 uu
53 RnMALLe s chamber
anaat il iz oflinfoy
chamber Tl
TRAIUULHERY temperature
probe 'l‘:fﬂf‘Jl11";‘;’11'111/1‘.:“;«"1&
YCRT G
FATHEANTENGW
temperature probe Al
heuled wire JINNGT 25 1.
sinsiAtastamngls
Tiain

Aanszud v AC uardeton
frmaldninussseliain
waadnd UPS
witueisstaomelalm
#y3au X

dounan vl
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gﬂﬁ 1 upeennsis ETT/Nasal prongs Winszdu

<l
sUN 2 usasuNInils Nasal prongs AZTUIR Nasal prongs
(size L @mFLmasndawidnunndy 2,000 nsu,
size S @wsumrsmdnnin 1.500-2,000 niu,

size SX A FumiTnumimiagnd 1 500057
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2000.

3. BEAR CUB ™ 750 vs Infant ventilator instruction manual.
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=
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Qmuqﬁﬁ@uﬁﬁmmgmmﬁﬁﬂ neutral thermal environment
temperature (@NATMINEIAT 1) wdNIFURRBNANS
WUNLLAT 2
4 nﬁ%@ua:mi‘ﬂé’mmugﬁ‘lu skin servocontrol mode UZj1i7
ANLBNFTUUIELAT 3
5. lunsdifiguugiununansmnd 35.5% I HITEERH
LONANTUNIELAY 5
® Radiant warmer with bassinet
1M skin servo control

1. Pre warm heater power 189 25%
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aoilozasm  (purpose)
Lide purpo
o o 1 &
- thaannazaunmaresnisnlae Issuudrynasiau
A % 2 ot =l =l =Y
- welnsguanienisgldrruudyouinumsuiidss@nsnw
wasamrzautlannnitlaanizgannnigzdusme
- annsndssdiudynuRasuasun lMaINa e
- ediudssmamnamsdhRamueiniseeaninisaldsruy

&ryoyrnadiay

ADULER  (scope)
Whanwmnsdfjifresunwnduasnetuis Tauiunisguanan

LN A IAERA U AN A VLRNNZ AN TR UARZEIANT

‘ .
aUnaad (equigment)
e Pulse oximeter ﬁﬁammw
- probe sensor ﬁl"’ﬁd’miﬁ
e Cardio respiratory monitor ﬁﬂﬂmmw
- electrode WRER"Y electrode ﬁ‘l"ﬁd’m‘lﬁ
e Non-invasive blood pressure monitor ﬁﬁﬂmnﬂw
8P cuff #ldanlé
¢ Infusion pump ﬁﬁﬁgmmw

J
e Ventilator AN
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FaudgyiAaunes infusion pump

ity

— —
{unou LLERTTATE 1

il e

wo llrssve Sainmmd

S LT CIRLE r SR v T

{ T U, 1

Frarbihiue s vitee e

3 Lo o
e o - e s Betae s Failere ¢

=1

PR | le—
T L e [P P e e ]
NEPTTTRIEEN ' TUSSE—_—_ T —_ — | |
YLOLAL
|
iy i anaz
| WEIETLA )
| | dunmmyisnd
I
| |
_!r |
Ol
{
inmlianale, goog diae s ‘
=
.7 ¥ | ¥ T —
[ TS Arove ok e et [P P
| LT T, | s [T atufh
awes
1 wizd uacn Ty i: rr- | 1
Low sy | Ha dron | ‘ ’
st o, |
nflen angno iz eoymeny § J Rty
' — L ! [

Neonatal Critical Care

275




276
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Pulse oximeter
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Non-invasive blood pressure monitor WHURRAATNRDLUBY

{continuous monitoring)

- 95 blood pressure UtiRAuan&TUsznaunIeLaT 5

Infusion pump
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Mechanical ventilator

- didReuienaslszneunana@e 7
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n1gnatlfuszau  high/low alarm limit* 484 monitor

Pulse oximeter
m AR low pulse rate
Fapin high pulse rate
n g)’&ﬁ’\ low SpO_
Faen high SpO,

Cardio respiratory monitor

[ 34

4A1 low heart rate

=

3A1 high heart rate

e ee

m F9AN low respiratory rate
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BeA high respiratory rate
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139 181 AF/U
T 84%

1459 96% (nstumnanldFueaniay)

149 98 AFyuT
149 181 AFyuNd
159 39 AFyund

3% 61 Afyun7

Non invasive blood pressure monitor
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Ventilator
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MRNITAA electrode 3 AWMLY (MIRTEIL)
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J8n199% Neonate blood pressure
1. U189 BP cuft

Fasilanugnanafiaziusounan wisan seannsn lnalian
419104 cuff WAFLFauas 45-70 18aduTa UL TR LUy
'

PUIALDY BP Cuff RIMTUNISNUTALAA 2

Cuff No. Limb Circumference (cm)
#1 3-6
#2 4-8
#3 - 6-11
#4 7-13
#5 8-15

From: American Academy of Pediatrics Task Force Pressure
Control : Report. Pediatrics 59 : 797,1977.
2. ¥l BP cuff $aLWAILWIETT ataweR tdwdu uTeuaaiulyl

3. 7149 BP cuff W arterial mark #5314 artery Qn4n1Indrunasin BP
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1. #i1 BP Wefelildlunsdl
1.1 nnnanaune cuff @il vinld BP gendnada cuff
Tuegifindly) ¥l 8P Andnae wadhaiuseaden THden
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n1514  Infusion pump
1. Lﬁﬂnmﬁm"qmlﬁm?ﬁﬁﬁL‘iﬂé’ﬁulnfuséon pUMPYBIUAATLIFHY
2 ﬁﬂmﬂqm‘lﬁmﬁﬁﬁldmmmﬁqmqwﬂ'hﬁLﬂ?:mmu'*ﬁmﬁ
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; T-connector gnuﬁw’ifm
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- AaYfuavuNA - A887ARITUN U
3. No drop
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. Completion
. Door open
. Low battery
. witea / qunofiage
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qUsiati Infusion pump Tils A drop sensor
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1. TERUFUSION infusion pump TE-171 Series User's

Reference Manual. ,Tokyo: Terumo corporation, 1997,
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1, wwsanaTastoanig lafunzaNiUNITN wiaNTYRAALATEY
ATLIAHAINTY (Heated wire humidifier)

2. peaviaing (Air) uazesnTiau (Oxygen) MMaRNavisans iy
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5. FoNaTATastaaualanisn ( patient circuit )
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temperature WRE chamber control
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ngudsidiu
ol
LRaMIEIVA

NMTARUAUDY
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Alarm
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8.3

8.4 Low PEEP/

8.5 Volume limit
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(5i9)

alarm
Apnea

2.3 ETT leak Tnatszuiu
NTUAUREATHAN
ATLATIAERRIN CPG
natlaadu ETT vaa

3. N9l ventilator selling

Thmunzaufuntnianin
demgasvisn
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470 ETT /Nasal prongs

2. ETT MNasal prongs

WARAINNAGN

3. lunsriinld Nasal CPAP
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3.2 Nasal prongs |&nye
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3.3 Nasel prongs §Asiu
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1. 9 Volume limit alarm
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A low PEEP/CPAP T
(MEZANFRNIANANT
UNELAT 1

519 Volume limit alarm lwy
ANKBNANTULEIRY 1
Usziiu &R0, SpO_. HR uAz
N9 1518988 I9N

i ﬂgpnea alarm / HR <
100 AT F2ufl SpO
anay uazlinduluiszdu
Waraannsn, Riindeo W
nsxsulan dudasmmisnuia
PPV

Neonatal Criticol Care

an

307




Alarm
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8.7 Chamber
alarm

- Temp probe

- Heated wire

- Chamber temp
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- Chamber temp
high

. FIR apnea alarm

Vil (<10 Sun)

. Temperature probe Lilssie
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wirls
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tim

. #1t temperalure probe ‘ﬁ’l';‘m
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gUn 1 ussensdin ETT/Nasal prongs Winszdu

Size L

Size S

Size SX

gdﬁ 2 uasevuaniia Nasal prongs WREIWIA Nasal prongs
(size L EAuiun s ingInaTY 2,000 A,
size S Smfmasniiwin 1,500-2,000 N,
size SX fwFmasainniminanda 1,50051)
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Abstract

Objective: To describe barriers nurses experienced in providing safe practice in the
neonatal intensive care unit (NICU) and to investigate area of errors most affected

when nurses confronted the barriers.

Design: A qualitative-phenomenological methodology.
Setting: A randomly selected four large NICUs in Thailand.
Participants: Twenty-seven NICU nurses.

Main Outceme Measures: A semistructured interview of the nurses’ life experience
related to the NICU area of error, factors forming barriers to safe practice and

neonatal outcome.

Results: Of 245 error events, neonates were identified to suffer 126 (55.5%) adverse
events. Five themes emerged as common factors obstructing nurses from
incorporating safety processes into their caring roles; these were human susceptibility
to error, system operating care weakness, problematical medical devices, poor team
communication and situational provocation. Nurses described multiple barriers that
were largely associated with understaffing, a sudden increase in patient acuity, multiple
assignments, and an inadequate knowledge of safety in neonatal critical care, which often
interacted and influenced the functioning of nurses’ performance when processed to a
single error occurrence. This article describes in detail the themes and unique

subthemes of NICU error events and the relationship that exists to neonatal outcomes.

Conclusion: Focus on management of the potential barriers could prevent and

intercept future errors in this vulnerable population.

Keywords: Descriptive phenomenology - Error event - Performance obstacle -

Nursing practice - NICU
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The neonate population is at significant risk for error incidents, particularly in the
setting of multiple drug therapy, complex illness, and an immature organ system and yet
they are unable to communicate with the provider. Previous studies have reported that
neonates admitted to neonatal intensive care units (NICUs) have had multipie
preventable complications associated with practice procedures and the use of equipment.
These have included adverse drug events, nosocomial infections, sepsis, blindness,
deafness, chronic lung diseases, neurosensory sequelae and they have undermined
parental trust in the health care system (Chang, Lin, & Lin, 2001; Hack et al., 2000; Lee
et z;l., 2000; Mahieu et al., 2001; Mangurten, Angst, Boyle, See, & Beckman, 2000;
Petdachi, 2000; Prot et al., 2005; Sohn et al., 2001). The adverse outcomes have resulted
in a longer length of hospital stay, and a higher cost of medical care (Mahieu,
Buitenweg, Beutels, & De Dooy, 2001). Moreover, morbidity is ongoing throughout
childhood (Lindeke, Stanley, Else, & Mills, 2002).

Any effort to improve safety practice in the NICU depends on learning how safety
emerges from the context of the care delivered. Recent studies have described the error
phenomena in the NICU setting from the medical view (Kanter, Turenne & Slonim,
2004; Mangurten et al., 2000; Nagata, et al., 2002; Simpson, Lynch, Grant & Alroomit,
2003). These studies used incident reports and all but two conducted a retrospective
medical record review. The approach limited a detailed analysis of the incidents and the
reliability of the causal attribution of incidents as it relied on implicit judgments by
expert (Parker & Lawton, 2003). More limitation was in access to uncover the error
types and the underlying causes of the non-reporting incidents. Kozer et al. (2002) and
Leape et al. (1991) stated that their studies of record review had tapped only a fraction of
the actual errors made and might not provide insight into specific causes of an adverse

event.
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Given that nurses comprise the largest component of the NICU health care team and
are involved with the day-to-day complex care environment where neonatal patient
safety 1s often compromised through errors, examination of the barriers that nurses
experience in trying to deliver quality care can provide insight into safety practice in the
NICU that might be improved to result in a better outcome for this vulnerable
population. However, error incidents in the NICU nursing care context have not been
fully described and the barriers associated with the incidents have not been elucidated.
We therefore conducted a qualitative study. The methodology used an in-depth enquiry
into NICU nursing circumstances from the nurse being personally involved in the events.
The approach gives rise to the non-reporting events as a means of promoting a voluntary
self-reporting and to create a climate whereby nurses feel free to discuss and analyze
their errors. In this way, the opportunity to learn from the way the barrier is defined and
links between its interactive components in each incident can be fully explored and

exploited.

Defining Key Terms and Health System Influences

A major issue in reporting and learning to improve patient safety is the lack of a
universal definition. This study uses terms and definitions adopted by the Institution of
Medicine (Kohn, Corrigan, & Donaldson, 2000) to ensure a clear understanding of the
terms and a consensus interpretation of the safety phenomena in NICUSs. The errors were
defined as the failure of a planned action to be completed as intended or the use of a
wrong plan to achieve an aim and which had the potential to adversely affect the
neonate. Error outcomes were classified based on events assoctated with harm or injury
that led to the neonate’s suffering or disability or death due to nursing practices rather

than the neonate’s underlying disease or condition. An adverse event (AE) was defined
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as an unintended incident in care that resulted in an adverse outcome and required
additional care effort. Near misses were events in which unwanted consequences were
prevented. We considered the barrier to safety when it is commonly present for practice
situations that entail error events.

Setting sites in this study are level I1IB (subspecialty intensive care) according to the
American Academy of Pediatrics classification (2004). NICU nurses have the capability
of providing complex care to mechanically ventilated neonates, in collaboration with
physicians, pharmacists and social workers. The practice model supports the values of
family-centered care and the Baby-Friendly Hospital. However Thailand, as many
countries, is under pressure to maintain a quality care service in the face of staff

shortages and increased activity requiring more sophisticated procedures and techniques.

Methods

A qualitative-phenomenological methodology was utilized.

Sample

Participants were 27 registered nurses working at NICUs level II1, from three teaching
and one nonteaching hospital in Bangkok, Thailand (see Table 1). These hospitals were
randomly selected from common hospital organizational climates, representing the
military, public health, an academic medical center and metropolitan administrations.
The sample size was determined when a recurring regularity pattern of error type and
barriers to safe practice in NICUs began to be identified after interviewing 22
participants. However, we continued to increase the number of participants to represent
each hospital organization climate.

Procedure
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After receiving institutional review board approval, the nurse manager of each NICU
setting identified the potential pool of subjects based on a nurse’s NICU working
experience for at least two years. Upon the appointment, the researcher contacted
potential nurses to explain the study’s purpose, emphasizing that participation was
voluntary and anonymous. All of the nurses verbally consented to participate and
participants were audiotaped. A face-to-face interview took place in a private room. Each
interview began by asking general questions, for example, how do you feel about taking
care of a baby in the NICU? Then the interview was gradually moved to the main
questions such as, “Have you had any experiences concerning the safety incidents?”” and
“What were the barriers underlying that incident?”. Additional questions flowing from
the immediate context were asked in the natural course of things concerning the nurse
life experiences in the area of error in care delivered, factors forming the barriers to
providing safe practice in NICU and the neonate’s outcome. The researcher avoided the
word error to prevent the study from appearing threatening to nurses. Each interview

lasted from 60 to 90 minutes and data was validated with the participant at the end.

Data Analysis and the rigor of the study

Data was generated and analyzed using Colaizzi’s method (1978). After collecting the
participants’ description of the phenomena, the interview tapes were transcribed and then
verified for accuracy. No tapes had identification of participants on them and all were
destroyed after the verbatim transcription was completed. Transcripts were read and
reread independently by each researcher to examine the language for common meani ngs
and for the range of human responses to the stories described. Significant statements
relating to the error events and factors constituting barriers of the event were extracted.

Patterns and themes as well as examplars were then identified as part of a search that
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reflected the collective experience. Data authenticity and trustworthiness were enhanced
by participants reviewing the final exhaustive description to verify that it was
representative and true to their life experience. Conformability was achieved through the

use of an audit trail and review of the raw data by the second researcher.

Results

The in-depth content analysis revealed 245 error events. Of these, participants
indicated 126 adverse events and ! 19 near-misses in their nursing practices. Only 39%
(95) of all events were reported and action plans implemented. Learning from these
events through nurses’ self-critical analyses vivifies the core construct in the
consequences of the process among the errors types, the outcome for the neonates and

barriers that impede nurses from delivering safe practice in NICUs.

Type of Errors and Neonates’ Quicomes

The participants’ descriptions of errors in NICU nursing practices were classitied into
6 categories and 23 specific types of errors. Table 2 presents common types of errors in
each category with the incident outcomes for the neonates. Exemplars of reflective
patterns of specific error types are depicted in Table 3. All participants reported having
experiences in three categories included medication error, unsafe patient environment
and inattentiveness. A high intensity of adverse events on the neonates was noted in
circumstance associated with an unsafe patient environment, inattentiveness and
technical error. The adverse events ranged from correctable physiological abnormality to
fatal adverse/catastrophic events. Near-misses were experienced in cases of early

detection either by self or other multidisciplinary team members.
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Barriers to safe practice in NICUs

Five essential theme clusters with nineteen subthemes common to all nurses who
described the factors obstructing them from achieving desired safety practices leading to
NICU error events were identified. Analysis of the error patterns demonstrated that there
were commonality factors in all types of error and a unique factor contributing to three
specific types of errors (see Table 4). Certain factors can combine their effects and create
higher opportunities for operating an error event, these mainly were factors forming
barriers involved in care operating system weakness, situational provocation and human

susceptibility to error.

Barriers: Human Susceptibility to Error

These barriers constituted both the characteristics of the nurse provider and the sick
neonate. Nurse personal susceptibility to error included knowledge deficit, inexperience,
an incongruent professional attitude, and an inconcetvability of patient agency. The
cognitive base plays an important part in most error occurrences particularly when
couples with non-patient-advocacy concern. As one participant said, “Doctor ordered
1:1000 epinephrine. This shouldn’t be for such a small baby [the correct dosage is
1:10,000], but 1 didn’t question it because I wasn’t 100% sure. | administered it as
ordered...” However, a nurse’s incongruent professional attitude can build up false
confidence and propel her into successful error behavior in spite of knowledge. ‘I knew
about 1t...wasn’t lazy to change pulse-oximeter sensor site [recommended to relocate g3-
4 h]....But I didn’t believe 1t could really burn the skin until I had experienced it.”

Another provider barrier was poor decision making which happened in two practice
conditions. First, when the nurse’s mental information process begins with inadequate

knowledge or skill which limits the application of logical reasoning towards the practice
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151 situation. After this, the nurse loses the ability to solve the presented problem, becomes
152 emotionally disturbed and avoids acknowledging the problem. As a participant stated, “I
153 was inexperienced and didn’t know what to do. The cardiac monitor kept on sounding
154  the alarm.... [ felt annoyed and permanently swiiched off the sound alarm...came back
155  from break. I found the baby was cyanotic...” Secondly, when a nurse is pressured to
156 proceed to next task and takes shortcuts by breaking the rules or using abbreviated

157  thinking strategies. A participant stated, “I connected a wrong side of the ventilator

158  circuit without double checking before use....[ hurried to complete it for the arrested

159 baby.”

160 The characteristics of the neonates also increase the risk of an error event. Errors that
151 are tolerated well by normal neonates can be lethal in sick neonates who are weakened
162 by disease or who are immature. As reflected in the participants’ statements, “I couldn’t
163 identify the [i.v.] leak early. It was hard to tell because the baby had generalized edema”;
164  and “I gave orogastric tube feeding a bit too quickly ...a [preterm] baby had sudden

165  apnea and required...”

156
167 Barriers: System Operating Care Weakness
168 Specific barriers to safe practice within the system characteristics involved

169  understaffing, team and functional nursing care delivery, handoff procedures and a lack
170 of supervision in strenuous tasks.

171 All of the participants voiced a common frustration when working on an understaffed
172 shift. This factor causes high workload and puts pressure on nurses by not giving

173 sufficient time to complete nursing tasks or insufficient time for clinical procedures to be
174  done appropriately. As a participant described, “Only 2 staff nurses were on that

175 crowded shift [an 8-NICU-bed unit]. There was much ql-q2 monitoring...some babies
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took an hour to complete their care causing a delay in the next case. I had to skip
changing a [hydrocephalus] baby’s position for that shift....Her head developed pressure
sores.” Additional comments from another participant also explained why understaffing
led nurses into the choice of lowering practice quality. “Our unit was short of staff nurses
but we had to do our work. [ had to set the priority to deliver care that was life and death
for the baby situation...when there was time left [ could come back to complete other
routine care...”

A functional and team nursing care delivery system, non-case assignment mode of
nursing care, alsc.) created an unsafe staffing pattern. As a participant said, “We weren’t
given any fixed cases but took turns to look after all of the babies....I didn't know what
was changed [treatment / nursing care plan] and omitted to provide it."

Lack of supervision when a second opinion is needed also poses obstacles to safety, I
was unsure if the baby had an i.v. leakage and asked a senior nurse to confirm it. But she
was busy....] saw the baby again when there was tremendous edema.”

The handoff system required for a process to be completed was a typical barrier
leading to incidents of medication and technical errors. This system lowered the
opportunity for error detection, since the error was introduced into the process by some
other person or by wrong assumptions. A participant told the story of administering an
antibiotic overdose, “I had to draw an antibiotic from a vial that was diluted by other...
without knowing that it contained a wrong preparation...”. A description reflected a
wrong assumption in the preparation process of mechanical ventilation, “one person
connected the tubing circuit. Two of us plugged in the air adapters and.... We thought the
other would turn on an oxygen valve but no one did. We found out when monitor sound

warned us of baby’s desaturation...”
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Barriers: Problematic Medical Devices

Nurses reported that neonates’ safety was compromised on many occasions by
medical device problems. The problems involved equipment malfunction and required
special skill in complex function setups, for example, in ventilators, incubators, infusion
pumps and monitors, which contributed to the error event, especially when nurse had a
knowledge deficit and no experience in how to use and respond to the devices. As
participants stated, “A ventilator was frequently used, didn’t get adequate routine
maintenance....and suddenly stopped functioning while a baby was on it.” and "Qur unit
seldom used this sophisticated oscillator....We missed the connection of the circuit..."

Nonstandard or multi-manufacturer-made medical supplies or inadequate equipment
were also identified as precursors to errors. An example of a participant’s description,
"The 3-way stopcock and the extension tubing were from different manufacturers. They
didn’t fit well and often, accidentally, became disconnected...some 3-way made from
poor material quality. After some usage, it broke unnoticed. ..l found a baby was soaked

with blood (approximately 10 mL.)...”

Barriers: Poor Team Communication

The errors in NICU nursing practice stemmed from faulty verbal and non-verbal
communication between physicians and nurses or among nurses. Miss communication
between physicians and nurses mainly occurred in the ordering process, and was
typically caused by poor handwriting, the use of unauthorized hospital abbreviation,
unclear telephone orders and silent orders. As participants stated, “Doctor wrote 3 like
5.7, “I set the infusion rate at 12 mL/min instead of 1.2 mL/min. [ couldn’t see the faint
decimal point.” and “Doctor wrote a new order on the patient chart and left it on the

desk, but didn't say a word....The order should have been taken but no one noticed it."
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Where as, commurucation loss in the nursing team in a timely manner led to problems in
delaying, omifting, wrong doing or overdoing treatment and nursing care to neonates. A
participant described, “The order was off but I still gave an extra dose of bolous injection
to the baby...the order taker didn't notify me....She waited until completing her medical
round. "Poor dissemination of the regulatory protocols to nurses was also reported to
cause non-conformance practice with an acceptable standard of nursing care, A
participant noted, “I didn’t know that there was a protocol that an incubator had to avoid
being in direct sunlight...the incubator had very high air temperature...baby had a flush

and hyperthermia.”

Barriers: Situational Provocative

Three critical situations commonly identified to be related to suboptimal neonatal care
included a sudden increase in patient acuity, multiple assignments, and look-a-like
situations. All of the critical situational factors acted as a trigger condition by
synergisticaily interacting with other barriers to cause errors. All participants reported
committing errors when these factors emerged in a lower staffed shift and especially
when concomitant with the barriers of human susceptibility to error. Details of the
interconnection among factors that were obstacles of nursing practice safety were

presented.

Descriptions revealed that sources of sudden increase in the level of patient acuity
were having neonate’s sudden deterioration and admitting seriously ill cases to the
understafted shifts. These factors prevented nurses from performing his/her routine
work. As a participant stated, “An arrested baby prevented me from taking care of others

babies, only one RN for 4 cases in NICU....I couldn’t find time to change the salivary
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wet adhesive tape of the ET tube of another baby...it caused dislodgement of his ET

tube.”

Multiple assignments during the time nurses operated medical equipment or delivered
routine nursing practice caused distraction and failure to remember what was being done.
A participant expressed, "I started to fill [free flow of] water into the humidifier
chamber. A doctor asked me to draw blood. 1 rushed to do 1t and forgot to close the line
clamp....Water overflowed into the baby’s lungs.” Other specific sttuations identified to
evoke error practice included giving new and changing treatment orders between shifts
of nurses and interrupting nurses to do other work during a process of medication

preparation and administration.

Description also revealed that the similar circumstances listed in Table 4 often
combined the interaction between personal and communication barriers.
An example is a participant’s story of delivering care to the wrong baby “We had an
emergency case. | was hurrying to deliver blood without carefully checking the baby’s
name. [ just memorized the incubator position....No one informed me about moving that
baby to another place.” In this case, the participant expressed personal failure to check
the identity due to a reliance on the memory of bed placement and the self-excuses of

being busy and poor team communication.

Discussion

This study demonstrated that a qualitative method was an appropriate means of
increasing access to study unreported error events. The method using voluntary,
anonymous and candid blame-free discussions in the process of incident disclosure could

reduce the barriers to reporting error events. Overall, we identified 245 nursing events, of
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which 61% were unreported. These findings provided specific contextual information of
environmental aspects of the work situation and the individual attribute of error events
associated with direct neonate outcomes. The method lends support to the existing
recommendation for the gathering of medical events (Kohn et al., 2000). Additionally,
this qualitative approach may offer a way to elicit preliminary data for prioritizing areas
of error in NICUs and other nursing areas particularly in a country like Thailand which

has no national reporting system of health-care errors.

The evidence of data extracted from descriptions of the nurses’ life experiences
indicate the inter-relationships between humans, the devices they used, and the
environment in which they worked when processed to single occurrences of NICU error
events. Understaffing was founded to be a major problem of patient safety as it
multiplies the chance of error occurrence. Understaffing causes nurse performance
obstacles in two ways. First, in the current patient load it fuels the nurse’s rushing
behavior in order to complete high therapy intensity of routine shift work thus increasing
the nisk of practice error. Secondly, when there was an inability to respond to increased
unit activity, it caused work overload and pressured nurses to proceed to the most needed
care. This situation provokes error events by diminishing nurse availability to look after
other neonates and, thus, the likelihood of detecting other neonates’ serious problems. In
some instances, this factor interrupted and distracted nurses from performing quality
care. Our findings confirm the observations of others that understaffing correlates with
an increase in human error and contributes to adverse events such as pressure sores,
medication errors, nosocomial infections and increased hospital mortality rates (Blegen,
Goode, & Reed, 1998; Needleman, Buerhaus, Mattke, Stewart, & Zelevinsky, 2002;

Tarnow-Mordi, Hau, Warden, & Shearer, 2000).
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Regarding the communication barrier, error events emerged when misleading or loss
in communication that was supposed to integrate team working between physicians and
nurses or among nursing team occurred. Nurses’ reluctance to confirm their
understanding of appalling handwritten orders or to question inaccurate verbal orders
commonly resulted in AEs. Previous studies have supported that poor communication
among health care providers leads to poor team work and potentially increases unsafe
practices (Beckmann et al., 2003; Fortescue et al., 2003; Mayor, 2002). Furthermore,
these studies have provided evidence that medical devices can be a double-edged sword
in patient safety depending on the manner of their utilization. For example, device |
monitoring function enhances nurse error trap operation with alarm warnings to prevent
further harm of neonate aspiration from water chamber filling, apnea from rapid feeding
and desaturation from wrong ventilator circuit connection. They are similar to the
findings of Bastos et al. (1996) that technology availability was significantly associated
with mortality reduction in intensive care units. By contrast, safety is endangered by the
use of fail-safe medical devices that are non-standard, have look-alike feature, and are
poorly maintained, thus making it harder for nurses to predict and prevent error.
Significant device alarm sounds can cause inexperience nurses stress and lead them to
fail to appreciate alarm cues about the neonate’s condition. Ball and McElligot (2003)
reported that this behavior was a negative individual attribute to the recovery of critically

ill patient.

[t is important to note that nurses themselves can represent a barrier if they lack
knowledge, skills or advocacy to patient safety. The nurse’s characteristics can lead to
difficulties in interacting with the working environment. Since most NICU tasks require

rule-based and knowledge-based activities, nurses who lack knowledge and experience
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about specific nursing tasks subsequently make wrong clinical decisions and deliver the
wrong care. Literature has identified that many errors occur during problem-solving
when a wrong rule is chosen, either because of misperceiving the situation and applying
a wrong rule or misapplying the right rule (Leape, 1994; Reason, 1990). This present
study demonstrates a parallel finding with the observation of Leval, Carthey, Wright,
Farewell and Reason {2000) that the patients’ error-prone characteristics and the provider
factor can combine their effects leading to a negative outcome. It would be a logical step
to include the human strategies deployed to prevent error in the present of patient risk

factors.

In summary, this study has yielded specific information on error type in the N1CU
nursing context which has not been identified elsewhere. In contrast to other sectors of
the population, neonates face a higher potential hazard for an unsate patient environment
due to their developmental limitation for self-prevention. This error ranked the second
most common error type and yet was most frequently reported to result in AE.
Remedying problems with barriers obstructing nurses from incorporating safety
processes into their caring roles as summarized in Table 4, can reduce error in NICUs.
Our analysis of errors in nursing performance suggests that there are multiple factors
interacting between individuals and the complexities of an understaffed working
environment. Future research should aim at a strategy to reduce the nursing workload in
NICUs and design a system for substantive partnership between human performance
specialists and health care specialties to reduce/control error-prone obstacle barriers in

NICU nursing practice.
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TABLE 1
Characteristics of the Study Participants (N = 27)

N Ya

Age (y; mean [SD]) 32.5(7.6)
NICU working experience (y: mean [SD]) 9.7(73)
Level of education

Bachelor degrec 24.0 89

Master degree 3.0 ]|
NICU beds (no.; mean [range ] for 4 NICUs) 11.5(8-18)
Nursing staff* ratio (sick neonates per staff)

Day shift (no.; mean [range ] for 4 NICUs) 2.1 (1.3-3.6)

Evening shift (no.; mean [range | for 4 N1CUs) 3.6 (1.7-6)

Night shift (no.; mean [range ] for 4 NICUs) 4.5 (2-6)

* RN and Licensed Vocational or Practical Nurse



Barriers to Safe Practice in Neonatal Intensive Care Unil:
The Nurses’ Life Experience in Thailand

TABLE 2

Category and Specific Type of Errors in NICUs and Outcome on the Neonates

Values are Numbers (percentages) of Errors in 245 Self-Reported Events

Category and specific type of errors Evenis  Neonates’ outcomes
ADEs  Near-misscs

Medication error 73 (29.8) 19(7.8) 54 (22.0)
Wrong dose 40 16 24
Wrong patient 14 - 14
Wrong time and continued with expired order 13 - 13
Wrong drug/solvent 4 1 3
Incorrect administration technique (bolus dose injected instead of infused) 2 2 -
Unsafe patient environmenyt 65(26.5) 45(18.3) 20(8.2)
Failure to provided neutral thermal environment 20 18 2
Failure to provide preventative accidents incurred by use of hot water i3 6 7

bottle/clectric blankel, scalp shaving, and untocked incubator window
Failure to provide preventative nosocomial infection 12 i1 !
Inapprapriate response to clinical alert alarm monitor Lo 8 2
Failure to maintain the neonate’s identification 6 - 6
Failure to readjust indicated oxygen level after procedure 4 2 2
Inattentiveness 38(15.5) 33(i13.5) 5020
Failure to early detect the intravenous leakage 21 20 ]
Failure to early detect a dislodgment of three-way stopcock 10 8 2
Inattention 1o over filling sterile water into the ventilator humidifier 7 5 2
Technical error 34(13.9) 26(10.6) 8@3.3)
Dislodged, inadvertent rernoval 16 16 -
Traumatic suction 7 2 5
Incorrect ventilator and equipment setup 8 5 3
Adhestve removal incurred epidermal strip 3 3 -
Avoidable delay and omission involving 20 (8.2) 1e0.4) I19¢7.8)
Nurstng care on suctioning, feeding, starting i.v. line, changing 13 1 12

posiion, monitoring vital signs and recording of fluid batance
Medical service on endotracheal intubation/ administered bleod 7 7

product/ oxygen weaning
Inadherance to guideline/protocol refated to i5¢6.1) 12¢4.90 3(1.2)
Over inflated bagging 6 6 -
Too tight attachment / non-relocate the pulse-oximeter probe position 5 4 ]
Short-cut/broken the rules in orogastric bolus feeding, urnbilical cord care 4 2 2
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TABLE 3
Selected Examples of Significant Statements and Corresponding Formulated
Meanings Toward Specific Type of Error in Each Category

Significant Statements Formulated meanings

Sample of specific type in medication error
“| prepared 2 mLs of Furosemide (10 mg/mL) instead of 2 mg...” Wrong dose
“| gave antibiotics to a baby who had same name.” Wrong patient

“[ bolus push Vancomycin. ..suppose to be infused for at least 60 minutes.” Incorrect administration

technique

Sample of specific types cluster in unsafe patient environmment Faifure to:

“f performed a venepuncture without using a radiant warmer. ..baby - provide neutral
developed hypothermia.” thermal environment

temperature

“| sent a baby out of the unit for ultrasonography, without checking that - maintain the neonate’s
she didn’t have identiftcation band...” identity

Sample of specific type in lack of attenfiveness Failure to detect the
“The i.v. site....leak for long time, skin arca inflamed and edema like intravenous leakage
Popeye’s arm.” garly
Sample of specific types in avoidable delay and omission

“The order was to record gastric content every q2 for NEC baby.... Omit to cbserve the

I recalled that at a shift change (after 8 hours).” necnate’s condition
Sample of specific types in fechnical errors

“It was about my care during changing the position. ..the baby 's neck Fatlure to prevent ET-tube
over extension and ET tube was dislodged.” inadvertent removal
Sample of specific type in inadherance protocol

“] skipped the use of pressure gauge while bagging because.. .without Nonconformity with

realize that the baby’s lung was hyperinflated...caused pneumothorax” bagging protocols
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TABLE 4
Common Barrier Contributed to Different Type of Errors

Barriers Factors Forming Each Barrier Typeof
Errors
Human Characteristics of provider: knowledge deficit, inexperience, ME* UE®,
Susceptibility to  incongruent professional attitude, inconceivability of patient agency UAS, TE,
Error and poor decision making (incompetent to diluted or subdivided adult ~ AD/O",
standard dosage form for administration to neonate) i
Error-prone charactenistics of the neonate: preterm infants and
severely iil infant
System Understaffing, incffective mode of nursing delivery system ME, UE,
Operating Care  (functional or team approach), handoff procedure and lack of UA,TE,
Weakness supervision in strenuous tasks AD/O, TP
Problematic Defective, inadequate, inappropriate equipment or supplies ME, UE,
Medical Complex operational method UA, TE,
Equipment AD/O, IP
Poor Team Appalling handwriting, ambiguous abbreviation, unclear verbal order ME, UE,
communication and non-commuicated order among nurses and physicians or nursing ~ AD/Q, IP
teatn members
Situational Swdden increase in patient acuity typically causes by detedoration of ME, Ui,
Provocative neonate and new admission of seriously ill case UaA, TE,
AD/O, P

Multiple assignment during the situation as of:

e QOperating medical equipment and delivening routine nursing

practices

@ new and changing treatment orders between shifts of nurses

Similar situations (look-a-like medical accessorics, look-a-like and
sound alike medication, same type of medication order but different
in rate or dosage at the same time, and using same infusion pump
for administering different rate of intcrmittent i.v. medication versus
continuous i.v. fulid and same placement of incubator/crib position

for different babies.

“MH js medication errors. "UE is unsafe environment. "UA is unattentiveness.

TE is technical error. *AD/O is avoidable delay/omission. TP is Inadherance to protocol



REFERENCES

American Academy of Pediatrics. (2004). Levels of neonatal care. Pediatrics, 114,
1341-1347.

Ball, C., & McElligot, M. (2003). Realizing the potential of critical care nurses" an
exploratory study of the factors that affect and comprise the nursing contribution
to the recovery of critically ill patients. Infensive and Critical Care Nursing, 19,
226-238.

Bastos, P. G., Knaus, W. A., Zimmerman, J. E., Magalhaes, A, Jr., Sun, X., &
Wagner, D. P. (1996). The importance of technology for achieving superior
outcomes from intensive care. Brazil APACHE Il Study Group. Intensive Care
Medicine, 22, 664-669.

Beckmann, U., Bohringer, C., Carless, R., Gillies, D. M., Runciman, W. B., Wu, A.
W., & Pronovost, P. (2003). Evaluation of two methods for quality improvement
in intensive care: Facilitated incident monitoring and retrospective medical chart
review. Critical Care Medicine, 3, 1006-1011.

Blegen, M. A., Goode, C. J., & Reed, L. (1998). Nurse staffing and patient outcomes.
Nursing Research, 47, 43-50.

Chang, Y. J., Lin C. H,, & Lin L. H. (2001). Noise and related events in a neonatal
intensive care unit, Acta Paediairics Taiwan, 42, 212-217.

Colaizz, P. F. (1978). Psychological research as the phenomenologist views it. In. R.
S. Valle & M. King (Iids.), Existenfial-phenomenological alternatives for
psychology (pp. 48-71). New York: Oxford University Press.

Fortescue, E. B., Kaushal, R., Landrigan, C. P., McKenna, K. J., Clapp, M. D,
Federico, F., Goldman, D. A., & Bates, D. W. (2003). Pioritizing strategies for
preventing medication errors and adverse drug events in pediatric patients.
Pediatrics, 111, 1006-1011.

Hack, M., Wilson-Costello, D., Friedman, H., Taylor, G. H., Schlucher, M., &
Fanaroff, A. A. (2000). Neurodevelopment and predictors of outcomes of
children with birth weights of less than 1000 g: 1992-1995. Archives of
Pediatrics & Adolescent Medicine, 154, 725-731.

Kanter, D. E., Turenne, W., & Slonim, A. D. (2004). Hospital-reported medical errors
in premature neonates. Pediatric Critical Care Medicine, 5, 119-123.

Kohn, L. T., Corrigan, J., & Donaldson, M. S. (Eds.). (2000). To err is human:
Building a safer health system. Washington, DC: National Academy Press.



Kozer, E., Scolnik, D., Macpherson, A, Keays, T., Shi, K., Luk, T., & Koren, G.
(2002). Variables associated with medication errors in pediatric emergency
medicine. Pediatrics, 110, 737-742.

Leape, L. L., Brennan, T. A, Laird, N. L., Lawthers, A. G., Localio, R., Barnes, B.
A etal. (1991). The nature of adverse events in hospitalized patients: Results
of the Harvard medical practice study H. New England Journal of Medicine,
324, 377-384.

Leape, L.L. (1994). Error in medicine. Journal of American Medical Association, 272,
1851-1857.

Lee, S. K., McMillan, D. D., Ohlsson, A., Pendray, M., & et al. (2000). Variations in
practice and outcomes in the Canadian NICU network: 1996-1997. Pediatrics,
106, 1070-1079.

Leval, M. R, Carthey, J., Wright, D. J., Farewell, V. T., & Reason, J. (2000). Human
factors and cardiac surgery: a multicenter study. Journal of Thoracic and
Cardiovascular Surgery, 119, 661-672.

Lindeke, L. L., Stanley, J. R., Else, B. S., & Mills, M. M. (2002). Neonatal predictors
of school-based by NICU graduates at school age. American Journal of
Maternal Child Nursing, 27, 41-46.

Mabhieu, L.M., Buitenweg, N., Beutels, P, & De Dooy, J. J. (2001). Additional
hospital stay and charges due to hospital acquired infections in a neonatal
intensive care unit. Journal of Hospital Infection, 48, 223-229.

Mahieu, L. M., De Muynck, A. O., Ieven, M. M., De Dooy, J. 1., Goossens, H. J., &
Reempts, P. J. (2001). Risk factors for central vascular catheter-associated
bloodstream infections among patients in a neonatal intensive care unit. Journal
of Hospital Infection, 48, 108-116.

Mangurten, H. H., Angst, D. B, See, C_, Boyle, D., & Beckman, S. (2000).
Professional liability in a neonatal intensive care unit: A review of 20 years’
experience. Journal of Perinatology 20, 244-248.

Mayor, S. (2002). Poor team work is killing patients. British Medical Journal, 325,
1129,

Nagata, E., Brito, A. S., & Matsuo, T. (2002). Nosocomial infections in a neonatal
intensive care unit: incidence and risk factors. American Journal of Infection

Control, 30, 26-31.



Napper, C., Battled, J.B., & Fargason, C. (2003). Pediatrics and patient safety.
Journal of Pediatrics, 142, 359-60.

Needleman, ., Buerhaus, P., Mattke, S., Stewart, M., & Zelevinsky, K.

(2002). Nurse-Staffing Levels and the Quality of Care in Hospitals. New
England Journal of Medicine, 346, 1715-1722

Parker, D., & Lawton, R. (2003). Psychological contribution to the understanding of
adverse events in health care. Quality and Safety in Health Care, 12, 453—457.

Petdachi, W. (2000). Nosocomial pneumonia in a newbom intensive care unit.
Journal of Medical Association of Thailand, 83, 392-7.

Prot, S, Fontan, J. E., Alberti, C., Bourdon, O., Farnoux, C., Macher, A. A.,
et al. (2005). Drug administration errors and their determinants in pediatric in-
patients. International Journal for Quality in Health Care, 17, 381-389.

Reason, J. (1990). Human error. NewYork: Cambridge University Pres;s.

Simpson, J. H., Lynch, R., Grant, J., & Alroomi, L. (2003). Reducing medication
errors in the neonatal intensive care units. Archives of Disease in Childhood
Fetal and Neonatal Edition, 89, F480-F482.

Sohn, A. H., Garrett, D. O., Sinkowitz-Cochran, R. L., Grohskopf, I.. A., Levine, G.
L., Stover, B. H., et al. (2001). Prevalence of nosocomial infections in neonatal
intensive care unit patients: Results from the first national point-prevalence
survey. Journal of Pediatrics, 139, 821-827.

Tamow-Mordi, W. O., Hau, C., Warden, A., & Shearer, A. J. (2000). Hospital
mortality in relation to staff workload: a 4-year study in an adult intensive care

unit. Lancet, 356, 185-189.



APPENDIX D

Abstract of Poster Presentation
“Development of Best Practice Guideline on

Patient Safety in NICU: A Collaborative Project”



natlazys NN RN, .. LEFTne T am.

RSA4580021/P0526 J

Development of best practice guideline on patient safety
in NICU: A collaborative project

. . . b . b . C
V Jirapact ', M Mangshom °, V \/amlacrnc, Sangtawesinv - P Nuntnarumit | P |
“and K lirapact | Kiatchoosakun

" Facudte of Nursing, Chudidongkarn Universin, Banghol 10330, Thadend,
" Divivion of Neonil Wugy, (ueen Sivikit National nstitare of Cluld Heallh
“ Division of Neonatology, Faculty of Medicine Ramatfibodi Hospitad, Malidof Universing
 Deviston ) Neonatalogy, Facultv of Medicine, Kian Kacn Unioeirn

U Division of Neonatoluyy, Faculne of Medicine. Sirirag Haspital, Mahidol Usiiversity

_ Abstract— Maost people believe that a goad idea will spread rapidly and the idea will
quickly be vsed. Unfortunately, this is seldom true. Objectives: This abstract describes an
multdisciplinary team building tool application and t}lu: clements of [innovation process
utilized for the national initiative ?mjcct onthe best practice guideline for the NICU patient
safety system .in ThatlandMethods: The collaborative groups consisted of multidisciplinar
team members from 4 lcad centers providing the nconatal intensive care in Thailand.
Results: Key milestones nclude herghtened awareness of error in NICU, benchmarking

,processpatient salety framework for guideline production and too! enhancing critical
thinking. The proactive error prevention of NICU practice guidelines were developed on the
basis of the results from a L;uu[Iii;ui\-'c study and a national survey of NICU nursing crrors and
literature reviews as evidences for effectiveness of the practice. A benchmarkiag process
collaborative centers was used (o identify best practice performance that was among the four
The group developed eight correlated with better outcomesNational Guideline on Neonatal
Critical Care Safety System (NGNCCSS). The NGNCCSS production was possible through
the combination of factors utiliving the process designed for patient safetg suidefine
development in 5 steps. They were [) identifying potential unsafe practice, 2) detining the
c[inica] process steps of chmeal practice. 3) determining causes of unsale practice in cach
process, 4) svstematically reviewing the evidence for the eftectivencss of the practice and 5)
designing “etror tap aclions™ to prevent crror. improve detection, prevent completion, and
minimize conscequence of errors. Tools enabling thinking process consisted of 1) causc-cltect
diagrams, 2) relational table between causes of crror, actions, practice mceasure, and
responsible person, and 3) guideline algorithimg identified the management flow to facilitate
the use of the practice guideline. The NGNCCSS will be available to nconatal clinician
community on the Thaw Neonatal Society Internet site and booklet. The evaluation of
NGNCCSS impact on clinical seting 1s pending. Conclusions: The developmental success
and motivation of collaborative team members to of the gudelines reguires commitinent
and .cusy access Lo literature resources amprove the quality and salety of care for neonales
regular ongomg group meetings

Keywords— patient salety system. NICU, best practice guideline, crror trap actions
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